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INTRODUCTION 

The rapid advance in high-tech digital processing creates new demands for microprocessor-compatible circuits 
that can sense, amplify, and convert analog signals or provide regulated power to a system. In this volume, 
Texas Instruments presents specifications and technical information on our broad line of integrated circuits 
designed for applications that involve analog Signal conditioning. That product line includes: 

Operational amplifiers 
Voltage comparators 
Regulators 
Power supply monitors 
Switching-mode power supply circuits 
Hall-effect circuits 
Current mirrors 
Floppy-disk circuits for control, reading, or writing 
Timers 
AID converters 
Video amplifiers 
Analog switches 

These circuits span the recent rapid development of integrated circuit technology from classical bipolar through 
BIFET'" and BIDFET'" to TI's new LinCMOS" processing that provides a step-function improvement in input 
impedance, power dissipation, and threshold stability. New surface-mount packages include both plastic and 
ceramic chip carriers and the small-outline packages that increase board density with little impact on power 
handling capability. 

Ordering information and mechanical data are in the Appendix. Section 1 contains an alphanumeric index that 
lists page numbers for all the device types included, and each data sheet section provides a functional selection 
guide to the devices in that section. 

While this volume offers design and specification data only for Linear components, complete technical data 
for any TI semiconductor product is available from: 

Texas Instruments 
Literature Response Center 
P.O. Box 401560 
Dallas, Texas 75240 

Texas Instruments 
Customer Response Center 
(214) 995-6611 

If you need sales assistance with any TI semiconductor products, please contact your nearest TI field sales 
office or TI authorized distributor. A listing can be found at the back of this data book. 
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THERMAL INFORMATION 

THERMAL RESISTANCE 

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT 

PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE 

RSJCloClW1 ReJAloC/WI 

8 51 172 
D plastic dual-in-line 

14,16 33 131 

FH ceramic chip carrier 20, 28 35 104 

FK ceramic chip carrier 20 35 91 

FN plastic chip carrier 20 37 114 

J ceramic dual-in-line 

Iglass-mounted chips) 
14 thru 20 60 122 

J ceramic dual-in-line 

lalloy-mounted chips) 
14 thru 20 29 t 91 t 

JG ceramic dual-in-line 

Iglass-mounted chips) 
8 58 151 

JG ceramic dual-in-line 

lalloy-mounted chips) 
8 26 t 119 t 

LP plastic plug-in 3 40 160 

LU plastic plug-in 3 40 178 

14 thru 20 72 143 

N plastic dual-in-line 28 45 100 

40 40 100 

P plastic dual-in-line 8 79 172 

U ceramic flat 10,14 55 185 

W ceramic flat 14,16 60 125 

t In addition to those products so designated on their data sheets, all devices having a type number prefix of "SNC" or "SNM," or a 
suffix of "/8838" have alloy-mounted chips. 
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THERMAL INFORMATION 

PLASTIC PACKAGES 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 
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THERMAL INFORMATION 

PLA~TIC PACKAGES (CONTINUED) 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets, Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature, 
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THERMAL INFORMATION 

FLAT PACKAGES 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 
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CERAMIC DUAL-IN-LiNE PACKAGES 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. ' 
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noncompensated. single 

military temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

TL080M BIFET, low Power 

uA709AM General Purpose 

uA709M General Purpose 

lMl0B High Performance 

lMl01A High Performance 

uA748M General Purpose 

'TL060M 8IFET, Low Power 

industrial temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

Tl0701 BIFET, Low Noise 

Tl0801 BIFET, low Power 

lM208 High Performance 

lM201A High Performance 

Tl0601 BIFET, low Power 

commercial temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

Tl070AC BIFET, low Noise 

Tl070C BIFET, low Noise 

Tl080AC BIFET, low Power 

Tl080C BIFET, low Power 

uA709C General Purpose 

lM308 High Performance 

uA748C General Purpose 

Tl060AC BIFET, low Power 

TL060BC BIFET, low Power 

Tl060C BIFET, low Power 

lM301A High Performance 

OPERATIONAL AMPLIFIERS 

B, 
(MHz} 

TYP 

3 

1 

1 

1 

1 

1 

1 

B, 
(MHz} 

TYP 

13 

3 

1 

1 

1 

B, 
(MHz} 

TYP 

3 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

SR VIO liB AVO 
(v/"s} (mV} (nA} (V/mV} 

TYP MAX MAX MIN 

13 6 0.2 25 

0.3 2 200 45 Typ 

0.3 5 500 45 Typ 

0.3 2 2 50 

0.5 2 75 50 

0.5 5 500 ±10 

3.5 6 0.2 4 

SR VIO liB AVO 
(v/"s} (mV} (nA} (V/mV} 

TYP MAX MAX MIN 

13 6 200 50 

13 6 200 50 

0.3 2 2 50 

0.5 2 75 50 

3.5 6 0.2 4 

SR VIO liB AVO 

v/"s} (mV} (nA} (V/mVI 

TYP MAX MAX MIN 

13 6 0.2 50 

13 10 0.2 25 

13 6 0.2 50 

13 15 0.4 25 

0.3 7.5 1500 15 

0.3 7.5 7 25 

0.5 6 500 20 

3.5 6 0.2 4 

3.5 3 0.2 4 

3.5 15 0.2 3 

7.5 50 75 25 

TEXAS 
INSTRUMENTS 

SELECTION GUIDE 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(V} PACKAGES PAGE 

MIN MAX 

±3.5 ±18 JG 3-135 

±5 ±18 J,JG,U,W 3-215 

±18 J,JG,U,W 3-215 

±5 ±18 JG 3-25 

±5 ±22 FH,FK,JG,U,W 3-17 

±2 ±22 JG,U 3-229 

±1.5 ±18 JG 3-103 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(V} PACKAGES PAGE 

MIN MAX 

±3.5 ±18 D,JG,P 3-125 

±3.5 ±18 JG,P 3-135 

±5 ±18 D,JG,P 3-25 

±5 ±22 D,JG,P,W 3-17 

± 1.5 ±18 D,JG,P 3-103 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(VI PACKAGES PAGE 

MIN MAX 

±3.5 ±18 D,JG,P 3-125 

±3.5 ±18 D,JG,P 3-125 

±3.5 ±lB JG,P 3-135 

±3.5 ±18 JG,P 3-135 

±18 JG,P 3-215 

±5 ±18 D,JG,P 3-25 

±2 ±18 D,JG,P 3-229 

±1.5 ±18 D,JG,P 3-103 

± 1.5 ±lB D,JG,P 3-103 

± 1.5 ±lB D,JG,P 3-103 

±5 ±18 D,JG,P,W 3-17 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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SELECTION GUIDE 

interrially compensated, single 

military temperatunt range 

B1 
DEVICE 

NUMBER 
DESCRIPTION (MHz) 

TYP 

TL291M High Speed 20 

SE5534 High Performance 10 

SE5534A High Performance 10 
LMll0 Unity-Gain Voltage 10 

Follower 

TL081M 81FET, General Purpose 3 

TL088M 81FET, Low VIO 3 

TL071M 81FET, Low Noise 3 

TLC271AM LinCMOS, Programmable 2.3 

TLC271BM LinCMOS, Programmable 2.3 

TLC271M LinCMOS, Programmable 2.3 

TLC277M LinCMOS, High Bias 2.3 

uA741M General Purpose 1 

LM107 High Performance 1 

TL061M BIFET, Low Power 1 

TL066M BIFET, Adjustable 1 

low-Power 
OP-012A Precision Low-Input 0.8 

Current 

OP-012B Precision Low-Input 0.8 

Current 

OP-012C Precision Low-Input 0.8 

Current 
TLC27M7M Lin CMOS, Programmable 0.7 

TL321M High Performance 0.6 

uA702M General Purpose 0.5 

TLC27L7M LinCMOS, Programmable 0.1 

automotive temperature range 

DEVICE 
Bl 

NUMBER 
DESCRIPTION (MHz) 

TYP 

LM218 High Performance 15 

TLC271AI LinCMOS, Programmable 2.3 

TLC27181 LinCMOS, Programmable 2.3 

TLC2711 LinCMOS, Programmable 2.3 

TLC2771 LinCMOS, Programmable 2.3 

LM207 High Performance 1 

TLC27M71 LinCMOS, Medium Bias 0.7 

TLC27L71 LinCMOS, Low Bias 0.1 

TLC261AI LinCMOS, Programmable 

TLC261BI LinCMOS, Programmable 

TLC261I LinCMOS, Programmable 

SR VIO liB AVD 

(V/"s) (mV) (nA) (V/mV) 

TYP MAX MAX MIN 

50 

13 2 800 50 

13 2 800 50 

30 4 3 1 

13 6 0.2 25 

13 3 0.4 50 

13 6 0.2 35 

4.5 5 0.001 Typ 10 

4.5 2 0.001 Typ 10 

4.5 10 0.001 Typ 10 

4.5 0.5 0.001 Typ 10 

0.5 5 500 50 

0.5 2 75 50 

3.5 6 0.2 4 

3.5 6 0.2 4 

0.12 0.15 2 80 

0.12 0.3 2 80 

0.12 1 5 40 

0.6 0.5 0.001 Typ 20 

0.3 5 -150 50 

11 2 500 6000 

0.04 0.5 0.001 Typ 30 

SR VIO liB AVD 
(V/"s) (mV) (nA) (V/mV) 

TYP MAX MAX MIN 

70 4 250 50 

4.5 5 0.001 Typ 7 

4.5 2 0.001 TYP 7 

4.5 10 0.001 Typ 7 

4.5 0.5 0.001 Typ 10 

0.5 2 75 50 

0.6 0.5 0.001 Typ 20 

0.04 0.5 0.001 Typ 30 

12 5 0.001 Typ 

12 2 0.001 Typ 

12 10 0.001 Typ 

TEXAS 
INSTRUMENTS 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(V) PACKAGES PAGE 

MIN MAX 

±4 ±18 JG 3-155 

±3 ±20 FH,FK,JG,U 3-91 

±3 ±20 FH,FK,JG,U 3-91 

±5 ±18 JG 3-27 

±4 ±18 FH,FK,JG 3-135 

±3.5 ±18 JG,U 3-145 

±5 ±18 FH,FK,JG 3-125 

4 16 FH,FK,JG 3-165 

4 16 FH,FK,JG 3-165 

4 16 FH,FK,JG 3-165 

4 16 FH,FK,JG 3-201 

±2 ±22 FH,FK,J,JG,U 3-223 

±2 ±22 J,JG,U,W 3-21 

±1.5 ±18 FH,FK,JG,U 3-103 

± 1.2 ±18 FH,FK,JG 3-113 

±5 ±20 JG 3-71 

±5 ±20 JG 3-71 

±S ±20 JG 3-71 

4 16 FH,FK,JG 3-201 

3 30 FH,FK,JG 3-157 

6 14 

-3 -7 
JG,U 3-201 

4 16 FH,FK,JG 3-201 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(V) PACKAGES PAGE 

MIN MAX 

±5 ±20 D,JG,P 3-43 

3 16 D,JG,P 3-165 

3 16 D,JG,P 3-165 

3 16 D,JG,P 3-165 

3 16 D,JG,P 3-201 

±2 ±22 J,N,W 3-21 

3 16 D,JG,P 3-201 

3 16 D,JG,P 3-201 

2 16 D,JG,P 3-199 

2 16 D,JG,P 3-199 

2 16 D,JG,P 3-199 
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internally compensated. single 

industrial temperature range 

DEVICE 
BI 

NUMBER 
DESCRIPTION (MHz) 

TYP 

TL0871 BIFET, Low Offset 25 

LM210 Unity-gain Voltage 20 

Follower 

TL0711 BIFET, Low Noise 3 

TL081 I BIFET, General Purpose 3 

TL0881 BIFET, Low VIO 3 

TL0661 BIFET, Adjustable 1 

Low-Power 

TL061 I BIFET, Low Power 1 

TL3211 High Performance 0.6 

commercial temperature range 

DEVICE 
BI 

NUMBER 
DESCRIPTION (MHz) 

TYP 

LM310 Unity-Gain Voltage 20 

Follower 

TL291C High Speed 20 

LM318 High Performance 15 

NE5534 High Performance 10 

NE5534A High Performance 10 

OP-227E Low Noise 8 

OP-227F Low Noise 8 

OP-227G Low Noise 8 

TL087C BIFET, General Purpose 3 

TL071AC 8IFET, Low Noise 3 

TL071BC 8IFET, Low Noise 3 

TL071C BIFET, Low Noise 3 

TL081AC BIFET, General Purpose 3 

TL081BC BIFET, General Purpose 3 

TL081C BIFET, General Purpose 3 

TL088C BIFET, Low VIO 3 

TLC277C LinCMOS, High Bias 2.3 

uA741C General Purpose 1 

LM307 High Performance 1 

TL061AC BIFET, Low Power 1 

TL061BC BIFET, Low Power 1 

TL061C BIFET, Low Power 1 

TL066AC BIFET, Adjustable 1 

Low-Power 

TL066BC BIFET, Adjustable 1 

Low-Power 

TL066C BIFET, Adjustable 1 

Low-Power 

TL068C BIFET, Buffer 1 

SR VIO liB AVO 
(V/ps) (mV) (nAI (V/mVI 

TYP MAX MAX MIN 

13 0.5 0.2 50 

30 4 3 

13 6 0.2 50 

13 6 0.2 50 

13 1 0.2 50 

3.5 6 0.2 4 

3.5 6 0.2 4 

0.3 5 -150 50 

SR VIO liB AVO 
(V/pal (mVI (nAI (V/mVI 

TYP MAX MAX MIN 

30 7.5 7 

50 

70 10 250 25 

6 4 1500 25 

6 4 1500 25 

2.8 0.08 ±40 800 

2.8 0.12 ±55 800 

2.8 0.18 ±80 700 

13 0.5 0.2 50 

13 6 0.2 50 

13 3 0.2 50 

13 10 0.2 25 

13 6 0.2 50 

13 3 0.2 50 

13 15 0.4 25 

13 1 0.2 50 

4.5 0.5 0.001 Typ 10 Typ 

0.5 6 500 20 

0.5 7.5 250 25 

3.5 6 0.2 4 

3.5 3 0.2 4 

3.6 15 0.2 3 

3.5 6 0.2 4 

3.5 3 0.2 4 

3.5 15 0.4 3 

7 15 0.4 

TEXAS 
INSTRUMENTS 

SELECTION GUIDE 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(V) PACKAGES PAGE 

MIN MAX 

±4 ±18 D,JG,P 3-145 

±5 ±18 JG,P 3-27 

±3.5 ±18 D,JG,P 3-125 

±3.5 ±18 JG,P 3-135 

±4 ±18 D,JG,P 3-145 

±1.2 ±18 D,JG,P 3-113 

±1.5 ±18 D,JG,P 3-103 

3 30 JG,P 3-157 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(VI PACKAGES PAGE 

MIN MAX 

±5 ±18 JG,P 3-27 

±4 ±18 JG,P 3-155 

±5 ±20 D,JG,P 3-43 

±3 ±20 JG,P 3-91 

±3 ±20 JG,P 3-91 

J,N 3-77 

J,N 3-77 

J,N 3-77 

±5 ±18 D,JG,P 3-145 

±3.5 ±18 D,JG,P 3-125 

+3.5 ±18 D,JG,P 3-125 

±3.5 ±18 D,JG,P 3-125 

±3.5 ±18 JG,P 3-135 

±3.5 ±18 JG,P 3-135 

±3.5 ±18 JG,P 3-135 

±4 ±18 D,JG,P 3-145 

3 16 O,JG,P 3-201 

±2 ±18 D,JG,P 3-223 

±2 ±18 D,J,JG,N,P,W 3-21 

±1.5 ±18 D,JG,P 3-103 

±1.5 ±18 D,JG,P 3-103 

±1.5 ±18 D,JG,P 3-103 

±1.2 ±18 D,JG,P 3-113 

±1.2 ±18 D,JG,P 3-113 

± 1.2 ±18 D,JG,P 3-113 

±1.5 18 LP 3-123 
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SELECTION GUIDE 

internally compensated. single 

commercial temperature range (continued) 

DEVICE 
BI SR 

NUMBER 
DESCRIPTION (MHz) (v/,.s) 

TYP TYP 

TLC251AC LinCMOS, Programmable 0.7 0.6 

TLC251BC LinCMOS, Programmable 0.7 0.04 

TLC251C LinCMOS, Programmable 0.7 0.04 

TLC271AC LinCMOS; Programmable 0.7 0.04 

TLC271BC LinCMOS, Programmable 0.7 0.04 

TLC271C LinCMOS, Pmgrammable 0.7 0.04 

TLC27M7C LinCMOS, Medium Bias 0.7 0.6 

uA714C Ultra-Low Offset Voltage 0.6 0.17 

uA714E Ultra-Low Offset Voltage 0.6 0.17 

uA714L Ultra-Low Offset Voltage 0.6 0.17 

TL321C High Performance 0.6 0.3 

OP-07C Ultra-Low Offset 0.6 0.3 

OP-07D Ultra-Low Offset 0.6 0.3 

OP-07E Ultra-Low Offset 0.6 0.3 

OP-12E Precision low-Input 0.2 0.12 

Current 

OP-12F Precision Low-Input 0.2 0.12 

Current 

OP-12G Precision Low-Input 0.2 0.12 

Current 
TLC27L7C LinCMOS, Low Bias 0.1 0.04 

VIO liB AVO 
(mV) InA) (V/mV) 

MAX MAX MIN 

5 0.001 Typ 10 Typ 

2 0.0.01 Typ 10 Typ 

10 0.001 Typ 10 Typ 

5 0.001 Typ 10 Typ 

3 0.001 Typ 10 Typ 

10 0.001 Typ 10 Typ 

0.5 0.001 Typ 20 

0.15 ±7 100 

0.075 ±4 200 

0.25 ±30 50 

7 -250 25 

0.15 ±7 100 

0.15 ±12 400 Typ 

0.75 +4 150 

0.15 2 80 

0.3 2 80 

1 5 40 

0.5 0.001 Typ 30 

TEXAS 
INSfRUMENTS 

(values specified for TA = 25°C) 

SUPPLY VOLTAGE 
(V) PACKAGES PAGE 

MIN MAX 

1 16 D,JG,P 3-165 

1 16 D,JG,P 3-165 

1 16 D,JG,P 3-165 

3 16 D,JG,P 3-165 

3 16 D,JG,P 3-165 

3 16 D,JG,P 3-165 

3 16 D,JG,P 3-201 

±3 ±18 JG,P 3-219 

±3 ±18 JG,P 3-219 

±3 ±18 JG,P 3-219 

3 30 JG,P 3-157 

±3 ±18 JG,P 3-67 

±3 ±18 JG,P 3-67 

±3 ±lB JG,P 3-67 

±5 ±20 D,JG,P 3-71 

±5 ±20 D,JG,P 3-71 

±5 ±20 D,JG,P 3-71 

3 16 D,JG,P 3-201 
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internally compensated. dual 

military temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

TL292M High Frequency 

RM4558 High Performance 

TL072M BIFET, Low Noise 

TL082M BIFET, General Purpose 

TL083M BIFET, General Purpose 

TL088M BIFET, General Purpose 

TL288M BIFET. General Purpose 

TLC272AM linCMOS, High Bias 

TLC272BM linCMOS, High Bias 

TLC272M linCMOS, High Bias 

TLC27L2AM linCMOS, Low Bias 

TLC27L2BM linCMOS, Low Bias 

TLC27L2M linCMOS, Low Bias 

TLC27M2AM LinCMOS, Medium Bias 

TLC27M2BM LinCMOS, Medium Bias 

TLC27M2M linCMOS, Medium Bias 

MC1558 General Purpose 

TL322M Low Power 

TL062M BIFET, Low Power 

LM158 High Gain 

TL022M Low Power 

BI 
(MHz) 

TYP 

20 

3 

3 

3 

3 

3 

3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

1 

1 

1 

0.6 

0.5 

SR VIO liB AVD 
(VI,.s) (mV) (nA) (VlmV) 

TYP MAX MAX MIN 

50 

1.7 5 500 50 

13 6 0.2 35 

13 16 0.2 25 

13 6 0.2 25 

13 3 0.4 50 

13 3 0.4 50 

4.5 5 0.001 Typ 10 

4.5 2 0.001 Typ 10 

4.5 10 0.001 Typ 10 

4.5 5 0.001 Typ 30 

4.5 2 0.001 Typ 30 

4.5 10 0.001 Typ 30 

4.5 5 0.001 Typ 20 

4.5 2 0.001 Typ 20 

4.5 10 0.001 Typ 20 

0.5 5 500 50 

0.6 8 -500 200 Typ 

3.5 6 0.2 4 

5 -150 50 

0.5 5 100 72 

TEXAS 
INSTRUMENTS 

SELECTION GUIDE 

(values specified for T A - 25°C) 

SUPPLY VOLTAGE 

(V) PACKAGES PAGE 

MIN MAX 

JG 3-155 

±22 JG 3-87 

±3.5 ±18 FH,FK,JG 3-125 

±3.5 ±18 FH,FK,JG 3-135 

±3.5 ±18 FH,FK,J 3-135 

±3.5 ±18 JG,U 3-145 

±3.5 ±18 JG,U 3-145 

4 16 FH,FK,JG 3-175 

4 16 FH,FK,JG 3-175 

4 16 FH,FK,JG 3-175 

4 16 FH,FK,JG 3-175 

4 16 FH,FK,JG 3-175 

4 16 FH,FK,JG 3-175 

4 16 FH,FK,JG 3-175 

4 16 FH,FK,JG 3-175 
'4 16 FH,FK,JG 3-175 

±2 ±22 FH,FK,JG,U 3-53 

± 1.5 ±18 JG 3-161 

±1.5 ±18 FH,FK,JG,U 3-103 

3 30 FH,FK,JG,U 3-36 

±2 ±22 U 3-95 
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SELECTION GUIDE 

internally compensated, dual 

automotive temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

LM2904 !'!igh Gain 
RV4558 !'!igh Performance 
TLC272AI LinCMOS, High Bias 

TLC272BI LinCMOS, High Bias 

TLC2721 LinCMOS, High Bias 

TLC27L2AI LinCMOS, Low Bias 

TLC27L2BI LinCMOS, Low Bias 
TLC27L21 LinCMOS, Low Bias 
TLC27M2Al LinCMOS, Medium Bias 

TLC27M2BI LinCMOS, Medium Bias 

EI"'''"'' LinCMOS, Medium Bias 

TL3221 Low Power 

.0 industrial temperature range 

'C 
CD 
Dl 
P+ 

01 

::::s e. 

3-8 

DEVICE 

NUMBER 

TL0721 

TL0821 

TL0831 

TL2871 

TL2881 
TL0621 

LM258 

LM258A 
TLC262AI 

TLC262BI 

TLC2621 

DESCRIPTION 

BI FET, Low. Noise 

BIFET, General Purpose 
BIFET, General Purpose 

BIFET, General Purpose 

BIFET, General Purpose 

BIFET, Low Power 

High Gain 

High Gain 
LinCMOS, Programmable 

LinCMOS, Programmable 
LinCMOS, Programmable 

BI 
(M!,!zl 

TYP 

5 
3 

2.3 

2.3 

2.3 

2.3 
2.3 

2.3 

2.3 

2.3 

2.3 

1 

B1 
(MHzl 

TYP 

3 

3 
3 

3 

3 

1 

0.6 

0.6 

SR VIO liB AVD 
(V/,.sl (mVI (nAI (V/mVI 

TYP MAX MAX MIN 

1 7 -250 100Typ 

1.7 6 500 50 
4.5 5 0.002 Typ 10 

4.5 2 0.002 Typ 10 

4.5 10 0.002 Typ 10 

4.5 5 0.002 Typ 30 
4.5 2 0.002 Typ 30 
4.5 10 0.002 Typ 30 
4.5 5 0.002 Typ 20 
4.5 2 0.002 Typ 20 
4.5 10 0.002 Typ 20 

0.6 8 0.5 20 

SR VIO liB AVD 
(V/"sl (mVI (nAI (V/mVI 

TYP MAX MAX MIN 

13 6 0.2 50 

13 6 0.2 50 

13 6 0.2 50 

13 0.5 0.2 50 

13 0.5 0.2 50 

3.5 6 0.2 4 

5 -150 50 

3 -80 50 

12 5 0.001 Typ 

12 2 0.001 Typ 

12 10 0.001 Typ 

TEXAS 
INSTRUMENTS 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 
(VI PACKAGES PAGE 

MIN MAX 

±3 ±26 D,JG,P,U 3-36 

±5 ±18 D,JG,P 3-87. 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 
3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

± 1.5 ±18 D,JG,P 3-157 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(VI PACKAGES PAGE 

MIN MAX 

±3.5 ±18 D,JG,P 3-125 

±3.5 ±18 JG,P 3-135 

±3.5 ±18 J,N 3-135 

±3.5 ±18 D,JG,P 3-145 

±3.5 ±18 D,JG,P 3-145 

±1.5 ±18 D,JG,P 3-103 

3 30 D,JG,P,U 3-36 

3 30 D,JG,P,U 3-36 

2 16 D,JG,P 3-199 

2 16 D,JG,P 3-199 

2 16 D,JG,P 3-199 
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internally compensated. dual 

commercial temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

TL292C High Frequency 

NE5532 low Noise 

NE5532A Low Noise 

RC4559 High Performance 

RC4558 High Performance 

TL072AC BIFET, Low Noise 

TL072BC BIFET, Low Noise 

TL072C BIFET, Low Noise 

TL082AC BIFET, General Purpose 

TL082BC BIFET, General Purpose 

TL082C BIFET, General Purpose 

TL083AC 8IFET, General Purpose 

TL083C BIFET, General Purpose 

TL287C BIFET, General Purpose 

TL288C BIFET, General Purpose 

TLC252AC LinCMOS, High 8ias 

TLC252BC LinCMOS, High Bias 

TLC252C LinCMOS, High Bias 

TLC25L2AC LinCMOS, Low Bias 

TLC25L2BC LinCMOS, Low Bias 

TLC25L2C LinCMOS, Low 8ias 

TLC25M2AC LinCMOS, Medium Bias 

TLC25M2BC LinCMOS, Medium Bias 

TLC25M2C LinCMOS, Medium Bias 

TLC272AC LinCMOS, High Bias 

TLC272BC LinCMOS, High 8ias 

TLC272C LinCMOS, High Bias 

TLC27L2AC LinCMOS, Low Bias 

TLC27L2BC LinCMOS, Low Bias 

TLC27L2C LinCMOS, Low Bias 

TLC27M2AC LinCMOS, Medium Bias 

TLC27M2BC LinCMOS, Medium Bias 

TLC27M2C LinCMOS, Medium Bias 

MC1458 General Purpose 

TL322C low Power 

TL062AC BIFET, Low Power 

TL062BC BIFET, Low Power 

TL062C BIFET, Low Power 

LM358 High Gain 

LM358A High Gain 

TL022C Low Power 

Bl 
(MHz) 

TYP 

20 

10 

10 

4 

3.5 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

1 

1 

1 

1 

1 

0.6 

0.6 

0.5 

SR VIO liB AVD 

(V/"s) (mV) (nA) (V/mV) 

TYP MAX MAX MIN 

50 

9 4 800 15 

9 4 800 15 

2 6 250 20 

1.7 5 500 50 

13 6 0.2 50 

13 3 0.2 50 

13 10 0.2 25 

13 6 0.2 50 

13 3 0.2 50 

13 15 0.4 25 

13 6 0.2 50 

13 15 0.4 25 

13 0.5 0.2 50 

13 0.5 0.2 50 

4.5 5 0.001 Typ 10 

4.5 2 0.001 Typ 10 

4.5 10 0.001 Typ 10 

4.5 5 0.001 Typ 30 

4.5 2 0.001 Typ 30 

4.5 10 0.001 Typ 30 

4.5 5 0.001 Typ 20 

4.5 2 0.001 Typ 20 

4.5 10 0.001 Typ 20 

4.5 5 0.001 Typ 10 

4.5 2 0.001 Typ 10 

4.5 10 0.001 Typ 10 

4.5 5 0.001 Typ 20 

4.5 2 0.001 Typ 20 

4.5 10 0.001 Typ 20 

4.5 5 0.001 Typ 20 

4.5 2 0.001 Typ 20 

4.5 10 0.001 Typ 20 

0.5 6 500 20 

0.6 10 -500 20 

3.5 6 0.2 4 

3.5 3 0.2 4 

3.5 15 0.2 3 

7 -250 25 

3 -100 25 

0.5 5 250 60 

TEXAS 
INSTRUMENTS 

SELECTION GUIDE 

(values specified for TA - 25°C) 

SUPPLY VOLTAGE 

(V) PACKAGES PAGE 

M(N MAX 

±4 ±18 JG,P 3-155 

±3 ±20 JG,P 3-63 

±3 ±20 JG,P 3-63 

±18 D,P 3-101 

±18 D,JG, P 3-103 

±3.5 ±18 D,JG,P 3-145 

±3.5 ±18 D,JG,P 3-145 

±3.5 ±18 D,JG,P 3-145 

±3.5 ±18 JG,P 3-155 

±3.5 ±18 JG,P 3-155 

±3.5 ±18 JG,P 3-155 

±3.5 ±18 J,N 3-155 

±3.5 ±18 J,N 3-155 

±3.5 ±18 D,JG,P 3-155 

±3.5 ±18 D,JG,P 3-155 

1 16 D,JG,P 3-175 

1 16 D,JG,P 3-175 

1 16 D,JG,P 3-175 

1 16 D,JG,P 3-175 

1 16 D,JG,P 3-175 

1 16 D,JG,P 3-175 

1 16 D,JG,P 3-175 

1 16 D,JG,P 3-175 

1 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

3 16 D,JG,P 3-175 

± 1.5 ±18 D,JG,P,U 3-53 

±1.5 ±18 D,JG,P 3-161 

±1.2 ±18 D,JG,P 3-103 

±1.2 ±18 D,JG,P 3-103 

±1.2 ±18 D,JG,P 3-103 

3 30 D,JG,P,U 3-36 

3 30 D,JG,P,U 3-36 

±2 ±18 JG,P 3-95 
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SELECTION GUIDE 

internally compensated, quad 

military temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

TL294M High Frequency 

RM4136 High Performance 

TL074M BIFET. Low Noise 

TL084M BIFET. General Purpose 

TLC274AM LinCMOS. High Bias 

TLC274BM LinCMOS. High Bias 

TLC274M LinCMOS. High Bias 

LM148 General Purpose 

MC3503 General Purpose 

TL064M BIFET. Low Power 

TLC27M4AM LinCMOS. Medium Bias 

TLC27M4BM LinCMOS. Medium Bias 

TLC27M4M LinCMOS. Medium Bias 

LM124 General Purpose 

TL044M Low Power 

TLC27L4AM LinCMOS. Low Bias 

TLC27L4BM LinCMOS. Low Bias 

TLC27L4M LinCMOS. Low Bias 

!. automotive temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

RV4136 High Performance 

LM2900 General Purpose 

TLC274AI LinCMOS. High Bias 

TLC27481 LinCMOS. High Bias 

TLC2741 LinCMOS. High Bias' 

MC3303 General Purpose 

TLC27M4AI LinCMOS. Medium Bias 

TLC27M4BI LinCMOS. Medium Bias 

TLC27M41 LinCMOS, Medium Bias 

LM2902 General Purpose 

TLC27L4AI LinCMOS. Low Bias 

TLC27L4BI LinCMOS. Low Bias 

TLC27L41 LinCMOS. Low Bias 

TLC264AI LinCMOS. Programmable 

TLC264BI LinCMOS. Programmable 

TLC2641 LinCMOS. Programmable 

3-10 

B, 

IMHz) 

TYP 

20 

3.5 

3 

3 

2.3 

2.3 

2.3 

1 

1 

1 

0.7 

0.7 

0.7 

0.6 

0.5 

0.1 

0.1 

0.1 

B, 

IMHz! 

TYP 

3 

2.5 

2.3 

2.3 

2.3 

1 

0.7 

0.7 

0.7 

0.6 

0.1 

0.1 

0.1 

(values specified for TA - 25°C) 

SR VIO liB AVD SUPPLY VOLTAGE 

IVI"s) ImV) InA) IV/mV) IV) PACKAGES PAGE 

TYP MAX MAX MIN MIN MAX 

50 ±4 ±18 J 3-155 

1.7 4 400 50 ±4 ±22 FH.FK.J.W 3-83 

13 9 0.2 35 ±3.5 ±18 FH.FK.J.W 3-125 

13 9 0.2 25 ±3.5 ±18 FH.FK.J.W 3-135 

4.5 5 0.001 Typ 10 1 16 FH.FK.J 3-187 

4.5 2 0.001 Typ 10 1 16 FH.FK.J 3-187 

4.5 10 0.001 Typ 10 1 16 FH.FK.J 3-187 

0.5 5 100 50 ±22 FH.FK.J 3-33 

0.6 5 -500 50 ± 1.5 ±18 J 3-57 

3.5 9 0.2 4 ± 1.5 ±18 FH.FK.J.W 3-103 

0.6 5 0.001 Typ 20 1 16 FH.FK.J 3-187 

0.6 2 0.001 Typ 20 1 16 FH.FK.J 3-187 

0.6 10 0.001 Typ 20 1 16 FH.FK.J 3-187 

0.5 5 -150 50 3 30 FH.FK.J.W 3-29 

0.5 5 100 72 ±2 ±22 FH.FK.J.W 3-99 

0.04 5 0.001 Typ 30 1 16 FH.FK.J 3-187 

0.04 2 0.001 Typ 30 1 16 FH.FK.J 3-187 

0.04 10 0.001 Typ 30 1 16 FH.FK.J 3-187 

(values specified for TA - TA 25°C) 

SR VIO liB Avo SUPPLY VOLTAGE 

IVI"s) ImV) InA) IV/mV) IV) PACKAGES PAGE 

TYP MAX MAX MIN MIN MAX 

1.7 6 500 20 ±4.5 ±32 D.J.N.W 3-83 

0.5 200 1.2 ±4.5 ±32 J.N 3-47 

4.5 5 0.001 Typ 10 1 16 D,J.N 3-187 

4.5 2 0.001 Typ 10 1 16 D.J.N 3-187 

4.5 10 0.001 Typ 10 1 16 D.J.N 3-187 

0.6 8 -500 20 3 36 D.J.N 3-187 

0.6 5 0,001 Typ 20 1 16 D.J.N 3-187 

0.6 2 0,001 Typ 20 1 16 D:J.N 3-187 

0,6 10 0,001 Typ 20 1 16 D.J.N 3-1.87 

7 -250 100 Typ 3 26 D.J.N.W 3-29 

0.04 

0.04 

0.04 

12 

12 

12 

5 0,001 Typ 30 

2 0.001 Typ 30 

10 0.001 Typ 30 

5 0,001 Typ 

2 0.001 Typ 

10 0.001 Typ 

TEXAS 
INSTRUMENTS 

1 16 D.J.N 3-187 

1 16 D.J.N 3-187 

1 16 D.J.N 3-187 

2 16 D.J.N 3-199 

2 16 D.J.N 3-199 

2 16 D.J.N 3-199 
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internally compensated. quad 

industrial temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

TL0741 BIFET, Low Noise 

TLOS41 BIFET, General Purpose 

LM24S General Purpose 

TL0641 BIFET, Low Power 

LM224 General Purpose 

B1 
IMHz) 

TYP 

3 

3 

1 

1 

0.6 

SR VIO liB Avo 
IV/~s) ImV) InA) IV/mV) 

TYP MAX MAX MIN 

13 6 0.2 50 

13 6 0.2 50 

0.5 6 200 25 

3.5 6 0.2 4 

5 -150 50 

TEXAS 
INSTRUMENTS 

SELECTION GUIDE 

(values specified for TA - TA 25°C) 

SUPPLY VOLTAGE 

IV) PACKAGES PAGE 

MIN MAX 

±3.5 ±1S D,J,N 3·125 

±3.5 ±1S J,N 3·125 

±1S D,J,N 3-33 

± 1.5 ±1S D,J,N 3-103 

3 30 D,J,N,W 3-135 

• 

3-11 
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( 

SELECTION GUIDE 

internally compensated, quad 

commercial temperature range (values specified for TA = 25°C) 

B1 SR VIO liB AVO SUPPLY VOLTAGE 
DEVICE 

DESCRIPTION (MHzl (V/"sl (mVI (nAI (V/mVI (VI PACKAGES PAGE 
NUMBER 

MIN MIN TYP TYP MAX MAX MAX 

TL294C High Frequency 20 50 ±4 ±18 J,N 3-155 

RC4136 High Performance 3 1.7 6 500 20 ±4 ±18 D,J,N,W 3-83 

TL074AC BIFET, Low Noise 3 13 6 0.2 50 ±3.5 ±18 D,J,N 3-125 

TL0748C 8IFET, Low Noise 3 13 3 0.2 50 ±3.5 ±18 D,J,N 3-125 

TL074C BIFET, Low Noise 3 13 10 0.2 25 ±3.5 ±18 D,J,N 3-125 

TL075C BIFET, Low Noise 3 13 13 0.2 25 ±3.5 ±18 N 3-125 

TL084AC BIFET, General Purpose 3 13 6 0.2 50 ±3.5 ±18 J,N 3-135 

TL084BC BIFET, General Purpose 3 13 3 0.2 50 ±3.5 ±18 J,N 3-135 

TL084C BIFET, General Purpose 3 13 15 0.4 25 ±3.5 ±18 J,N 3-135 

• 
TL085C BIFET, General Purpose 3 13 15 0.4 25 ±3.5 ±18 N 3-135 

TL136C High Performance 3 2 6 500 3 Typ ±4 ±18 D,J,N 3-151 

LM39DO General Purpose 2.5 0.5 1.2 ±4.5 ±18 J,N 3-47 

TLC254AC LinCMOS, High Bias 2.3 4.5 5 0.001 Typ 10 1 16 D,J,N 3-187 

0 
TLC254BC LinCMOS, High Bias 2.3 4.5 2 0'.001 Typ 10 1 16 D,J,N 3-187 

Tl.C254C LinCMOS, High Bias 2.3 4.5 10 0.001 Typ 10 1 16 D,J,N 3-187 
'C TLC274AC LinCMOS, High Bias 2.3 4.5 5 0.001 Typ 10 3 16 D,J,N 3-187 CD .. TLC274BC LinCMOS, High Bias 2.3 4.5 2 0.001 Typ 10 3 16 D,J,N 3-187 
I» 
r+ TLC274C LinCMOS, High Bias 2.3 4.5 10 0.001 Typ 10 3 16 D,J,N 3-187 

0' LM348 General Purpose 1 0.5 6 200 25 ±18 D,J,N 3-187 
:::s MC3403 General Purpose 1 0.6 10 -500 20 ± 1.5 ±18 D,J,N 3-57 
~ TL064AC BIFET, Low Power 1 3.5 6 0.2 4 ±1.5 ±18 D,J,N 3-103 

l> TL064BC BIFET, Low Power 1 3.5 3 0.2 4 ± 1.5 ±18 D,J,N 3-103 

3 TL064C BIFET; Low Power 1 3.5 15 0.2 3 ± 1.5 ±18 D,J,N 3-103 

"2- TLC25M4AC LinCMOS, Medium Bias 0.7 0.6 5 0.001 Typ 20 1 16· D,J,N 3-187 

= TLC25M4BC LinCMOS, Medium Bias 0.7 0.6 2 0.001 Typ 20 1 16 D,J,N 3-187 

CD' TLC25M4C LinCMOS, Medium Bias 0.7 0.6 10 0.001 Typ 20 1 16 D,J,N 3-187 .. TLC27M4AC LinCMOS, Medium Bias 0.7 0.6 5 0.001 Typ 20 3 16 D,J,N 3-187 en 
TLC27M4BC LinCMOS, Medium Bias 0.7 0.6 2 0.001 Typ 20 3 16 D,J,N 3-187 

TLC27M4C LinCMOS, Medium Bias 0.7 0.6 10 0.001 Typ 20 3 16 D,J,N 3-187 

LM324 General Purpose 0.6 7 -250 25 3 30 D,J,N,W 3-29 

LM324A General Purpose 0.6 7 -100 25 3 30 D,J,N,I(\! 3-29 

TL044C General Purpose 0.5 0.5 5 250 60 ±2 ±18 J,N,W 3-99 

TLC25L4AC LinCMOS, Low Bias 0.1 0.04 5 0.001 Typ 30 1 16 D,J,N 3-187 

TLC25L4BC LinCMOS, Low Bias 0.1 0.04 2 0.001 Typ 30 1 16 D,J,N 3-187 

TLC25L4C LinCMOS, Low Bias 0.1 0.04 10 0.001 Typ 30 1 16 D,J,N 3-187 

TLC27L4AC LinCMOS, Low Bias 0.1 0.04 5 0.001 Typ 30 3 16 D,J,N 3-187 

TLC27L4BC LinCMOS, Low Bias 0.1 0.04 2 0.001 Typ 30 3 16 D,J,N 3-187 

TLC27L4C LinCMOS, Low Bias 0.1 0.04 10 0.001 Typ 30 3 16 D,J,N 3-187 

3-12 TEXAS 
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Input Offset Voltage IVIO) 

GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero 
or other level, if specified. 

Average Temperature Coefficient of Input Offset Voltage laVIO) 

The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 

[
(VIO @ TA(1))-(VI0 @ TA(2))] 

aVIO = T T where TA(1) and TA(2) are the specified temperature extremes. 
A(1)- A(2) 

Input Offset Current (110) 

The difference between the currents into the two input terminals with the output at zero volts. 

Average Temperature Coefficient of Input Offset Current lallO) 

The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 

[
1110 @ TA(1))-1I10 @ TA(2))] 

aliO = T T where T A( 1) and T A(2) are the specified temperature extremes. 
A(1)- A(2) 

Input Bias Current (lIB) 

The average of the currents into the two input terminals with the output at zero volts. 

Common-Mode Input Voltage (VIC) 

The average of the two input voltages. 

Common-Mode Input Voltage Range IVICR) 

The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly. 

Differential Input Voltaga IVID) 

The voltage at the noninverting input with respect to the inverting input. 

Maximum Peak Output Voltage Swing (VOM) 

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is zero. 

Maximum Peak-to-Peak Output Voltaga Swing IVOpp) 

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c 
output voltage is zero. 

Large-Signal Voltage Amplification IAVI 

The ratio of the peak-to-peak output voltage swing to the change in input voltage raquired to drive the output. 

Differential Voltage Amplification (AVO) 

The ratio of the change in output voltage to the change in differential input voltage producing it. 

II 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 

Maximum-Output-Swlng Bandwidth (BOM) 

The range of frequencies within which the maximum output voltage swing is above a specified value. 

Unity-Gain Bandwidth (B1) 

The range of frequencies within which the open-loop voltage amplification is greater than unity. 

Phase Margin (<Pm) 

The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which 
the modulus of the open-loop amplification is unity. 

Gain Margin (Am) 

The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is 
such that the output is in phase with the inverting input. 

Input Resistance (ri) 

The resistance between the input terminals with either input grounded. 

Differential Input Resistance (rid) 

The small-signal resistance between the two ungrounded input terminals. 

Output Resistance (ro) 

The resistance between the output terminal and ground. 

Input Capacitance (Ci) 

The capacitance between the input terminals with either input grounded. 

Common-Mode Input Impedance (Zic! 

The parallel sum of the small-signal impedance between each input terminal and ground. 

Output Impedance (zo) 

The small-signal impedance between the output terminal and ground. 

Common-Mode Rejection Ratio (kCMR, CMRR) 

The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 
in input offset voltage. 

Supply Voltage Sensitivity (kSVS, ~ViO/~VCC) 

The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 

2. This is the reciprocal of supply voltage rejection ratio. 

Supply Voltage Rejection Ratio (kSVR, ~VCC/~VIO) 

The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 

2. This is the reciprocal of supply voltage sensitivity. 
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Equivalent Input Noise Voltage (Vn) 

GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 

The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals 
of the device that represents the part of the internally generated noise that can properly be represented by a voltage 
source. 

Equivalent Input Noise Current (In) 

The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input terminals 
of the device that represents the part of the internally generated noise that can properly be represented by a current 
source. 

Average Noise Figure fF) 

The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature 
of the input termination(s) is at the reference noise temperature. TO. at all frequencies to (2) that part of (1) caused 
by the noise temperature of the designated signal-input termination within a designated signal-input frequency band . 

Short-Circuit Output Current (lOS) 

The maximum output current available from the amplifier with the output shorted to ground. to either supply. or to 
a specified point. 

Supply Current (ICC) 

The current into the Vee or Vee + terminal of an integrated circuit. 

Total Power Dissipation (PO) 

The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Po = Vee + • lee + + Vee - • lee -. 

Crosstalk Attenuation (Vo1iV02) 

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another channel. 

Rise Time (tr ) 

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

Total Response Time (Settling Time) (ttot) 

The time between a step-function change of the input signal level and the instant at which the magnitude of the output 
signal reaches for the last time a specified level range (±~) coritaining the final output signal level. 

Overshoot Factor 

The ratio of (1 ) the largest deviation of the output signal value from its final steady-state value after a step-function 
change of the input signal. to (2) the absolute value of the difference between the steady-state output signal values 
before and after the step-function change of the input signal. 

Slew Rate (SR) 

The average time rate of change of the closed-loop amplifier output voltage for a step-signal input. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Low Input Currents 

• Low Input Offset Parameters 

• Frequency and Transient Response 
Characteristics Adjustable 

• Short·Circuit Protection 

• Offset·Voltage Null Capability 

• No Latch·Up 

• Wide Common· Mode and Differential 
Voltage Ranges 

• Same Pin Assignments as uA709 

• Designed to be Interchangeable with 
National Semiconductor LM101A and 
LM301A 

description 

The LM101A, LM201A, and LM301A are high­
performance operational amplifiers featuring very low 
input bias current and input offset voltage and current 
to improve the accuracy of high-impedance circuits 
using these devices. The high common-mode input 
voltage range and the absence of latch-up make these 
amplifiers ideal for voltage-follower applications. The 
devices are protected to withstand short-circuits at 
the output. The external compensation of these 
amplifiers allows the changing of the frequency 
response (when the closed-loop gain is greater than 
unity) for applications requiring wider bandwidth or 
higher slew rate. A potentiometer may be connected 
between the offset-null inputs (N 1 and N2), as shown 
in Figure 7, to null out the offset voltage. 

The LM1 01 A is characterized for operation OVer the 
full military temperature range of - 55°C to 125°C, 
the LM201 A is characterized for operation from 
- 25°C to 85 °C, and the LM301 A is characterized 
for operation from ooC to 70°C. 

symbol 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

>---OUTPUT 

N1! N2 
COMP 

TYPES LM101A, LM201A, LM301A 
HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

0961, OCTOBER 1979-REVISEO AUGUST 1983 

D, JG, OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

N1/COMP[j8 COMP 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 OFFSET N2 

W FLAT PACKAGE 

(TOP VIEW) 

NC NC 
NC NC 

N1/COMP COMP 
IN- VCC+ 
IN+ OUT 

VCC- OFFSET N2 
NC NC 

LM101A 

U FLAT PACKAGE 

(TOP VIEW) 

NC 
N1/COMP 

IN­

IN+ 

VCC- ...... __ ..J"" 

LM101A 

NC 
COMP 

VCC+ 
OUT 
OFFSET N2 

FH OR FK CHIP·CARRIER PACKAGE 

NC 
IN­

NC 
IN+ 

NC 

(TOP VIEW) 

a. 
:2 
o a. 

u~u~u 
ZZZUZ 

NC - No internal connection 

NC 

VCC+ 
NC 
OUT 
NC 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES LM101A, LM201A, LM301A 
HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free·alr temperature range (unless otherwise noted) 

LM101A LM201A LM301A UNIT 

Supply voltage Vee + (see Note 1) 22 22 18 V 

Supply voltage Vee _ (see Note 1) 22 22 18 V 

Differential input voltage (see Note 21 ±30 ±30 ±30 V 

Input voltage (either input, see Notes 1 and 3) ±15 ±15 ±15 V 

Voltage between either offset null terminal (N1!N2) and Vee- -0.5 to 2 -0.5 to 2 -0.5 to 2 V 

Duration of output short-circuit (see Note 4) unlimited unlimited unlimited 

Continuous total power dissipation at (or below) 
500 

25 De free-air temperature (see Note 5) 
500 500 mW 

Operating free-air temperature range -55 to 125 -25 to 85 o to 70 De 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 De 

Lead temperature 1,6 mm (1/16 inch) 

from case for 60 seconds 
FH, FK, JG, U, or W package 300 300 300 DC 

Lead temperature 1,6 mm (1/16 inch) o or P package 
from case for 10 seconds 

260 260 De 

3 NOTES: 1. All voltage values, unless otherwise noted. are with respect to the midpoint between VCC+ and VCC-' 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3-18 

3. The magnitude of the input voltage muSt never exceed the magnitude of the supply voltage or 15 volts. whichever is less. 
4. The output may be shorted to ground or either power supply. For the LM1 01 A only, the unlimited duration of the short-circuit applies at (or below) 

125 0 C case temperature or 76°C free-air temperature. For the LM201 A only, the unlimited duration of the short-circuit applies at (or below) 
85°C case temperature or 76°C free air temperature. 

6. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. In the J and JG packages, LM101A chips are 
alloy-mounted; LM201A and LM301A chips are glass-mounted. 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Cc 30 pF (see Note 6) 

PARAMETER TEST CONDITIONS t 
LM101A. LM201A LM301A 

MIN TYP MAX MIN TYP MAX 
UNIT 

VIO Input offset voltage Vo = OV 
25°C 0.6 2 2 7.5 

mV 
Full range 3 10 

Average temperature 

aVIO coefficient of Vo = 0 V Full range 3 15 6 30 ",VI DC 

input offset voltage 

110 Input offset current 
25°C 1.5 10 3 50 

Full range 20 
nA 

70 

Average temperature 
TA = -55°C to 25°C 0.02 0.2 

TA - 25 0 C to MAX 0.Q1 0.1 
aliO coefficient of nA/oC 

input offset current 
TA = OoC to 25 0 C 0.02 0.6 

TA = 25°C to 70 0 C 0.Q1 0.3 

liB Input bias current 
25°C 30 75 70 250 

Full range 100 300 
nA 

VICR 
Common-mode 

input voltage range 
See Note 7 Full range ±15 ±12 V 

VCC± - ±15 V, 25°C 24 2B 24 28 

VOpp 
Maximum peak-ta-peak RL = 10 kll Full range 24 24 

output voltage swing VCC± - ±15 V, 25°C 20 26 
V 

20 26 

RL = 2 kll Full range 20 20 

Large-signal differential 
VCC± = ±15 V, 25°C 50 200 25 200 

AVO voltage amplification 
VO=±10V, V/mV 

RL'" 2 kll Full range 25 15 

ri Input resistance 25°C 1.5 4 0.5 2 Mil 

CMRR 
Common-mode 25 0 C 80 98 70 90 

rejection ratio 
VIC = VICR min 

Full range 80 70 
dB 

Supply voltage 
25°C 80 98 70 96 

kSVR rejection ratio dB 

(a Vcc/a Viol Full range 80 70 

No Load, 25 0 C 1.8 3 1.8 3 
ICC Supply current Vo = 0 V, mA 

See Note 7 MAX 1.2 2.5 

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for LM1 01 A is 
-55°C to 125°C, for LM201A is -25°C to 85°C. and for LM301A is OOC to 70°C. 

NOTES: 6. Unless otherwise noted, VCC± = ±5 V to ±20 V for LM101A and LM201A, and VCC± = ±5 V to ± 15 V for LM301A. All typical values 
are at VCC± ='±15V. 

7. For LM101A and LM201A, VCC± = ±20 V. For LM301A, VCC± ~ ±15 V. 
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TYPES LM101A, LM201A, LM301A 
HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT 
YS 

FREE·AIR TEMPERATURE 

Vcc± =±16 V 

'" I ......... LM301A 

"-
"I'--. 

1 ~b1A- ""'" -=:: 
LM201A 

0 
-75 -50 -25 0 26 50 75 100 126 

T A-Free-Air Temparature-OC 

~400 

~ 
i 200 

!E 
1100 

i 
!l 40 

I 
!E 20 

"'~ 10 

FIGURE 1 

OPEN·LOOP LARGE-SIGNAL 
DIFFERENTIAL 

VOLTAGE AMPLIFICATION 
VS 

SUPPLY VOLTAGE 

RL = 2 kQ 
TA = 25"C 1/ I-'"' 

V 
/ I 

I 

I 
LM301A I 

1 1 LM,.,A 

rr ~ 
o 2 4 6 8 10 12 14 16 18 ~ 

I VCC± [-Supply Voltage-V 

FIGURE 4 

'" t 
~ 
il 
! 
i 
~ 

INPUT BIAS CURRENT 
VS 

FREE-AIR TEMPERATURE 
100 

80 

vcd .. ±15v \ 

.. '\ '\ LM301A 

40 
'\ "-

"'-
20 - - _~M'.'~ 

LM201A r---
o 1 
-75 -50 -25 0 25 50 75 100 125 

T A-free-Air Temperature_DC 

FIGURE 2 

OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 

VOLTAGE AMPLIFICATION 

h 

'" 

vs 
FREQUENCY 

VCC:t = ±15 V 
RL = 2 kG 
CC=30pf 
TA"2SDC 

'" 1"-

'" 1"-
10-1 1\ 

1 10 100 lk 10kl00klMl0Ml00M 
f-FrequenC¥-Hz 

FIGURE 5 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (WITH 

SINGLE·POLE COMPENSATION) 
vs FREQUENCY 

VC'C±"±15 V 
RL=10kO 
TA" 25°C 

\ I\f"-,~,r,r 
Cc~,~r N.IIIIIII 
I 1111111 J 11111-

10k 100.k 1 M 10M 
f-Frequency-Hz 

FIGURE 3 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

--8 

VCC±'" ±15 V 

- -rI---I-
RL = 2 kG 

"1. 
ClE 100 pF 
CC-30pF 

OUT.JT 
I 
I TA-2SoC 

I 

\ I 

,j INPUT: \ 
I 
I 

t-
L __ ._L_ t-

o 10 20 30 40 50 60 70 80 90 
t-Tima-Ils 

FIGURE 6 

TYPICAL APPLICATION DATA 

~ .. -!!.! 
VI Rl 

Rl"R2 
R3 "''iii+iii 

FIGURE 7- INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE·POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Low Input Currents 

• No Frequency Compensation Required 

• Low Input Offset Parameters 

• Short-Circuit Protection 

• No Latch-Up 

• Wide Common-Mode and Differential 
Voltage Ranges 

description 

The LM107, LM207, and LM307 are high­
performance operational amplifiers featuring very low 
input bias current and input offset voltage and current 
to improve the accuracy of high-impedance circuits 
using these devices. 

The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage follower applications. The devices are short­
circuit protected and the internal frequency 
compensation ensures stability without external 
components. 

The LM 1 07 is characterized for operation over the full 
military temperature range of - 55°C to 125°C, the 
LM207 is characterized for operation from - 25°C to 
85 °C, and the LM307 is characterized for operation 
from ooC to 70°C. 

symbol 

NONINVERTING =t>-
INPUTIN+ + 

INVERTING OUTPUT 

INPUT IN- -

TYPES LM107. LM207. LM307 
HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

0962. DECEMBER 1970-REVISED AUGUST 1983 

LM107 .•. J OR W PACKAGE 
LM207, LM307 ..• W PACKAGE 

ITOPVIEWI 

NC NC 
NC NC 
NC NC 

IN- VCC+ 
IN+ OUT 

VCC- NC 
NC NC 

LM107 •.. JG PACKAGE 

LM207, LM307 .•. O. JG, OR P PACKAGE 

ITOPVIEWI 

NC[]B NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

LM107 .•. U FLAT PACKAGE 

ITOPVIEWI 

NC 
NC 

IN­
IN+ 

VCC- -"' __ ..r-

Ne - No intemal connection 

NC 
COMP 

VCC+ 
OUT 
NC 
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TYPES LM107, LM207, LM307 
HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

Supply voltage VCC + (see Note 1) 

Supply voltage VCC _ (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) 

Duration of output short-circuit (see Note 4) 

Continuous total dissipation at (or below) 25'C free-air temperature (see Note 5) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 

JG, U, or W package 

Lead temparature 1,6 mm (1/16 inch) from case for 10 seconds 
o or P package 

LM107 

22 
-22 

±30 

±15 

unlimited 

500 
55 to 125 

-65 to 150 

300 

LM207 

22 
-22 

±30 

±15 

unlimited 

500 

25 to 85 

-65 to 150 

300 

260 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-' 
2. Differential voltages are at the noninverting input terminal with respect ~o the inverting input terminal. 

LM307 

18 
-18 

±30 

±15 

unlimited 

500 
o to 70 

-65 to 150 

300 

260 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

UNIT 

V 

V 

V 

V 

mW 
·C 

·c 

·C 

·C 

4. The output may be shorted to ground or either power supply. For the LM107 only, the unlimited duration of the short-circuit applies at (or below) 
125 DC case temperature or 75 °C free~air temperature. For the LM207 only, the unlimited duration of the short~circuit applies at (or below) 85°C 
case temperature or 75 °C free air temperature. 

5. For operation above 25 °C free~air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM107. LM207. LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature (see Note 6) 

PARAMETER TEST CONDITIONSt 
LM107, LM207 LM307 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 0.6 2 2 7.5 
V,O Input offset voltage Vo = 0 mV 

Full range 3 10 

Average temperature 

CiVIO coefficient of Vo = 0 Full range 3 15 6 30 ~V/oC 

input offset voltage 

25°C 1.5 10 3 50 ',0 Input offset current Vo = a nA 
Full range 20 70 

TA - -55°C to 25°C 0.02 0.2 
Average temperature 

TA = 25°C to MAX 0.01 0.1 
CillO coefficient of nA/oC 

TA = O°C to 25°C 0.02 0.6 
input offset current 

TA - 25°C to 70 0 e 0.01 0.3 

25°C 30 75 70 250 
liB Input bias current nA 

Full range 100 300 

Common-mode 
V,CR 

input voltage range 
See Note 7 Full range ±15 ±12 V 

VCC± - ± 15 V, 25°C 24 28 24 28 

Maximum peak-ta-peak RL = 10 kll Full range 24 24 
VOPP V 

output voltage swing VCC± - ±15 V, 25°C 20 26 20 26 

RL = 2 kll Full range 20 20 

Large-signal differential VCC± - ±15 V, 
25°C 50 200 25 200 

AVD Vo = ±10 V, V/mV 
voltage amplification 

RL '" 2 kll 
Full range 25 15 

ri Input resistance 25°C 1.5 4 0.5 2 Mil 

Common-mode 25°C SO 9S 70 90 
CMRR V'C = V,CR min dB 

rejection ratio Full range SO 70 

Supply voltage 
25°C 80 9S 70 96 

kSVR rejection ratio 

Ill. VCC/LI. ViOl 
Full range SO 70 dB 

No Load, 
25°C 1.8 3 1.S 3 

ICC Supply current Vo = 0, mA 

See Note 7 MAX 1.2 2.5 

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for LMl 07 is - 55°C 

to 125°C, for LM207 is -25°C to 85°C, and for LM307 is ooe to 70°C. 

NOTES: 6. Unless otherwise noted Vec± = ±5 V to ±20 V for LM107 and LM207, and VCC± = ±5 V to ±15 V for LM307. All typical values are 

at VCC± = ±15 V. 

7. For LM107 and LM207, VCC± = ±20 V. For LM307, VCC± = ±15 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Input Bias Current 
LM108. LM208 ... 3 nA Max 

LM308 ... 10 nA Max 

• Offset Current 
LM108. LM208 ... 400 pA Max 

LM308 ... 1500 pA Max 

• Supply Current ... 300 /LA Typ 

• Direct Replacement for 
National Semiconductor 
LM108. LM208. and LM308 

description 

TYPES LM108, LM208, AND LM308 
PRECISION OPERATIONAL AMPLIFIERS 

02808. OCTOBER 1983 

LM108 ... JG DUAL-IN-LiNE PACKAGE 

LM208, LM308 _ .. D, JG, OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

COMPuS COMP2 
IN- 2 7 VCC+ 

IN + 3 6 OUTPUT 

VCC- 4 5 NC 

NC-No internal connection 

symbol 

INVERTING =t(t;-
INPUT IN- - OUTPUT 

NONINVERTING + . 
INPUT IN+ COMP 

COMP 2 

The LM108, LM208, and LM308 are precision operational amplifiers featuring very low input bias current 
and input offset voltage and current to improve the accuracy of high-impedance circuits using these devices, 
In most cases these devices make it possible to eliminate offset adjustments for performances approaching 
that of chopper-stabilized amplifiers. As an example, the LM 1 08 device is available with offset voltage 
less than 1-millivolt and temperature coefficient less than 5/LV 1°C over the entire military temperature range. 

These devices are designed to withstand short-circuits at the output, The external compensation of these 
amplifiers allows changing the frequency response (when the closed-loop gain is greater than unity) for 
applications requiring wider bandwidth or higher slew rate. 

The LM 108 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The LM208 is characterized for operation from - 25°C to 85 °C, and the LM308 is characterized for 
operation from OOC to 70°C. 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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TYPES LM10B, LM20B, AND LM30B 
PRECISION OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise nQtedl 

LM108 LM208 LM308 UNIT 

Supply voltage, Vee + (sea Note 1) 18 20 20 V 
Supply voltage. Vee _ (see Note 1) -18 -20 -20 V 
Input volta\le (sae Note 2) ±15 ±15 ±15 V 
Differential input current (see Note 3) ±10 ±10 ±10 rnA 

Duration of output short-circuit (see Notes 4 and 5) Unlimited Unlimited Unlimited 
Continuous total.power dissipation at (or below) 25°C free-air temperature 500 500 500 mW 
Operating temperat,..re range -55 to 125 -25 to 85 o to 70 °e 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 °e 
Lead temperature 1.6 mm (1/16 inch) 

JG package 300 300 300 °e 
from case for 60 seconds 
Lead temperature 1.6 mm (1/16 inch) 

D or P packaga 260 260 °e 
from case for 1 0 seconds 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-' 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less . 
3. The inputs are shunted with two opposite-facing base-emitter diodes for over-voltage protection. Therefore, excessive current will flow if a differfmtial 

input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used. 
4. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
5. The output may be shorted to ground or either power supply. 

electrical characteristics at specified free-air temperature (see Note 61 

TEST CONDITIONS t 
LM108. LM208 LM308 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 0.7 2 2 7.5 
VIO Input offset voltage mV 

Full range 3 10 

Average temperature 

aVIO coefficient of input Full range 3 15 6 30 ",Vloe 

offset voltage 

25°e 0.05 0.2 0.2 1 
110 Input offset current nA 

Full range 0.4 1.5 

Average temperature 

aliO coefficient of input Full range 0.5 2.5 2 10 pA/oe 

offset current 

25°C 0.8 2 1.5 7 
liB Input bias current nA 

Full range 3 10 

VieR 
Common-mode input 

Vee ~ ±15V Full range ±13.5 ±14 V 
voltage range 

YOM 
Maximum peak Vee - 15 V. 

Full range ±13 ±14 ±13 ±14 V 
output voltage swing RL~10kO 

Large-signal differential Vee - ± 15 V. Vo ~ ±10 V. 25°C 50 300 25 300 
AVD VlmV 

voltage gain RL> 10 kD Full range 25 15 

'j Input resistance 25°e 30 70 10 40 MO 

Common-mode 
eMRR Full range 85 100 80 100 dB 

rejection ratio 

kSVR 
Supply voltage rejection 

Full range 80 96 80 96 dB 
,atio IJlVee/JlVlol 

25°C 0.3 0.6 0.3 0.8 
lee Supply current mA 

MAX 0.15 0.4 

t All characteristics are specified under open-loop conditions with zero common-mode input voltage unless otherwise noted. full range is - 55°C to 125°C 
for LM108, -25°C to a5°e for LM20a, and OOC to 70°C for LM308. For conditions shown as MAX, use the appropriate maximum value specified under 
absolute maximum ratings. 

NOTE 6: Unless otherwise noted, VCC± ". ±5 V to ±18 V for LM108 and.lM208, and Vce ". ±5 V to ±15 V for lM308. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Input Current .•. 10 nA Max 

• Small-Signal Bandwidth ... 20 MHz 

• Slew Rate ... 30 V/p.s 

• Supply Voltage Range ... ± 5 V to ± 18 V 

• Direct Replacements for National 
Semiconductor LM110, LM210, and LM310 

description 

The LM110 series are monolithic operational 
amplifiers internally connected as unity-gain non­
inverting amplifiers. They use transistors in the 
input stage to get low bias current without 
sacrificing speed and they have internal 
frequency compensation and provision for offset 
balancing. Increased output swing under load 
can be obtained by connecting an external 
resistor between the Booster terminal and the 
VCC - terminal. 

TYPES LM110, LM210, AND LM310 
VOLTAGE FOLLOWERS 

02815. OCT08ER 1983 

LMll0 ... JG DUAL·IN·LlNE PACKAGE 

LM210. LM310 ... JG OR P DUAL·IN·LlNE PACKAGE 

(TOP VIEW) 

BAL1Da BAL2 
NC 2 7 Vcc+ 

)N+ 3 6 OUT 
Vcc- 4 5 BOOSTER 

NC-No internal connection 

symbol 

BOOSTER~(5~)-;--------, 

> .... -:;(6:..:.), OUTPUT 

NONINVERTING (3) 
INPUT IN+ =-----1 

BALANCE1~(I~) ____ ~ 

BALANCE2~(8~)------~ 

These devices are useful in fast sample-and-hold circuits, active filters, or as general purpose buffers. They 
are plug-in replacements for the LM 1 02 series voltage followers, offering lower offset voltage, drift, bias 
current, and noise in addition to higher speed and wider operating voltage range. 

The LM 11 0 is characterized for operation over the full military temperature range of - 55 DC to 125 DC. 
The LM210 is characterized for operation over the temperature range of -25 DC to B5 DC, and LM310 
is characterized for operation over the temperature range of 0 DC to 70 DC. 

absolute maximum ratings 

LMll0 LM210 LM310 UNITS 

Supply voltage. VCC + (see Note I) lB lB lB V 

Supply voltage. V CC _ -IB -IB -IB V 

Input voltage (see Note 2) ±15 ±15 ±15 V 

Duration of output short-circuit (see Notes 3 and 4) Unlimited Unlimited Unlimited 

Continuous total dissipation at (or below) 25°C 

free-air temperature range (see Note 5) 
500 500 500 mW 

Operating free-air temperature range 55 to 125 25 to 85 o to 70 °C 
Storage temperature range 65 to 150 65 to 150 65 to 150 °C 

Lead temperature at 1.6 mm (1/16 inch) 
JG package 300 300 300 °C 

from case for 60 seconds 

Lead temperature at 1.6 mm (1/16 inch) 
P package 

from case for 10 seconds 
260 260 °C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
3. The output may be shorted to ground or either power supply. 
4. It is necessary to insert a resistor (R O:?:: 2 kilohms) in series with the input when the amplifier is driven from low-impedance sources to prevent 

damage when the output is shorted. 
5. For operation above 25 DC free-air temperature, refer to Dissipation Derating Tables in Section 2_ In the JG package, lM11 0 ships are alloy mounted, 

lM210 and lM310 chips are glass mounted. 

PROOUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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electrical characteristics at specified free-air temperatures, Vee ± 
(unless otherwise noted) 

TEST CONOITIONS t 
LMll0 

PARAMETER 
MIN TYP MAX 

25°C 1.5 4 
VIO Input offset voltage 

Full range 6 

Average temperature 

"VIO coefficient of input Full range 12 

offset voltage 

25°C 1 3 
liB Input bias current 

Full range 10 

YOM 
Maximum peak VCC± - ±15 V, 

Full range ±10 
output voltage swing RL ~ 10 kD 

VCC±-±15V 

VO~±10V, '25°C 0.999 0.9999 

AV 
Large-signal RL ~ 8 kD 

voltage gain VCC± - ±15 V, 

Vo ~ ±10V, Full range 0.999 

RL ~ 10 kD 

kSVR 
Supply voltage rejection 

ratio (AVCC/AVIO) 
Full range 70 80 

r; Input resistance 25°C 1010 1012 

ro Output resistance 25°C 0.75 2.5 

Ci Input capacitance Full range 1.5 

Vo - 0, 25°C 3.9 5.5 
ICC Supply current 

No load MAX 2 4 

±5Vto ±18V 

LM210 

MIN TYP MAX 

1.5 4 

6 

12 

1 3 

10 

±10 

0.999 0.9999 

0.999 

70 80 

1010 1012 

0.75 2.5 

1.5 

3.9 5.5 

2 4 

LM310 

MIN TYP 
UNIT 

MAX 

2.5 7.5 
mV 

10 

10 ~V/oC 

2 7 

10 
nA 

±10 V 

0.999 0.9999 

VIV 

0.999 

70 80 dB 

1010 1012 D 

0.75 2.5 D 

1.5 pF 

3.9 5.5 
mA 

2 4 

t All characteristics are specified under open-loop operation. Full range is - 55 DC to 125 DC for LM 11 0, - 25 DC to 85 DC for LM21 0, and 0 DC to 70 DC for LM31 O. For conditions 
shown as MAX, use the appropriate value sp,ecified under absolute maximum ratings. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Wide Range of Supply Voltages: 
Single Supply ... 3 V to 30 V 

(LM2902 ... 3 V to 26 VI. 
or Dual Supplies 

• Low Supply Current Drain Independent of 
Supply Voltage ... 0.7 mA Typ 

• Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 

• Low Input Bias and Offset Parameters: 
Input Offset Voltage •.. 3 mV Typ 

A Versions .•. 2 mV Typ 
Input Offset Current . . . 2 nA Typ 
Input Bias Current ••. 20 nA Typ 

A Versions ... 15 nA Typ 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... 32 V 
(26 V for LM29021 

• Open-Loop Differential Voltage 
Amplification •.. 100 V/mV Typ 

• Internal Frequency Compensation 

description 

These devices consist of four independent, high-gain 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts (for 
the LM2902, 3 volts to 26 volts), and Pin 4 is at least 
1.5 volts more positive than the input common-mode 
voltage. The low supply current drain is independent 
of the magnitude of the supply voltage. 

Applications include transducer amplifiers, doc 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be more 
easily implemented in single-supply-voltage systems. 
For example, the LM124 can be operated directly off 
of the standard five-volt supply that is used in digital 
systems and will easily provide the required interface 
electronics without requiring additional ± 1 5-volt 
supplies. 

The LM 1 24 is characterized for operation over the full 
military temperature range of - 55 De to 125 De. The 
LM2902 is characterized for operation from - 40 De 
to 85 De, the LM224 and LM224A from -25 De to 
85 De, and the LM324 and LM324A from ODe to 
70 De. 

TYPES LM124, LM224, LM224A, 
LM324, LM324A, LM2902 

QUADRUPLE OPERATIONAL AMPLIFIERS 
01 SEPTEMBER 1975-REVISEO SEPTEMBER 

D, J, OR N DUAL-IN-LiNE PACKAGE, 

OR W FLAT PACKAGE 
(TOP VIEW) 

AMPL{OUT OUT} AMPL 
#1 IN- IN- #4 

IN+ IN+ 
Vee GND 

AMPL{IN+ IN+}AMPL 
IN IN-

#2 - OUT #3 
OUT'-t.:_----=J-' 

LM124 

FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 

#1 IN+ 
Ne 

Vee 
Ne 

#2IN+ 

II- 1-1 
~5 5~ 
--uvv 
~~Z~:&&: 

11-(.)1-1 
~5Z5~ 
NN C'lC'l 
=*I=::ct; :&:&:::t:t 

NC-No intemal connection 

symbol (each amplifierl 

INVERTING =l>-
INPUT IN- -

NON INVERTING + 
INPUT IN+ 

OUTPUT 

Copyright © 1979 by T exes Instruments Incorporated 
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TYPES LM124, LM224, LM224A, 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

r-----------------e---~._--~~------__ ~ __ ~--VCC 

INVERTING 
INPUT 

NONINVERTING -------+------40---------J 
INPUT 

~~------~-----OUTPUT 

() GNO 
~ 
(1) 

; ... o· 
:::I absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
at 
» 
3 
"2-
::::;; 
ar ... 
(I) 

Supply voltage, VCC (see Note 1) 

Differential voltage (see Note 2) 

Input voltage range (either input) 

Duration of output short-circuit"(one amplifier) to ground at (or below) 

25°C Jree·air temperature (VCC :s 15 V) (see Note 3) 

Continuous total dissipation at (or below) I 0 or J package 

25°C free·air temperature (see Note 4) 1 N package 

LM124 

Operating free-air temperature range 
LM224, LM224A 

LM324, LM324A 

LM2902 

Storage temperature range 

Lead temperature 1,6 mm (1116 inch) from case for 60 seconds \FH, FK, J 
or W package 

Lead temperature 1,6 mm 11116 inch) from case for 10 seconds .1 0 or N packagE 

LM124 

LM224, LM224A, LM2902 UNIT 

LM324, LM324A 

32 26 V 

±32 ±26 V 

-0.3 to 32 -0.3 to 26 V 

unlimited unlimited 

900 900 
mW 

875 875 

-55 to 125 

-25 to 85 
°C o to 70 

-40 to 85 

-65 to 150 -65 to 150 °C 

300 300 °C 

260 260 °C 

NOTES: 1. All voltage values. except differential voltages and Vee specified for the measurement of lOS. are with respect to the network ground terminal. 

3-30 

2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to dissipation Derating Curves. Section 2. In the J package, LM 124 chips are alloy-mounted; 

LM224. LM324. and LM2902 chips are glass-mounted. 
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electrical characteristics at specified free-air temperature, Vee 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
LM 124, LM224 LM324 LM2902 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VCC - 5 V to MAX, 25°C 3 5 3 7 3 7 
VIO Input offset voltage VIC ~ VICR min, mV 

Vo ~ 1.4 V Full range 7 9 10 

110 Input offset current 
25°C 2 30 2 50 2 50 

Vo ~ 1.4V 
Full range 100 150 

nA 
200 

Input bias current 
25°C -20 -150 -20 -250 -20 -250 

liB Vo ~ 1.4 V nA 
Full range -300 -500 -500 

o to o to o to 

Common·mode input 
25°C 

VICR VCC ~ 5 V to MAX 
Vee-1.5 Vee-1.5 Vee-1.5 

V 
voltage range o to o to o to 

Full range 
VCC- 2 VCC-2 vcc- 2 

RL - 2 kO 25°C Vce-1.5 Vee-1.5 

RL ~ 10kO 25°C Vee- l .5 
VOH High-level output voltage 

VCC - MAX, RL ~ 2 kO Full range 
V 

26 26 22 

VCC - MAX, RL ~ 10 kO Full range 27' 28 27 28 23 24 

VOL Low-level output voltage RI'" 10 kO Full range 5 20 5 20 5 100 mV 

Large-signal differential 
VCC-15V, 25°C 50 100 25 100 100 

AVD 
voltage amplification 

Vo ~ 1 V to 11 V, V/mV 

RL .. 2 kO Full range 25 15 15 

CMRR Common-mode rejection ratio VIC - VICR min 25°C 70 80 65 80 50 80 dB 

kSVR 
Supply voltage rejection 

ratio (aVCC/avIO) 
25°C 65 100 65 100 50 100 dB 

Vo1/Vo2 Crosstalk attenuation f - 1 kHz to 20 kHz 25°C 120 120 120 dB 

VCC-15V, 25°C -20 -30 -60 -20 -30 -60 -20 -30 -60 
VID ~ 1 V, 

Vo ~ 0 Full range -10 -10 -10 

VCC~15V, 
rnA 

110 Output current 25°C 10 20 10 20 10 20 
VID~-lV, 

Vo ~ 15 V Full range 5 5 5 

VID - 1 V, 

Vo ~ 200 mV 
25°C 12 30 12 30 30 "A 

Short-circuit VCC at 5 V, 
25°C lOS ±40 ±60 ±40 ±60 ±40 ±60 rnA 

output current GND at -5 V,vO ~ 0 

Vo - 2.5 V, 
Full range 0.7 1.2 0.7 1.2 0.7 1.2 

Supply current 
No load 

ICC VCC ~ MAX, rnA 
(four amplifiers) 

Vo ~ 0.5 VCC, Full range 1.1 3 1.1 3 1.1 3 

No load 
------- -- ,------ -

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. "MAX" Vee for testing purposes is 26 V for LM2902, 
30 V for the others. Full range is -55°C to 125°C for LM124, -25°C to 85°C for LM224, ooe to 70°C for LM324, and -40 oe to 85°C for LM2902. 
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electrical characteristics at specified free-air temperature. Vee 5 V (unless otherwise noted) 

PARAMETER TEST eONOITIONst 
LM224A LM324A 

UNIT 
MIN TYP MAX MIN TYP MAX 

VCC - 5 V to 30 V, 25°C 2 3 2 3 
Via Input offset voltage VIC ~ VICR min, mV 

Va ~ 1.4 V Full range 4 5 

Input offset current Vo ~ 1.4 V 
25°C 2 15 2 30 

110 
Full range 

nA 
30 75 

liB Input bias current Va ~ 1.4 V 
25°e -15 -80 -15 -100 

Full range -100 
V 

-200 
o to Oto 

Common-mode input 
25°C 

VICR Vec ~ 30 V 
Vee-1.5 Vee-1.S 

V 
voltage range 

Full range 
o to o to 

vee- 2 vee- 2 

RL - 2 kO 25°C Vee- 1.S Vee 1.5 

VOH High-level output voltage Vce - 30 V, RL ~ 2 kO Full range 26 26 V 
VCC - 30 V, RL - 10 kO Full range 27 28 27 28 

VOL Low-level output voltage RI s 10 kO Full range 5 20 5 20 mV 

Large-signal differential 
Vec - 15V, 25°C 50 100 25 100 

AVO 
voltage amplification 

Va ~ 1 V to 11 V, V/mV 

RL " 2 kO Full range 25 15 

CMRR Common-mode rejection_ ratio VIC - VieR min 25°e 70 80 65 80 dB 

kSVR 
Supply voltage rejection 

ratio (AVCC/AVIO) 
25°C 65 100 65 100 dB 

Vol/V0 2 Crosstalk attenuation f ~ 1 kHz to 20kHz 25°C 120 120 dB 

VCC - 15 V, 25°C -20 -30 -60 -20 -30 -60 
VIO ~ 1 V, 

Vo ~ 0 Full range -10 -10 

Vce ~ 15 V, 
rnA 

10 Output current 25°C 10 20 10 20 
VIO ~ -1 V, 

Vo ~ 5 V 25°C 5 5 

VID - -1 V, 

Va ~ 200 mV 
Full range 12 30 12 30 ~A 

Short-circuit VCC at 5 V, 
lOS 25°e ±40 ±60 ±40 ±60 rnA 

output current GNO at - 5 V, Vo ~ 0 

Va ~ 2.5 V, 
Full range 0.7 1.2 0.7 1.2 

No load 

ICC 
Supply current 

VCC - 30 V, rnA 
(four amplifiers) 

Va ~ 15 V, Full range 1.1 3 1.1 3 
No load 

---- ._--

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is - 25°C to 85°C for lM224A 
and OOC to 70°C for lM324A. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• uA741 Operating Characteristics 

• Low Supply Current Drain, , . 0.6 mA Typ 
(per amplifier) 

• Low Input Offset Voltage 

• Low Input Offset Current 

• Class AS Output Stage 

• Input/Output Overload Protection 

• Designed to be Interchangeable with National 
LM148. LM248. and LM348. 

description 

The LM148, LM248. and LM348 are quadruple, 
independent, high-gain, internally compensated 
operational amplifiers designed to have operating 
characteristics similar to the uA 7 41 , These amplifiers 
exhibit low supply current drain, and input bias and 
offset currents that are much less than those of the 
uA741 , 

The LM 148 is characterized for operation over the full 
military temperature range of - 55°C to 125°C, the 
LM248 is characterized for operation from - 25°C to 
85 DC, and the LM348 is characterized for operation 
from DoC to 70°C. 

symbol (each amplifier) 

NONINVERTING b>­
INPUTIN++ 

INVERTING_____ _ OUTPUT 

INPUT IN-

TYPES LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

02551, OCTOBER 1979-REVISED SEPTEMBER 1983 

LM 14B ... J PACKAGE 

LM24B, LM348 ... D. J, OR N PACKAGE 

ITOPVIEWI 

AMPL {?NU~ ~U~} AMPL 
#1 IN+ IN+ #4 

AMPL{V:~~ ~C~}- AMPL 

#2 OUT OUT #3 ....... ___ r-" 

LM14B ... FH OR FK PACKAGE 

(TOP VIEWI 

#1IN+ 
NC 

VCC+ 
NC 

#2IN+ 

I~ ~I 
~O O~ 

U"'""'" ::It:'*t:z::at:::tt: 

2019 

9 10 11 1213 

I ~ ~ ~ ~I 
~o 0 
NN ('1')('1) 
::tI::::tt; ::tt:::tt: 

NC - No internal connection 

#4IN+ 
NC 

VCC­
NC 
#3IN+ 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

LM14B LM24B LM348 UNIT 

Supply voltage Vee + (see Note 11 22 18 18 V 

Supply voltage Vee _ (see Note 1 I -22 -18 -18 V 

Differential input voltage (see Note 2) 44 36 36 v 
Input voltage (either input, see Notes 1 and 3) ±22 ±18 ±18 V 

Duration of output short-circuit (see Note 4) unlimited unlimited unlimited 

Continuous total power dissipation at (or below) D , FH, FK, or J package 900 900 900 
mW 

25°C free-air temperature (see Note 5) N package 875 875 

Operating free-air temperature range -55 to 125 -25 to 85 o to 70 DC 

Storage temperature range -65 to 150 -65 to 150 -65to 150 DC 

Lead temperature 1,6 mm (1/16 inch I 
FH, FK, or J package 300 

from case for 60 seconds 
300 300 DC 

Lead temperature 1,6 mm (1/16 inchl 
D or N package 

from case for 10 seconds 
260 260 DC 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or the valu~ specified in the table, whichever is less. 

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure that the dissipation 
rating is not exceeded. 

5. For operation above 25 DC free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, LM148 chips are alloy mounted, 

LM248 and LM348 chips are glass mounted. 

Copyright © 1983 by Texas Instruments Incorporated 

• f/) ... 
Q) 

~ 
Q. 
E 
c:( 

Cii 
c: 
o 
.~ 

ca ... 
Q) 
Q. 

o 

TEXAS 
INSTRUMENTS 

3-33 

POST OFFICE BOX 225012. DALLAS, TEXAS 75265 



~ 

Cf 
w 
.j>. 

~ 
:~ 

;~~d ;;;c: 
.~ 

~f!'I 

~~ 
x 
l; 
ilt 
ill 

s.a!J!ldwv leUo!~e.ado II 
electrical characteristics. Vee ± ±15 V 

PARAMETER TEST CONDITIONSt 
LMl48 LM248 LM348 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Via Input offset voltage Va = 0 
25°C 1 5 1 6 1 6 -mY 

Full range 6 7.5 7.5 

110 Input offset current Vo = 0 
25°C 4 25 4 50 4 50 

Full range 75 125 100 
nA 

118 Input bias current Vo = 0 
25°C 30 100 30 200 30 200 

Full range 325 500 400 
nA 

VICR 
Common-mode 

input voltage range 
- Full range ±12 ±12 ±12 V 

RL - 10 kll 25°C ±12 ±13 ±12 ±13 ±12 ±13 

YOM 
Maximum peak output RL'" 10 kll Full range ±12 ±12 ±12 
voltage swing RL = 2 kll 25°C ±10 ±12 ±10 ±12 ±10 ±12 

V 

RL'" 2 kll Full range ±10 ±10 ±10 

AVO 
Large-signal differential Vo - ±10V, 25°C 50 160 25 160 25 160 
voltage amp-'ification RL '" 2 kll Full range 25 15 15 

V/mV 

'i Input resistance 25°C 0.8 2.5 0.8 2.5 0.8 2.5 Mil 

Bl Unity-gain bandwidth AVO - 1 25°C 1 1 1 MHz 

<PM Phase margin AVO - 1 25°C 60° 60° 60° 
Common-mode VIC - VICR min, 25°C 70 90 70 90 70 90 

CMRR 
Vo = 0 

dB 
rejection ratio Full range 70 70 70 
Supply voltage rejection VCC± - ±9Vto ±15V, 25°C 77 96 77 96 77 96 

kSVR 
ratio (aVCC±laVIO) Vo = 0 Full range 77 77 77 

dB 

lOS Short~circuit output current 25°C ±25 ±25 ±25 mA 

ICC 
Supply current Vo = 0, 

25°C 2.4 
(four amplifiers) No load 

3.6 2.4 4.5 2.4 4.5 mA 

Vol IV 02 Crosstalk attenuation f - 1 Hz to 20kHz, 25°C 120 120 120 dB 
--- -

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for TA is - 55°C to 125°C for LM148, -250C to 
85°C for LM248. and ooe to 70°C for LM348. 
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TYPES LM148. LM248. LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

operating characteristics. VCC± = ± 15 V. TA = 25°C 

PARAMETER TEST CONOITIONS MIN TYP MAX 

SR Slew rate at unity gain See Figure 1 0.5 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1-UNITY-GAIN AMPLIFIER 

10 k.n 

AVO=-100 

FIGURE 2-INVERTING AMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 

.' Wide Range of Supply Voltages: 
Single Supply . . . 3 V to 30 V 

(LM2904 ... 3 V to 26 V). 
or Dual Supplies 

• Low Supply Current Drain Independent of 
Supply Voltage ... 0.7 mA Typ 

• Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 

• Low Input Bias and Offset Parameters: 
Input Offset Voltage ... 3 mV Typ 

A Versions .•. 2 mV Typ 
Input Offset Current . . . 2 nA Typ 
Input Bias Current . . . 20 nA Typ 

A Versions ... 15 nA Typ 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 32 V 

( ± 26 V for LM2904) 

• Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 

• Intemal Frequency Compensation 

TYPES LM 158, LM258, LM358 
LM258A, LM358A, LM2904 

DUAL OPERATIONAL AMPLIFIERS 
02231. JUNE 1976-REVISEO AUGUST 1983 

D. JG. OR P DUAL-IN-L1NE PACKAGE 
{TOP VIEW) 

AMPL{OUT[]B VCC+ . 
#1 IN- 2 7 OUT} AMPL 

IN+ 3 6 IN- #2 
GND 4 5 IN+ 

U FLAT PACKAGE 

{TOP VIEW) 

NC NC 

AMPL{OUT VCC+ 
# 1 IN - OUT} AMPL 

IN+ IN- #2 
GND IN+ ....... __ ..r-

LM 158 

FH OR FK CHIP CARRIER PACKAGE 

(TOP VIEW) 

I­
::> o 

description 
+ 
u u ~ u uu z .. z>z 

3-36 

These devices consist of two independent. high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts (3 volts 
to 26 volts for the LM2904), and the VCC pin is at 
least 1 .5 volts more positive than the input common­
mode voltage. The low supply current drain is 
independent of the magnitude of the supply voltage. 

NC 
#1IN­

NC 
#1IN+ 

NC 

NC~No Internal connection 

symbol (each amplifier) 

NC 
#2 OUT 
NC 
#2IN­
NC 

Applications include transducer amplifiers, doc 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be more 
easily implemented in single-supply-voltage systems. 
For example, these devices can be operated directly 
off of the standard five-volt supply that is used in 
digital systems and will easily provide the required 
interface electronics without requiring additional 
± 15-volt supplies. 

The LM 1 58 is characterized for operation over the full 
military temperature range of .- 55°C to 125°C. The 
LM258 and LM258A are characterized for operation 
from -25°Cto 85°C, the LM358 and LM358A from 
0° to 70°, and the LM2904 from -40°C to 85°C. 

NONINVERTING =I>-
INPUT IN+ OUTPUT 

INVERTING _ 
INPUTIN-

TEXAS 
INSTRUMENTS 
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83 

TYPES LM158. LM258. LM358. LM258A. LM358A. LM2904 
DUAL OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

r-~---------------'-----'-----'---------'~~~--~Vcc+ 

INVERTING 
INPUT 

NON 
INVERTING o---------+-------+------....J 

INPUT 

........ ------+----0 OUTPUT 

GND 
(ORVCC_) 

TO OTHER 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

LM158, 

LM258, LM258A LM2904 UNIT 
LM358, LM358A 

Supply voltage, VCC (see Note 1) 32 26 V 
Differential voltage (see Note 2) ±32 ±26 V 
Input voltage range (either input) -0.3 to 32 -0.3 to 26 V 
Duration of output short-circuit (one amplifier) to ground at (or below) 

unlimited unlimited 
25·C free-air temperature (V CC s 1 5 V) (see Note 3) 

o package 725 725 

Continuous total dissipation at (or below) 
JG package (alloy-mounted chip) 1050 

JG package (glass-mounted chip) 825 825 mW 
25·C free-air temperature (see Note 4) 

P package 725 725 

U package 675 675 

LM158 -55 to 125 

Operating free-air temperature range 
LM258, LM258A -25 to 85 

·C 
LM358, LM358A o to 70 
LM2904 -40 to 85 

Storage temperature range -65 to 150 -65 to 150 ·C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds IFH, FK,JG, 
or U package 

300 300 ·C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I D or P package 260 260 ·C 

NOTES: 1. All voltage values. except differential voltages and vee specified for the measurement of lOS, are with respect to the network ground terminal. 
2. Differential voltages afe at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature. refer to Dissipation Derating Curves. Section 2. In the JG package. LM158 chips are alloy-mounted; 

LM258. LM258A. lM358. lM358A. and lM2904 chips are glass-mounted. 
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electrical characteritics at specified free-air temperature, Vee 5 V lunless otherwise noted) 

PARAMETER TEST CONDITIONSt 
LM158, LM258 LM358 

MIN TYP MAX MIN TYP 

VCC ~ 5 V to MAX, 
25°C 3 5 3 

Via Input offset voltage VIC ~ VICR min, 

Va ~ lAV Full range 7 

Average temperature coefficient 
Full range 7 7 a 

via of input offset voltage 

25°C 2 30 2 
110 Input offset current Va ~ lAV 

Full range 100 

Average temperature coefficient 
Full range 10 10 alia of input offset current 

25°C 20 150 20 
liB Input bias current Va ~ 1.4V 

Full range -300 

25°C 
o to Ota 

VICR 
Common-mode 

VCC ~ 5 V to MAX 
Vee- 1.5 Vee- 1.5 

input voltage range o to o to 
Full range 

Vee -2 Vee- 2 

RL,,2kll 25°C vee 1.5 Vee 1.5 

RL,,10kll 25°C 

VOH High-level output voltage 
VCC ~ MAX, 

RL ~ 2 kll, 
Full range 26 26 

VCC - MAX, 
Full range 27 28 27 28 

RL > 10 kll 

VOL Low-level output voltage RL oS 10 kll Full range 5 20 5 

LM2904 

MAX MIN TYP MAX 

7 3 7 

9 10 

7 

50 2 50 

150 200 

10 

250 20 250 

-500 -500 

o to 

Vee-1.5 

o to 

Vce- 2 

Vee - 1.5 

22 

23 24 

20 5 100 

UNIT 

mV 

~V/oC 

nA 

pA/oC 

nA 

V 

V 

mV 

CI ..... 
c< 
>"'CI 
r-m 
Cl en 
"'CIr­
mi: =­>U'I ..... = 
=:.... Zi: 
~~ 
>= 
i:" 
"'CIr­
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Large-signal differential 
Vee - 15V, 25°C 50 100 25 100 100 

AVD 
voltage amplification 

Vo = 1 V to 11 V, V/mV 

RL=<!:2k!l Full range 25 15 15 

eMRR Common-mode rejection ratio 
Vee - 5 V to MAX, 

VIC = VieR min 
25°C 70 80 65 80 50 80 dB 

kSVR 
Supply voltage rejection 

ratio (<!.Vee/<!.Vlol 
Vee = 5 V to MAX 25°C 65 100 65 100 50 100 dB 

Vo1IVo2 Crosstalk attenuation f - 1 kHz to 20kHz 25°C 120 120 120 dB 

Vee 15 V, 25°C -20 -30 -20 -30 -20 -30 
VID = 1 V, 

Vo = 0 Full range -10 -10 -10 
mA 

Vee = 15 V, 
10 Output current 25°C 10 20 10 20 10 20 

VID = -1 V, 

Vo = 15 V Full range 5 5 5 

VID - 1 V, 

Vo = 200 mV 
25°C 12 30 12 30 30 p.A 

Short-circuit 
Vee at 5 V, 

lOS GND at -5 V, 25°C ±40 ±60 ±40 ±60 ±40 ±60 mA 
output current 

Vo = 0 

Vo = 2.5 V, 
Full range 

No load 
0.7 1.2 0.7 1.2 0.7 1.2 

ICC 
Supply current 

Vee = MAX, mA 
(two amplifiersl 

Vo = 0.5 Vee, Full range 1 2 1 2 1 2 

No load 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. "MAX" Vee for testing purposes is 26 V for LM2904, 30 V 

for the others. Full range is -55°C to 125°C for lM158. -25°C to a5°e for LM258. ODe to 70°C for lM358. and -40°C to 85°C for LM2904. 

Operational Amplifiers II 
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electrical chararacteristics at specified free-air temperature. Vee 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
lM258A 

MIN TYP MAX 

V CC ~ 5 v t9 30 V 
25°C 2 3 

VIO Input offset voltage VIC ~ VICR min, 

Vo ~ l.4V Full range 4 

Average temperature coefficient 
Full range 7 15 "VIO of input offset voltage 

25°C 2 15 
110 Input offset current Vo ~ l.4V 

Full range 30 

Average temperature coefficient 
Full range 10 200 "110 of i~nput offset current 

25°C -15 -80 
liB Input bias current Vo ~ l.4V 

Full range -100 

25°C 
o to 

VICR 
Common-mode input 

VCC 30 V 
Vee-1.5 

voltage range o to 
Full range 

vee- 2 

RL " 2 kll 25°C vee 1.5 

VCC - 30 V, 
Full range 26 

VOH High~level output voltage RL ~ 2 kll 

VCC 30 V, 

RL " 10 kU 
Full range 27 28 

VOL Low-level output voltage RL ~ 10 kO Full range 5 20 

lM358A 

MIN TYP MAX 

2 3 

5 

7 20 

2 30 

75 

10 300 

-15 -100 

-200 

o to 

Vee-1.5 

o to 

vee- 2 

Vee 1.5 

26 

27 28 

5 20 

UNIT 

mV 

~V/oC 

nA 

pAloC 

nA 

V 

V 

mV 

CI-t 
c< 
:Do'" ..-m 
C(I) 
",..­
mS:: 
::aN 
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Large-signal differential 
Vee -15V. 25°C 50 100 25 100 

AVO 
voltage amplification 

Vo = 1 V to 11 V. V/mV 

RL = " 2 kO Full range 25 15 

eMRR Common-mode rejection ratio 25°C 70 80 65 80 dB 

kSVR 
Supply voltage rejection 

25°C 65 100 65 100 dB 
ratio (aVee/avlo) 

Vo1iV02 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 dB 

Vee = 15 V. 25°C 20 30 60 20 30 60 
VID = 1 V. 

Vo = 0 Full range 10 10 mA 

10 Output current Vee - 15 V. 25°C 10 20 10 20 
VID = -1 V. 

Vo = 15 V Full range 5 5 

VID - -1 V. 

Vo = 200 mV 
25°C 12 30 12 30 ~A 

Vee at 5 V. 

lOS Short-circuit output current GND at -'-5 V. 25°C ±40 ±60 ±40 ±60 mA 

Vo = 0 

Vo = 2.5 V. 
Full range 0.7 1.2 0.7 1.2 

No load 

ICC Supply current (two amplifiers) Vee = 30 V. mA 

Vo = 15V. Full range 1 2 2 
No load 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise spEfcified. Full range is - 25°C to 85 °C for LM258A and 

o °C to 70°C for LM358A. 

Operational Amplifiers II 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM218, LM318 
HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

• Small-Signal Bandwidth . . . 15 MHz Typ 

• Slew Rate ... 50 V / p's Min 

• Bias Current .•. 250 nA Max (LM218) 

• Supply Voltage Range •.• ± 5 V to ± 20 V 

• Internal Frequency Compensation 

• Input and Output Overload Protection 

• Same Pin Assignments as General-Purpose 
Operational Amplifiers 

description 

The LM218 and LM318 are precision, high-speed 
operational amplifiers designed for applications 
requiring wide bandwidth and high slew rate. They 
feature a factor-of-ten increase in speed over general 
purpose devices without sacrificing de performance. 

These operational amplifiers have internal unity-gain 
frequency compensation. This considerably simplifies 
their application since no external components are 
necessary for operation. However, unlike most 

02219, JUNE 1976-REVISEO AUGUST 1983 

D, JG, OR P DUAL-iN-LINE PACKAGE 

(TOPViEWI 

BAL/COMP DB COMP 2 
IN-. 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 BAL/COMP 3 

symbol 

BAL/COMP 1 
(1) 

COMP2 
(8) 

BAL/COMP3 
(5) 

NONINVERTING (3) 

INPUT IN+ 
>--OUTPUT 

INVERTING (2) 

INPUT IN-

internally compensated amplifiers, external frequency compensation may be added for optimum performance, For 
inverting applications, feed-forward compensation will boost the slew rate to over 150 V/p.s and almost double the 
bandwidth. Overcompensation may be used with the amplifier for greater stability when maximum bandwidth is not 
needed. Further, a single capacitor may be added to reduce the settling time for 0.1 % error band to under 1 p.s. 

The high speed and fast settling time of these operational amplifiers make them useful in A/D converters, oscillators, 
active filters, sample and hold circuits, and general purpose amplifiers. 

The LM218 is characterized for operation from - 25°C to 85 °C, and the LM318 is characterized for operation from 
ooC to 70°C. 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

LM218 LM31B UNiT 

Supply voltage, Vee + Isee Note 1) 20 20 V 

Supply voltage, Vee _ (see Note 1) -20 20 V 

Input voltage leither input, see Notes 1 and 2) ±15 ±15 V 

Differential input current (see Note 3) ±10 ±10 mA, 

Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total power dissipation at (or below) 
500 

25°C free-air temperature (see Note 5) 
500 mW 

Operating free-air temperature range -25 to 85 o to 70 °e 

Storage temperature range -65 to 150 -65 to 150 ·e 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I JG package 300 300 ·e 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I o or P package 260 260 ·e 

NOTES: 1. All voltage "alues, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-' 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

3. The inputs are shunted with two opposite·facing base·emitter diodes for over voltage protection. Therefore, excessive current will flow if a differential 
input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used. 

4. The output may be shorted to ground or either power supply. For the LM218 only, the unlimited duration of the short·circuit applies at (or below) 

85°C case temperature or 75 °C free-air temperature. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, LM218 and LM318 chips 

are glass-mounted. 

Copyright © 1983 by Texas Instruments Incorporated 
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• 

TYPES LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature (see Note 6) 

PARAMETER TEST CONDITIONSt 
MIN 

LM218 

TYP MAX 

LM318 

MIN TYP MAX 
UNIT 

25°C 2 4 4 10 
V,O Input offset voltage Vo = 0 

6 
mV 

Full range 15 

',0 Input offset current Vo = 0 
25°C 6 50 30 200 

nA 
Full range 100 300 

25°C 120 250 150 250 
liB Input bias current Vo = 0 nA 

Full range 500 750 

V,CR 
Common-mode 

input voltage range VCC± = ±15 V Full range ± 11.5 ±11.5 V 

YOM 
Maximum peak VCC± - ±15 V. 

Full range ±12 ±13 ±12 ±13 V 
output voltage swing RL = 2 kG 

Large-signal differential 
VCC± = ±15V. 25°C 50 200 25 200 

AVO 
voltage amplification 

Vo = ±10V, V/mV 
RL ;,: 2 kG Full range 25 20 

Bl Unity'gain bandwidth VCC± - ±15V 25°C 15 15 MHz 

ri Input resistance 25°C 1 3 0.5 3 MG 

CMRR Common-mode rejection ratio V'C = V,CR min Full range 80 100 70 100 dB 

kSVR 
Supply voltage rejection ratio 

(aVCC/av,O) 
Full range 70 80 65 80 dB 

Supply current 
No load, 25°C 5 8 5 10 

ICC mA 
Vo = 0 Full range 4.5 7 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for LM218 is - 25 DC 
to 85 DC and for LM318 is OOC to 70 DC. 

NOTE 6: Unless otherwise noted, Vee = ± 5 V to ± 20 V. All typical values are at Vee ± = ± 1 5 V. 

operating characteristics. VCC+ = 15 V. VCC- = -15 V. TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX 

SR Slew rate at unity gain aVI = 10 V, CL = 10 pF, See Figure 1 50 70 

parameter measurement information 

2kg 

:-lL.. ______________ ~r--_100VV INPUT I ! 
2kg 

I NPUT O--'\N'v-..... ~ 

>-.......... -0 OUTPUT 

1 kg 

90%-/---f------.... " - - 10 V 
OU~:~ /-_ ~ __ -=~:O _____ 0 V 

I I ~VO 
!.-tt..-l SR = --

TEST CIRCUIT tt 

VOLTAGE WAVEFORMS 

FIGURE 1-SLEW RATE 
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schematic 

BALANCE 
COMPENSATION·l 

TYPES LM218, LM318 
HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

BALANCE 
COMPENSATION·3 

COMPENSATION·2 

r--1~---1~--~~~-----'+-----~~~------------~--------- VCC+ 

2 kO 150 kO 2 kO 

100 pF 

2512 
OUTPUT 

INVERTING 

INPU~T~ ...... ~r---:)-+--.J 3312 

NONINVE:;:R~T~IN«G~r=:J==r==t===--t--~ __ t ______ ..., 
INP;;T 

vcc-
Component values shown are nominal. 

• 0 .. 
Q) 

~ 
Q. 
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<t 
CO 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Wide Range of Supply Voltages. Single or Dual 
Supplies 

• Wide Bandwidth 

• Large Output Voltage Swing 

• Output Short-Circuit Protection 

• Internal Frequency Compensation 

• Low Input Bias Current 

• Designed to be Interchangeable with National 
Semiconductor LM2900 and LM3900. 
Respectively 

description 

These devices consist of four independent, high-gain 
frequency-compensated Norton operational amplifiers 
that were designed specifically to operate from a 
single supply over a wide range of voltages. Operation 
from split supplies is also possible. The low supply 
current drain is essentially independent of the 
magnitude of the supply voltage. These devices 
provide wide bandwidth and large output voltage 
swing. 

The LM2900 is characterized for operation from 
- 40 °e to 85°C, and the LM3900 is characterized 
for operation from 0 DC to 70°C. 

schematic (each amplifier) 

NON INVERTING o---,,--~ 
INPUT 

TYPES LM29DD. LM39DD 
QUADRUPLE OPERATIONAL AMPLIFIERS 

02531, JULY 1979-REVISEO AUGUST 1983 

J OR N DUAL-IN-L1NE PACKAGE 

(TOPVIEWl 

#1 IN+ Vee 
#2IN+ #3IN+ 
#2IN- #4IN+ 
#2 OUT #4IN-
#1 OUT #4 OUT 
#1IN- #3 OUT 

GND #3IN-

symbol (each amplifier) 

NON INVERTING =t>­
INPUTIN+ 

OUTPUT 
INVERTING 
INPUT IN- -

r-----~.--oVCC 

OUTPUT 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES LM2900. LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

LM2900 LM3900 UNIT 
Supply voltage, VCC (see Note 1) 32 32 V 
Input current 20 20 rnA 
Duration of output short circuit (one amplifier) to ground 

unlimited unlimited 
at (or below) 25·C free-air temperature (see Nbte 2) 

Continuous total dissipation at (or below) 25·C free-air temperature (see Note 3) I J Package 
1025 1025 

875 875 
mW 

N Package 

Operating free-air temperature' range -40 to 85 o to 70 ·C 
Storage temperature range -66 to 150 -65 to 150 ·C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I J Package 300 300 ·C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I N Package 260 260 ·C 

NOTE!?: 1. All voltage values. except differential voltages, are with respect to the network ground terminal. 

2. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derati,:,g Curves, Section 2. In. the J package, LM2900 and LM3900 chips 

are glass-mounted. 

recommended operating comditions 

LM2900 LM3900 
UNIT 

MIN MAX MIN MAX 
Input current (see Note 4) -1 -1 rnA 
Operating free-air temperature, T A -40 85 0 70 ·C 

NOTE 4: Clamp transistors are included that prevent the Input voltages from swinging below ground more than approximately - 0.3 volt. The negative input 
currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values of approximately -1 rnA. 
Negative input currents in excess of -4 mA will cause the output voltage to drop to a low voltage. These values apply for anyone of the Input 
terminals. If more than one of the input terminals are aimultaneously driven negative. maximum currents are reduced. Common-mode current biasing 
can be used to prevent negative input voltages. 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

electrical characteristics. Vee 15 V. TA 25 De (unless otherwise noted) 

TEST CONDITIONSt 
LM2900 LM3900 

UNIT PARAMETER 
MIN TVP MAX MIN TVP MAX 

Input bias current ITA = 25°C 30 200 30 200 
liB 11+ = 0 

ITA = full range 
nA 

!inverting input) 

~ Mirror gain 11+ = 20 ~A to 200 ~, 0.9 1.1 0.9 1.1 ~/~A 
11+ 

T A = full range, See Note 5 
Change in mirror gain 2 5 2 15 % 

Mirror current 
VI+ =VI_, 

See Note 5 

T A - full range, 
10 500 10 500 ~ 

AVD 
Large-signal differential Va = 10V, RL = 10 kG, 

voltage amplification f = 100 Hz 
1.2 2.8 1.2 2.B V/mV 

Input resistance 
1 1 Mil r; 

(inverting input) 

ro Output resistance 8 8 kll 

B1 
Unity-gain bandwidth 

2.5 2.5 MHz 
(inverting input) 

kSVR 
Supply voltage rejection 

70 70 dB 
ratio(.1Vee/.1VIO) 

IRL-2kll 13.5 13.5 

VOH High-level output voltage 
11+ = 0, I Vee = 30 V, V 
11- = 0 29.5 29.5 

No load 

VOL Low-level output volt~ge 
11+ = 0, 11_ - 10 ~A, 

RL = 2 kll 
0.09 0.2 0.09 0.2 V 

IOHS 
Short-circuit output current 11+ - 0, 11-
(output internally high) Va = 0 

- 0, 
-6 -18 -6 -10 rnA 

Pull-down current 0.5 1.3 0.5 1.3 rnA 

IOL Low-level output current; 11_ = 5~, VOL = 1 V 5 5 rnA 

lee 
Supply current 

(four amplifiers) 
No load 6.2 10 6.2 10 rnA 

t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for TA is -40 1lC to 

85°C for LM2900, and O°C to 70°C for LM3900. 

;: The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input. 

NOTE 5: These parameters are measured with the output balanced midway between Vee and ground. 

operating characteristics. Vee ± 

SR 

PARAMETER 

Slew rate at unity gain t--:-L,.,.ow-,---t_o_-h,..ig::.h_o_u-,tp_u_t--( 
High-to-Iow output 

TEST CONDITIONS 

Va = 10 V, eL = 100 pF, 

RL = 2 kG 

MIN TVP MAX 

0.5 

20 
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TYPES lM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 
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LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
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FIGURE 7 

TYPICAL CHARACTERISTICS t 
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FIGURE 2 

LARGE-SIGNAL 
DIFFEHENTIAL VOLTAGE AMPLIFICATION 

SUPPLY VOLTAGE 

.....-

~RL=10kn 
i=TAI 2'·C 

10 15 20 2' 30 

Vce-Supply Voltage-V 

FIGURE 5 

lM2900 
SHORT-CIRCUIT OUTPUT CURRENT 

(OUTPUT INTERNALLY HIGH) 

SUPPLY VOLTAGE 

Va"" 0 
11+ = 0 
11_ = 0 

TA=looe 

TA'" 25°C 
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a 10 15 20 25 30 
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FIGURE 8 

SUPPLY VOLTAGE REJECTION RATIO 
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FIGURE 3 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
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FIGURE 9 

tOata at high and low temperatures are applicable only within the rated operating free~air temperature ranges of the various devices. 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

Norton (or current-differencing) amplifiers can be used in most standard general-purpose op-amp applications. 
Performance as a dc amplifier in a single-power-supplymode is not as precise as a standard integrated-circuit operational 
amplifier operating from dual supplies. Operation of the amplifier can best be understood by noting that input currents 
are differenced at the inverting input terminal and this current then flows through the external feedback resistor to 
produce the output voltage. Common-mode current biasing is generally useful to allow operating with signal levels 
near (or even below) ground. 

Internal transistors clamp negative input voltages at pproximately - 0.3 volt but the magnitude of current flow has 
to be limited by the external input network. For operation at high temperature, this limit should be approximately 
-100 microamperes. 

Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more critical 
since coupling from the output to the non inverting input can cause oscillations. Care must also be exercised when 
driving either input from a low-impedance source. A limiting resistor should be placed in series with the input lead 
to limit the peak input current. Current up to 20 milliamperes will not damage the device but the current mirror on 
the noninverting input will saturate and cause a loss of mirror gain at higher current levels, especially at high operating 
temperatures. 

V+ 

1 Mil 
INPUT _....JWirl..-... --f--! 

OUTPUT 

10 '" 1 rnA per input volt 

FIGURE 13-VOL TAGE-CONTROLLED CURRENT SOURCE 

V+ 

1 Mil 1 Mil 

"'"----OUTPUT 

100kll 
INPUT--~~-e~-~-i 

100kll 

1 kll 
10 '" 1 rnA per input volt 

fiGURE 14-VOLTAGE·CONTROLLED CURRENT SINK 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

• Short-Circuit Protection 

• Wide Common-Mode and Differential Voltage 
Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

• Designed to be Interchangeable with Motorola 
MC1558/MC1458 and Signetics 
S5558/N5558 

description 

The MC1558 and MC1458 are dual general-purpose 
operational amplifiers with each half electrically similar 
to uA741 except that offset null capability is not 
provided. 

The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short­
circuit protected and the internal frequency 
compensation ensures stability without external 
components. 

The MC 1 558 is characterized for operation over the 
full military temperature range of - 55 DC to 125 DC; 
the MC 1458 is characterized for operation from 0 DC 
to 70 DC. 

symbol leach amplifier) 

NON INVERTING =t>-
INPUTIN+ OUTPUT 

INVERTING _ 
INPUT IN-

0972. FEBRUARY , 97'-REVISEO AUGUST '983 

MC1558 ••• JG PACKAGE 
MC1458 •.. D. JG. OR P PACKAGE 

(TOPVIEWI 

AMPL{ OUT uB VCC+ 
# 1 IN - 2 7 OUT} AMPL 

IN+ 3 6 IN- #2 
VCC- 4 5 IN+ 

MC1558. MC1458 ... U FLAT PACKAGE 

(TOPVIEWI 

NC NC 

AMPL{ OUT VCC+ 
#1 IN- OUT}AMPL 

IN+ IN- #2 
VCC- ....... __ ..r-1N+ 

MC1558 ... FH OR FK PACKAGE 
(TOPVIEWI 

NC 
#1IN­

NC 
#1IN+ 

NC 

I­
::> o + 

u u ~ u uu z .. z>z 

NC-No intemal connection 

NC 
#2 OUT 
NC 
#2IN­
NC 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES MC1558. MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

NONINVERTING 
INPUT IN+ 

r-.................... -1~ ............ -1~ ........................................ .-........ VCC+ 

OUTPUT 

~~~----~--~------~--------~~----~-t----~-----vcc-

» absolute maximum ratings ovar operating free-air temperature range (unless otherwise noted) 

3 
"2. 
=t: 
CD' 
C;; 

Supply voltage VCC + (see Note 1) 
Supply voltage V CC _ (S99 Note 1) 

Differential input voltage (se8 Note 2) 
Input voltage at either Input (see Notes 1 and 3) 

Duration of output short-circuit (sea Note 4) 
I Each amplifier 

Continuous total dissipation at (or below) 25 DC I' ! G 
D. FH. FK. J • or P package 

free-air temperature (see Note 5) Total package ! U package 

Operating free·air temperature range 

Storage temperature range 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds!FH. FK. JG or U package 

Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds!D or P package 

MC1SS8 

22 
-22 

±30 
±15 

unlimited 

500 
680 
675 

-55 to 125 
-65 to 150 

300 

MC14S8 UNIT 

18 V 

-18 V 

±30 V 

±15 V 

unlimited 

500 
680 mW 

675 
o to 70 DC 

-66 to 150 DC 

300 DC 

260 DC 

NOTES: 1. All voltage values, unless otherwise noted. are with respect to the midpoint between VCC+ and VCC-. 

3-54 

2. Differential voltages are at the nonlnverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less, 
4. The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit applies at (or 

below) 125°C case temperature or 70°C free-air temperature. 
5. For operation above 25°C free-air temperature. refer to Dissipation Derating Curves. Section 2. In the JG package. MC1558 chips are alloy mounted, 

MC1458 chips are glass mounted. 
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TYPES MC1558, MC1458 
DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. V cc + 15 V. VCC- -15 V 

PARAMETER TEST CONDITIONS t 
MC1558 MC1458 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 6 
Via Input offset voltage Va = 0 mV 

Full range 6 7.5 

110 Va = 0 
25°C 20 200 20 200 

Input offset current nA 
Full range 500 300 

25°C 80 500 80 500 
liB Input bias current Va = 0 nA 

Full range 1500 800 

Common-mode 25°C ±12 ±13 ±12 ±13 
VICR V 

input voltage range Full range ±12 ±12 

RL = 10 kD 25°C ±12 ±14 ±12 ±14 

VOM 
Maximum peak RL'" 10 kD Full range ±12 ±12 

25°C ±13 
V 

output voltage swing RL - 2 kD ±10 ±13 ±10 

RL '" 2 kD Full range ±10 ±10 

Large-signal differential RL'" 2 kD. 25°C 50 200 20 200 
AVO 

voltage amplification VO=±10V Full range 25 15 
VlmV 

RL=2kD. 

BaM 
Maximum-output-swing VO",±10V. 

25°C 14 14 kHz 
bandwidth (closed-loop) AVO = 1. 

THO < 5% 

B1 Unity-gain bandwidth 25°C 1 1 MHz 

<Pm Phase margin AVO - 1 25°C 65° 65° 

Am Gain margain 25°C 11 11 dB 

ri Input resistance 25°C 0.3 2 0.3 2 MD 

ro Output resistance 
Va - O. 

25°C 75 75 D 
See Note 6 { 

Ci Input capacitance 25°C 1.4 1.4 pF 

Common-mode 
lie 

input impedance 
I = 20 Hz 25°C 200 200 MD 

CMRR 
Common-mode 25°C 70 90 70 90 

VIC = VICR min. Va = 0 dB 
rejection ratio Full Range 70 70 

Supply voltage 
VCC = ±9Vto ±15V. 25°C 30 150 30 150 

kSVS sensitivity I'VIV 

(~VIO/~VCC) 
Va = 0 Full range 150 150 

Equivalent input 
AVO - 100. 

Vn noise voltage 
RS = O. 

25°C 45 45 nV/$< 
1= 1 kHz. 

(closed-loop) 
BW = 1 Hz 

Short-circuit 
lOS 25°C ±25 ±40 ±25 ±40 mA 

output current 

ICC 
Supply current No load. 25°C 3.4 5 3.4 5.6 

mA 
(both ampliliers) Va = 0 Full range 6.6 6.6 

Po Total power dissipation No load. 25°C 100 150 100 170 

(both ampliliers) 
mW 

Va = 0 Full range 200 200 

Vo1 IVo2 Crosstalk attenuation 25°C 120 120 dB 

tAli characteristics are specified under open-loop operating conditions with zero common-mode input voltage unless otherwise specified. Full range for MC1558 
is -55°C to 125 DC and for MC1458 is OOC to 70 oC. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPES MC1558, MC1468 
DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

operating characteristics. VCC+ = 15 V. VCC- -15 V. TA = 25°C 

PARAMmR TEST CONDInONS 
MC1558 

MIN TVP MAX 

tr Rise time VI = 20 mV, RL=2kU, 0.3 

Ovl/rshoot factor CL = 100 pF, Sea Figure 1 6% 

SR Slew rata at unity gain 
VI = 10V, RL - 2 kU, 

0.5 
CL = 100 pF, See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

INPUT 

TEST CIRCUITS 

FIGURE 1-RISE TIME, OVERSHOOT, ANP SLEW RATE 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 

D2517. FEBRUARY 1979-REVISED SEPTEMBER 1983 

• Wide Range of Supply Voltages 
Single Supply ... 3 V to 36 V 
or Dual Supplies MC3503 ... J PACKAGE 

MC3303. MC3403 ... D. J. OR N PACKAGE 

• Class AB Output Stage (TOP VIEWI 

• True Differential Input Stage 

• Low Input Bias Current 
AMPL{OUT OUT} AMPL 

#1 (N- IN-
(N+ (N+ #4 

• Internal Frequency Compllnsation VCC+ VCC-

• Short-Circuit Protection 

• Designed to be Interchangeable with Motorola 
MC3503, MC3303, MC3403 

AMPL{IN+ IN+ } AMPL 
#2 IN- IN- #3 

OUT OUT -... __ ..r-

description 

The MC3503. MC3303. and the MC3403 are quadruple operational amplifiers similar in performance to the uA 741 
but with several distinct advantages. They are designed to operate from a single supply over a ranga of voltages from 
3 volts to 36 volts. Operation from split supplies is also possible provided the difference between the two. supplies 
is 3 volts to 36 volts. The common-mode input range includes the negative supply. Output range is from the negative 
supply to V CC - 1.5 V. Quiescent supply currents are less than one-half those of the uA 7 41 . 

The MC3503 is characterized for operation over the full military temperature range of - 55 ac to 125 ac. The MC3303 
is characterized for operation from - 40 ac to 85 ac, and the MC3403 is characterized for operation from 0 a to 70 a. 

symbol (each amplifier) 

NONINVERT~NG 
INPUTIN+ + 

OUTPUT 
INVERTING 
INPUT IN- -

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES MC3503. MC3303. MC3403 
QUADRUPLE LOW· POWER OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

COMMON "-----i 

BIAS CIRCUITRY' , 
~------------~--------1---~--~-------r~r---~~~-OVCC+ 

NONINVERTING 
INPUT o-~---------r+-----, 

.. +------I-+-1r-- OTHER 1---t:::t:=:::t::::::ji=:;--i! }TO THREE 
AMPLIFIER!! 

~~~----+r+--oOUTPUT 

INPUT 

All component values shown are nominal 

l> absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

3 
"2-:::;: 
CD· .. 
(II 

Supply voltage Vee + (see Note 11 

Supply voltage Vee _ (see Note 1) 

Supply voltage Vee + with respect to Vee-

Differential input voltage (see Note 2) 

Input voltage (see Notes 1 and 3) 

eontinuous total power dissipation at (or below) 
ID package 

25·e free-air temperature (see Note 4) 
IJ package 

IN package 

Operating free~air temperature range 

Storage temperature range 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds IJ package 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ID or N package 

MC3503 

18 

-18 
36 . 

±36 

±18 

1375 

-55to 125 

-65 to 150 

300 

MC3303 MC3403 UNIT 

18 18 V 

-18 -18 V 

36 36 V 

±36 ±36 V 

±18 ±18 V 

960 960 

1025 1025 mW 

875 875 

-40 to 85 ,0 to 70 ·e 

-65 to 150 -65 to 150 ·e 

300 300 ·e 

260 260 ·e 

NOTES: 1. These voltage values are with respect to the midpoint between VCC+ and VCC-' 

3-58 

2. Differential voltages are at the noninv8rting input terminal with respect to the inverting terminal. 

3. Neither input must ever be more positive then VCC+ or more negative than VCC-' 
4. For operation above 25 DC free-air temperature, refer to Dissipation Derating Curves. Section 2. In the J package, MC3503 chips are alloy mounted, 

MC3303 and MC3403 chips are glass mounted. 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature; V CC + 
V CC ± = ± 15 V for MC3403 and MC3503 

TEST CONDITIONS t 
MC3503 

PARAMETER 
MIN TYP MAX 

25°C 2 5 
Via Input offset voltage See Note 5 

Full range 6 

Temperature 

"via coefficient of See Note 5 Full range 10 

input offset voltage 

25°C 30 50 
110 Input offset current See Note 5 

Full range 200 

Temperature 

alia coefficient of See Note 5 Full range 50 

input offset current 

25°C -0.2 -0.5 
lIB Input bias current See Note 5 

Full range -1.5 

Common-mode input 
VCC- VCC-

VICR 
voltage range t 

25'C to to 

13 13.5 

RL = 10 kO 25°C ±12 ±13.5 

YOM 
Peak output 

RL = 2 kO ±13 25'C ±10 
voltage swing 

RL = 2 kO Full range ±10 

Large-signal differential VO=±10V. 25°C 50 200 
AVD 

RL = 2 kG voltage smplification Full range 25 

VOpp 20 V. 

BaM 
Maximum-output- AVO = 1. 

THO", 5%. 
25°C 9 

swing bandwidth 

RL = 2 kO 

Bl Unity-gain bandwidth 
Va - 50 mY. 

RL = 10 kG 
25°C 1 

<Pm Phase margin 
CL - 200 pF. 

25°C 60' 
RL = 2 kO 

'I Input resistance f = 20 Hz 25°C 0.3 1 

ro Output resistance f = 20 Hz 25°C 75 

Common-mode 
CMRR VIC = VICR min 25°C 70 90 

rejection ratio 

Supply voltage 
VCC = ±2.5 to 

kSVS sensitivity 25°C 30 150 
±15 V 

CJ.VIO/J.VCCI 

Short-circuit 
lOS 25°C ±10 ±30 ±45 

output current § 

No load, 
ICC Total supply current 25'C 2.8 4 

See Note 5 

14 V. VCC- o V for MC3303; 

MC3303 MC3403 
UNIT 

MIN TYP MAX MIN TYP MAX 

2 8 2 10 
mV 

10 12 

10 10 p.V/oC 

30 75 30 50 
nA 

250 200 

50 50 pA/'C 

-0.2 -0.5 -0.2 -0.5 

-1 -0.8 
p.A 

VCC- VCC- VCC- VCC-

to to to to V 

12 12.5 13 13.5 

12 12.5 ±12 ±13.S 

10 12 ±10 ±13 V 

10 ±10 

20 200 20 200 
V/mV 

15 15 

9 9 kHz 

1 1 MHz 

60' 60' 

0.3 1 0.3 1 MO 

75 75 0 

70 90 70 90 dB 

30 150 30 150 .V/v 

±10 ±30 ±45 ±10 ±30 ±45 mA 

2.8 7 2.8 7 mA 

t All characteristics are measured under open-loop conditions with zero common-mode voltage unless other specified. Full range for T A-55°C to 125°C 

for MC3503, -40°C to 85°C for MC3303, and aoc to 70°C for MC3403. 
*The V ICR limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than V CC + . 
§Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
NOTE 5: Via. 110. liB. and ICC are defined at Va = 0 for MC3403 and MC3503. and Va = 7 V for MC3303. 
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TYPES MC3503. MC3303. MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics, V CC + 5 V, Vcc- o V, TA 25°C (unless otherwise noted) 

TEST CONDITIONS t 
MC3503 MC3303 MC3403 

PARAMETER 
MIN TYP MAX MIN TYP MAX MIN TYP 

VIO Input offset voltage Vo ~ 2.5 V 2 5 10 2 

110 Input offset current Vo - 2.5 V 30 50 75 30 

liB Input bias current YO ~ 2.5 V -0.2 -0.5 -0.5 -0.2 

Rl ~ 10 kO 3.3 3.5 3.3 3.5 3.3 3.5 

VOM 
Peak output 

voltage swing:j: 
Rl ~ 10 kO, 

VCC+ "'" 5 V to 30 V 
VCC+- 1.7 VCC+- 1 .7 VCC+-1.7 

AVO 
Large-signal differential Vo - 1.7 V to 3.3 V, 

20 200 20 200 20 200 
voltage amplification Rl ~ 2 kO 

Supply voltage 

kSVS sensitivity Vee = ±15 V to ±2.5 V 150 150 

IAVI0/AVCC±1 

ICC Supply current No load, Vo - 2.5 V 2.5 4 2.5 7 2.5 

Vo l iVo2 Crosstalk attenuation f "" 1 kHz to 20 kHz 120 120 120 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 

+OutPut will swing essentially to ground. 

UNIT 
MAX 

10 rnV 

50 nA 

-0.5 pA 

V 

V/mV 

150 _VN 

7 rnA 

dB 

operating characteristics, VCC + = 14 V, VCC - = 0 V for MC3303; VCC ± 
MC3503; T A = 25°C, AVO = 1 (unless otherwise noted) 

± 15 V for MC3403 and 

PARAMETER 

SR Slew rate at unity gain 

t, Rise time 

tf Fall time 

Overshoot factor 

Crossover distortion 

3-60 

TEST CONDITIONS 

VI~±10V, CL = lOO pF, Rl ~ 2 kg, 

See Figure 1 

6.VO = 50 mY, Cl ~ 100 pF, Rl ~ 10 kO, 

See Figure 1 

VIPP ~ 30 rnV, VOPP ~ 2 V, f = 10 kHz 

PARAMETER MEASUREMENT INFORMATION 

FIGURE l-UNITY-GAIN AMPLIFIER 
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0.6 VJp,s 

0.35 -' 0.35 -' 20% 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW·POWER OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

0 
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FIGURE 7 

tOata at high and low temperatures are applicable only within the rated operating free-eir temperature ranges of the various devices. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES NE5532, NE5532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

• Equivalent Input Noise 
Voltage ........... 5 nV/...{RZ Typ at 1 kHz 

• Unity-Gain Bandwidth . . . . . . . . .. 10 MHz Typ 

• Common-Mode Rejection Ratio . . .. 100 dB Typ 

• High DC Voltage Gain ........ 100 VlmV Typ 

• Peak-to-Peak Output Voltage 
Swing '" 32 V Typ with VCC ± 
RL = 6000 

±1B V and 

• High Slew Rate ................ 9 VII's Typ 

• Wide Supply Voltage Range. .. ± 3 V to ± 20 V 

• Designed to be Interchangeable with Signetics 
NE5532 and NE5532A 

description 

02563, NOVEMBER 1979-REVISEO AUGUST 1983 

NE5532. NE5532A ... JG OR P 

DUAL-IN-L1NE PACKAGE 

(TOPVIEWI 

aUTDS VCC+ 
IN- 2 7 OUT 
IN+ 3 6 IN-

VCC- 4 5 IN+ 

The NE5532 and NE5532A are monolithic high-performance operational amplifiers combining excellent dc and ac 
characteristics. They feature very low noise. high output drive capability, high unity-gain and maximum-output-swing 
bandwidths, low distortion, high slew rate, input-protection diodes, and output short-circuit protection. These operational 
amplifiers are internally compensated for unity gain operation. The NE5532A has guaranteed maximum limits for 
equivalent input noise voltage. 

The NE5532 and NE5532A are characterized for operation from OoC to 70°C. 

symbol leach amplifier) 

INPUT IN + NONINVERTING r>-+ :)---
OUTPUT 

INVERTING 
INPUT IN -----I 

schematic leach amplifierl 

All component values shown are nominal. 

Copyright © 1983 by Texas Instruments Incorpora.ted 
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TYPES NE5532. NE5532A 
DUAL LOW·NOISE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, Vcc + (see Note 1) ........ ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 V 
Supply voltage, VCC- (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -22 V 
Input voltage, either input (see Notes 1 and 2) ........................................... VCC ± 
Input current (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Duration of output short-circuit (see Note 4). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5): 

JG package. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 825 mW 
P package ..................................................... ' ...... ,. . . .. 725 mW 

Operating free-air temperature range: NE5532, NE5532A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case 'for 60 seconds: JG package .................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ..................... 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 
3. Excessive input current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs 

unless some limiting resistance is used. 
4. The output may be shorted to ground or either power supply. Temperature andlor supply voltages must be limited to ensure 

the maximum dissipation rating is not exceeded. 
5. For operation above 25·C free-air temperature, refer to the Dissipation Derating Curves in Section 2. In the JG package, chips 

are glass-mounted. 
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TYPES NE5532. NE5532A 
DUAL LOW·NOISE OPERATIONAL AMPLIFIERS 

electrical characteristics. Vee ± ±15V.TA 25 De (unless otherwise noted) 

PARAMETER TEST CONOITIONSt 
NE5532.NE5532A 

UNIT 

MIN TYP MAX 

TA = 25 DC 0.5 4 
VIO Input ollset voltage Vo = a mV 

TA = ODC to 70 DC 5 . TA - 25 DC 10 lbU 
110 Input offset current nA 

TA = ODC to 70 DC 200 

TA - 25 DC 200 800 
liB Input bias current nA 

TA - ODC to 70 DC 1000 

VICR 
Common~mode input 

±12 ±13 V 
voltage range 

Maximum peak-ta-peak VCC+ ±15 V 24 26 
VOpp RL",6000 V 

output voltage swing VCC± - ±18 V 30 32 

RL'" 600O, TA - 25 DC 15 50 

Large-signal differential Vo = ±10V TA - ODC to 70 DC 10 
AVO Vim V 

voltage amplification RL'" 2 kg, TA = 25 DC 25 100 

Vo = ±10V TA - ODC to 70 DC 15 

AVd 
Small,signal differential 

I = 10 kHz 2.2 V/mV 
voltage amplification 

BOM 
Maximum-output- RL = 600O, Vo = ±10V 140 

kHz 
swing bandwidth RL - 6000, VCC± - ±18 V, Vo - ±14 V 100 

Bl 
Unity-gain 

Rl = 600O, Cl = 100 pF 10 MHz 
bandwidth 

r; Input resistance 30 300 kO 

Zo Output impedance AVO - 30 dB, RL - 600 O. I - 10 kHz 0.3 ° 
CMRR 

Common-mode 

tejection ratio 
VIC = VICR min 70 100 dB 

Supply voltage 

kSVR rejection ratio VCC± = ±9Vto±15V, Vo = 0 80 100 dB 

(II. VCC±/II. VIO) 

lOS 
Output short-circuit 

38 mA 
current 

ICC Total supply current No load, Vo - a 8 16 mA 

V01 IV02 Crosstalk attenuation V01 - 10 V peak, 1- 1 kHz 110 dB 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 

operating characteristics. Vee ± ±15 V. TA 

PARAMETER 
NE5532 

TEST CONOITIONS 
MIN TYP MAX 

NE5532A 

MIN TYP MAX 
UNIT 

SR Slew rate at unity gain 9 9 V/~s 

Overshoot factor 
VI - 100 mY, AVO - 1. 

10% 10% 
RL = 600 0, Cl = 100 pF 

Equivalent input I - 30 Hz 8 8 10 
nV/$z Vn 

noise voltage 1- 1 kHz 5 5 6 

Equivalent input I - 30 Hz 2.7 2.7 
pA/$z In 

noise current 1- 1 kHz 0.7 0.7 

II 
CI) ... 
II) 

!E 
Q. 
E « 
iU 
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B3 

LINEAR 
INTEGRATED 
CIRCUITS 

TYPES OP·07C, OP·07D, OP·07E 
ULTRA·LOW·OFFSET·VOLTAGE OPERATIONAL AMPLIFIERS 

• Ultra·Low Offset Voltage ... 30 p.V Typ 
(OP·07EI 

• Ultra-Low Offset Voltage Temperature 
Coefficient ... 0.3 p.V/oC Typ (OP-07EI 

• Ultra-Low Noise 

• No External Components Required 

• Replaces Chopper Amplifiers at a Lower 
Cost 

• Single-Chip Monolithic Fabrication 

• Wide Input Voltage Range 
o to ±14 V Typ 

• Wide Supply Voltage Range 
±3Vto ±18V 

• Essentially Equivalent to Fairchild p.A714 
Operational Amplifiers 

• Direct Replacement for PMI OP-07C, 
OP-07D, OP-07E 

description 

symbol 

02757, OCTOBER 1983 

JG OR P OUAL·IN-LiNE PACKAGE 
ITOPVIEW) 

OFFSET Nl D8 OFFSET N2 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 NC . 

NC-No internal connection 

NON INVERTING + 
OFFSETN1~ 
INPUT IN+ 

OUTPUT 
INVERTING 
INPUT IN- -

OFFSET N2 

These devices represent a breakthrough in operational amplifier performance, Low offset and long-term stability are 
achieved by means of a low-noise, chopperless, bipolar-in put-transistor amplifier circuit. For most applications, no 
external components are required for offset nulling and frequency compensation, The true differential input, with a 
wide input voltage range and outstanding common-mode rejection, provides maximum flexibility and performance 
in high-noise environments and in non inverting applications. Low bias currents and extremely high input impedances 
are maintained over the entire temperature range. The OP-07 is unsurpassed for low-noise, high-accuracy amplification 
of very-)ow-Ievel signals. 

These devices ilre characterized for operation from 0 DC to 70 DC. 

schematic 

OFFSET Nl_1_'I _____ --+ 

OFFSET N2...:1"'81'--_____ +---..J 

NONINVERTING 11,3~1....,.~J..,~ __ .t=:t=:;-1 
. INPUT IN+-

INVERTING 121 
INPUT IN-~~---'~+-+-+-+---+--, 

L-r--+---r~1r~~~_+--.+-+--i~1 
OUTPUT 

141 
Vcc-

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES op·07e, OP·07D, OP·07E 
ULTRA·LOW·OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage VCC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 V 
Supply voltage VCC- .................................................... : ........ -22 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 V 
Input voltage (either input, see Note 3) ................................................ , ± 22 V 
Duration of output short circuit (see Note 4) ........................................... unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) . . . . . . . . . . . . . . .. 500 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case'for 60 seconds: JG package .................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ...................... 260°C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and Vee _. 
2. Differential voltages are at the noninvBrting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 16 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. 

5. For operation above 25°C free-sir temperature, referta Dissipation Derating Curves in Section 2.ln the JG package, these chips are glass-mounted . 
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electrical characteristics at specified free-air temperature, Vee ± ± 15 V (unless otherwise notedl 

PARAMETER TEST CONDITIONS t 
OP-7C OP-7D OP-7E 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 60 150 60 150 30 75 
VIO Input offset voltage Vo ~ O. RS ~ 50 D 

oDe to 700e ~V 
85 250 85 250 45 130 

Temperature coefficient of 
aVIO 

input offset voltage 
Vo ~ O. RS ~ 50 n oDe to 70De 0.5 1.8 0.7 2.5 0.3 1.3 "Vloe 

Long·term drift of 
See Note 6 0.4 0.5 0.3 "VIrna input offset voltage 

Offset adjustment range RS ~ 20 kO. See Figure 1 25°C ±4 ±4 ±4 mV 

25°C 0.8 6 0.8 6 0.5 3.8 
110 Input offset current 

OOCto 70 0 e nA 
1.6 8 1.6 8 0.9 5.3 

Temperature coefficient of 
ana 

input offset current 
oDe to 70 De 12 50 12 50 8 35 pA/'C 

25'C ±1.8 ±7 ±2 ±12 ±1.2 ±4 
liB Input bias current nA 

DoC to 70 De ±2.2 +9 ±3 +14 ±1.5 ±5.5 

Temperature coefficient of 
aile 

input bias current 
oDe to 70De 18 50 18 50 13 35 pAloe 

Common-mode input 25°C ±13 ±14 ±13 ±14 ±13 ±14 
VICR V voltage range DoC to 70De ±13 ±13.5 ±13 ±13.5 +13 ±13.5 

RL " 10 kO ±12 ±13 ±12 ±13 ±12.5 ±13 

RL " 2 kll 25°C ±11.5 ±12.8 ±11.5 ±12.8 ±12 ±12.8 
VOM Peak output voltage V 

AL 2: 1 kO ±12 ±12 ±10.5 ±12 

RL > 2 kO OOC to 70 De +11 +12.6 ±11 ±12.6 ±12 ±12.6 

VCC± ~ ±3V. Vo ~ ±0.5V. 
25°C 100 400 400 150 400 

AVO 
Large-signal differential RL " 500 kU 

V/mV 
voltage amplification 25'C 120 400 120 400 200 500 

Vo ~ ±10 V. RL ~ 2 k!l 
OOC to 70°C 100 400 100 400 180 450 

Bl Unity gain bandwidth 25'C 0.4 0.6 0.4 0.6 0.4 0.6 MHz 

" Input resistance 25'C 8 33 7 31 15 50 MD 

Common-mode 25'C 100 120 94 110 106 123 
CMRR VIC ~ ±13 V. RS ~ 50 II dB 

rejection ratio OOC to 70°C 97 120 94 106 103 123 

Supply voltage sensitivity VCC± = ±3Vto ±18V, 25'C 7 32 7 32 5 20 
kSVS 

RS ~ 500 OOC to 70°C 10 51 10 51 7 32 
~VIV 

(aVlo/aVccl 

Vo ~ O. No load 80 150 80 150 75 120 

Po Power dissipation VCC± ~ ±3V. Vo ~ O. 25°C mW 
4 8 4 8 4 6 

No load 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted. 
NOTE 6: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It is an engineering estimate of 

the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 

Operational Amplifiers • 
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TYPES op·07e, OP·07D, OP·07E 
ULTRA·LOW·OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 

operating characteristics at specified free·air temperature, Vee ± ± 15 V (unless otherwise noted) 

TEST CONDITIONS t 
OP-7C OP-7D OP-7E 

PARAMETER 
MIN TYP MAX MIN TYP MAX MIN TYP 

'- f - 10 Hz 10.5 20 10.5 20 10.3 

Vn 
Equivalent input 

TA= 26°C I f = 100 Hz 10.2 13.5 10.3 13.5 10.0 
noise voltage 

" I f = 1 kHz 9.8 11.5 9.8 11.5 9.6 

Peak-ta-peak 
f - 0.1 Hz to 10 Hz, 

VNPP equivalent input 0.38 0.65 0.38 0.65 0.35 

noise voltage 
TA = 25°C 

I f = 10 Hz 0.35 0.9 0.35 0.9 0.32 

In 
Equivalent input 

TA = 25°C L f = 100Hz 0.15 0.27 0.15 0.27 0.14 
noise current I f = 1 kHz 0.13 0.18 0.13 0.18 0.12 

Peak-ta-peak 
f = 0.1 Hz to 10Hz, 

INPP equivalent input 15 35 15 35 14 

noise current 
TA = 2SoC 

SR Slew rate RL>:2kO. TA = 25°C 0.1 0.3 0.1 0.3 0.1 0.3 II tAli characteristics are measured under open-loop condition. with zero common-mode input voltage unle •• otherwi.e .pecified. 
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S3 

LINEAR 
INTEGRATED 
CIRCUITS 

TYPES OP-12A, OP-12B, OP-12C, OP-12E, ,(JP-12F, OP-12G 
PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 

• Internally Frequency Compensated 

• Improved Version of LM10S 

• Direct Replacement for PMI OP-12A. 
OP-12S. OP-12C. OP-12E. OP-12F. and 
OP-12G. 

description 

0281 7. OCTOBER 1 983 

Op·12A. OP·12B. Op·12C ... JG PACKAGE 

OP·12E. OP·12F. OP·12G ... D. JG. OR P PACKAGE 

(TOPVIEWI 

NC[]8 NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

NC - No internal connection The OP·12 devices are precision low-input· 
current internally compensated operational 
amplifiers. The devices are improved versions of 
the LM 1 OS series. The OP·12 amplifiers exhibit 
low input bias current and input offset voltage 
and current to improve the accuracy of high· 
impedance circuits using these devices. The 
devices feature short·circuit protection and 
internal frequency compensation. 

symbol 

NON INVERTING =t>-
INPUT IN+ + OUTPUT 

INVERTING _ 
INPUT IN-

The OP·12A. OP-12B. and OP-12C are 
characterized for operation over the full military 
temperature range of - 55°C to 125°C. The 
OP·12E. OP·12F. and OP·12G are characterized 
for operation from OOC to 70°C. 

DEVICE FEATURES 

PARAMETER 

Input offset voltage (MaxI 

Temperature coefficient of input offset voltage (Max) 

Input offset current (Max) 

Input bias current (MaxI 

Common-mode input voltage range 
Power dissipation (MaxI 

PRODUCT PREVIEW 

OP·12A OP·12B OP·12C 

OP·12E OP·12F OP·12G 

150 ~V 300~V 1000 ~V 

2.5 ~V/oC 3.5 ~V/oC 10 ~V/oC 

200 pA 200 pA 500 pA 

2nA 2 nA 5 nA 

±13V ±13 V ±13 V 

6mW 6mW 8mW 

Copyright @ 1983 by Texas Instruments Incorporated 
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TYPES OP·12A, OP·128, OP·12C, OP·12E, OP·12F, OP·12G 
PRECISION LOW·INPUT·CURRENT OPERATIONAL AMPLIFIERS 

absolute maximum ratings over free-air temperature range (unless otherwise noted) 

OP-I2A. OP-12B OP-121;.OP-12F 
OP-12C OP-120 

Supply voltage. VCC + (see Note 1) 20 18 

Supply voltage. VCC- (see Note 11 20 18 

Input voltage (either input. see Note 21 ±15 ±15 
Differential input current (see Note 3) ±10 ±10 

Duration of output short circuit (see Note 41 unlimited unlimited 

Continuous total dissipation at (or belowl 25 DC free-air temperature (see Note 51 500 500 

Operating free~air temperature range ':"55 to 125 o to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1.6 mm (1/16 inchl from case for 60 secondslJG package 300 300 

Lead temperature 1.6 mm (1/16 inchl from case for 10 secondslD or P package 260 

NOTES: 1. All voltage values. except otherwise noted, Bf8 with respect to the midpoint between VCC+ and VCC-' 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

UNIT 

V 

V 

V 

mA 

mW 
DC 

DC 

DC 

DC 

3. The inputs are shunted with back-to-back diodes for input overvoltage protection. Therefore, excessive current will flow if 8 differential voltage 
in excess of 1 volt is applied between the inputs unless some limiting resistance is provided • 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 
is not exceeded. ' 

5. For operation above 25°C free-air temperature. refer to Dissipation Derating Curves. Section 2.ln the JG packages, OP-12A, OP-12B, and OP-12C 
chips are allov-mounted; OP-12E. OP-12F. and OP-12G chips are glass-mounted. 
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electrical characteristics at specified free-air temperature. Vcc ± 
(unless otherwise noted) 

±20 V for OP-12A and OP-12B. ± 15 V for OP-12C 

TEST CONDITIONSt 
OP·12A OP·12B OP·12C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input offset 25°C 0.07 0.15 0.18 0.3 0.25 1 
VIO rnV 

voltage -55°C to 125°C 0.12 0.35 0.28 0.6 0.4 2 

Average temperature 

aVIO coefficient of Vo ~ 0 -55°Cto 125°C 0.5 2.5 1 3.5 1.5 10 "N/cC 

input offset voltage 

Input offset 25°C 0.05 0.2 0.05 0.2 0.08 0.5 
110 nA 

current -55°C to 125°C 0.12 0.4 0.12 0.4 0.18 1 

Average temperature 

aliO coefficient of Vo ~ 0 -55°C to 125°C 0.5 2.5 0.5 2.5 1 5 pA/oC 

input offset current 

25°C 0.8 2 0.8 2 1 5 
liB Input bias current nA 

-55°C to 125°C 1.2 3 1.2 3 1.8 10 

Common-mode 
25°C ±13 ±14 ±13 ±14 ±13 ±14 

VICR input voltage VCC~±15V V 
-55°C to 125°C ±13 ±14 ±13 ±14 ±13 ±14 

range 

VCC± = ±15 V, RL = 10 kO ±13 ±14 ±13 ±14 ±13 ±14 
Maximum 25°C 

VCC± - ±15V,RL-2kO ±10 ±12 ±10 ±12 ±10 ±12 
VOM peak output V 

VCC± - ±15V,RL - tOkO ±13 ±14 ±13 ±14 ±13 ±14 
voltage swing -55°C to 125°C 

Vee ± - ± 15 V, RL - 5 kO ±10 ±13 ±10 ±13 ±10 ±12 

Large-signal Va - ±10V,RL 2': 10kfl 
25°C 

80 300 80 300 40 250 

AVD differential Va :::: ± 10 V, RL 2': 2 kg 50 150 50 150 100 V/mV 

voltage amplification Va - ±10V,RL?: 5kfl -55°C to 125°C 40 120 40 120 15 80 

8, 
Unity-gain 

AVD ~ 1 25°C 0.8 0.8 0.8 MH, 
bandwidth 

'j Input resistance 25°C 26 70 26 70 10 50 MO 

'0 Output resistance 25°C 200 200 200 0 

Common-mode 25°C 104 120 104 120 84 116 
CMRR VIC:::: ± 13 V d8 

rejection ratio -55°C to 125°C 100 116 100 116 80 112 

Supply voltage 
25°C 104 120 104 120 84 116 

kSVR rejection ratio V CC :::: ± 5 V to ± 1 5 V dB 

1IIVec±/V101 -55°C to 125°C 100 116 100 116 80 112 

VCC± - ±15V, Vo - 0, 
-55°C to 125°C 9 1B 9 18 15 24 

No load 
PD Power dissipation rnW 

VCC± :::: ±5 V, Vo ~ 0, 
25°C 3 6 3 6 4 8 

No load 

lee Supply current 
Vee ± - ± 15 V, Vo - 0, 

25°C 0.3 0.6 0.3 0.6 0.4 0.8 rnA 
No load 

t All characteristics are specified under open-loop conditions with zero common-mode input voltage, unless otherwise noted, 
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TYPES OP·12A, OP·12B, OP·12C 
PRECISION LOW·INPUT·CURRENT OPERATIONAL AMPLIFIERS 

operating characteristics at 25°C free·air temperature. VCC ± 
OP-12B. ± 15 V for OP-12C (unless otherwise noted) 

±20 V for OP·12A and 

TEST CONDITIONst 
OP-12A DP-12B 

PARAMETER 
MIN TYP MAX MIN MAX MIN TYP 

SR 
Slew rate at 

unity gain RL'" 2,kll 0.12 0.12 

f - 10 Hz 22 22 

Vn 
Equivalent input 

f - 100 Hz 21 21 
noise voltage 

f = 1000 Hz 20 20 

f = 10 Hz 0.15 0.15 

In 
Equivalent input 

f - 100 H> 0.14 0.14 
noise current 

f = 1000 Hz 0.13 0.13 

Peak-to-peak 
VNPP input noise voltage 

f = 0.1 Hz to 10 Hz 0.9 0.9 

INPP 
Peak-to-peak 

input noise current 
f = 0.1 Hz to 10Hz 3 3 

t An characteristics afe specified under open-loop conditions with zero common-mode input voltage, unless otherwise noted. 
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OP-12C 

TYP MAX 

0.12 

22 

21 

20 

0.15 

0.14 

0.13 

0.9 

3 

UNIT 

VI"" 

nV,jHz 

pA,jHz 

/LV 

pA 
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electrical characteristics at specified free-air temperature, Vee ± 
(unless otherwise noted) 

±20 V for OP-12E and OP-12F, ±15 V for OP-12G 

TEST CONDITIONS t 
OP-12E OP-12F OP-12G 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input offset 25°C 0.07 0.15 0.18 0.3 0.25 1 
Via Vo ~ 0, RS ~ 50 0 mV 

voltage O°Cto70oC 0.1 0.26 0.23 0.45 0.32 1.4 

Average temperature 

aVIC coefficient of Va ~ a DoC to 70De 0.5 2.5 1 3.5 1.5 10 p.V/oC 

input offset voltage 

Input offset 25°C 0.05 0.2 0.05 0.2 0.08 0.5 
110 Va ~ a nA 

current DoC to 70De 0.08 0.3 0.11 0.6 0.12 0.7 

Average temperature 

alia coefficient of Va ~ a O°C to 70De 0.5 2.5 1 5 1 5 pAloe 

input offset current 

25'C 0.8 2 0.8 2 1 5 
liB Input bias current Va ~ a nA 

ODC to 70 0 e 1 2.6 1.2 5.2 1.4 6.5 

Common-mode 25°C ±13 ±14 ±13 ±14 ±13 ±14 
VICR VCC=±15V V 

input voltage range DOC to 70De ±13 ±14 ±13 ±14 ±13 ±14 

Ycc± - ±15V, RL ~ 10kO ±13 ±14 ±13 ±14 ±13 ±14 
Maximum 25°C 

VCC± - ±15V,RL ~ 2kO ±10 ±12 ±10 ±12 ±10 ± 12 
VOM peak output V 

YCC± - ±15V, RL ~ 10kO ±13 ±14 ±13 ±14 ±13 ±14 
voltage swing DoC to 70 ce 

Vee ± = ± 15 V, RL 2: 5 kn ±10 ±12 ±10 ±12 ±10 ±12 

Large-signal Vo - ± 10 V, RL 2: 10 idl 80 300 80 300 40 250 
25'C 

differential Vo - ±10V, RL 2: 2 kO 50 150 50 150 100 
AVO V/mV 

voltage Vo - ± 10 V, RL 2: 10 kO 25 100 15 100 80 
O°C to 70°C 

amplification VO"" ±10V,RL2:2kO 60 200 60 200 25 150 

80M 
Maximum-output 

AVO ~ 1 25°C 0.8 0.8 0.8 MHz 
swing bandwidth . 

r; Input resistance 25'C 26 70 26 70 10 50 MO 

ro Output resistance 25'C 200 200 200 n 
Common-mode VIC - ±13V, RS - 500, 25°e 104 120 102 120 84 116 

CMRR dB 
rejection ratio Vo ~ a ooe to 70 0 e 100 116 100 116 80 112 

Supply voltage 
Vee = ±5Vto ±15V, 25°C 104 120 102 120 84 116 

kSVR rejection ratio dB 

I"VCC±IVlol 
Va ~ 0, RS ~ 50 0 

ooe to 70 0 e 100 116 100 116 80 112 

VCC± ~ ±15 V, Va - 0, 
OOC to 70 cC 9 18 9 18 15 24 

No load 
Po Power dissipation mW 

VCC± - ±5 V, Va - 0, 
25°C 3 6 3 6 4 8 

No load 

ICC Supply current 
VCC± = ±15 V, Vo = 0, 

25°C 0.3 0.6 0.3 0.6 0.4 0.8 mA 
No load 

t All characteristics are specified under open-loop conditions with zero common-mode input voltage, unless otherwise noted. 
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TYPES OP-12E, OP-12F, OP-12G 
PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 

operating characteristics at 25°C free-air temperature. Vcc·± 
± 15 V for OP-12G (unless otherwise noted) 

± 20 V for OP-12E and OP-12F. 

PARAMETER TEST CONDITIONS t 
OP-12E OP-12F 

MIN TYP MAX MIN TYP MAX MIN 

SR 
Slew rate at 
unity gain 

RL;': 2 kll 0.12 0.12 

Equivalent input 
f - 10 Hz 22 22 

Vn f = 100 Hz 21 21 
noise voltage 

f - 1000 Hz 20 20 

f = 10 Hz 0.15 0.15 

In 
Equivalent input 

f = 100 Hz 0.14 0.14 
noise current 

f' - 1000 Hz 0.13 0.13 

Peak-to-peak 
VNPP input noise voltage 

f = 0,.1 Hz to 10 Hz 0.9 0.9 

INPP 
Peak-to-peak 

input noise current 
f = 0.1 Hz to 10Hz 3 3 

• t All characteristics are specified under open·loop conditions with zero common·mode input voltage, unless otherwise noted. 
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TYP MAX 
UNIT 

0.12 V/~s 

22 

21 nV,fHz 

20 

0.15 

0.14 pA,fHz 

0.13 

0.9 ~V 

3 pA 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Low Offset Voltage, , , 20 /LV Typ 
(OP-227EI 

• Low Coefficient of Input Offset 
Voltage, , , 0,4 /LV/oC Typ (OP-227FI 

• Low Equivalent Input Noise Voltage: 
3 nV/..jHi Typ at f = 1 kHz (OP-227E 

and OP-227FI 
0,2/LV p.p Max at f = 0,1 to 10 Hz 

(OP-227E and OP-227FI 

• High Slew Rate, , ,2.8 V//LS Typ 

• High Voltage Amplification ... 1.8 x 106 
Typ at RL <!: 2 kO (OP-227E and OP-227FI 

• Direct Replacements for PMI OP-227E. 
OP-227F.OP-227G 

description 

The OP-227 family of dual operational amplifiers 
offers low offset. low noise. and high slew rates. 
The temperature coefficient of input offset 
voltage is typically only 0.4 /Lv/oC for the 
OP-227F, Both the OP-227E and OP-227F 
achieve typical voltage gains of 1,8 million with 
a 2-kO load. and both have maximum peak-to­
peak noise voltage of 0.2 microvolts and 
equivalent input noise voltage of typically 
3 nV/.jHz. The 2.8-V//Ls slew rate and 
8-Megahertz bandwidth bring a high level of 
performance to instrumentation designs, These 
devices usually require no external components 
for offset nulling or frequency compensation. 

The OP-227E. OP-227F. and OP-227G will be 
characterized for operation over the temperature 
range of -25°C to 85°C, 

PRODUCT PREVIEW 

TYPES OP·227E, OP·227F, OP·227G 
LOW·NOISE DUAL OPERATIONAL AMPLIFIERS 

02805, OCTOBER 1983 

J OR N DUAL·IN-liNE PACKAGE 

(TOP VIEWI 

#1 OFFSET #1 VCC+ 
# 1 OFFSET #1 OUT 

#1 IN- #1 VCC-
#1IN+ #2IN+ 

#2 VCC- #2IN-
#2 OUT #2 OFFSET 

#2 VCC+ #2 OFFSET 

symbol (each amplifier) 

OFFSET ------, 

OFFSET ___ -, 

NON INVERTING 
INPUTIN+ 

INVERTING 
INPUT IN-

OUTPUT 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES OP-227E, OP-227F, OP-227G 
LOW-NOISE DUAL OPERATIONAL AMPLIFIERS 

schematic (each half of amplifier) 

vcc+----------~----~~--_1~--------~~~--_1------~----._----_1~_.--, 

OFFSET N1-j----+-+-------' 
OFFSET N2-j----+-+------__ t--' 

IN+ -j-...... +--I 

IN--4~_e _ _+----------_t_-------' 

vcc_----------~~-----~~~~--~-----~-4_~~~ 

OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltages, Vcc (see Note 1) ........................................... ± 22 V 
Differential input current (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 

J package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1025 mW 
N p,ackage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 

Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 25°C to 85 °c 
Storage temperature range .................................... ,..... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package. . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values. except differential input voltage, are with respect to the midpoint between VCC+ and VCC-' 
2. Because of the back-ta-back diodes protecting the differential inputs, input current can become excessive if differential input voltage reaches 

approximately 0.7 volts. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, OP-227 chips are glass mounted. 
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electrical characteristics at specified free-air temperature, Vee ± ± 15 V (unless otherwise noted) 

TEST CONDITIONS t 
OP-227E OP-227F OP-227G 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 20 80 40 120 60 180 
VIO Input offset voltage Vo ~ 0, RS ~ 500 

-25°C to 85°C 40 140 60 200 85 280 
_V 

Temperature coefficient Rp - 8 kO to 20 kO (nulled) -25°Cto 85°C 
aVIO 0.5 1 0.4 1.5 0.5 1.8 j.tV/oC 

of input offset voltage UnnulJed -25°C to 85°C 

Long~term drift of 
See Note 4 

input offset voltage 
0.2 1 0.3 1.5 0.4 2 p.V/mo 

Offset adjustment range Rp ~ 10 kO, 25°C ±4 ±4 ±4 mV 

25°C 7 35 9 50 12 75 
110 Input offset current Va ~ 0 nA 

-25°C to 85°C 10 50 14 85 20 135 

25°C ±10 ±40 ±12 ±55 ±15 ±80 
liB Input bias current Va ~ 0 nA 

-25°C to 85°C ±14 ±60 ±18 ±95 ±25 ±150 

Common-mode input 25°C ±11 ±12.3 ±11 ±12.3 ±11 ±12.3 
VICR V 

voltage range -25°C to 85°C ±10.5 ±11.8 ±10.5 ± 11.8 ±10.5 ±11.B 

RL " 600 kO ±10 ±11.5 ±10 ±11.5 ±10 ±11.5 
Maximum output 25°C 

VaM ±12 ±13.B ±12 ±13.8 ±l1.S ±13.5 V 
voltage swing RL <?:: 2 kG 

-25°C to 85°C ±11.7 ± 13.6 ±11.4 ± 13.5 ±11 ± 13.3 

VCC± ~ ±4V, Va ~ ±1 V, 
250 700 250 700 200 500 

Large-signal differential 
RL " 6000 

25°C 
AVD Va-±10V, RL ?: 1 kO 800 1500 800 1500 1500 V/mV 

voltage amplification 
1000 1800 1000 1800 700 1500 

Va ~ ±10V, RL ~ 2 kG 
-25°C to 85°C 750 1500 700 1500 450 1000 

Differential·mode 1.5 6 1.2 5 0.8 4 MO 
r; Input resistance 25°C 

Common-mode 3 2.5 2 GO 

Common-mode I VIC ~ ±11 V 25°C 114 126 106 123 100 120 
CMRR dB 

rejection ratio I VIC ~ ±10 V -25°C to 85°C 110 124 102 121 96 118 

Supply voltage VCC± - ±4 V to ±18 V. 25°C 1 10 1 10 2 20 
kSVS 

sensitivity (dV'OJdVCC) VCC± = ±4.5Vto ±18V -25°C to 85°C 2 15 2 16 2 32 
_V/V 

Power dissipation 
Va ~ 0 90 mW PD 25°C 90 140 90 140 140 

(each amplifier) 

1 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted. 
NOTE 4: Since long-term drift cannot be measured on the individual devices prior to shipment. this specification is not intended to be a guarantee or warranty. It is an engineering estimate 

of the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 
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TYPES OP·227E, OP·227F, OP·227G 
LOW·NOISE DUAL OPERATIONAL AMPLIFIERS 

operating characteristics, Vee ±15 V, TA 

OP-227E 
PARAMETER, TEST CONOmONS 

MIN TYP 

B1 
Unlty·gain 

5 8 
bandwidth 

Slew rate at 
SR 1.7 2,8 

unity gain 

Peak~to-peak 
f = 0.1 Hz to 10 Hz. 

VNPP equivalent input 0,08 

noise voltage 
RS=10011 

f = 10 Hz, RS=10011 3,5 

Vn 
Equivalent input 

f=30Hz, RS = 100 II 3,1 noise voltage 
f = 1000 Hz, RS = 1000 3 

f - 10 Hz 1,7 

In 
Equivalent input 

f = 30 Hz 1 
noise current 

f = 1 kHz 0,4 

Crosstalk 
Vo1 IVo2 AV = 100 126 154 

attenuation 

MAX 

0,2 

6 

4,7 

3,9 

4,5 

2,5 

0,7 
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OP-227F 

MIN TYP 

5 8 

1.7 2,8 

0,08 

3,5 

3,1 

3 

1.7 

1 

0,4 

126 154 
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OP-227G 
UNIT 

MAX MIN TYP MAX 

5 8 MHz 

1.7 2,8 VII's 

0,2 0,09 0,28 .V 

6 3,8 9 

4,7 3,3 5,9 nVl-./Hz 

3,9 3,2 4,6 

4,5 1.7 

2,5 1 pA/-./Hz 

0,7 0,4 0,7 

126 154 dB 
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CIRCUITS 

TYPE RC4559 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

02785. OCT08ER 1983 

• Matched Gain and Offset Between Amplifiers 

• Unity-Gain Bandwidth ... 3 MHz Min 

• Slew Rate ... 1.5 Vlns Min 

D OR P DUAL-IN-L1NE PACKAGE 

(TOP VIEWI 

• Low Equivalent Input Noise Voltage 

{OUTD8 VCC+ 
AMP #1 IN- 2 7 OUT} 

IN+ 3 6 IN- AMP #2 

..• 2 /LV/.,fHz Max (20 Hz to 20 kHz) 

• No Frequency Compensation Required 

• No Latch Up 

• Wide Common-Mode Voltage Range 

• Low Power Consumption 

• Designed to be Interchangeable with Raytheon 
RC4559 

description 

VCC- 4 5 IN+ 

symbol (each amplifier) 

NONINVERTING=!>­
INPUT IN+ 

INVERTING _ 
INPUT IN-

OUTPUT 

The RC4559 is a dual high-performance operational amplifier. The high common-mode input voltage and 
the absence of latch-up make this amplifier ideal for low-noise signal applications such as audio preamplifiers 
and signal conditioners. This amplifier features a guaranteed dynamic performance and output drive 
capability that far exceeds that of the general-purpose type amplifiers. 

The RC4559 is characterized for operation from OOC to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VCC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Supply voltage VCC _ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -18 V 
Differential input voltage (see Note 2) ......................................... ± 30 V 
Input voltage (any input, see Notes 1 and 3) .................................... ± 15 V 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) ......... unlimited 
Continuous total dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 mW 
Operating free-air temperature range ...................................... OOC to 70°C 
Storage temperature range ......................................... - 65°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the zero reference 
level is the midpoint between VCC+ and VCC-. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPE RC4559 
DUAL HIGH-PERfORMANCE OPERATIONAL AMPLIFIER 

electrical characteristics at specified free-air temperature. Vee + 15 V. Vee-

• 
~ 
3 
'2. 
=h 

PARAMETER 

Via Input offset voltage 

110 Input offset current 

liB Input bias current 

VI Input voltage range 

Maximum peak 
VOM 

output voltage swing 

Large'signal differential 
AVO 

voltage amplification 

BaM Maximum output-swing bandwidth 

Bl Unity·gain bandwidth 

ri Input resistance 

CMRR Common-mode rejection ratio 

kSVS 
Supply voltage sensitivity 

(AVIO/AVCC) 

Equivalent input noise voltage 
Vn 

(closed-loop) 

In Equivalent input noise current 

Supply current 
ICC (both amplifiers) 

Vol IV 02 Crosstalk attenuation 

TEST CONDITIONSt 

Va = 0 
25°C 

ooC to 70°C 

Va = 0 
25°C 

ooC to 70°C 

Va = 0 
25°C 

ooC to 70°C 

25°C 

RL ~ 3 kD 25°C 

RL=600D 25°C 

RL ~ 2 kD ooC to 70°C 

Va - ±10V. 25°C 

RL = 2 kD OoC to 70°C 

VOpp = 20 V, 
25°C 

RL = 2 kD 

25°C 

25°C 

Va = 0 25°C 

Va = 0 25°C 

AVO - 100, 

RS=lkD, 25°C 

f = 20 Hz to 20 kHz 

f = 20 Hz to 20 kHz 25°C 

No load, 
25°C 
OoC 

No signal 
70°C 

AVO = 100, 25°C 
RS = 1 kD, 

f = 10 kHz 25°C 

CD- tAli characteristics are specified under open-loop operation. unless otherwise noted . .. 
til 

MIN 

±12 

±12 

±9.5 

±10 

20 

15 

24 

3 

0.3 

80 

matching characteristics at Vee + = 15 V • Vee - = - 15 V. T A 25°e 

PARAMETER TEST CONDITIONS MIN 

Via Input offset voltage Va - 0 

110 Input offset current Va = 0 

liB Input bias current Va - 0 

AVO 
Large-signal differential 

Va = ±10V, RL = 2 kD 
voltage amplification 

operating characteristics. Vee + 15 V. Vee- -15V.TA 

PARAMETER TEST CONDITIONS MIN 

tr Rise time VI = 20 mV, RL - 2 kD, 

Overshoot CL = 100 pF 

SR Slew rate at unity gain 
VI = 10V, RL = 2 kD, 

1.5 
CL = 100 pF 
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TYP 

2 

5 

40 

±13 

±13 

±10 

300 

32 

4 

1 

100 

10 

1.4 

25 

3.3 

4 

3 

90 

90 

TYP 

±0.2 

±7.5 

±15 

±1 

TYP 

80 

18% 

2 

-15 V 

MAX UNIT 

6 

7.5 
mV 

100 

200 
nA 

250 

500 
nA 

V 

V 

V/mV 

kHz 

MHz 

MD 

dB 

75 ~VIV 

2 ~V 

pA 

5.6 

6.6 mA 

5 

dB 

MAX UNIT 

mV 

nA 

nA 

dB 

MAX UNIT 

~s 

V/~s 



LINEAR 
INTEGRATED 
CIRCUITS 

TYPES RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

• Continuous-Short-Circuit Protection 

• Wide Common-Mode and Differential Voltage 
Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-Up 

• Unity Gain Bandwidth 3 MHz Typical 

• Gain and Phase Match Between Amplifiers 

• Designed to be Interchangeable with Raytheon 
RM4136. RV4136. and RC4136 

• Low Noise .•. 8 nV/$zTyp at 1 kHz 

description 

The RM4136. RV4136. and RC4136 are quad high­
performance operational amplifiers with each amplifier 
electrically similar to uA 741 except that offset null 
capability is not provided. 

The high common-mode input voltage range and the 
absence of . latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short­
circuit protected and the internal frequency 
compensation ensures stability without external 
components. 

The RM41 36 is characterized for operation over the 
full military temperature range of - 55°C to 125°C, 
the RV4136 is characterized for· operation from 
- 40°C to 85 °C, and the RC4136 is characterized 
for operation from ooC to 70°C. 

symbol (each amplifier) 

NONINVERTING =l>-
INPUTIN+ + 

INVERTING OUTPUT 

INPUT IN- -

02142. MARCH 1976-REVISEO SEPTEMBER 1983 

D. J. OR N DUAL-IN-LINE 

OR W FLAT PACKAGE 

ITOPVIEWI 

AMPL 1:~: IN-} AMPL 
#1 OUT ~U~ #4 

AMPL OUT VCC + 

# 2 :~ ~ OUT} AMPL 
IN+ #3 

VCC - '-L._---'r- IN-

RM4136 

FH OR FK CHIP CARRIER PACKAGE 

#1 OUT 4 

NC 5 

#2 OUT 6 

NC 7 

#2IN+ 8 

ITOPVIEW) 

+ I I + 
~~ ~~ 
~~u"'''' :at;:at;z** 

3 2 1 20 19 

9 10111213 

I I U I + 
~ tlZ~~ 
N> MM .. "" "" 

NC - No internal connection 

#4 OUT 
NC 

VCC+ 
NC 
#3 OUT 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPESRM4136, RV4136, RC4136 
QUAD HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

Vcc+ ------~~---------.~--------~----~e_----~~--_, 

NON INVERTING 
INPUTIN+ --------+--------, 

INVERTING 
INPUT IN-· 

'--+----+---+_ OUTPUT 

Vcc- ---e~-e~~------~--------~----~~----~----~~ 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

RM4136 RV4136 RC4136 

Supply voltage VCC + (see Note 1) 22 18 18 

Supply voltage VCC _ (see Note 1) -22 -18 -18 

Differential input voltage (see Note 2) ±30 ±30 ±30 

Input voltage (any input, see Notes 1 and 3) ±15 ±15 ±15 

Duration of output short-circuit to ground, one amplifier at a time (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 5) 800 800 800 

Operating free-air temperature range -55 to 125 -40 to 85 o to 70 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 

Lead temperature 1,6 mm (1/16 inch) 
FH, FK, J, or W package 300 300 300 

from case for 60 seconds 

Lead temperature 1,6 mm (1/16 inch) 
D or N package 260 260 

from case for 1 0 seconds 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-' 
2. Differential voltages are at the noninv8rting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

UNIT 

V 

V 

V 

V 

mW 
DC 

·C 

DC 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, RM4136 chips are alloy·mounted; 
RV4136 and RC4136 chips are glass-mounted. 
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TYPES RM4136, RV4136, RC4136 
QUAD HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free·alr temperature. VCC + 15 V. VCC- -15 V 

TEST CONDITIONS t 
RM4136 RV4136 RC4136 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 0.5 4 0.5 6 0.5 6 
VIO Input offset voltage Vo ~ 0 mV 

Full range 6 7.5 7.5 

25°C 5 150 5 200 5 200 
110 Input offset current Vo ~ 0 nA 

Full range 500 500 300 

25°C 140 400 140 500 140 500 
liB Input bias current Vo ~ 0 nA 

Full range 1500 1500 800 

Vj Input voltage range 25°C ±12 ±14 ±12 ±14 ±12 ±14 V 

Maximum RL ~ 10 IdI 25°C ±12 ±14 ±12 ±14 ±12 ±14 

YOM 
peak 

RL - 2 kll 25°C ±10 
output voltage 

±13 ±10 ±13 ±10 ±13 V 

swing RL ,. 2 kll Full range ±10 ±10 ±10 

Large-signal 
Vo ~ ±10 V, 25°C 50 350 20 300 20 300 

AVD differential voltage V/mV 

amplification 
RL" 2 kll Full range 25 15 15 

Bl 
Unity-gain 

25°C 3.5 3 3 MHz 
bandwidth 

'j Input resistance 26°C 0.3 5 0.3 5 0.3 5 MO 

Common-mode Vo - 0, 
CMRR 25"C 70 90 70 90 70 90 dB 

rejection ratio RS ~ 50 II 

Supply voltage VCC ~ ±9Vto 

kSVS sensitivity ±15 V, 25°C 30 150 30 150 30 150 pVIV 

I.1VIO/.1VCC) Vo ~ 0 

Equivalent input 
AVD - 100, 

Vn noise voltage 
BW~lHz, 

25'C 8 8 8 nV.JH2 

(closed-loop) 
f ~ 1 kHz, 

RS~l00(}-

25°C ,5 11.3 5 11.3 5 11.3 

ICC 
Supply current Vo ~ 0, 

MINTA 6 13.3 6 13.7 6 13.7 mA 
(All four amplifiers) No load 

MAXTA 4.5 10 4.5 10 4.5 10 

Total power 25°C 150 340 150 340 150 340 

PD dissipation 
Vo ~ 0, 

MINTA 180 400 180 400 180 400 mW 
No load 

(All four amplifiers) MAXTA 135 300 135 300 135 300 

Crosstalk 
AVD - 100, 

Vol IVo2 
attenuation 

f ~ 10 kHz 25°C 105 105 105 dB 

RS ~ 1 kG 

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is - 55°C to 125°C 

for RM4136, -40°C to 85°C for RV4136, and OOC to 70°C for RC4136. 

operating characteristics. VCC+ = 15 V. VCC- = -15 V. TA 

RM4136 RV4136. RC4136 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

t, Rise Time VI ~ 20 mY, RL~2kll, 0.13 0.13 

Overshoot factor CL ~ 100 pF 
pS 

5% 5% 

SR Slew rate at unity g!,in 
VI - 10 V, RL-2kll, 

1.7 1.7 Vlp.s 
CL~100pF 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES RM4558, RV4558, RC4558 
QUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

• Continuous-Short-Circuit Protection 

• Wide Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

• Unity Gain Bandwidth 3 MHz Typical 

• Gain and Phase Match Between Amplifiers 

• Low Noise ... 8 nV/,JHz Typ at 1 kHz 

• Designed to be Interchangeable with 
Raytheon RM4558. RV4558. and RC4558 

description 

02141, MARCH 1976-REVISEO FEBRUARY 1984 

D. JG. OR P DUAL· IN· LINE PACKAGE 

(TOP VIEW) 

AMPL{OUT[]8 VCC+ 
# 1 IN - 2 7 OUT}AMPL 

IN + 3 6 IN - # 2 
VCC- 4 5 IN+ 

The RM4558. RV4558. and RC4558 are dual general-purpose operational amplifiers with each half 
electrically similar to uA741 except that offset null capability is not provided. 

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voltage-follower applications, The devices are short-circuit protected and the internal frequency 
compensation ensures stability without external components. 

The RM4558 is characterized for operation over the full military temperature range of - 55°C to 125°C; 
the RV4558 is characterized for operation from - 40°C to 85°C; and the RC4558 is characterized for 
operation from O°C to 70°C. 

schematic (each amplifier) 

Vcc+0--------.~----------._----------._----~._------._----, 

INVERTING 
INPUT IN- 0--------+--------, 

NON INVERTING 

INPUT IN+ 

'---t-----t---t--o OUTPUT 

Vcc- o---~--~~~~-----4t_----------~------~------~----~--~ 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES RM4558, RV4558, RC4558 
DUAL HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

RM4558 RV4558 RC4558 UNIT 

Supply voltage Vee + (see Note 1) 22 18 18 V 

Supply voltage Vee _ (see Note 1) -22 -18 -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (any input, see Notes 1 and 3) ±15 ±15 ±15 V 

Duration of output short-circuit to ground, one amplifier at a time (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 680 680 mW 

Operating free-air temperature range -55 to 125 -40 to 85, o to 70 °c 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 °c 
Lead temperature 1.6 mm (1116 inch) from case for 60 seconds IJG package 300 300 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 10 or P package 260 260 °C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
5. For operation above 25°C free·air temperature, refer to Dissipation Derating Curves, Section 2. In the JG packages, RM4558 chips are alloy 

mounted; RV4558 and AC4558 chips are glass mounted. 

3-88 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



(3 
~ 

~ 
i'5_ :;;z 
;~~ 
;; c:~ 
~~ 
~rrl 

~~ 
x 
l; 
~ 
~ 
m 
~ 

w 
cD 
co 

~ 

electrical characteristics at specified free-air temperature, VCC + 15 V, CCC- -15 V 

TEST CONOITIONS t 
RM4558 RV4558 RC4558 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 0.5 5 0.5 6 0.5 6 
VIO Input offset voltage Vo ~ 0 mV 

Full range 6 7.5 7.5 

25°C 5 200 5 200 5 200 
110 Input offset current Vo ~ 0 nA 

Full range 500 500 300 

25°C 140 500 140 500 150 500 
liB Input bias current Vo ~ 0 nA 

Full range 1500 1500 800 

VICR 
Common-mode 

input voltage range 
25°C ±12 ±14 ±12 ±14 ±12 ±14 V 

RL - 10 kQ 25°C ±12 ±14 ±12 ±14 ±12 ±14 

VOM 
Maximum output 

RL ~ 2 kn 25°C ±10 ±13 ±10 ±13 ±10 ±13 V 
voltage swing 

RL > 2 kn Full range +10 ±10 +10 

Large-signal differential RL 2: 2 kn. 25°C 50 350 20 300 20 300 
AVO 

voltage amplification 15 
V/mV 

Vo ~ +10V Full range 25 15 

Bl Unity-gain bandwidth 25°C 2 3.5 3 3 MHz 

r; Input resistance 25°C 0.3 5 0.3 5 0.3 5 Mn 

CMAA Common-mode rejection ratio 25°C 70 90 70 90 70 90 dB 

kSVS 
Supply voltage sensitivity 

(dVIO/dVCC) 

VCC ~ ± 15 V 

to ±9 V 
25°C 30 150 30 150 30 150 pVIV 

Equivalent input 
AVO ~ 100. 

Vn noise voltage 
AS ~ 100 n, 

25°C 8 8 8 nVI.JHz 

(closed-loop) 
f ~ 1 kHz. 

BW ~ 1 Hz 

25°C 2.5 5.6 2.5 5.6 2.5 5.6 

ICC 
Supply current No load, 

MIN TA 3 6.6 3 6.6 3 6.6 mA 
(Both amplifiers) Vo ~ 0 

MAX TA 2 5 2.3 5 2.3 5 

25°C 75 170 75 170 75 170 

Po 
Total power dissipation No load, 

MIN TA 90 200 90 200 90 200 mW 
(Both amplifiers) Vo ~ 0 

MAX TA 60 150 70 150 70 150 

Crosstalk I Open loop AS ~ 1 kn, 25°C 85 85 85 
Vol IVo2 dB 

attenuation I AVO ~ 100 f ~ 10 kHz 25°C 105 105 105 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is - 55°C to 125°C for RM4558, - 40°C to 85 °C 
for RV4558, and 0 °C to 70°C for RC4558. 
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TYPES RM4558, RV4558, RC4558 
DUAL HIGH·PERFoRMANCE OPERATIONAL AMPLIFIERS 

operating characteristics, Vee + 15 V, vee-

PARAMETER TEST CONDITIONS 
RM4558 

MIN TYP MAX 

tr Rise time VI = 20 mV, RL = 2 kll, 0.13 

Overshoot CL = 100 pF 5% 
Slew rate at VI = 10 V, RL = 2 kll, 

SR 1.3 1.7 
unity gain CL = 100 pF 

3·90 TEXAS 
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MIN TYP 
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5% 

1.3 1.7 
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RC4558 
MAX MIN TYP MAX 

UNIT 

0.13 ns 
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1.3 1.7 VI".s 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Equivalent Input Noise Voltage 
3.5 nV/.Jl1z Typ 

• Unity·Gain Bandwidth ...... 10 MHz Typ 

• Common·Mode Rejection Ratio 
100 dB Typ 

• High DC Voltage Gain .... 100 V/mV Typ 

• Peak-to-Peak Output Voltage Swing 
32 V Typ with VCC± ± 18 V and 
RL = 6000 

• High Slew Rate 

• Wide Supply Voltage Range 
±3Vto ±20V 

• Low Harmonic Distortion 

13 V/p.S Typ 

• Designed ,to be Interchangeable with Signetics 
SE5534, SE5534A, NE5534, and NE5534A 

symbol 

COMP----, 

COMP/BALANCE ---, 

INVERTING 
INPUT IN-

NON INVERTING 
INPUT IN+ 

BALANCE __ -oJ 

description 

OUTPUT 

TYPES SE5534. SE5534A. NE5534. NE5534A 
LOW·NOISE OPERATIONAL AMPLIFIERS 

02632, JULY 1979-REVISEO AUGUST 1983 

SE5534, SE5534A •.• JG 

NE5534. NE5534A •.. JG or P 

DUAL-IN·LlNE PACKAGE 

(TOP VIEWI 

BALANCE DB COMP/BAL 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 COMP 

SE5534,SE5534A 

U FLAT PACKAGE 
(TOP VIEW) 

NC NC 
BALANCE COMP/BAL 

IN- VCC+ 
IN+ OUT 

VCC- -"' __ ..r" COMP 

SE5534.SE5534A 

FH OR FK CHIP CARRIER PACKAGE 

(TOP VIEW) 

NC 
IN-

NC 
IN+ 

NC 

-' 

~ 
-' ::ii 

U«UOU 
ZIXIZUZ 

3 2 1 

9 

~ ~~ ~ ~ 
U 0 
> U 

NC-No internal connection 

NC 

VCC+ 
NC 
OUT 
NC 

The SE5534, SE5534A, NE5534, and NE5534A are monolithic high-performance operational amplifiers combining 
excellent dc and ac characteristics. Some of the features include very low noise; high output drive capability, high 
unity·gain and maximum-output-swing bandwidths, low distortion, and high slew rate. 

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of the 
frequency response for various applications can be obtained by use of an external compensation capacitor between 
COMP and COMP/BAL The devices feature input-protection diodes, output short-circuit protection, and offset-voltage 
nulling capability. 

The SE5534A and NE5534A have guaranteed maximums on equivalent input noise voltage. 

The SE5534 and SE5534A are characterized for operation over the full military temperature range of - 55°C to 125°C; 
the NE5534 and NE5534A are characterized for operation from ooC to 70°C. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW·NOISE OPERATIONAL AMPLIFIERS 

schematic 

BALANCE COMPENSATION/BALANCE COMPENSATION r-_-.... ----_-1f-_--_--_---+--...... -O vcc+ 

NONINVER;T~I~N~G=. =:::==t==i~=====f~~f=f=====f=~~ 
INPUT IN+ 

INVERTINGo-...... >-----I 
INPUT IN-

OUTPUT 

Air component values s~own are nominal. 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, VCC + (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. 22 V 
Supply voltage, VCC _ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 22 V 
Input voltage either input (see Notes 1 and 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V CC + 
Input current (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Duration of output short-circuit (see Note 4). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total power dissipation at (or below) 25 DC free-air temperature (see Note 5) 

FH package (see Note 6) . . . . . . . . . . . . . . .. . . . . . . . . . . . .. 1200 mW 
FK package (see Note 6) . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
SE5534, SE5534A in JG package ...................... 1050 mW 
NE5534, NE5534A in JG package ...................... 825 mW 
P package ....................................... 725 mW 
U package ........................................ 675 mW 

Operating free-air temperature range: SE5534, SE5534A . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 1 25 DC 
NE5534, NE5534A .............................. oDe to 70 DC 

Storage temperature range ....................... : . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 1 50 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, JG, or U package, . . . . . . . .. 300 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ..................... 260 DC 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between vee + and vee _. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 
3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless some limiting 

resistance Is used. 
4. The output may be shorted to ground or either power suppiy. Temperature and/or supply voltages must be limited to ensure the maximum dissipation 

rating is not exceeded. 
5. For operation above 25 °C free~air temperature, refer to the Dissipation Derating Curves, Section 2. In the JG package, SE5534 and SE5534A 

chips .are alloy~mounted; NE5534 and NE5534A chips are glass~mounted. 
6. For FH and FK packages, power rating and derating factor will vary with actual mounting technique used. The values stated here are believed 

to be conservative. 
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TYPES SE5534,SE5534A, NE5534, NE5534A 
LOW·NOISE OPERATIONAL AMPLIFIERS 

electrical characteristics. Vee ± ± 15 V. TA 25 ae (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
SE5534.SE5534A NE5534.NE5534A 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIO 
Vo - 0, TA = 25°C 0.5 2 0.5 4 

Input offset voltage 
RS = 5011 T A = full range 

mV 
3 5 

110 Input offset current 
TA - 25°C 10 200 20 300 

Vo = 0 nA 
T A - full range 500 400 

TA - 25°C 400 800 500 1500 
liB Input bias current Vo = 0 nA 

T A - full range 1500 2000 

VICR 
Common-mode 

input voltage range 
±12 ±13 ±12 ±13 V 

VOPP 
Maximum peak-to-peak 

RL0!:60011 
IICC± = ±15 V 24 26 24 26 

V 
output voltage swing VCC± = ±18 V 30 32 30 32 

AVO 
Large-signal differential VO- ±10V, TA - 25°C 50 100 25 100 

voltage amplification RL0!:60011 T A = full range 25 15 
V/mV 

AVd 
Small-signal differential 

f = 10 kHz 
Cc = 0 6 6 

voltage amplification Cc = 22 pF 2.2 2.2 
V/mV 

Vo = ±10V, Cc = 0 200 200 

BOM 
Maximum-output-swing Vo - ±10V, Cc - 22 pF 95 95 

bandwidth VCC± - ±18V,VO = ±14V, 
kHz 

70 70 
RL = 60011, Cc = 22 pF 

Bl Unity-gain bandwidth Cc = 22 pF, CL = 100 pF 10 10 MHz 

ri Input resistance 50 100 30 100 kll 

Zo Output impedance 
AVO = 30 dB. RL = 60011, 

0.3 0.3 11 
Cc = 22 pF, f = 10 kHz' 

CMRR 
Common-mode Vo - 0, VIC = VICR min, 
rejection ratio RS = 5011 

80 100 70 100 dB 

Supply voltage 
VCC± = ±9Vto±15V, 

kSVR rejection ratio 
Vo = 0, RS = 5011 

86 100 80 100 dB 

I~VCC/~VIO) 

lOS 
Output short-circuit 

38 38 mA 
current 

ICC Supply current 
No load, TA = 25°C 4 6.5 4 8 

ITA = full range 9 
mA 

Vo = 0 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for TA = - 55°C 
to 125°C for SE5534 and SE5534A and aoe to 70°C for NE5534 and NE5534A. 

operating characteristics. Vee ± = ± 15 V. TA = 25°e 

PARAMETER TEST CONDITIONS 
SE5534. NE5534 SE5534A. NE5534A 

UNIT 
MIN TYP MAX MIN TYP MAX 

Slew rate at Cc = 0 13 13 
SR 

unity gain Cc = 22 pF 6 6 
V/p.s 

tr Rise time VI = 50 mV, AVO = 1, 20 20 ns 
RL = 60011, Cc = 22 pF, 

Overshoot factor CL = 100 pF 20% 20% 

tr Rise time VI - 50 mV, AVO - 1, 50 50 ns 
RL = 60011, Cc = 47 pF, 

overshoot factor CL = 500 pF 35% 35% 

Equivalent input f - 30Hz 7 5.5 7 
nV/.JHZ Vn 

noise voltage f = 1 kHz 4 3.5 4.5 

Equivalent input f = 30 Hz 2.5 1.5 
pN-/HZ In 

noise current f = 1 kHz 0.6 0.4 

F Average noise figure RS = 5 kll, f = 10Hzt020kHz 0.9 dB 
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TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 

NORMALIZED INPUT BIAS CURRENT 
and INPUT OFFSET CURRENT 

~ FREE·AIR T~PERATURE 
(J 1.6 

~ 1.' 

j 
1 1.2 

J 1 

i 0,8 

i i o. • 

VCC±- t15 V 

iZ~.t "'-
~~ 
~ 
~ :----. r--. 

1"'--, 

21 OA 
-75 -50 -25 0 25 50 75 100 125 

t; 1. 2 

T A-Free-Air rempenture-°c 

FIGURE 1 

NORMALIZED SLEW RATE and 
UNITY·GAIN BANDWIDTH 

SUPPLY VOLTAGE 

1,· TA - 25°C 
1 

m 

1 I. »~,¥o ~ I---?'" -=== 
._\)¥o~,o~ J o. 

• 1 o. 

£ o. 

~ o. 
] 

7 

• 
1 o. 6 

~ OA 
o 

10 

• 

2 

1 
10 

" / .... 
. .ll"'" .. .. ~ 

'f 

10 16 

IVect I-Supply Voitage_V 

FIGURE4 

eQUIVALENT INPUT NOISE VOLTAGE 

" FREQUENCY 

::t:t~CC±.±16V 
TA" 26°C 

111111 
S~~~~ NE5~rnl 

SE5534A~ NE5534A 

20 

100 1 k 10k 100> 

f-Frequ.~-Hz 

FIGURE 7 

TYPICAL CHARACTERISTICS t 

MAXIMUM PEAK·TO-PEAK OUlPUT VOLTAGE 

" FREQUENCY 
0 VeCi ±15 v 

TA-2SoC CCviili~ 

D 
~ I III! 

co 0 

5 1\ 
Ce-.7 p.\\ 

0 
1\ 

5 

0 

E 1 

i 
100 lk 10k lOOk 1M 

'5 1.2 

] 

l 
c 1.1 

1 
:> 

1 
~ 
~ D •• 

1 
1 
Z 0.8 

f-Frequency-Hz 

FIGURE 2 

NORMALIZED SLEW RATE and 
UNITY·GAIN BANDWIDTH 

FREE·AIR TEMPERATURE 

vcL = ±115 V 

T I 

.l. Lt.'1< 
~~~ 

s~'?' 
"1<,"t'Io .. ,,01" ./' 

-~r--V -r--. / 
/ 

V-

......... 

75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Templlrature-oC 

FIGURE 5 

EOUIVALENT INPUT NOISE CURRENT 

" FREQUENCY 

f-Frequency-Hz 

FIGURE 8 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREQUENCY 

100 

0.0 

VCC±- ±16 V 

5 
TA·2~C 

" ~ '\; ~ 3 

~~ 'to, 0.q._ -

0 
"l>.q. 

I~ 1 
10 100 1 k 10k lOOk 1 M 10M 100M 

f-Frequency-Hz 

FIGURE 3 

TOTAL HARMONIC DISTORTION 

FREQUENCY 

1 f-vcc±""±lS'V 
7~~VD 1 

Vl(rms) 2V r-TA-25"C 

/ 

2 

0.00 1 
100 400 1 k 4k 10k 40k 100k 

f-Frequency-Hz 

FIGURE6 

TOTAL EQUIVALENT INPUT NOISE VOLTAGE 

" SOURCE RESISTANCE 

Rs-Source R •• istance-{l 

FIGURE 9 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges, ~f the various devices. 
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33 

LINEAR 
INTEGRATED 
CIRCUITS 

• Very Low Power Consumption 

• Power Dissipation with ± 2-V 
Supplies ... 170 p.W Typ 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 

• Low Input Offset Voltage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Popular Dual Op-Amp Pin-Out 

description 

The TL022 is a dual low-power operational amplifier 
designed to replace higher power devices in many 
applications without sacrificing system performance, 
High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely, 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated circuits, 
Internal frequency compensation, absence of latch­
up, high slew rate, and output short-circuit protection 
assure ease of use, 

The TL022M is characterized for operation over the 
full military temperature range of - 55°C to 125°C; 
the TL022C is characterized for operation from ooC 
to 70°C, 

TYPES TL022M, TL022C 
DUAL LOW·POWER OPERATIONAL AMPLIFIERS 

01661, SEPTEMBER 1973-REVISEO AUGUST 1983 

TL022M. , , U FLAT PACKAGE 
ITOPVIEWI 

NC NC 

AMP {OUT VCC+ 
#1 IN- OUT} AMP 

IN+ IN- #2 
VCC - -" __ J"" IN + 

TL022C ... JG OR P 

DUAL·IN·UNE PACKAGE 

ITOPVIEWI 

AMP { OUTu8 VCC+ 
# 1 IN - 2 7 OUT} AMP 

IN+ 3 6 IN- #2 
VCC- 4 5 IN+ 

NC-No internal connection 

symbol (each amplifier) 

NONINVERTING =t>­
INPUT IN+ 

OUTPUT 
INVERTING 
INPUT IN- -

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TL022M TL022C UNIT 

Supply voltage VCC + Isee Note 11 22 18 V 
Supply voltage V CC _ (see Note 11 -22 -18 V 

Differential input voltage Isee Note 21 ±30 ±30 V 

Input voltage lany input, see Notes 1 and 31 ±15 ±15 V 
Duration of output short-circuit (see Note 4) unlimited unlimited 

I Each amplifier 500 500 
Continuous total dissipation at lor below I 25·C L JG or P package 680 680 mW 
free-air temperature range Isee Note 51 I Total package 

IU package 676 675 

Operating free-air temper,ature range -55 to 125 o to 70 ·C 

Storage temperature range -65 to 150 -65 to 150 ·C 

Lead temperature 1,6 mm 11/16 inchl from case for 60 seconds I JG or U package 300 300 ·C 

Lead temperature 1,6 mm 11/16 inch) from case for 10 seconds IP package 260 ·C 

NOTES: 1. All voltage values. unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-' 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the TL022M only, the unlimited duration of the short~circuit applies at lor below) 

125°C case temperature or 75°C free-air temperature. 
5. For operation above 25°C free~air temperatura, refer to Dissipation Derating Curves in Section 2. In the JG package, TL022M chips are alloy~ 

mounted; TI022C chips are glass-mounted. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Vee + 15 V. Vee- -15 V 

PARAMETER TEST CONDITIONS t 
TL022M TL022C 

MIN TYP MAX MIN TYP MAX 
UNIT 

Vo = 0, 25°C 1 5 1 5 
VIO Input offset voltage 

RS = 501l Full range 6 7.5 
mV 

110 Vo = 0 
25°C 5 40 15 80 

Input offset current 
Full range 100 200 

nA 

25°C 50 100 100 250 
.118 Input bias current Vo = 0 

Full range 250 400 
nA 

VICA 
Common-mode 25°C ±12 ±13 ±12 ±13 

input voltage range Full range ±12 ±12 
V 

VOPP 
Maximum peak-to-peak RL = 10 kll 25°C 20 26 20 26 

output voltage swing AL'" 10 kll Full range 20 20 
V 

AVD 
Large-signal differential AL'" 10 kll, 25°C 72 86 60 80 

voltage amplication Vo = ±10V Full range 60 
dB 

72 

B1 Unity-gain bandwidth 25°C 0.5 0.5 MHz 

CMAA 
Common-mode VIC = VIC A min, 25°C 60 72 60 72 

rejection ratio AS = 50 Il Full range 60 60 
dB 

kSVS 
Supply voltage sansitivity VCC - ±9Vto ±15V, 25°C 30 150 30 200 

(.1VIO/.1VCC) AS = 501l Full range 150 200 
pV/V 

AVD = 20 dB, 

Vn 
Equivalent input 

B = 1 Hz, 25°C 50 50 nV/...{T1z 
noise voltage 

f=1kHz 

lOS Short-circuit output current 25°C ±6 ±6 mA 

ICC 
Supply current No load, 25°C 130 200 130 250 

(both amplifiers) Vo = 0 Full range 200 250 
pA 

Total dissipation No load, 25°C 3.9 6 3.9 7.5 
Po 

(both amplifiers) Vo = 0 Full range 6 7.5 
mW 

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for TL022M is 
-55°C to 125°C and for TL022C is oac to 70 oe. 

operating characteristics. Vee + 15 V. Vee- -15 V. TA 

PARAMETER TEST CONDITIONS 
TL022M TL022C 

MIN TYP MAX MIN TYP MAX 
UNIT 

tr Rise time VI - 20 inV, AL = 10 kIl, 0.3 0.3 pS 

Overshoot factor CL = 100 pF, See Figure 1 5% 5% 

SA Slew rate at unity gain 
VI = 10V, 

CL = 100 pF, 

AL = 10 kll, 

See Figure 1 
0.5 0.5 VIpS 
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TYPES TL022M, TL022C 
DUAL LOW·POWER OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS 

INPUT VOLTAGE 

WAVEFORM CL-l00pF f 
TEST CIRCUIT 

TOTAL POWER DISSIPATED 
vs 

SUPPLY VOLTAGE 

1°r=~mm 7 No load 
No signal 

4 T A = 25° C +--+-l-----I---+~.....",-"'+~ 
--I---"" 

~ V b 2~4_-+~~+_~-+-l___4_-+~ 
.g I/V 
[ V 
": 1 ~I~~t~~EI~~I~~ is 0.7~ 

~ 'i 0.4 1----1--+1 /-+--+-+--+-~-+--+----l 

~ 1/ 
0.2 f--Jj--+-+--+--+-+--+--+-+---1 

FIGURE l-RISE TIME. OVERSHOOT FACTOR. 

o 2 4 6 8 10 12 14 16 18 20 

IVCC±I-Supply Voltage-V 

schematic 

INVERTING 
INPUT IN-

AND SLEW RATE FIGURE 2 

OUTPUT 

r--------- ---- rl -CciMMONrosOTH-l 
EACH AMPLIFIER AMPLIFIERS 

r--------------.---1~4_-_.~~~~~-~~---VCC+ 

} 
TO OTHER 

l--------------I-++-+..--~---_I_-_I_-- AMPLIFIER 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NON INVERTING +--+ __ ---+_..J 
INPUT IN+ 

I 
I 
I 
I 
I 

L---~-~~-~-----~-~*_--~-4_--~I~~-vCC-L ______ J 

II 
I/) .. 
Q) 

!E 
Q. 
E 

<C 
CO 
c 
o 

'+0 
CO .. 
Q) 
c. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Very Low Power Consumption 

• Typical Power Dissipation with ±2-V 
Supplies ... 340,.W 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 

• Low Input Offset Voltage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Power Applied in Pairs 

description 

The TL044 is a quad low-power operational amplifier 
designed to replace higher-power devices in many 
applications without sacrificing system performance, 
High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated circuits. 
Internal frequency compensation, absence of latch­
up, high slew rate, and output short-circuit protection 
assure ease of use. Power may be applied separately 
to Section A (amplifiers 1 and 4) or Section B 
(amplifiers 2 and 3) while the other pair remains 
unpowered. 

The TL044M is characterized for operation over the 
full military temperature range of - 55°C to 125°C; 
the TL044C is characterized for operation from ooC 
to 70°C. 

symbol (each amplifier) 

NONINVE. RTING=t>-
INPUT IN+ OUTPUT 

INVERTING _ 
INPUT IN-

TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

01662, SEPTEMBER 1 973-REVISEO AUGUST 1983 

J OR N DUAL-IN-L1NE 

OR W FLAT PACKAGE 

ITOPVIEW) 

AMPL{OUT #1, #4 VCC+ 

# 1 IN - OUT} AMPL 
IN+ IN- #4 

#1, #4 VCC- IN+ 

AMPL{IINN~ #2, #3 VCC­

IN+} AMPL 
#2 OUT IN- #3 

#2, #3 VCC+ '-<.:::_---'0.1--' OUT 

Pins 4 and 12 are internally connected together in the N package only. 

TL044M .•• FH OR FK PACKAGE 

#1IN+ 
#1, #4 VCC­

NC 
#2IN+ 
#2IN-

NC - No internal connection 

ITOPVIEW) 

+ 
U 
U 
> 

II- .".1-

~5 ""5 
_ ..... U ,... .. .q-
~=lt::Z=l:t:::tc 

3 2 1 20 19 

9 10111213 

I- +UI- I 

5 tl z 5 ~ 
N> MM 
:tc('l') =**=:* 

"" N 
"" 

#4IN­
#4IN+ 
NC 
#2, #3 VCC­
#3IN+ 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL044M. TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TL044M TL044C UNIT 

Supply voltage VCC + (see Note 1) 22 18 V 

Supply· voltage VCC _ (see Note 1) -22 -18 V 

Differential input voltage (see Note 2) ±30 ±30 V 

Input voltage (any input, see Notes 1 and 3) ±15 ±15 V 

Duration of output short~circuit (see Nots 4) unlimited unlimited 

Continuous total dissipation at (or below) 25°C I each amplifier 500 500 

I Total package 680 680 
mW 

free-air temperature range (see Note 5) 

Operating free-air temperature range -55 to 125 o to 70 °C 

Storage temperature range -85 to 150 -65 to 150· °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I FH, FK, J, or W package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I N package 260 °C 

NOTES: 1. All voltage values, unless otherwise noted, are wh:h respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts. whichever is less. 
4. The output may be shorted to ground or elther power supply. For the TL044M only, the unlimited dUration of the short~circuit applies at (or below) 

125°C case temperature or 85°C free~air temperature. 
5. For operation above 25°C free-air temperature. refer to Dissipation Derating Curves in Section 2. In the J package, TL044M chips are alloy­

mounted; TL044C chips are glass·mounted. 
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TYPES TL044M. TL044C 
QUAD LOW·POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free·air temperature. Vee + 15 V. Vee- -15 V 

TEST CONOITIONSt 
TlO44M TlO44C 

UNIT PARAMETER 
MIN TYP MAX MIN TYP MAX 

Va = O. 25°C 1 5 1 5 
Via I nput offset voltage mV 

RS = 500 Full range 6 7.5 

25°C 5 40 15 80 
110 Input offset current Va = 0 

200 
nA 

Full range 100 

25°C 50 100 100 250 
liB Input bias current Va = 0 nA 

Full range 250 400 

Common~mode 25°C ±12 ±13 ±12 ±13 
V VICR 

input voltage range Full range ±12 ±12 

Maximum peak-ta-peak Rl = 10 kO 25°C 20 2S 20 26 
V VOpp 

output voltage swing Rl2!: 10 kO Full range 20 20 

large-signal differential Rl2!: 10 kll, 25°C 72 86 60 ·80 
AVO dB 

voltage amplification Va = ±10V Full range 72 SO 

Bl Unity·gain bandwidth 25°C 0.5 0.5 MHz 

Common-mode VIC = VICR min, 25°C SO 72 SO 72 
CMRR dB 

rejection ratio Vo = 0, RS = 50 Il Full range SO SO 

Supply voltage sensitivity VCC - ±9Vto ±15V, 25°C 30 150 30 200 
~V/V kSVS 

(aVIO/aVCC) Va = 0, RS = 50 Il Full range 150 200 

Equivalent input 
AVD = 20 dB, 

Vn B = 1 Hz, 25°C 50 50 nV/..[T1z 
noise voltage 

f = 1 kHz 

lOS Short-circuit output current 25°C ±S ±6 mA 

Supply current No load, 25°C 250 400 250 500 
ICC 

(four amplifiers) Va = 0 Full range 400 500 ~ 

Total dissipation No load, 25°C 7.5 12 7.5 15 
PD mW 

(four amplifiers) Va = 0 Full range 12 15 

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. Full range for TL044M is 
-55°C to 126°C and for TL044C is ooe to 70°C. 

operating characteristics. Vee + 15 V. Vee- -15 V. TA 

PARAMETER TEST CONDITIONS 
Tl044M TlO44C 

UNIT 
MIN TYP MAX MIN TYP MAX 

tr Rise time VI = 20mV, Rl = 10 k~, 0.3 0.3 ~s 

Overshoot factor Cl = 100 pF, See Figure 1 5% 5% 

SR Slew rate at unity gain 
VI - 10V, Rl - 10 kll, 

0.5 0.5 V/~s 
Cl = 100 pF, See Figure 1 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
. TL062, TL062A, TL062B, TL064, TL064A, TL064B 

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 
02392, NOVEMBER 1978-REVISEO AUGUST 1983 

20 DEVICES COVER MILITARY. INDUSTRIAL. AND COMMERCIAL 
TEMPERATURE RANGES 

• Very Low Power Consumption • Output Short-Circuit Protection 

• Typical Supply Current . . . 200 pA 
(per Amplifier) 

• High Input Impedance . .. JFET-Input Stage 

• Internal Frequency Compensation 
(Except TL060) • Wide Common-Mode and Differential 

Voltage Ranges 
• Latch-Up Free Operation 

• Low Input Bias and Offset Currents • High Slew Rate. . . . . . . . . .. 3.5 V/,.s Typ 

description 

The JFET -input operational amplifiers of the TL061 series are designed as low-power versions of the TL081 series 
amplifiers. They feature high input impedance, wide bandwidth, high slew rate, and low input offset and bias currents. 
The TL061 series features the same terminal assignments as the TL071 and TL081 series. Each of these JFET-input 
operational amplifiers incorporates well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated 
circuit. 

Device types with an "M" suffix are characterized for operation over the full military temperature range of - 55·C 
to 125 ·C, those with an "I" suffix are characterized for operation from - 25·C to 85 ·C, and those with a "C" suffix 
are characterized for operation from O·C to 70 ·C. 

TLOGO. TL060A, TL060B 

D. JG. OR P DUAL·IN-LiNE PACKAGE 
ITOP VIEW} 

I'll/COMPO" COMP 
11'1- 2 1 VCC+ 
11'1+ 3 6 OUT 

VCC- 4 5 OFFSET 1'12 

TL062. Tl062A. TL0628 
0, JG. OR P DUAL-IN-LiNE PACKAGE 

ITOP VIEW} 

{
OUT 0" VCC+ AMPL }N _ 2 1 OUT} 

#1 11'1+ 3 6 }N- A~~L 
VCC- 4 5 11'1+ 

TLOB1 
FH OR FK CHlp·CARRIER PACKAGE 

(TOP VIEWI 

NC 
}N-

NC 
11'1+ 

NC 

Z 
Q. 

::; 
U a <.J u U z u z z z 
3 2 1 20 19 

~ ~ ~ ~ ~ 
U Q. 
> ::; 

o 
u 

NC - No internal connection 

NC 

VCC+ 
NC 
OUT 
NC 

TL061. TL061A, TL061B 

D. JG. OR P DUAL-IN-LiNE PACKAGE 

ITOPVIEW} 

OFFSET I'll 0" NC 
11'1- 2 1 VCC+ 
IN+ 3 6 OUT 

VCC _ 4 5 OFFSET 1'12 

TL062 

U FLAT PACKAGE 

(TOP VIEWI 

NC NC 

rUT 
VCC+ 

AMPL 11'1-
OU} #1 11'1+ }N- AMPL 

VCC- 11'1+ #2 

TL062 

FH OR FK CHIP-CARRIER PACKAGE 

NC 4 

#1 11'1- 5 

NC 6 

#111'1+ 
NC 

(TOP VIEW) 
I-
:::> + 
a u 

u ;... u uu 
Z '*t: Z > Z 

9 1011 1213 

U I U + U 
Z UZ Z Z 

U -
> ~ 

TLOB1 
U FLAT PACKAGE 

ITOP VIEW] 

NC .1 10 NC 
OFFSET I'll 2 9 NC 

11'1- VCC+ 
11'1+ 4 7 OUT 

VCC- .......::5 __ 6::.ro OFFSET 1'12 

TL064 .•. D. J, N. OR W PACKAGE 
TL064A. TL084B , . . D. J. OR N PACKAGE 

(TOP VIEW) 

AMPL 11'1-{OUT 

#1 11'1+ 
11'1- AMPL OUT} 

11'1+ #3 

VCC+ VCC-

fN+ IN+} AMPL 11'1- 11'1- AMPL 

#2 OUT OUT #4 

TL064 

FH OR Fk CHIP·CARRfER PACKAGE 

#1 11'1+ 

ITOP VIEWI 

~§ §~ 
........ u .~"'q 
::II::,*"Z,*,,'*" 

If-U~I 
~5zo~ 

M.., 
~ ~ 

#411'1+ 
NC 

#311'1+ 
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TYPES n060, n060A, n060B, n061, n061A,n061B, 
n062, n062A, n062B, n064, n064A; n064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

symbol (each amplifier) 

NONINVERTING INPUT 
IN+ 

INVERTING INPUT 

IN- I 
I I 

r-----L-.l..--., 
Nl N2 

: OFFSET NULL/COMPENSATION : 

L _ ~O~O ~N~ T':O~ ~~ _ ...J 

schematic (each amplHler) 

OUTPUT 

3 OFFSET OUTPUT Vcc_ 

~~~)L ~~~)L c, .. 10pFONTL061. TL082.ANDTL0640NLV 
'-.,..-.I COMPONENT VALUES SHOWN AR£ NOMINAL 

o 
"C 
CD 
;; .... 
0' 
~ 

e!. 
l> 
3 
'2.. 
=h 
ai' ... en 

TLOS10NLY 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TLOB_C 

TLOB_M TLOB_I TLOB_AC UNIT 

TLOB_BC 

Supply voltage, VCC + (see Note 1) 18 18 18 V 

Supply voltage, VCC _ (see Note 1) -18 -18 -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (see Notes 1 and 3) ±15 ±15 ±15 V 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

D package 680 680 

Continuous total dissipation at (or below) FH or FK package 680 

25°C free-air temperature (see Note 5) J, JG, N, P, or W package 680 680 680 
mW 

U package 675 

Operating free-air temperature range -55 to 125 -25 to 85 o to 70 °C 

Storage temperature range -65 to 150 -65 to 150 -65to 150 °C 
Lead temperature 1,6 mm (1/16 inch) 

J, JG, U, FH, FK, or W package 300 300 300 °C 
from case for 60 seconds 

Lead temperature 1,6 mm (1/16 inch) 
D, N, or P package 260 260 °C 

from case for 10 seconds 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint. between VCC+ and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 

is not exceeded. 
5. For operation above 25°C free~air temperature, refer to Dissipation Derating Curves, Section 2.ln the J and JG packages, TL06_M chips are 

alloy~mounted; TL06_1, TL06_C, TL06_AC, and TL06_BC chips are glass~mounted. 

DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 

TL060 TL061 TL062 TL064 
TL06_M JG FH, FK, JG, U FH, FK, JG, U FH, FK, J, W 
TL06_1 D,JG,P D, JG, P D, JG, P D,J,N 

TL06_C D, JG, P D, JG, P D, JG, P D,J,N 
TL06_AC D, JG, P D, JG, P D,JG,P D,J,N 
TL06_BC D, JG, P D, JG, P D, JG, P D,J, N 

3-104 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

91 



13 

TYPES n060M, n061 M, n062M, n064M 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee ± ± 15 V (unless otherwise noted) 

TL060M 

PARAMETER TEST CONDITIONSt 
TL061M 

TL062M 

TL064M 
UNIT 

MIN TYP MAX MIN TYP MAX 

Va = 0, ITA = 25°C 3 6 3 9 
Via Input offset voltage 

ITA = -55°C to 125°C 
mV 

RS =50!l 9 15 

Temperature 
Va = 0, RS = 50!l, 

"via coefficient of 10 10 "V/oe 
input offset voltage TA = -55°C to 125°C 

Input offset TA = 25°C 5 100 5 100 pA 
110 

current i Va = a 
TA = -55°C to 125°C 20 20 nA 

Va = a 
TA = 25°C 30 200 30 200 pA 

liB Input bias current 
TA - -55°C to 125°C 50 50 nA 

Common-mode 
VieR TA = 25°C ±11,5 ±12 ±11.5 ±12 V 

input voltage range 

Maximum 
RL = 10 k!l, TA = 25°C ±10 ± 13.5 ±10 ±13.5 

YOM peak output V 

voltage swing RL'" 10 k!l, TA = -55°C to 125°C ±10 ±10 

Large-signal Va = ± 10V,TA = 25°C 4 6 4 6 
AVO differential voltage VlmV 

amplification RL '" 10 k!l TA= -55°et0125°e 4 4 

B1 Unity-gain bandwidth RL = 10 k!l, TA = 25°C 1 1 MHz 

r; Input resistance TA = 25°C 1012 1012 !l 

eMRR 
Common-mode VIC - VieR min, Va - 0, 

80 86 80 86 dB 
rejection ratio RS=50!l, TA = 25°C 

Supply voltage 
Vee = ±15Vto ±9V, Va = 0, 

kSVR rejection ratio 80 95 80 95 dB 

IdVee ±/dVIO) 
RS = 50!l, TA = 25°C 

Total power 
No load, Va = 0, 

Po dissipation 6 7.5 6 7.5 mW 

(each amplifier) 
TA = 25°C 

ICC 
Supply current No load, Va - 0, 

leach amplifier) TA = 25°C 
200 250 200 250 pA 

Va 1 /Vo2 Crosstalk attenuation AVO - 100, TA - 25°C 120 120 dB 

t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. 

tlnput bias currents of a FET~input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 17. Pulse 

techniques must be used that will maintain the junction temperature as close to the ambient ~emperature as possible. 
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electrical characteristics. Vee ± ± 15 V (unless otherwise noted) 

TL060t TL060C TL060AC TL060BC 

TL0611 TL061C TL061AC TL061BC 

PARAMETER TEST CONDITIONS t TL0621 TL062C TL062AC TL062BC UNIT 

TL0641 TL064C TL064AC TL064BC 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Va - 0, ITA - 25'C 3 6 3 15 3 6 2 3 
Via Input offset voltage 

ITA = full range 
mV 

RS - 50!! 9 20 7.5 5 

Temperature 
Va - 0, RS-50D, 

aVIO coefficient of 10 10 10 10 .V/'C 

input offset voltage T A = full range 

Input offset TA - 25'C 5 100 5 200 5 100 5 100 pA 
110 

current* 
Va - 0 

T A = full range 10 2 2 2 nA 

Input bias current; 
TA - 25'C 30 200 30 200 30 200 30 200 pA 

liB Va - 0 
T A - full range 20 10 7 7 nA 

Common-mode I± 11.5 VICR TA = 25°C ±12 ±11 ±12 ±11.5 ±12 ±11.5 ±12 V 
input voltage range 

Maximum 
RL-l0kO, TA - 25'C ±10 ±13.5 ±10 ±13.5 ±10 ±13.5 ±10 ±13.5 

VOM peak output V 

voltage swing RL'" 10 k!l, T A = full range ±10 ±10 ±10 ±10 

Large-signal 
Va - ± ·10 V, TA - 25'(; 4 6 3 6 4 6 4 6 

AVO differential voltage V/mV 

amplification RL'" 10 k!l T A = full range 4 3 4 4 

Bl Unity-gain bandwidth RL - 10 kO, TA - 25'C 1 1 1 1 MHz 

'i Input resistance TA - 25'C 1012 1012 1012 1012 n 
Common-mode VIC - VICR min, Va - 0, 

CMRR 80 86 70 86 80 86 80 86 dB 
rejection ratio RS-50D, TA - 25'C 

Supply voltage 
VCC - ±15V,o ±9V,VO - 0 

kSVR rejection ratio 80 95 70 95 80 95 80 95 dB 

(D.VCC±/D.VIO' 
RS-50!!, TA = 25°C 

Total power 
No load, Va - 0, 

Pe dissipation 6 7.5 6 7.5 6 7.5 B 7.5 mW 

(each amplifier) 
TA - 25'C 

Supply current No load, Va - 0, 
200 250 ICC 

(each amplifier) TA = 25°C 
200 250 200 250 200 250 p.A 

Vo 1 IV 02 Crosstalk attenuation AVO - 100, TA = 25°C 120 120 120 120 dB 

tAil characteristics are measured under optn-Ioop conditions with zero common-mode voltage unless otherwise specified. Full range for TA is -25°C to 85°C for Tl06_1 and O°C to 70°C 
for TL06_C, TL06_AC, and TLOB_BC. 

*Input bias currents of a FET-input operational amplifier are normal junction reverse currents. which are temperature sensitive as shown in Figure 17. Pulse techniques must be used that will 
maintain the junction temc8rature as close to the ambient temperature as possible. 
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TYPES n060, n060A, n060B, n061, n061A, n061B, 
n062, n062A, n062B, n064, n064A, n064B 

LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics. Vee ± ±15 V. TA = 25°C 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain 
VI - 10V, RL - 10 kll, 

CL = 100 pF, See Figure 1 

tr Rise time VI = 20 mV, RL = 10 kll. 

Overshoot factor CL = 100 pF, See Figure 1 

Vn Equivalent input nOise voltage RS - 100 O. f - 1 kHz 

PARAMETER MEASUREMENT INFORMATION 

10kn 

FIGURE l-UNITY·GAIN AMPLIFIER FIGURE 2-GAIN-OF·l0 
INVERTING AMPLIFIER 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

! VCC+ 

r* 

* Fo, bast .. suits usa R = 20 Mn for 
VCC± • ±15 V to R = 5 Mn for 
VCC±-±3V. 

FIGURE4 

=+aTL061 + N2 

Nl 

OOk 

Il.5kn 

VCC_ 

FIGURE 5 

MIN TYP MAX UNIT 

2 3.5 V/p.s 

0.2 p.s 

10% 

42 nV/$. 

100kn 

FIGURE 3-fEED·FORWARD 
COMPENSATION 
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TYPES n060, n060A, n060B, n061, n061A, n061B, 
n062, n062A, n062B, n064, n064A, n064B 
LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

±15 

~ 
1 ±12." 

f' I ±10 

1 ±7.6 

E 

E i5 

~ ±,." 
> 

o 
o 

! ±1 

f i12. 

; 
! ±1 
o 

5 

5 

0 

! ±7. 5 

~ 

L,. 5 

6 
> 

0 

MAXIMUM PEAK OUTPUT VOLTAGE 

'" SUPPLY VOLTAGE 

RL "'OkSl 

V TA=2SoC 
Sea Figura 2 / 

/ 

/ 
V 

V 

810121416 

1VeCil-Suppiv Voltage-V 

FIGURE 6 

MAXIMUM PEAK OUTPUT VOLTAGE 

FREQUENCY 

VCC~ ~'±'5 V 'Rl",10kSl 

1111111 TA=25"C 

v~d~ ~1~~2 J S" figura2 

VCC±" ±5 V 

11111111 I 
Veei.:l:2 V 

111111 
1k 10k lOOk 1M 10M 

250 

00 

f-Frequency-Hz 

FIGURE 9 

SUPPLY CURRENT PER AMPLIFIER 

'" SUPPLY VOLTAGE 

TA = 25"C 
NoSIUMI 
No Load 

f.-f---f-t-" 

8 10 12 14 16 

I VCC±!-Supply Voltage-V 

FIGURE 12 

TYPICAL CHARACTERISTICSt 

±15 

'r 
t ±12.5 

~ i ±10 

! ±7.5 

E 

E ±5 

~ 
~ ±2.5 

? 
o 

MAXIMUM PEAK OUTPUT VOLTAGE 

" FREE·AIR TEMPERATURE 

Vee:!: = ±15 V 
RL .. ,Okn 

~C9U_j2 
-75 -50 -25 0 25 50 75 100 125 

T A-free·Air Temperature-°c 

FIGURE 7 

DIFFERENTIAL VOLTAGE AMPLIFICATION 

" 

i 10 

b 7 

! 
a 

.l: • j 
f' 
1 2 

! 
} 1 

FREE·AIR TEMPERATURE 

VCC±- ±15 V 
RL-10kn 

r--

-75 -50 -26 0 25 50 76 100 125 

250 

o 

T A-Frae-AirTemperatura-oC 

FIGURE 10 

SUPPLY CURRENT PER AMPLIFIER 

" FREE·AIR TEMPERATURE 

VCC±-±15 V 
No Signal 
No Load --r--. 

-75 -60 -26 0 26 60 75 100 125 
TA-Frae-AirTemperatura-oC 

FIGURE 13 

MAXIMUM PEAK OUTPUT VOLTAGE 

'" LOAD RESISTANCE 

±15 r--r-r'-rTTTTT-'-'-TTTn"11 
Vee:!: = :1:15 V 
TA = 25°C 
See Figure 2 

OL-~~-UUUllL __ ~~LLLUU 
100 200 400700 lk 2k 4k 7k10k 

R L -Load Resistance-n 

FIGURE B 

LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 

" FREQUENCY 

Vcc± = ±15 V 

If j 104 f---t-...,j--I-I+ :~X!~: kG "l -~~ TAt=25'"Cj 
& 103 f---t--t-'\-'I.-+-::c+-:-: [:-:+=-145° 
J! \" PHASE SHIFT 
~ l \ (right scali? i 
~ 102 90° J 
e DIFFEREN IAL 1\."""'< _ 
:
f.
g
_ 10 VOLTAGE ~ 

r-- AMPLIFICATION \ \ 135" 

1 (li SC8t 1800 

1 10 100 1 k 10 k 100 k 1 M 10 m 

30 

~ 26 

120 
:; 
Q . ,. 
i 

r: 
o 

f-Fraquency-Hz 

FIGURE 11 

TOTAL POWER DISSIPATED 

" FREE·AIR TEMPERATURE 

nL 
Vcht=J15v 

r=---No Signal 
No Load 

TL062 

= 
TL060, Tloet 

r--... 

-75 -60 -25 G 26 50 76 100 125 
T A-free-Air Temparatura-oC 

FIGURE 14 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF compensation 
capacitor is used with TL060 and TL060A. 

3-108 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



3 

.7 
~ 
.j .. .. 
.! •• 
i 
.a 84 

~ 
i .3 
~ 
~B2 
~ • 1 

ALL eXCEPT TL06_C 
COMMON·MODE REJECTION RATIO 

" FREE·AIR TEMPERATURE 

VCCt-:t15v 
RL-10kn 

/ "" r- -
/ 

/ 

-75 -60 -25 0 25 50 75 100 125 

'i 
i • 
~ 
i • 
il 
l -. 
~ 
--4 

-6 

T A-free·Air Tlmparature-"C 

FIGURE 15 

VOLTAGE·FOLLOWER 
LARGE-5IGNAL PULSE RESPONSE 

INPUT -, -
I i\ 

/ \ 
/ \OUTPUT 

/ VCCt-±15V \ 
RL=10kn 

c-- rel= 100pF 

- ]"25', --- 1"--
-:-- ,. 

t-Time-j.ls 

FIGURE 18 

TYPES n060, n060A, n060B, n061, n061A, n061B, 
n062, n062A, n062B, n064, n064A, n064B 

LOW·POWER JFEHNPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

NORMALIZED UNITY·GAIN BANDWIDTH, 
SLEW RATE. and PHASE SHIFT 

FREE·AIR TEMPERATURE 

! 1.3 r--r-,-,--,.-r---r-.--""1 1.03 

1 , .• 
~ 
j; '.'f--+~~+-+-+--b~F--l' .• ' ~ j i 
c l 
I 0,9 1 5 0.99 ! 
11 Vee::!:" ::1:15 V 

Z
I 0.8 RL=10kO f--+-+--f--I •.•• 
g f"'B,forPhaseShift 

0.7 0.97 
-15 -50 -25 0 25 60 75 100 125 

2B 

24 

T A-free·Air Temperatunl-"e 

FIGURE 16 

OUTPUT VOLTAGE 

" ELAPSED TIME 

- efd:oT 

"1% 

90% 

/ 
I 
I 

VCC± =::1:15 V 
RL=10kn 

t, TA = 2S"C 

o 0.2 0.4 0.6 0.8 1 1.2 1A 

t-Time--lolt 

FIGURE 19 

I 
! 
~ 

100 

4. 

1 

1 

... 1 

INPUT BIAS CURRENT 

" FREE·AIA TEMPERATURE 

VCC±=±15 v 

/ 

L--

7 

-50 -25 0 25 50 75 100 125 

30 

20 ,. 
• 10 

T A-Free-Air Temparature-OC 

FIGURE 17 

EQUIVALENT INPUT NOISE VOLTAGE 

FREQUENCY 

lJi::l~",~U 
RS"'100n 
TA '" 25"C 

40 100 400 1 k 4k 10k 4Ok100k 

f-Frequency-Hz 

FIGURE 20 

t Data at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. A 10·pF compensation 

capacitor is used with TL060 and TL060A. 

INPUT 

A 

INPUT 

B 

TYPICAL APPLICATION DATA 

Vcc_ 

Vcc+ 

1DkIl 1DkU 
0.1% 0.1" 

10kIl 
0.1% 

Vcc+ 

Vcc-

10kn 
0.1% 

>---..,..,.,.."..--__ - OUTPUT 

Vcc-

FIGURE 21-INSTRUMENTATION AMPLIFIER 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

f= __ l_ 

21r RF CF 

+15V 

3.3kn 

TYPICAL APPLICATION DATA 

OUTPUT INPUT Rl 

C3 

lkn 

Cl 
9.1 kn 

R3 
C2 

OUTPUT 

Rl = R2 = 2R3 = 1.5 Mn 
C3 

Cl = C2=- = 110 pF 
2 

fo= _1_ = 1 kHz 
21r Rl Cl 

FIGURE 22-0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 23-HIGH-Q NQTCH FILTER 

100kn 

10kn 10kn 

10kn 

TL061 
100pF ....... 

....... 10kn 10kn 

5kn 10kn 

lMi"l 

VCC+ 

lOOkn 

lOOkn 
"'-'--'lM---VCC+ 

lOOkn 

FIGURE 24-AUDIO DISTRIBUTION AMPLIFIER 

+15V 

0.lj.1F*10kn 

OUTPUT 

-15V 

OUTPUT A 

VCC+ 

FIGURE 25-LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER FIGURE 26-AC AMPLIFIER 

lMn 

3-110 TEXAS 
INSTRUME~TS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

OUTPUT 



83 

+ 

100kn 

TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 

LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

10 kn 100 kn 1 kn 

FIGURE 27-MICROPHONE PREAMPLIFIER WITH TONE CONTROL 

100kn 

1 kn 

1 kn 

25 

2. 
," ,. 

-" -,. 
-," 
-20 

-25 

Ie PREAMPLIFIER RESPONSE 
CHARACTERISTICS 

MAX BASS I I 111111 MAxi 
VCC±=±15 V TREBL:::; 

t--TA" 2S"C 
See Figure 30 

MIN BASS TR~~LE -
20 4070100 4007001k 4k 10k 20k 

f-Frequency-Hz 

FIGURE 28-INSTRUMENTATION AMPLIFIER FIGURE 29 

220kn 

0.00375 /JF 

10kn 

27 kn 

Vcc+ 
MIN 

100kn 
BASS 

lOOn MAX 

OUTPUT 
INPUT 

10kn 

10pF 
47/JF 10pF 

50pF 

FIGURE 30-IC PREAMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 

~,,~ .. , .. 
TYPES n066M, n0661, n066C, TL066AC, n066BC 

ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

5 DEVICES COVER COMMERCIAL, 
INDUSTRIAL, AND MILITARY 

TEMPERATURE RANGES 

• Very Low, Adjustable ("Programmable") 
Power Consumption 

• Adjustable Supply Current , . , 5 ",A to 
200 p.A 

• Very Low Input Bias and Offset Currents 

• Wide Supply Range ... ± 1.2 V to ± 18 V 

• Wide Common-Mode and Differential 
Voltage Range 

• Output Short-Circuit Protection 

• High Input Impedance . , . JFET -Input Stage 

• Unity-Gain Bandwidth ... 1 MHz Typ 
(100 kHz at 25 ",W) 

• High Slew Rate ... 3.5 V/",s Typ 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

description 

The TL066, TL066A, and TL066B are JFET-input 
operational amplifiers similar to the TL061 with the 
additional feature of being power-adjustable. They 
feature very low input offset and bias currents, high 
input impedance, wide bandwidth, and high slew rate. 
The power-control feature permits the amplifiers to be 
adjusted to require as little as 25 microwatts of power. 
This type of amplifier, which provides for changing 
several characteristics by varying one external 
element, is sometimes referred to as being 
"programmable." The JFET-input stage combined 
with the adjustable-low-power feature results in 
superior bandwidth and slew rate performance 
compared to low-power bipolar-input devices, 

02494, FEBRUARY 1979-REVISED AUGUST 19B3 

TL066M ... JG PACKAGE 

TL0661, TL066C. TL066AC. TL066BC ... D. JG. OR P PACKAGE 

(TOP VIEW) 

symbol 

OFFSET N1 DB PWR CaNT 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC _ 4 5 OFFSET N2 

TL066M ... FH OR FK PACKAGE 

(TOP VIEW) 

Z ~ 
1;; g 
Ul a: 

uttU$:U 
ZOZo.Z 

2019 : • 

NC NC 

IN- VCC+ 

U I U N U 
Z UZ Z Z 

U t-> w 
~ 
u. 
o 

NC - No internal connection 

~~FSET NULL ____ -, 

OFFSET NULL 
N2 

NC 
OUT 
NC 

NON INVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

OUTPUT 

The TL066M is characterized for operation over the full military temperature range of - 55°C to 125°C; the TL0661 
is characterized for operation from - 25°C to 85 °C; the TL066C, TL066AC, and TL066BC are characterized for 
operation from ooC to 70°C. 

Copyright © 1983 by Tex~struments Incorporated 
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TYPES n066M, n0661, n066C, n066AC, n066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLI,FIERS 

schematic 

NON INVERTING 
INPUT 

INVERTING 
INPUT 

I 2.85 I 
CC'" 2.85 + Rext ' CC(O) 

where Rext is in kG 
and ICC(O) = ICC with Rext = 0 

OUTPUT 

POWER 
CONTROL 

VCe-

OFFSET 
NULL 
(N1) 

OFFSET 
NULL 
(N2) COMPONENT VALUES SHOWN ARE NOMINAL 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

TL066M TL0661 

Supply voltage, VCC + (see Note 1) 18 18 

Supply voltage, VCC _ (see Note 1) -18 -18 

Differential input voltege (see Note 2) ±30 ±30 

Input voltage (see Notes 1 and 31 ±15 ±15 

Voltage between power-control terminal and VCC- ±0.5 ±0.5 

Duration of output short circuit (see Note 4) unlimited unlimited 

Continuous total dissipation at (or below) 
680 680 

25 DC free-air temperature (see Note 5) 

Operating free-air temperature range -55 to 125 -25 to 85 

Storage temperature range > -65 to 150 -65 to 150 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I FH, FK, or 
JG package 

300 300 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I D or P package 260 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC--
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

TL066C 

TL066AC 

TL066BC 

18 

-18 

±30 

±15 

±0.5 

unlimited 

680 

o to 70 

-65 to 150 

300 

260 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

UNIT 

V 

V 

V 

V 

V 

mW 

DC 

DC 

DC 

DC 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages ":lust be limited to ensure that the dissipation rating 
is not exceeded. 

5. For operation above 25°C free..air temperature. refer to Dissipation Derating Curves in Section 2. In the JG package, the TL06SI, Tl066C. Tl066AC, 
and Tl066BC chips are glass--mounted; the TL066M chips are alloy-mounted. 

\ 
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electrical characteristics. Vee ±15 V 

PARAMETER TEST CONOITIONSt 
TL066M TL0661 TL066C 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Va = O. RS = SO a, 
3 6 3 6 3 IS 

Via Input offset voltage 
TA = 2SOC 

mV 
Va = 0, RS = SO a, 
T A = full range 

9 9 20 

Temperature coefficient Va = 0, 
aVIO 

of input offset voltage T A = full range 

Rs = SO Il, 
10 10 10 "V/oC 

110 Input offset current~ 
Va = 0, TA = 2SoC S 100 S 100 S 200 pA 

Va = 0, TA = full range 20 10 5 nA 

liB Input bias current* 
Va = 0, TA = 2SoC 30 200 30 200 30 400 pA 

Va = 0, TA = full range SO 20 10 nA 

VICR 
Common-mode input 

TA = 2SoC 
voltage range 

±11.S ±11.S ±11 V 

Maximum peak TA = 2SoC, RL'" 10 kO ±10 ±13.S ±10 ±13.S ±10 ±13.5 
VOM 

output voltage swing T A = full range, RL'" 10 kO 
V 

±10 ±13.S ±10 ±13.S ±10 ±13.S 

RL'" 10 kll, Va - ±10 V, 
4 6 4 6 3 6 

Large-signal differential TA = 2SoC 
AVO 

voltage amplification RL'" 10 kO, Va = ±10 V, 
VlmV 

T A = full range 
4 3 

Bl Unity-gain bandwidth TA = 2SoC, RL = 10 kO 1 1 1 MHz 

r; Imput resistance TA = 2SoC 1012 1012 1012 a 
ro Output resistance TA = 25°C, f = 1 kHz 220 220 220 a 

CMRR ~;:;~~-r:t~:e VIC = VICR min, Va = 0, 
80 86 80 86 70 76 dB 

RS = 50 A, TA = 25°C 

kSVR 
Supply voltage rejection VCC - ±9Vto ± 15V, Va = 0, 

80 95 80 95 70 95 dB 
ratio (llVCC±/.l.YIOI RS = 50 a, TA = 25°C 

Po Total power dissipation 
Va = 0, 
TA = 2SoC 

No load, 
6 7.5 6 7.5 6 7.5 mW 

ICC Supply current 
Va - 0, 

TA = 25°C 

No load, 
200 250 200 250 200 250 p.A 

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range of T A is - 55°C to 125°C for Tl066M; 

-25°C to 85°C for TL0661; and OOC to 70°C for TL066C. The electrical parameters are measured with the power-control terminal (pin 8) connected to VCC-. 
.:j: Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature-sensitive. Pulse techniques must be used that will maintain the 

junction temperature as close to the ambient temperature as is possible. 

Operational Amplifiers • 
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TYPES TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee ±15 V 

PARAMETE~. TEST CONDITIONS t 
TL066AC TL066BC 

UNIT 
MIN TYP MAX MIN TYP MAX 

Va = 0, RS = SO 11, 
3 6 2 3 

Via Input offset voltage 
TA = 25°C 

mV 
Va - 0, RS - 50 \1, 
T A = full range 

7.5 5 

Temperature coefficient Va = 0, Rs = SO 11, 
10 10 /lV/oc "via of input offset voltage T A = full range 

Input offset currenft: 
Va = 0, TA = 2SOC 5 100 S 100 pA 

110 
Va -0, T A - full range 3 3 nA 

Input bias current.:f: 
Va - 0, TA = 2SoC 30 200 30 200 pA 

liB 
Va = 0, T A = full range 7 7 nA 

VICR 
Common-mode input 

TA = 2SoC ±ll.S ± 11.S V 
voltage rana.. 
Maximum peak TA - 25°C, RL 2: 10 kll, ±10 ±13.S ±10 ±13.S 

VOM V 
output voltage swing T A - full range, RL 2: 10 kll ±10 ±13.S ±10 ±13.5 

RL 2: 10 kll, Va = ±10 V, 
4 6 4 6 

AVO 
Large-signal differential TA = 25°C 

V/mV 
voltage amplification RL 2: 10 kIt Va - ±10 V, 

"~'Itr, 4 4 
)(..f1 T A = full range 

Bl Unity-gain bandwidth TA = 25°C, RL = 10 kll 1 1 MHz 

r; Input resistance TA = 25°C 1012 1012 11 

ro Output resistance TA = 25°C, f = 1 kHz 220 220 11 

CMRR 
Common-mode VIC - VICR min, Va - 0, 
rejection ratio RS = SO 11, TA = 2SoC 

80 86 80 86 dB 

Supply voltage 
VCC = ±9Vto ±lSV, Va = 0, 

kSVR rejection ~i~ 80 9S 80 95 dB 

(II.VCC±/II.VIO) 
RS = SO 11, TA = 25°C 

Po Total power dissipation 
No load, Va 0, 

6 7.5 6 7.S mW 
TA = 2SoC 

ICC Supply current 
No load, Va = 0, 

200 2S0 200 2S0 I'A 
TA = 25°C 

t All characteristics are measured under open-loop conditions with zero common-mode input 'voltage unless otherwise specified. Full range of T A = - 55°C 

to 125 DC for TL066M: - 25 DC to 86°C for TL0661; and 0 °C to 70°C for TL066C. TL066AC, and TL066BC. The electrical parameters are measured with 

the power~control terminal (pin 8) connected to Vec _. 
:t Input bias currents of a FET ~input operational amplifier ar~ normal junction reverse currents, which are temperature~sensitive. Pulse techniques must be used 

that will maintain the junction temperature as close to the ambient temperature as is possible. 
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TYPES TL066M, TL0661, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics. Vee ± ± 15 V. TA = 25 oe. Rext = 0 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate at unity gain 
VI = 10V, RL = 10 kO, 

2 3.5 V/".s 
CL = 100 pF, See Figure 1 

tr Rise time VI - 20 mV, RL - 10 kO 0.2 p.S 

Overshoot factor CL = 100 pF, See Figure 1 10% 

Vn Equivalent input noise voltage RS = 100 0, f = 1 kHz 42 nV/$. 

PARAMETER MEASUREMENT INFORMATION 

10ks) 

CL = l00pF 

FIGURE 1-UNITV-GAIN AMPLIFIER FIGURE 2-GAIN-OF·l0 INVERTING AMPLIFIER 

INPUT OFFSET VOLTAGE NULL CIRCUIT 

FIGURE 3 
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TYPES n066M, n0661, n066C, n066AC, n066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

INPUT BIAS CURRENT 

FREE-AlA TEMPERATURE 

TA-free-Air Temperatura-DC 

FIGURE 4 

MAXIMUM PEAK OUTPUT VOLTAGE 

" FREE-AIR TEMPERATURE 

1 1_~~==~=4==+==+==+=~ ~±12.5~ 

'" 1 ±10f-+---11-+-t-+--+--t--i 

l ±7.Sf-+---1f-+-t-+--+--t--i 

.~ ±sf-+---1f-+-t-+--+--t--i 
~ 
I 
~ ±2.5 
> 

VCC± = ±15 V 

ReXl=O 
RL" 10ka 
See Figure 2 

T A-free-Air Temperature-OC 

FIGURE 7 

DIFFERENTIAL VOL rAGE AMPLIFICATION 

EXTERNAL·CONTROL RESISTANCE 

~ :rt~I-~~++~-tHm~1*~ 
j 
]- 5 HtttlHII-t-ffi:lflll--t+ItffiII~HtttH+ttHil 
" ! 4 rttttttH-tttlHl-ftttttll-ttlMIt--t+HtHI 

'" :;; 

~ 2 
;E VCCt.=:i:15V 
-9 1 RL=10kn HtlffiHII-t-ffi:lflll--t+1WI 
g if1I~",25"~ "'" 
" 0, L ..J...UWIIIllO-LJWlU,O"-O--'-'-UllJD, '-k .LilJJl'''-O-'k -'.l1WU'OO k 

Rext-External-Control Resistance-a 

FIGURE 10 

TYPICAL CHARACTERISTICS t 

MAXIMUM PEAK OUTPUT VOLTAGE 

SUPPLY VOLTAGE 

±'5,--r-,--,---,-,----,-,----, 

> 
~ ±12.5 

• 
~ ±10f-+-j-+--+---: 

1 ±7.Sf-+-+-j--. 

.f 
~ ±5f-+-+~~~~}-

~ ±2.sf---+;6\'''-::::l-4-t--tf-f----1 !. 
~ 

1VCC±i-Supply Voltage-V 

FIGURE 5 

MAXIMUM PEAK OUTPUT VOLTAGE 

LOAD RESISTANCE 

±15,--r-r-rTTl'T1T--r-rT1"TTm 
> Vcc± = ±15 V 

~ ±12.5 ~~x;;~oc / 

;g ±10f---"'_'-t'_I"'-t"_2t+H-J,(t--t-H-1-1+tt1 
~ 
o ±7.5f--+-++M1ft1j-++-H-+tt+l 

.f 
±5f--+---l"t-t-t!ftIj--+-+-H-+tt+l .; 

~ ±2.51-7~V-t+t-t!ftIj-+-+-H-+tt+l 
~ 
> 

100 200 4007001k 2k 4k 7kl0k 

RL -Load Resistance-a 

FIGURE 8 

DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREE·AIR TEMPERATURE 

T A -Free·Air Temperature-°c 

FIGURE 11 

±, 
'i 
f:±12. 
'5 

.> 
5. ±1 

.3 
1 ±7. 

~ .. 
~ 
~ ±2. 
> 
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5 

5 

0 

±, 5 

> 
I 

J±12. 

'" a ±1 

.3 
1 ±7. 

E 

.~ 
~ 
I g±2. 

5 

0 

5 

5 

5 

0 

MAX IMUM PEAK OUTPUT VOLTAGE 

" EXTERNAL·CONTROL RESISTANCE 

1111111 RL - 10 kG 

1111111 

RL = 2kn 

1\ 

VCC±=f15V 

i~I~I~rc 1111 

'0 '00 ,k 10k lOOk 

Rext-External·Control Resistance-G 

FIGURE6 

MAXIMUM PEAK OUTPUT VOLTAGE 

" FREQUENCY 

VCC± ",'±1'5 V Rext= 0 

11111 RL = tOka 
TA=25°C 

v6~; ;1~~2 J See Figure 2 

VCC± = ±S V 

111111111 I 
VCe±=±2V 

111111111 1 
,k 10k tOOk 1 M ,OM 

,05 

f-Frequency-Hz 

FIGURE 9 

LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 

" FREQUENCY 

VCC± = ±t5 V 
Rext= 0 
RL = 10ka 

\\ TA= 25°C 

PHASE!HIFT~ 

\ t\1'h,,,t/' 
DIFFERENTIAL "\ 

VOLTAGE 

0° 

45° 

90" 

~ I--- AMPLIFICATION 

1\ \ ' OJ" scar 
180° 

10 100 1 k 10k tOOk 1 M 10M 

f-Frequency-Hz 

FIGURE 12 

tOata at high and low temperatures are applicable onty within the rated free~air temperature ranges of th~ various devices. 
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TYPES TL066M, TL0661, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

SUPPLY CURRENT 

SUPPLY VOLTAGE 

250 
Aext= a 
TA = 2SOC 

200 _NoSignal 1--
1 
j 150 

i 
l TOO , 
E 50 

o 
o 

N~~ f.--- I-

10 12 14 16 

1Vcc±I-Supplv Voltage-V 

FIGURE 13 

TOTAL POWER DISSIPATION 

EXTERNAL-CONTROL RESISTANCE 

100 

Rext-External-Control Resistance-U 

FIGURE 16 

eQUIVALENT INPUT NOISE VOLTAGE 

l% 120 

"% 100 , 
~ 
~ 80 

,~ 
Z 60 

~ 
~ 40 

~ 
$ 20 , 
.,; 

o 

~ 

FREQUENCY 

IIIIII I I IIIII V~~I=±15V 
RS=l00n 

~';~"I 'IT:im: 
TA"' .• 7,rfC 

....wlllill 
,~ext=10kn 

Rext= 0 

III II III IIII 
10 40 100 400 1 k 4k 10k 40k lOOk 

f-FreQuency-Hz 

FIGURE 19 

TYPICAL CHARACTERISTICS t 

SUPPLY CURRENT 

EXTERNAL-CONTROL RESISTANCE 

400plUlI=WI1lJ::Plllmr::ttm1J=ft111 
~~IV~CI~~'~±1~5V~~ttl~IIII~IIIII~II~1111111 200 

Vce±=:!:6V 

1 loof~vc!c;±I'~±2fvl~llllml @ 70 a 40 
> 

1, 20H+Hlllll-+++HlII--Hft1IIHtttllIII-lll-HlHIII 
~ TA= 2SOC 

10~~~~'~F;~~~"~'I1~II~II~~1 
4 

1 

No signal 

No load 

7 

°t 85 

~ 
-8 84 

~ 
~ 83 
E 
8 
~ 82 

1'> 
8 1 

> 
i' 4 

~ 
"0 
> 
• 3 
'0 
Z 

~ 
E 2 

~ 
~ 

1 

10 100 lk 10k 100 k 

Rext-External-Control Resistance-O 

FIGURE 14 

ALL EXCEPT TL066C 
COMMON-MODE REJECTION RATIO 

EXTERNAL-CONTROL RESISTANCE 

VCC± '" ±15 v 
RL'"' 10kO 

111~lnllllllll 
10 100 1k 10k 

Rext-ExternaloComrol Resistance-Sl 

FIGURE 17 

EQUIVALENT INPUT NOISE VOLTAGE 

SOURCE RESISTANCE 

RL!llbl 

ikh 
50 kG 

100kO 

VCC:I:=±lJJ 

lOOk 

~ 
Jo 

l-RL~10kO 

o liil~~iC III I I 
10 40 100 4001k 4k 10k 40kl00k 

Rs-Source Resistance-Sl 

FIGURE 20 

SUPPLY CURRENT 

FREE·AIA TEMPERATURE 

250 

f. 
~ 150 

r---t--. 
200 

il 
0-
g. 100 

'1 
Vec± = :1:15 V 

~Rext"'O ~ 50 
No5ignal 

N'ILo.dl 

-75 -50 -25 a 25 50 75 100 125 

87 
m 

b 86 

~ 
g 85 

~ 
.g 84 

~ 

~ 83 
E 

<3 
~ 82 

~ 81 

TA-free-Air Temperature-°c 

FIGURE 15 

ALL EXCEPT TL066C 
COMMON-MODE REJECTION RATIO 

fREE-AIR TEMPERATURE 

VCC±=±15V 

Rext'" 0 
RL=lOkn / 

/ 
I---

/ 

I 

-75 -50 -25 a 25 50 75 100 125 

T A-free-Air Temperature- Q C 

FIGURE 18 

UNITY GAIN BANDWIDTH 

EXTERNAL-CONTROL RESISTANCE 

Rext-Externat-Control Resistance-O 

FIGURE 21 

toata at high and low temperatures are applicable only within the rated free-air temperature ranges of the varipus devices. 
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TYPES n066M, n0661, n066C, n066AC, n066BC 
ADJUSTABLE ~OW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

SLEW RATE 

" EXTERNAL-CONTROL RESISTANCE 

vd6~": ±15 V 
AL = 10ka 

H-NdlllH-++I+IlIII--+++l!III--~~: ~~tF 
See Figure 1 

10 100 1 k 10k lOOk 
Rext-External-Control Resistance-a 

FIGURE 22 

TYPICAL CHARACTERISTICS t 

NORMALIZED UNITY·GAIN BANDWIDTH, 
SLEW RATE, and PHASE SHIFT 

" FREE-AIR TEMPERATURE 

B 1,3 1.03 
i1. 
• 
'" ~ 
~ 1.1 1.01 

j ,. 
~ 
l; 0.9 0.99 
'2 
::> 

] 0.8 ~~c:,~ ~~ V 0.98 

Z
1 t .. 8, for Phase Shift 

0.7 0.97 
-75 -50 -25 0 25 50 75 100 125 

2. 
24 r-

10% 

-4 

T A-Free-Air Temperature-°c 

FIGURE 23 

OUTPUT VOLTAGE 

ELAPSED TIME 

roJERslooT 
- 1.,.-

~.., 

/ 
/ 

VCC± = ±15 V 

Rext" 0 
AL;c 10ka 

" .. TA= 25°C 

o 0.2 0.4 0.6 0.8 1 1.2 1.4 
t-Time-JJ$ 

FIGURE 25 

-6 

VOL TAGE·FOLLOWER 
LARGE..sIGNAL PULSE RESPONSE 

INPUT 

T ~ 
/ 1\ 

/ \ 
-

\OUTPUT 

~:C~'±15V Rext= 0 

- RL= 10ka 
CL = 100 pF - TA=2s"C 

... 1'--
10 

t-Time-j.lS 

FIGURE 24 

tOata at high and low temperatures are applicable only within the rated free~air temperature ranges of the various devices. 
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Rext 

Vcc+ 

TYPICAL APPLICATION DATA 

10k!!, 
0.1% 

VCe-

10k!!, 
0.1% 

VCC+ 

~------------------~.--o OUTPUT 

10k!!, 
0,1% 

FIGURE 26-INSTRUMIINTATION AMPLIFIER 
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TYPES n066M, n0661, n066C, n066AC, n066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

FIGURE 27-MICROPHONE PREAMPLIFIER WITH TONE CONTROL 

Rext PWR CONT 

= 
FIGURE 28-AC AMPLIFIER 
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TYPES n066M, n0661, n066C, n066AC, n066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

220kn 

O.OO375~F 

0.01 ~F 

loon 

INPUT 

BALANCE 
47 kn 

50 pF 

TYPICAL APPLICATION DATA 

IC PREAMPLIFIER RESPONSE CHARACTERISTICS 

25 

20 

CD 15 

" I 10 " 0 . ., 
'" 5 0 

~ 
c. 0 E 
<t 
'" -5 
'" .'!l 
'0 -10 
> 

-15 

-20 

-25 

27 kn 

Vcc+ 

Vcc_ 

MAX BASS 1111111 
IW~I 

VCC± = ±15 V TREBLE./ 

TA=25°C 

" See Figure 30 

"J'... 
...... / 

i'" ............ 

/ 

..... MIN" 
-

MIN1BASS HTI%E 

20 40 100 200400 1 k 2 k 4 k 10 k 20 k 

f-Frequency-Hz 

FIGURE 29 

10kU 0.003 ~F 

0.03 ~F 

MIN MIN 

~--"""'>-'INv-----'\3.3Nklrn~ i~~:~E 
100kU 
BASS 

MAX MAX 

0.03 ~F 

10kn 0.003~F 

5kU '"'-...:':J(---'~ ________ ..J 
GAIN .~ 68kn 

47 ~F 

FIGURE 30-IC PREAMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Standard TO-92 Package 

• Supply Current .,......... 300 p,A Max 

• Wide Input/Output Voltage Range 

• Low Input Bias Current 

• Output Short-Circuit Protection 

• High-Impedance Input. .. JFET Input Stage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

descr!ption 

TYPE TL068C 
3-PIN VOLTAGE FOLLOWER WITH JFET INPUT 

02660, AUGUST 1983 

LP PACKAGE 

(TOP VIEW) 

, 
The TL068C is a JFET-input unity-gain amplifier featuring high input impedance, wide bandwidth, and low input bias 
current. A current-sourcing load such as a pull-up resistor is required for circuit operation. 

The TL068C is characterized for operation over the commercial temperature range of O·C to 70 ·C . 

schematic 
OUTPUT~~----~--------------~~----~~-'~ 

INPUT -j------+------, 

VEE----~----~~--e_------~----~~--~----e_------~ 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Voltage from output to VEE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Voltage from input to VEE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Voltage from input to output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Duration of short circuit (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Unlimited 
Continuous total dissipation at (or below) 25·C free-air temperature Isee Note 2) . . . . . . . . . . . . . . .. 775 mW 
Operating free-air temperature range .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O·C to 70·C 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65·C to 150·C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260·C 

NOTES: 1. The output may be shorted to any point as long as the voltage from output to VEE does not exceed 36 v, Temperature and/or VEE must be 

limited to ensure that the dissipation rating is not exceeded. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Section 2. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TL068C 
3·PIN VOLTAGE FOLLOWER WITH JFET INPUT 

electrical characteristics. VEE -15V.V+ +15 V. TA 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Via Input offset voltage 10 = 2 mA 3 15 

I TA - 25°C 30 400 
liB Input bias current 

ITA - O°Cto 70°C 10 

12 13.5 

VIR Input voltage range VEE = -15 V, V+ = 15 V, RL = 10 k!l to to 

-11.5 -12 

AV 
Large-signal voltage 

VEE = -15V,V+ =15V,RL=10k!l 0.999 0.9997 
amplification 

kSVR 
Supply voltage 

VEE = 
rejection ratio 

-15Vto +10V 70 78 

Load-circuit 

kLCS sensitivity 10 = 0.5 mA to 5 mA 2 4 
(AVIO/AIO) 

lOS 
Short-circuit 

25 

• output current 

lEE Supply current -125 -300 

o operating characteristics. VEE -15V.V+ 15 V. TA 10 kO. CL 100 pF 
"C 
CD .. 
II) 
r+ 
0' 
j 

!. 
l> 
3 
"2-
::t: 
Cir .. o 

PARAMETER 

Bandwidth 

Slew rate 

Rise time 

Overshoot 

3-124 

TEST CONDITIONS MIN TYP MAX 

1 
I Positive-going edge 7 

Vo = ±10V 
JNegative-~oin9 edge 100 

Vo = 100 mV 130 

20% 

PARAMETER MEASUREMENT INFORMATION 

RL=10kO 

INPUT > __ ........ __ OUTPUT 

TEST CIRCUIT 
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. INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 752ti5 

UNITS 

mV 

pA 

nA 
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VN 

dB 
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mA 
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UNITS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL070, TLQ70A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 
SEPTEMBER SEPTEMBER 1 

19 DEVICES COVER COMMERCIAL. INDUSTRIAL. AND MILITARY TEMPERATURE RANGES 

• Low Power Consumption 

• Wide Common-Mode and Differential Voltage 
Ranges 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 

• Low Total Harmonic Distortion 
0.003% Typ 

description 

• Low Noise ... Vn = 18 nV.[Hi Typ 

• High Input Impedance ... JFET -Input Stage 

• Internal Frequency Compensation (Except 
TL070. TL070AI 

• Latch-Up-Free Operation 

• High Slew Rate ... 13 V//Ls Typ 

The JFET-input operational amplifiers on the TL07 _ series are designed as low-noise versions of the TL08_ series 
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low noise make 
the TL07 _ series ideally suited as amplifiers for high-fidelity and audio preamplifier applications. Each amplifier features 
JFET-inputs (for high input impedance) coupled with bipolar output stages all integrated on a single monolithic chip. 

Device types with an "M" suffix are characterized for operation over the full military temperature range of - 55°C 
to 125°C. those with an "1" suffix are characterized for operation from - 25°C to 85 °C. and those with a "c" suffix 
are characterized for operation from 0 °C to 70°C. 

TL070. TL070A TL071.TL071A. TL071B TL072.TL072A.TL072B 

D. JG. OR P DUAL-tN-LINE PACKAGE 

ITOPVtEWI 

D. JG. OR P DUAL-tN-LINE PACKAGE 
(TOPVtEWI 

D. JG. OR P DUAL-tN-LINE PACKAGE 

(TOPVtEWI 

IN- 2 7 VCC+ 
N1/COMP D8 COMP 

IN- 2 7 VCC+ 
N1/0FFSET D8 NC AMPL{ OUT D8 VCC+ 

# 1 IN - 2 7 OUT} AMPL 
IN+ 3 6 OUT IN+ 3 6 OUT 

VCC - 4 5 OFFSET N2 VCC _ 4 5 OFFSET N2 
IN+ 3 6 IN- #2 

VCC- 4 5 IN+ 

TL074.TL074A.TL074B 

D. J. OR N DUAL-tN-LINE 
OR W FLAT PACKAGE 

(TOPVtEWI 

AMPL {?NU~ ~U~} AMPL 
#1 IN+ IN+ #3 

VCC+ VCC-

AMPL{IN+ IN+ }AMPL 
#2 IN- IN- #4 

OUT OUT -.... __ ..r-

NC-No internal connection 

TL075 

N DUAL-tN-LINE PACKAGE 
(TOPVtEWI 

AMPL{ tN- IN- }AMPL 
#1 IN+ IN+ #4 

OUT OUT 

AMPL{OUT VCC+ 
#2 IN+ OUT}AMPL 

IN- IN+ #3 
VCC- '-1.,; __ J-' IN-

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES n070, n070A, n071, n071A, n071B, 
n072, n072A, n072B, n074, n074A, n074B, n075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TL071 TL072 TL074 
FH OR FK CHlp·CARRIER PACKAGE 

(TOP VIEW) 

FH OR FK CHlp·CARRIER PACKAGE 

(TOP VIEW) 

FH OR FK CHlp·CARRIER PACKAGE 

(TOP VIEW) 

NC 
)N­

NC 
IN+ 

NC 

U~UUU zzzzz 

U I U N U 
Z UZ Z Z 

~ 

NC NC 
VCC+ 11N-
NC NC 
OUT 1 IN+ 
NC NC 

I- + 
U 5 U ~U 
z~z>z 

11N+ 
2 OUT NC 

NC VCC+ 
21N- NC 
NC 21N+ 

I':; ':;1 
~OUO~ 
~~z ...... 

II-UI- I 
~15z15~ 

41N+ 
NC 

VCC­
NC 
31N+ 

• 

NC-No internal connection 

schemetic (each amplifier) 

NN MM 

o 
" CD 
; .. 
0' 
:::J 
!!. 
» 
3 
"2. 
::;: 
ai' ... 
til 

VCC+-----~~-----._---_.-~~---~-_, 

NONI~~~~TING -----f-------. 
INVERTING 

INPUT .... --'lNV-__ -+-__ -+.::.OUTPUT 

{

OFFSET NULL/COMP (N11 --------

TLD70 ONLY OFFSET NULL (N2) - - C1 I 

1E-., 

3·126 

COMP---- ________ ..J 

r- -, 
I ! 
I 108011 108011 

I I 
VCC-~~-~--~~~-~,~~--~---~---~~-~-~ 

OFFSET OFFSET 
NULL NULL 
(N1) (N21 

TL07t ONLY 

TEXAS 
INSTRUMENTS 

C1 = 18 pF ON TL071. TL072. TL073, TL074, AND Tl075 ONLY. 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 

LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

symbols 

TL070 

N1/COMP ----...... 

COMP----, 

IN+ 

TL071 

N1-----, 

IN+ 

TL072 (EACH AMPLIFIER) 

TL074 (EACH AMPLIFIER) 

OUT OUT 
IN+=b>-+ 

OUT 

IN- IN- IN- -

N2-----' N2-----' 

DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 

TL070 TL071 TL072 TL074 TL075 

TL07_M FH, FK,JG FH, FK, JG FH, FK, J, W 

TL07 _I D,JG,P D, JG, P D, JG, P D,J,N 

TL07 _c D,JG,P D, JG, P D, JG, P D, J, N N 

TL07_AC D, JG, P D, JG, P D,JG,P D, J"N 

TL07_BC D, JG, P D, JG, P D,J,N 

*These combinations are not defined by this data sheet. 

absolute maximum ratings over operating free·alr temperature range (unless otherwise noted) 

TL07_C 

TL07_M TL07_1 TL07_AC UNIT 

TL07_BC 

Supply voltage, VCC + (see Note 1) 18 18 18 V 

Supply voltage, VCC _ (see Note 1) -18 18 18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (see Notes 1 and 3) ±15 ±15 ±15 V 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 680 680 mW 

Operating free-air temperature range 55 to 125 -25 to 85 o to 70 °c 

Storage temperature range 65 to 150 65 to 150 65 to 150 °c 

Lead temperature 1,6 mm (1/16 inch) 

from case for 60 seconds 
J, JG, JH, FK, or W package 300 300 300 °c 

Lead temperature 1,6 mm (1/16 inch) 
D, N, or P package 260 260 °C 

from case for 10 seconds 

NOTES: 1. All voltage values, except differential vott~ges. are with respect to the midpoint between Vee + and VCC-' 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 

is not exceeded. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages. TL07 _M chips are 

alloy-mounted; TL07 _I. TL07 _C, TL07 _AC. and TL07 _Be chips are glass mounted. 
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TYPES TL071M, TL072M, TL074M 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

electrical characteri$tics. Vee ± ± 15 V (unless otherwise noted) 

TEST cONomoNst 
TL071M, TL072M TL074M 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

Va - 0, TA - 25°C 3 6 3 9 
Via Input offset voltage mV 

RS = 500 TA = -55°C to 125°C 9 16 

Temperature 
Va = 0, RS = 500, 

"via coefficient of input 10 10 /A-V/oC 

offset voltage 
TA = _56 0 to 126°C 

Input offset current* 
TA = 25°C 5 100 5 100 pA 

110 Va = 0 
TA - -55°C to 125°C 20 20 nA 

Input bias current* 
TA = 25°C 30 200 30 200 pA 

liB Va = 0 
TA = -55°C to 125°C 50 20 nA 

Common·mode 
VICR TA = 25°C ,,11 ,,12 ,,11 ,,12 V 

input voltage range 

TA = 25°C, RL = 10 kD ,,12 "13.5 ,,12 "13.5 

VOM 
Maximum peak 

RL" 10kO "12 "12 V 
output voltage swing TA = -55°C to 125°C 

RL " 2 kll "10 ,,12 ±10 ±12 

Va = ±10 V, RL,,2kO, 
35 200 35 200 

AVO 
L8rge~signal differential TA = 25°C 

vtmV 
voltage amplification Va = ±10V, RL,,2kD, 

15 15 
TA:;:: -55°C to 125°C 

Bl Unity·gain bandwidth TA - 25°C 3 3 MHz 

0, Input resistance TA = 25°C 1012 1012 II 

Common~mode VIC - VICR min, Va = 0, 
CMRR 80 86 80 86 d8· 

rejection ratio RS=500, TA = 25°C 

Supply voltage VCC = ±15Vto ±9V, Va = 0, 
kSVR rejection ratio 80 86 80 86 dB 

(.1VCC±/.1VIO) RS=500, TA = 25°C 

ICC 
Supply current No load, Va = 0, 

2.5 1.4 1.4 2.5 mA 
(per amplifier) TA = 25°C 

V 01 N 02 Crosstalk attenuation AVO = 100, TA = 25°C 120 120 dB 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 
:l:lnpm bias currents of a FET-input operational amplifier are normal junction reverse Cl,lrrents. which are temperature sensitive as shown in Figure 18. Pulse 
techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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electrical characteristics. V CC ± ± 15 V (unless otherwise noted) 

TL070C 
n0701 

TL071C 
n070AC 

n071BC 
n07l1 

n072C 
TL071AC 

TEST CONDITONS t 
TL072BC 

PARAMETER n0721 TL072AC UNIT 
n074C n074BC 

n0741 
TL075C 

TL074AC 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Va ~ 0, TA = 25°C 3 6 3 10 3 6 2 3 
Via Input offset voltage mV 

RS ~ 50 n T A = full range 8 13 7.5 5 

Temperature 

coefficient of input 
Va ~ 0, RS ~ 50 G, 

10 10 10 10 I·N/cc oVIO 

offset voltage 
T A = full range 

Input offset current:/: 
TA = 25°C 5 100 5 100 5 100 5 100 pA 

110 Va ~ 0 
T A = full range 10 2 2 2 nA 

Input bias current:!: 
TA ~ 25°C 30 200 30 200 30 200 30 200 pA 

liB Va ~ 0 
T A = full range 20 7 7 7 nA 

Common-mode 
VICR TA = 25°C ±1' ±12 ±11 ±12 ±11 ±12 ±11 ±12 V 

input voltage range 

TA = 25°C, RL ~ 10 kG ±12 ± 13.5 ±12 ± 13.5 ±12 ±13.5 ±12 ± 13.5 
Maximum peak 

YOM RL = ;::: 10 kO ±12 ±12 ±12 ±12 V 
output voltage swing T A = full range 

±10 ±12 ±10 ± 12 ±10 ±12 RL ?: 2 kO ±10 ±12 

Va - ±10V, RL ?: 2 kO, 
50 200 25 200 50 200 50 200 

AVD 
Large-signal differential TA = 25°C 

V/mV 
voltage amplification Vo = ± 10 V, AL ?: 2 kO, 

25 15 25 25 
T A = full range 

Bl Unity-gain bandwidth TA ~ 25°C 3 3 3 3 MHz 

r; Input resistance TA = 25°C 1012 1012 1012 1012 n 
Common-mode VIC = VICR min, Vo = 0, 

CMRR 80 86 70 86 80 86 80 86 dB 
rejection ratio RS ~ 50 n, TA = 25°C 

Supply voltage 
VCC = ±15Vto ±9V, Vo = 0, 

kSVR rejection ratio BO 86 70 86 80 86 80 86 dB 

IL>VCC+/L>VIOI 
RS ~ 50 n, TA = 25°C 

Supply current No load, Va - 0, 
ICC 1.4 2.5 1.4 2.5 1.4 2.5 1.4 2.5 mA 

(per amplifier) TA = 25°C 

Va 1 IV 02 Crosstalk attenuation AVD ~ 100, TA = 25°C 120 120 120 120 dB 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for TA is 25°C to 85 °c for TL07 _I and O°C to 70°C 

for TL07 _C, TL07 _AC, and TL07 _BC. 

tlnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse techniques must be used that will 

maintain the junction temperatures as clos~ to the ambient temperature as is possible. 
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TYPES n070. n070A. n071. n071A. n071B. 
n072. n072A. n072B. n074. n074A. n074B. n075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics, VCC ± ±15 V, TA 25°C 

PARAMETER TEST CONDITIONS 
TL07 _M 

MIN TYP 

SR Slew rate at unity gain 
VI - 10 V, RL - 2 kg, 

10 13 
CL ~ 100 pF, See Figure 1 

tr Rise time VI ~ 20 mV, RL ~ 2 kO, 0.1 

Overshoot factor CL ~ 100 pF, See Figure 1 10 

Equivalent input If - 1 kHz 18 
Vn 

noise voltage RS ~ 100 ° I f ~ 10Hz to 10kHz 4 

In 
Equivalent input 

RS ~ 1000, f ~ 1 kHz 0.01 
noise current 

Total harmonic VO(rms) ~ 10 V, RS s 1 kO, 
THD 0.003 

distortion RL '" 2 kO, f ~ 1 kHz 

MAX 

PARAMETER MEASUREMENT INFORMATION 

, 
I 

L-~E·J 
Cc = 18 pF 
for TL070 
and TL070A 

FIGURE 1-UNITY-GAIN AMPLIFIER 

10kU 

FIGURE 2-GAIN-OF-l0 INVERTING AMPLIFIER 

INPUT OFFSET VOLTAGE NUll CIRCUITS 

FIGURE 4 
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ALL OTHERS 

MIN TYP MAX 
UNIT 

8 13 V/~s 

0.1 ~s 

10 % 
18 nV/.j"Hz 

4 ~V 

0.01 pA/v'RZ 

0.003 % 

100 kU 

FIGURE 3-FEED-FDRWARD 

COMPENSATION 
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l3 

MAXIMUM PEAK OUTPUT VOLTAGE 

FREQUENCY 

± 15 r-rTT1l"'TTTrmr-rrmmrT,-rrn~~"" 
> VCC±"'±15V RL"'10kn 

~ ±12.S H+tt1l11-t+tttltl--t+tlttltftt1~~ ;i!~:; 2 

" > 

J ±10 H+ttilir"rnnii'-ittt#/l!-4 
:f. ±7.5 H+ttiI-HtItlll--ttIltlllHlHttlIHH+tttm 
E 

.~ ±5 j::j:~~,;,;:~tII~utllti1ll1t1ffl ,; 
~ ±2.5 Httltlll-t-ttlttll--t+tlttltH-HttfIl--1:-tttHil 
> 

10k lOOk 1 M 10M 
f-Frequency-Hz 

FIGURE6 

MAXIMUM PEAK OUTPUT VOLTAGE 

FREE-AIR TEMPERATURE 

! AI..,'" 10kn 

~ ±12.S r-t::::t::::¥R:!:L.;:.".:.2'::"t-='=!=~=i 
~ - -
S ±10 I--t---t-+-H--I--t---t--l 5 
o 
i ±7.5 t--t---t-+-H--t---t---t--l 
E 

.~ ±5 I--t---t-+-H--I--t---t--l 
,; 
~ ±2.5 r-+----'-:-+-t-t--t--1"---l 
~ ~C~g=u~e'~ V 

~~5--~5~0--~25~~~25~5=0~7~5-,~00~,J25 
TA-Free.Air Temperature-OC 

FIGURE 9 

TOTAL POWER DISSIPATED 

FREE-AIR TEMPERATURE 
250 

VCC±"'"±15V 
225 No signal 

" No load 
E 
I 

I 
~ 
i 
of 

~ 
I 

/2 

200 

175 

150 

12" 

100 

75 

50 

25 

o 

-
-

I -Tl074. TLQ75 

-.. r--. 

I- -.."!:lO72 

TL070, T~071 '-
r--

-~-~-~ 0 ~ 50 ~ ~ 1~ 

T A-free-Air Temperature-"C 

FIGURE 12 

TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 

LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK OUTPUT VOLTAGE 

FREQUENCY 

> ±15 rTnm1rlrmnrTnnmr-n"R~L~" ""2 "",C""11 
L ~"'2~C 
N' ±12.S Ff!lll!IHFfitmr-"1"1'1.~See Figure 2 

~ 
-:; ±10 H-HttfI/-l:-tttIH/-++t+l!llf+ftlt!HH+t+t~ 

! 
~ ±7.5 Fj::IlI!t=mmtirrl=tjflllilW.m~ 
§ 
E i5 H-+t+tIll-!-fjj.++HtIIII-+lMHIIH+t+tllH 
.~ 

" ~ ±2.5 H-+t+tIll-!-fjj.++HtIIII-+I'mIH+t+tllH 
o 
> 

O~LW~WW~~~-D~~~~ 

100 lk 10k lOOk 1M 10M 

f-Frequency-Hz 

FIGURE 7 

MAXIMUM PEAK OUTPUT VOLTAGE 

LOAD RESISTANCE 

±15 r-~~-,--;rnTTT---'--'rrTTTTl 
> VCC±"'±15V 
I TA"'25°C 
_e~o ±12.5 _ See Figure 2 

> 
; ±10 
S 
<5 V 
" :t7.5 
~ 
E 

.~ ±5 

~ I I 
:t2.5 

" 0 
> 

0 
0.1 0.2 0.' 0.7 1 7 

RL -Load Resistance-k.\1 

FIGURE 10 

SUPPLY CURRENT PER AMPLIFIER 

0 2. 

1. 

~ 1. 

i 1. 

J 1. 

> 1. 

I o. 
I 

• .r-
• 
2 

0 

8 

tl o. 
~ 

• 
O. • 
O. 2 

0 

FREE-AIR TEMPERATURE 

VCC± '" ±15 V 
No signal 
No load 

r---
r-- -.. r-.... 

10 

-75 -55 -25 a 25 50 75 100 125 

T A-Free-Air Temperature-oe 

FIGURE 13 

±15 

> 

~±12.5 
~ 
~ ±10 

o 
~ ±7.5 

E 

E ±5 
.~ 

" ~ ±2.5 
o 
> 

o 

MAXIMUM PEAK OUTPUT VOLTAGE 

FREQUENCY 

JAI"IWJ~ Vee± '" ±15 V 
RL'" 2 k.\1 

\ 
lie Figure 2 

TA=-SSoC 

TA= 1 25°e 

\ 
r-- ..... 

10k 40k lOOk 400k 1M 4M 10M 

±t5 

> • I ±12.5 

,g 
-:; ±10 

! 
i ±7.5 

§ 
E ±5 

~ 
~ ±2.6 
o 
> 

0 

2.0 

1.. 

~ 
1.. 

E 
1.4 

~ 
~ 1.2 

1.0 

li: 0.8 
~ 
~ 

0.6 

OA 

0.2 

0 

0 

0 

f-Frequency-Hz 

FIGURE 8 

MAXIMUM PEAK OUTPUT VOLTAGE 

SUPPLY VOLTAGE 

RL'" 10k.\1 

/' TA = 2SoC 

/ 
V 

/ 

~ 
V 

10 12 1. 1. 

IVec±I-Supply Voltage-V 

FIGURE 11 

SU?PLYCURRENT 

SUPPLY VOLTAGE 

TA"'25"e 
No signal 
No load 

10 12 1. 16 

IVec±I-Supply Voltage-V 

FIGURE 14 

t Data at high and low temperatures are applicable only within the rated operating free~air temperature ranges of the various devices. A 18~pF compensation 

capacitor is used with TL070 and TL070A. 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

1 .. 
ii 
,I 
1. 

~ 
~ 
E 
8 
~ 
" u 

10 
7 

I 

LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

" FREE·AIR TEMPERATURE 

r--.. 

VCC± +15V 
VO=±10V 
RL - 2k[l 

-76 -50 -25 0 26 50 75 100 126 

100 

1 

1 

0.0 1 

T A-Free-Air Temperature_DC 

FIGURE 15 

INPUT BIAS CURRENT 

" FREE-AIR TEMPERATURE 

VCC± - ±15 V 

/ 

/ 

-50 -25 25 50 75 100 125 

TA-Free·Air Temperature-"C 

FIGURE 18 

COMMON·MODE REJECTION RATIO 

FREE·AIR TEMPERATURE .. 
Vcc± = ±15 V 
RL=10kO 

88 

87 

.. 
85 

84 

83 
-75 -50 -25 0 25 50 75 100 125 

TA-:-Free·Air Temperature-"C 

FIGURE 21 

TYPICAL CHARACTERISTICSt 
LARGE·SIGNAL 

DIFFERENTIAL VOL rAGE AMPLIFICATION 
and PHASE SHIFT 

" FREQUENCY 

10 6 

51--• :~ 10 

J 104 

~ 
g 10 3 .. 

2 J 10 

" 

........ 

h 10 '1--
~ 

VCC±=±5Vto±15V 

~ AL=2kn 
TA=25°C 

r\. I I I 
OIFFEAENTIAL_ 0' 

VOLTAGE 

1\ I\.. AMPLIFICATION 

\ 
(Ieftscalel -

l\. 
'\ 1\ PHASE SHIFT I\-

'\ 
1 

45' 

90' 

35' 

f- IT""'i') 
1 so' 

10 100 lk 10k tOOk 1M 10M 

f-frequency-Hz 

FIGURE 16 

NORMALIZED UNITY-GAIN BANDWIDTH 

and PHASE SHI FT 

" FREE-AIR TEMPERATURE 

~ U~'TY1A'N!BAN&WID~H 
L-

'\ 
Ueftscale) -

1.3 

~ 1.2 

~ 

1.03 

1.02 

f- !::;E-~ -SHIFT 

'" (~i~ht scale) 

vhc± J ±15 V ""'- ......" 
r-RL = 2 kn 

~ 1.1 

i 1 

§ 
] 0.9 

~ 
~ 0.8 

1.01 

0.99 

0.98 

fj a, T PhrShr 
0.7 0.97 

-75 -50 -25 0 25 50 75 100 125 

T A-Free·Air Temperature-"c 

FIGURE 19 

EQUIVALENT INPUT NOISE VOLTAGE 

FREQUENCY 

~ 
50 

V~6"'±15V 
AVD= 10 > 

T 40 Rs'" lOon 

I TA = 25°C 

• 30 
·0 
z 

I\-
~ 20 

1 .. 
10 

~ 
~ 

> 
0 

10 40 100 400 1k 4 k 10k 40 kl00 k 

f-Frequency-Hz 

FIGURE 22 

TL070 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREQUENCY WITH FEED· FORWARD COMPENSATION 
10 6 

VCC= ±15V 
C2=3pF 

5 

1\ 
TA = 25°C 
See Figure 3 

4 

3 I\-

'\ 
\ 

1 
\ 

100 1 k 10k lOOk 1 M 10M 

1.15 

1.10 

1.05 

0.95 

0.00 

0.85 

f-Frequency-Hz 

FIGURE 17 

NORMALIZED SLEW RATE 

" FREE·AIR TEMPERATURE 

Jcc±! ± 151V 

r--~~: ~O~~F 

t--I"--""- ....... ......... 

"" 
-75 -50 -25 0 25 50 75 100 125 

1 

0.4 

j 0 1 

C 
u 0.04 

j 
0.0 1 

~ 0.004 
c 
F 

T A-free·Air Temperature-°c 

FIGURE 20 

TOTAL HARMONIC DISTORTION 

FREQUENCY 

~ VCC± "±lSV 
=AVO=l 
- VI(RMSl = 6 V 
-TA=25 C 

1 0.00 
100 400 1 k 4k 10k 40k lOOk 

f-Frequency-Hz 

FIGURE 23 

t Data at high and low temperatures are applicable only with the rated operating free·air temperature ranges of the vaious devices. A 18-pF compensation 
capacitor is used with TL070 .and Tl070A. 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 

LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

VOLTAGE·FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

--- -rH- Vee:!: :1:15 v 
RL = 2kSl if' lOOp' VOU~PUTI TA=25°C 

I \ 
II 

INPUT \ 
>- __ . ..L --

C. 0.5 1 1.5 2 2.5 3 3.5 
t-Time~s 

FIGURE 24 

OUTPUT VOLTAGE 

" ELAPSED TIME 

4L-~J--L~ __ ~L-~~ 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

t-Time-l'S 

FIGURE 25 

TYPICAL APPLICATION DATA 

RF = 100 k!! 

+15V 

OUTPUT INPUT Rl OUTPUT 

C3 

CF = 3.3 pF l' 1 k!! 
Rl • R2' 2R3 '1.5 M!! 

C3 R3 

f=---'-
27r RF CF 

3.3 k!! 

9.1kl1 

FIGURE 26-0.5-Hz SOUARE-WAVE OSCILLATOR 

100kl1 

'OOPFJ 
to.TL075 

lMl1 

VCC+ 

100 k!! 

l00kl1 

'00 k!! 

Cl C2 
Cl = C2="2 = 110 pF 

'---<If---II---' fo = __ , -- = , kHz 
27r Rl Cl 

FIGURE 27-HIGH.Q NOTCH FILTER 

........ '----OUTPUT A 

........ "-----OUTPUTB 

....... "-----OUTPUTC 

FIGURE 2a-AUDID DISTRIBUTION AMPLIFIER 

• 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

88.4kn 

18 pF 

18pF 

TYPICAL APPLICATION DATA 
6sinwt 

88.4kn 

88.4kn 

1N4148 18 kn (See Note AI 
r---~~--__ ~--~~---o-15V 

18pF 
1 kn 

6 cos wt 

>-~~----------~~ 

1 kn 

L---__ *--------.~~~--__o+15V 

1N4148 18 kn (See Not. AI 

Note A: These resistor values may be adjusted for a symmetrical output. 

FIGURE 29-10f)..KHz QUADRATURE OSCILLATOR 

1Mu 

>--e---oOUTPUT 

Ie PREAMPLIFIER RESPONSE CHARACTERISTICS 
2. 
20 

I. 
10 

--5 

-10 

-I' 

-20 

-2' 

MAX SA ~ I 11111111 MAX 

VCC± = t16 V T "/ r-TA = 2SoC 
See Fi u 32 

INJ~'~WS mMhE-

20 40 100 200400 1 k 2 k 4 k 10 k 20 k 

f-Frequency-Hz 

FIGURE 3D-AC AMPLIFIER FIGURE 31 

220kn 

O,00375pF 

10kn 

27kn 

MIN 
O.01J1F VCC+ 

100kn 
BASS 

lOOn MAX 

INPUT 

1Dka 

BALANCE 
10pF 10pF 

5DpF 

FIGURE 32-IC PREAMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES noBo THRU nOB5. nOBOA THRU nOB4A 
nOB1B. noB2B. nOB4B 

JFET-INPUT OPERATIONAL AMPLIFIERS 
D2297, FEBRUARY 1977-REVISED SEPTEMBER 1983 

24 DEVICES COVER MILITARY. INDUSTRIAL AND COMMERCIAL TEMPERATURE RANGES 

• Low-Power Consumption • High Input Impedance, .. JFET-Input 

• Wide Common-Mode and Differential Stage 

Voltage Ranges • Internal Frequency Compensation (Except 

• Low Input Bias and Offset Currents TLOBO. TLOBOAI 

• Output Short-Circuit Protection • Latch-Up-Free Operation 

• High Slew Rate. , . 13 V/p.s Typ • Low Total Harmonic 
Distortion ... 0.003% TYP 

TLOBO, TLOBOA TLOB1, TLOB1A, TLOB1B TLOB2,TLOB2A. TLOB2B 

JG OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

JG OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

JG OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

(N- 2 7 VCC+ 
N1/COMP DB COMP 

IN- 2 7 VCC+ 
OFFSET N1 DB NC AMPL{?NU~ D' ~ ~~~}+ 

# 1 IN + 3 6 IN _ AMPL (N+ 3 6 OUT IN+ 3 6 OUT 
VCC- 4 5 OFFSET N2 VCC _ 4 5 OFFSET N2 VCC- 4 5 IN+ #2 

TLOB1M ... FH OR FK 

CHIP CARRIER PACKAGE 

(TOP VIEW) 

z 
tu 
(/) 

uituuu zozzz 
3 2 I 2019 

NC NC 

IN- VCC+ 
NC NC 

IN+ OUT 
NC NC 

9 10 " 12 13 

~ 0~ ~ ~ 

NC-No internal connection 

U I­> w 
(/) 
u. 
u. 
o 

TLOB2M , .. FH OR FK 

CHIP CARRIER PACKAGE 

ITOP VIEW) 

I-
:::> + 
o u () ~. u u u 

z""z>z 

NC NC 
#1IN- #2 OUT 

NC NC 
# 1 IN+ #2IN-

NC NC 

DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 

TLOBO TLOB1 TLOB2 TLOB3 TLOB4 TLOB5 

TLOB_M JG FH, FK, JG FH, FK, JG FH,FK,J FH, FK, J, W 

TLOB_I JG, P JG, P JG, P J, N J, N 

TLOB_C JG, P JG,P JG,P J, N J, N N 

TLOB_AC JG,P JG, P JG, P J, N J, N 

TLOB_BC JG, P JG,P J, N 

*These combinations are not defined by this data sheet. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES'TL080 THRU TL085. TL080A THRU TL084A 
TL081B, TL082B. TL084B . 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TL083,TL083A 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

#1 IN­
#1 IN+ 

#1 OFFSET N2 
VCC- , 

#2 OFFSET N2 
#2IN+ 
#2IN-

# 1 OFFSET N1 

VCC+ 
#1 OUT 
NC 
#2 OUT 

VCC+ 
#2 OFFSET N1 

Pins 9 and 13 are internally interconnected 

TL083M ... FH OR FK 

CHIP CARRIER PACKAGE 

(TOP VIEW) 

# 1 OFFSET N2 
NC 

VCC­
NC 

#2 OFFSET N2 

~~~Z0 
- - f- U "'''' m> .. .. LL 

LL o 

#.1 OUT 
NC 
NC 
NC 
#2 OUT 

TL084,TL084A,TL0848 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

AMPL{OUT ~U!}AMPL 
#1 :~: IN+ #4 

VCC+ ~CC-

AMPL{:~~ :~~ }AMPL 
#2 .oUT OUT #3 

-....--~ 

TL084M ... FH OR FK 

CHIP CARRIER PACKAGE 

(TOP VIEW) 

If- f-, 
~5 5~ 
--Uoo;:t .... 
=I:t;~Z~:tt: 

#1 IN+ #4)N+ 
NC NC 

VCC+ VCC-
NC NC 

#2IN+ #3IN+ 

If-Uf-I 
~5Z5~ 
NN ('1')('1') 
*:tt: ::tt:::tt: 

'" .. symbols 

TL085 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

AMPL{ IN- IN-} 
#1 IN+ IN+ AMPL 

OUT OUT #4 

AMPL{OUT VCC+ 
#2 IN+ OUT} 

IN- IN+ AMPL 

VCC- IN- #3 
-....--~ 

NC - No internal connection 

TL080 TL081 

N1/COMP ----..., TL083 (oach amplifier) 

COMP---., N1 

IN+ IN+ 

OUT OUT 

IN- IN-

N2----....I N2 ----' 

TL082 (each amplifier) V L084 (each amplifier) 

IN+ + TL085 (each amplifier) 

OUT 

IN- -
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TYPES TLOBO THRU TLOB5, TLOBOA THRU TLOB4A 
TLOB1B, TLOB2B, TLOB4B 

JFET-INPUT OPERATIONAL AMPLIFIERS 

description 

The TL08_ JFET-input operational amplifier family is designed to offer a wider selection than any previously developed 
operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched, high-voltage 
JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external compensation 
options are available within the TL08_ family. 

Device types with an "M" suffix are characterized for operation over the full military temperature range of - 55°C 
to 125°C, those with an "I" suffix are characterized for operation from - 25°C to 85 °C, and those with a "C" suffix 
are characterized for operation from 0 °C to 70°C. 

schematic (each amplifier) 
vcc+------~------~~----~--~----~----_, 

NONINVEATING ---;:::=1==;-1 INPUT IN+ 
INVERTING 

INPUT IN- o_=::--f------+OUTPUT 

Vcc_ +-_+----+--_+-+-+-----~----_+----__+----__+---' 

OFFSET OFFSET Cl = 18 pF on nOBl, Tl082, TLOB3, TLOB4, AND TL095 ONt Y 
NULL NULL (INCLUDING THEIR SUFFIX VERSIONS). 

~ COMPONENT VALUES SHOWN ARE NOMINAL. 

nOSl AND nOB3 ONLY 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TlOB_C 

TLOB_M Tl08_1 TlOB_AC 

TLOB_BC 

Supply voltage, Vee + Isee Note 11 18 18 18 
Supply voltage, Vee _ Isee Note 11 18 18 18 

Differential input voltage Isee Note 21 ±30 ±30 ±30 
Input voltage (see Notes 1 and 3) ±15 ±15 ±15 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 680 680 

Operating free-air temperature range 55 to 125 25 to 85 o to 70 

Storage temperature range 65 to 150 65 to 150 65 to 150 

Lead temperature 1,6 mm 11/16 inchl 
FH, FK, J, JG, or W package 300 300 300 

from case for 60 seconds 

Lead temperature 1,6 mm 11/16 inchl 
N or P package 260 260 

from case for 10 seconds 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-' 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

UNIT 

V 
V 
V 
V 

mW 

°e 
°e 

·e 

·e 

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 

is not exceeded. 
5. For operation above 25 °C free~air temperature, refer to Dissipation Derating Curves in Section 2. In the J and JG packages, TL08_M chips 

are alloy-mounted; TL08_J, TL08_C, TL08_AC, and TL08_BC chips are glass-mounted. 
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TYPES n080M, n081 M, n082M, TL083M, TL084M 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

electrical 'characteristics, Vee ± ± 15 V (unless otherwise noted) 

TL080M. TL081M 

PARAMETER TEST CONDITIONS t TL082M. TL083M 

MIN TYP MAX 

Vo - O. TA - 25'C 3 6 
VIO Input offset voltage 

RS = 500 TA = -55°C to 125°C 9 

Temperature 
Vo = O. RS=500, 

coefficient of input 10 aVIQ 
TA = -55°C to 125°C 

offset voltage 

Input offset current* 
TA - 25'C 5 100 

110 Vo = 0 
TA = -55°C to 125°C 20 

Input bias current* 
TA = 25'C; 30 200 

liB Vo = 0 
TA = -55°C to 125°C 50 

Common-mode 
VICR TA = 25°C ±11 ±12 

input voltage range 

TA = 25°C, RL = 10 kD ±12 ±13.5 

VOM 
Maximum peak 

RL,,10kD ±12 
output voltage swing TA = -55 D C to 125°C 

RL ;?:: 2 kO ±10 ±12 

Vo ±10 V, RL " 2 kll, 
25 200 

AVO 
large·signal differential TA = 25°C 

voltage amplification Vo ±10 V, RL,,2kD, 
15 

TA = -55°C to 125°C 

Bl Unity·gain bandwidth TA - 25'C 3 

r, Input resistance TA = 25'C 1012 

Common·mode VIC = VieR min. Vo = 0, 
CMRR 80 86 

rejection ratio RS=501l, TA = 25°C 

Supply voltage 
VCC" ±15Vto ±9V, Vo = 0, 

kSVR rejection ratio 80 86 

IAVCC±/AVIOI 
RS=501l, TA = 25'C 

Supply current No load, Vo = 0, 
2.8 ICC 1.4 

(per amplifier) TA = 25'C 

Vo,1V 02 Crosstalk attenuation AVO - 100, TA - 25'C 120 

TL084M 

MIN TVP 

3 

10 

5 

30 

±11 ±12 

±12 ±13.5 

±12 

±10 ±12 

25 200 

15 

3 

1012 

80 86 

80 86 

1.4 

120 

C;; t All characteristics are maasured under open-loop conditions with zero common-mode input voltage unless otherwise spacified. 

UNIT 

MAX 

9 
mV 

15 

p.V/oC 

100 pA 

20 nA 

200 pA 

20 nA 

V 

V 

V/mV 

MHz 

0 

dB 

dB 

2.8 rnA 

dB 

:l:lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse 

techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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electrical characteristics. vee ± ± 15 V (unless otherwise notedl 

TLOSOI TL080C TL080AC 

TL081 I TL081C TL081AC TL081BC 

TEST CONOITONS t 
TL0821 TL082C TL082AC TL082BC 

PARAMETER UNIT 
TLOS31 TLOS3C TL083AC 

TL0841 TL084C TL084AC TL084BC 

TL085C 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo - 0, TA - 25"C 3 6 3 15 3 6 2 3 
VIO Input offset voltage mV 

AS - 500 T A = full range 9 20 7.5 5 

Temperature 
Vo - 0, AS-500, 

oVID coefficient of input 10 10 10 10 ,V/"C 

offset voltage 
T A = full ra,ngs 

Input offset currenti 
TA - 25"C 5 100 5 200 5 100 5 100 pA 

110 Vo - 0 
T A - full range 10 2 2 2 nA 

Input bias currenti 
TA - 25°C 30 200 30 400 30 200 30 200 pA 

liB Vo - 0 
T A - full range 20 10 7 7 nA 

Common-mode 
±12 VleA TA - 25"C ±11 ±11 ±12 ±11 ±12 ±11 ±12 V 

input voltage range 

TA - 25°C, AL - 10 kIl ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 

VOM 
Maximum peak 

AL - '" 10 kll ±12 ±12 ±12 V ±12 
output voltage swing T A = full range 

AL '" 2 kn ±10 ±12 ±10 ±12 ±10 ±12 ±10 ±12 

Vo ±10V, RL~2kO, 
50 200 25 200 50 200 50 200 

AVO 
Large-signal differential TA = 25°C 

V/mV 
voltage amplification VO-±10V, AL '" 2 kll, 

25 15 25 25 
T A = full range 

B, Unity-gain bandwidth TA, - 25°C 3 3 3 3 MHz 

'j Input resistance TA - 25"C 1012 1012 1012 1012 n 
Common-mode VIC - VieR min, Vo - 0, 

CMRA BO 86 70 86 80 86 80 86 dB 
rejection ratio AS-SOn, TA - 25"C 

Supply voltage 
VCC - ± 15 V to ±9 V, Vo - 0, 

kSVA rejection ratio 80 86 70 86 80 86 80 86 dB 

IAVCC±/AVIO) 
AS - son, TA - 2S"C 

Supply current No load, 
2.8 ICC Vo - 0, 1.4 1.4 2.8 1.4 2.8 1.4 2.8 mA 

(per amplifier) TA - 25°C 

Va 1 IV 02 Crosstalk attenuation AVO - 100, TA - 25"C 120 120 120 120 dB 

t All characteristics are measured under open·loop conditions with zero common-mode input voltage unless otherwise specified. Full range for TA is 25°C to 85°C for TL08_1 and OOC to 70°C 
fo, TLOB_C, TL08_AC, and TL08_BC. 

*Input bias currents of a FET·input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse techniques must be used that will 

maintain the junction temperatures as close to the ambient temperature as is possible. 

Operational Amplifiers • 
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TYPES TLOBO THRU TLOB5, TLOBOA THRU TLOB4A 
TLOB1 B, TLOB2B, TLOB4B 
JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics, V cc ± = ± 15 V, T A = 25°C 

SR 

tr 

Vn 

In 

THO 

PARAMETER TEST CONDITIONS 

Slew rate at unity gain 
VI = 10V, RL = 2 kll, 

CL = 100 pF, See Figure 1 

Rise time VI - 20 mV, RL - 2 kll, 

Overshoot factor CL = 100 pF, See Figure 1 

I I - 1 kHz 
Eql:.livalent input nOise voltage RS = 100 (l I I - 10 Hz to 10 kHz 

Equivalent input noise current RS = 100ll, I = 1 kHz 

Total harmonic distortion 
VO(rms) - 10 V, RS"; 1 kll, 

RL ;" 2 kll, 1= 1 kHz 

PARAMETER MEASUREMENT INFORMATION 

Cc = 18 pF 
for TL070 
and TL070A 

FIGURE 1-UNITY-GAIN AMPLIfiER fiGURE 2-GAIN-OF·10 INVERTING AMPLIFIER 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

TL070 

FIGURE 4 

-l1'5kn 
VCC­

fiGURE 5 
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MIN TYP MAX UNIT 

8 13 VI"" 

0.1 I's 

10% 

18 nV/$. 
4 I'V 

0.Q1 pAl$> 

0.003% 

100 kn 

fiGURE 3-fEED-FORWARD 

COMPENSATION 
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MAXIMUM PEAK OUTPUT VOLTAGE 

FREQUENCY 

±15 

> Vee:!: = ±15 V RL = lOkS! 

~ TA = 2SOC 
E :!-12.S See Figure 2 

g 

~ HO 

0 

:i ±7.S 

E 
g 

" x 

~ 
±2.5 ~ 

~ 

100 1M '0 M 
f-Frequency-Hz 

FIGURE6 

MAXIMUM PEAK'QUTPUTVOL TAGE 

" FREE·AI R TEMPERATURE 

±15 r--r-,-.--~-~-r-'-' 
> Rlr.l0Hl 
~ ,; ±12.S t--t:::::1~~RC:Lc;:·,;,2.:k!;:"=i=:::t::=1 
g 
~ :!:10 I-+-t-+--+-t-+-t--i 
o 
:i ",'1-+-+-+--+-+-+-+------1 
~ 
~ 

"I-+-~-+-I-+-~-+-4 

~ ±2.SI--I----4::-:-+--+-+-+-+------1 
o VCC±=±lSV 
> See Figure 2 

~7~'---:'O:-'--:!;2':---:-0-,2:::'-;'':-0~75:-'-'c:OO:--:-!'" 
T A-Free-Air Temperature-<Ie 

FIGURE 9 

LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREE-AIR TEMPERATURE 

~ 1 000 ~~!I!~E!~§!~ ~: 
! 200 

J '~~II"'-~~~ I :~ 
'O~~~~~~~~~~~~ : VCC±=±15V 

Vo ±10V 
Rl = 2 kG 

,L--L~-~~-L--L-L-~ 

-75 -50 -25 0 25 50 75 100 125 

TA-Free.Air Temperature-OC 

FIGURE 12 

TYPES n080 THRU n085, n080A TIiRU n084A 
TL081B, TL082B, TL084B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

MAXIMUM PEAK OUTPUT VOLTAGE 

FREOUENCY 
±15 

> Rl = 2kU 

)±12.5 
TA= 2SoC 
See Figure 2 

~ 

j ±lO 

:i ±7.5 

E 

.~ " 
!i 
I 
~ ±2.S 

~ 
0 
'00 ,M 'OM 

f-Frequency-Hz 

FIGURE 7 

MAXIMUM PEAK OUTPUT VOLTAGE 

LOAD RESISTANCE 

! 
3'tI2.5 

VCCt '" tIS V 
TA = 25"C 
See Figure 2 

g 
i ±101--+-+-H~~--++t+H+~ 
il 
l ",5 f-.--+/-->f--Hf++~-+ 
E g 
.~ 

~ 
I 

~ 
,:: I 

0.2 . 0.4 0.7 1 7 10 

RL -load Aesistance·-kU 

FIGURE 10 

LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 

> 
I 

" 
, 

#:1:12.5 

~ 
S tID 

~ 
l ",5 

§ 
Ji t5 

~ 
$: t2.5 

~ 
o 

MAXIMUM PEAK OUTPUT VOLTAGE 

FREQUENCY 

T~I.IWJl VeCt" t15 V 
Rl'" 2kfi 

\ 
Iii Figure 2 

TA" -55"C 

TA"'1 25°C 

\ 
r--. 

10k 40k lOOk 400k 1 M 4M 10M 

> 
I 

tIS 

~ ±12.5 

g 
S tl0 

! 
l ±7.5 

E 

E t5 

~ 
$: :1:2.5 
o 
> 

o 
o 

f-Frequency-Hz 

FIGURE 8 

MAXIMUM PEAK OUTPUT VOLTAGE 

" SUPPLY VOLTAGE 

RL'" lokS"! I l I-I 

TA = 25"C I 

I VI 
---;-----

i/ /, : 
I 

/ I I 
/ 

10 12 14 16 

IVCCtl-Supply Voltage-V 

FIGURE 11 

TLOIO, TL08DA 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

• fI) .. 
CI) 

~ 
Q. 
E « 
'ii 
c o 

"';:; 

'" .. 
CI) 
Q. 

o 

FREQUENCY FREQUENCY WITH FEED·FORWARD COMPENSATION 

'0· 
. .@ 
,I ,05 

I ,04 -< 

I ,03 

~ ,02 
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0 
I '0' 0 

~ 

VCC±"±6Vto±16V 
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RL-1OkS"! 
TA '" 25°C 
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FIGURE 13 
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FIGURE 14 

t Data at high and low temperatures are applicable only within the rated operating free~air temperature ranges of the various devices. A 12MPF compensation 
capacitor is used with TL080 and TL080A. 
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TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET·INPUT OPERATIONAL AMPLIFIERS 

250 

225 

~ , 200 

TOTAL POWER DISSIPATED 

" fREE-AIR TEMPERATURE 

Vcc± ±15 V 
NO.taMI 
No load 

I 175 

150 - I I -TL084, TlOBS 

I~ " 125 j 100 

~ 75 

I I -r- -!L082. TL083 

~ 60 TLOSO, T~OB~ 
25 

I I I o 
-75 -50 -25 0 25 50 75 100 125 
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FIGURE 15 

INPUT BIAS CURRENT 

" FREE-AIR TEMPERATURE 

VCC±"±15 V 

L 
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FIGURE 18 

COMMON·MODE REJECTION RATIO 

" FREE·AIR TEMPERATURE 

Veei· :1:15 V 
AL""Okfi 

-76 -60 -25 0 25 50 76 100 125 

T A-Free-Air Temper8ture-"c 

FIGURE 21 

TYPICAL CHARACTERISTICS t 
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SUPPLY CURRENT PER AMPLIFIER 
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FIGURE 16 

VOLTAGE-FOLLOWER 
LARGE-5IGNAL PULSE RESPONSE 

-rH- VCC::t- ±15 V --- RL ""2 kn 
L"',OOpf 
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I \ 
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'.,PlIT 1\ 
- __ ,.L 

I-
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FIGURE 19 

EQUIVALENT INPUT NOISE VOLTAGE 

" FREQUENCY 

Vcc~ = ±15 V 

40 1\ AVO = 10 
RS = lOOn 
T~=26°C 
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FIGURE 22 
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FIGURE 17 

OUTPUT VOLTAGE 

ELAPSED TIME 
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Ii 
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10-1 t, 
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TA"'25"C 
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FIGURE 20 

TOTAL HARMONIC DISTORTION 

" FREQUENCY 

vcc±- ±15 V 
AVO-1 

~~~~~~6V 

100 400 1 k 4k 10k 40k 100k 

f-Frequency-Hz 

FIGURE 23 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 12-pF compensation 
capacitor is used with TLOBO and TL080A. 
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RF = 100 kG 

+15V 

TYPES n080 THRU n085, n080A THRU n084A 
n081B, n082B, n084B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

OUTPUT INPUT R1 OUTPUT 

C3 

CF=3.3/lFI , kG 

R3 

Rl = R2= 2R3= 1.5 MG 
C3 

t=--'-
21r RF CF 

3.3 kG C1 
9.1 kG 

C2 
C1 =C2=- = 110pF 

2 
1 

to = 2'11" R' Cl = 1 kHz 

FIGURE 24-0.5-Hz SQUARE·WAVE OSCILLATOR FIGURE 25-HIGH·Q NOTCH FILTER 

88.4kU 

18pF 

100kU 

1MU 

VCC+ 

100kU 

l00kU 

~""---OUTPUT A 

....... ----OUTPUT B 

'---~--~~----VCC+ 

100I'F l 
t orTL085 

18pF 

100kU 
~~-OUTPUTC 

FIGURE 26-AUOIO DISTRIBUT,ION AMPLIFIER 

6sinwt 

88.4 kU 

88.4 kU 

lN4148 18 kU (See Note A) 

r--~~-~~--~~---- -15V 

18 pF 
1 kU 

6 coswt 

~~~----------~-
1 kU 

L----... ~-------1It--~~-- +15 V 
1N4148 18 kU (See Not. A) 

NOTE A: These resistor values may be adjusted for a svmmetrical output. 

FIGURE 27-100·kHz QUADRATURE OSCILLATOR 
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TYPES n080 THRU TL085, n080A THRU n084A 
n0818., n0828, TL0848 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 
,6kn 

220pF 

43kll 

Vcc+ 

43k(1 

1.5 tn: Vcc-

30kn 

Vcc_ 

OUTPUT 
A 

220pF 

43kn 

Vee+ 

16kn 

30kfi 

Vcc_ 

SECOND'()RDER BANDPASS FILTER CASCADED BANDPASS FILTER 

1000 

INPUT 

fo = 100 kHz, Q = 30, GAIN = 4 fo = 100 kHz, Q = 69, GAIN = 16 

220kO 

0.OO375j1F 

50pF 

FIGURE 2a-POSITIVE-FEEDBACK BANDPASS FILTER 

Z1 kO 

VCC+ 
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10kO 

MIN +--il--, 
100 kO. __ ... ......., ___ -'\ __ ~ 
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.--1\---' 

10kO 

FIGURE 29-IC PREAMPLIFIER 
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83 

LINEAR 
INTEGRATED 
CIRCUITS 

• Low Input Offset Voltage ... 0.5 mV Max 

• Low Power Consumption 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 

description 

TYPES Tl087. Tl088. Tl287. Tl288 
JFET-INPUT OPERATIONAL AMPLIFIERS 

D2484, MARCH 1979-REVISED AUGUST 1983 

• High Input Impedance . ,. JFET -Input Stage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• High Slew Rate ..• 13 V/,.s Typ 

• Low Total Harmonic 
Distortion, .. 0.003% Typ 

These JFET-input operational amplifiers incorporate well-matched high-voltage JFET and bipolar transistors in a 
monolithic integrated circuit. They feature low input offset voltage, high slew rate, low input bias and offset current, 
and low temperature coefficient of input offset voltage. Offset-voltage adjustment is provided for the TL087 and TL088. 

Device types with an "M" suffix are characterized for operation over the full military temperature range of - 55°C 
to 125°C, those with an "I" suffix are characterized for operation from - 25°C to 85 °C, and those with a "c" suffix 
are characterized for operation from 0 °C to 70°C. 

TL087, TL088 

D, JG, OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

OFFSET N1 DB NC 
IN- 2 7 VCC+ 

. IN+ 3 6 OUT 
VCC _ 4 5 OFFSET N2 

TL287, TL288 

D, JG, OR P DUAL·IN·LlNE PACKAGE 
(TOP VIEW) 

AMPL {OUT DB Vcc + 
# 1 IN - 2 7 OUT} AMPL 

IN + 3 6 IN - # 2 
VCC- 4 5 IN+ 

NC-No internal connection 

symbol leach amplifier) 

INPUT IN+ _+ ""-__ 
NONINVERTING ~ 

INVERTING _ - OUTPUT 
INPUT IN- --------1 

TL088M 

U FLAT PACKAGE 

(TOP VIEW) 

NC NC 
OFFSET N1 NC 

IN- VCC+ 
IN+OUT 

VCC - '-I..._--=..t""' OFFSET N2 

TL288M 

U FLAT PACKAGE 

(TOP VIEW) 

NC NC 

AMPL { ~NU~ ~~~ +} 
#1 IN+ IN- AMPL 

VCC- IN+ #2 
'-1..:_--=:.1-' 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TL0871 TL087C 

TL088M TL0881 TL088C 

TL288M TL2871 TL287C 

TL2881 TL288C 

Supply voltage, Vec + Isee Note 1) 18 18 18 

'Supply voltage, VCC - Isee Note 1) -18 -18 -18 

Differential input voltage Isee Note 2) ±30 ±30 ±30 

Input voltage (see Notes 1 and 3) ±15 ±15 ±15 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation at (or below) 
JG or P package 680 680 680 

U package 675 
25°C free-air temperature (see Note 5) o package 725 725 

Operating free-air temperature range 55 to 125 25 to 85 o to 70 

Storage temperature range 65 to 150 65 to 150 65 to 150 

• 
Lead temperature 1.6 mm 11/16 inch) from 

JG or U package 300 300 300 
case for 60 seconds 

Lead temperature 1,6 mm 11/16 inch) from o or P package 260 260 
case for 10 seconds 

o NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-' 
"'C 2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

UNIT 

V 

V 

V 

V 

mW 

°e 

°e 

°e 

°e 

~ 3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts. whichever is less. 
m 4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 
.... is not exceeded. Cr 5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TL088M and TL288M chips 
::s are alloy-mounted; TL0871. TL0881. TL2871. TL2881. TL087C. TL088C. TL287C. and TL288C chips are glass-mounted. 

!. 
l> 
3 
'2. 
=h 
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electrical characteristics, vee ± ±15 V 

TL0871 TL087C 

PARAMETER TEST CONOITIONSt 
TL088M TL0881 TL088C 

TL288M TL2871 TL287C 

TL2881 TL288C 

MIN TYP MAX MIN TYP MAX MIN TYP 

RS - 50 {J, TL087, TL287 0.1 0.5 0.1 
Vo ~ 0, 

TA ~ 25°C TL088, TL288 0.1 3 0.1 1 0.1 
VIO Input offset voltage 

RS - 50 {J, TL087, TL287 2 
Vo ~ 0, 

T A = full range TL088, TL288 6 3 

Temperature coefficient 
RS ~ 50 {J, T A ~ full range 10 10 10 "VIO of input offset voltage 

Input offset current 
TA ~ 25°C 5 100 5 100 5 

110 
T A ~ full range 25 3 

liB Input bias current:t: 
TA - 25°C 30 400 30 200 30 

T A ~ full range 100 20 

VCC- +4 VCC- +4 VCC- +4 

VICR 
Common-mode input 

TA ~ 25°C to to to 
voltage range 

VCC+ -4 VCC+ -4 VCC+ -4 

Maximum-peak-to-peak 
TA - 25°C, RL-l0kn 24 27 24 27 24 27 

VOpp 
output voltage swing T A = full range RL '" 10 k{J 24 24 24 

RL '" 2 kn 20 20 20 

RL '" 2 k{J, VO~±10V, 
50 200 50 200 50 200 

AVO 
Large-signal differential TA ~ 25°C 

voltage amplification RL'" 2 k{J, Vo - ±10V, 
25 25 25 

T A = full range 

Bl Unity-gain bandwidth TA ~ 25°C 3 3 3 

r; Input resistance TA ~ 25°C 1012 1012 1012 

CMRR Common-mode rejection RS ~ 50 n, Vo ~ 0, 
80 95 80 95 80 95 

ratio VIC ~ VICR min, T A ~ 25°C 

Supply voltage rejection 
RS - 50 n, Vo - 0 V, 

kSVR VCC± ~ ±9 V to ±15 V, 80 95 80 95 80 95 
ratio Il>VCC±Il>VIOI 

TA ~ 25°C 

ICC 
Supply current No load, Vo - 0, 

(per amplifier) TA ~ 25°C 
1.4 2.8 1.4 2.8 1.4 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T A is - 55°C 

to 125°C for TL_88M; -25°C to 85°C for TL_8_1; and OOC to 70°C for TL_8_C. 

:j: Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques must be 

used that will maintain the junction temperature as close to the ambient temperature as possible. 

Operational Amplifiers • 
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TYPES TL087, TL088, TL287, TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics VCC 

PARAMETER 

SR Slew rate at unity gain 

tr Rise time 

Overshoot factor 

Vn Equivalent input noise voltage 

MAXIMUM PEAK-TO·PEAK OUTPUT VOLTAGE 

" FREQUENCY 

1 30 H-liVttCilifCt:;."t-i'i1"iltVrl+tlltlll.. 
~ 25 HtHtlHl--f+ji-ltll--t+HltIfl-ttHt1lIll-rtt1l111 

l o 20 H-tWIm--f+jj-lll/:--t+HltIfl-1l-HHlIII-H-Hlill 
~ i ,. Httltlll-l+tIiIIII--+tHlllli--llHltlll-l+tIjj\I 

~ 'D~~~~~~~~mtiiffim 

i 
~ DLLLlli~LW~~llWLLllW&-~~ 

100 1k 10k lOOk 1M 10M 
f-Frequency-Hz 

FIGURE 1 

MAXIMUM PEAK·TO,PEAK OUTPUT VOLTAGE 

FREE AIR TEMPERATURE 1'0 
~ 25 

RL-l0kS'l 

RL - 2 kn 

.~ 
020 

-
I" 
e '0 
.§ 

1 : VCr-±1'5V 
-75 -50 -26 0 25 50 75 100 125 

T A-free-Air Temp8fature-°c 

FIGURE 4 

±15V.TA 25°C 

TEST CONDITIONS 

VI - 10 V, RL - 2 kll, 

CL = 100 pF, AVD = 1 

VI - 20 mV, RL 2 kll, 

CL = 100 pF, AVD = 1 

RS = 100 Il, 1= 1 kHz 

TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE 

FREQUENCY 

i :Ff~~~m;~~~Hffir-Hm~ 
i ~HtHtm-~~-++HltIfl~Ht1IIHI--H-H~ o I ,.~~m=~~~~~~~~~ 
~ lOHHt1IIII-H-H~-++~-r~~i*~ 
.§ 
~ 'HHt1IIII-H-H~-++~-r~~i*~ 

>1 0 'D~DLU~-U~~~~Lll~~~'~DM 
f-Frequency-Hz 

FIGURE 2 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE 

130 

LOAD RESISTANCE 

VCCt .. ±1S V 
TA = 2SOc 

~ 25 

I.. V 

I" 
e '0 
~ ., 
~ . 

/ 
I 

I 
~ 0 

D.' 0.2 0.4 0.7 1 7 '0 
RL -Load Resistance- kn 

FIGURE 5 

MIN TYP MAX UNIT 

8 13 V/~s 

0.1 ~s 

10% 

18 nV/.JHz 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE 

f-Frequency-Hz 

FIGURE 3 

MAXIMUM PEAK·TO,PEAK OUTPUT VOLTAGE 

" SUPPL V VOLTAGE 
> 30 

j 
~ 25 

~ 

RL=10kn 
TA = 2SoC / 

V 
6 20 

I" &: 
e '0 
~ 

1 : o 10 12 14 16 

/ 

1/ 
V 

_ IVec± I-Supply Voltage-V 

FIGURES 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LARGE-SIGNAL 
DIFfERENTIAL VOLTAGE AMPLIFICATION 

FREE AIR TEMPERATURE 

> 1,ooo~'~!I~~i~~!~ j ~~ 
170M~ I 40 

:II 20 

TA-Free-Air Tamperature-OC 

FIGURE 7 

TOTAL POWER DISSIPATED 

FREE AIR TEMPERATURE 

I~cc± = ±15 V 
Nosignel 

0 No load 

I---. ~,(j8e 
5 

"'tJr 
r--.. r--.. 

0 

l-t--

'25 

• 
I 0 

-75 -50 -~5 0 25 50 75 100 125 

TA-free-Air Temp81ature-"C 

FIGURE 10 

COMMON-MODE REJECTION RATIO 

FREE-AlA TEMPERATURE 

III 98 tee:!: L ±15'V 197 ~ VIC = :1:10 V -,e--I---1-+--
ct RL=10kn 

·196 ,--l--I--+-~~-I---1-+-­
~ 

r 
E .. ,--l--~-I--~--I--1-+--I q 
~93,--l--1--l--1--+-~--I--1 

~ 
92L--l-_I--L~I-JL-1_l-~ 

-75 -60 -25 0 25 50 75 100 126 
T A-Free-Air Temperature-"C 

FIGURE 13 

TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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0.2 
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LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 

" FREQUENCY 

I--r.. 
Vee:!: '" ±5Vto ±15 V 
At .. 2kn 
TA'" 2SoC 

r'\. I I 
....... DifFERENTIAL 

VOLTAGE 
0' 

,!; 

45" ~ r'\. AMPLIFICATION 
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(lehscalll 

90' 2 \. 
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35' \, 'f--
PHASE SHIFT I\. 

lrigrSCIT \. 
'80' 
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FIGURE 8 

SUPPLY CURRENT PER AMPLIFIER 

" FREE-AIR TEMPERATURE 

vcJ.- .\. v 
t---.. No signal 

r::::: No load 

r---
....... 

if 

-75 -55 -2S 0 25 50 75 100 125 

• 

i 
I 0 
il 
i -2 

i 
-6 

I--

T A-free-Air Temperature-°c 

FIGURE 11 

VOLTAGE·FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

--- -rH- VCC±- :t15V 
RL - 2kn 

1/ OJTPU) 
1\;L~1~Pf TA = 25 C 

I \ 
II 

INPUT 1\ 
--II I--

o 0.5 1 1.5 2 2.5 3 3.5 
t-Timl4'l 

FIGURE 14 

'.3 

~ '.2 
• l ,., 
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.~ 
:> 

! 0.9 

~ • 0.8 z 

NORMALIZED UNITV·GAIN BANDWIDTH 
and PHASE SHI FT 

" TEMPERATURE 

I'-.. IUNITl-GA.iN BAlDWlbTH 

1'\ (left$calel 

I-- ~ I- PHAS.l- I--
SHifT ~ frightlCllel 

vic± ",1±1S V 
......... 

I'--., 
f-RL"'2kn 

1.03 

, .02 

1.01 

0.99 

0.89 

'i B' ~'PhiSh7 
0.7 0.97 
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FIGURE 9 

INPUT BIAS (".JRRENT 

'" FREE·AIR TEMPERATURE 

F VCC±-±15V 
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, 

0.0 ,----
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-4 

TA-Free-Air Temperature-oC 

FIGURE 12 

OUTPUT VOLTAGE 

ELAPSED TIME 
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RA'" 2S"C 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 
t-Time-p-s 

FIGURE 15 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPES TL087. TL088. TL287. TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 

1.15 

1.10 

~ 1.05 

~ 
in 

~ 
i 
80.95 
z 

0.90 

0.85 

TYPICAL CHARACTERISTICSt 

NORMALIZED SLEW RATE 
vs 

TEMPERATURE 

Jcc±L15~ 
_RL=2kn 

CL = 100 pF 

--'" r-......... .......... r--..... 
'" 

~ 50 

3; 
'i' 40 

t 
~ 
=30 
·0 
z ... 
" ]" 20 

'C 
" iii 

'S 10 
c:r 
w 

} 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

~~~±!N~~ 
AVO = 10 
RS= 100n 
TA = 25°C 

" 

-75 -50 -25 0 25 50 75 100 125 
o 
10 40 100 400 1 k 4k 10k 40k 100k 

TA-Free-Air Temperature-oC 

FIGURE 16 

TOTAL HARMONIC DISTORTION 
vs 

FREQUENCY 

:: VCC+ =+15V 

f-Frequency-Hz 

FIGURE 17 

0.001 ~....I...-..J...J..J..J..u..u._-'-.L..J...L.U.w.._ ...... -1.J"""""'" 
100 400 1 k 4 k 10 k 40k 100k 

f-Frequency-Hz 

FIGURE 18 

t08t8 at high and low temperatures are applicable only within the rated operating free~air temperature ranges of the various devices. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

• Continuous-Short Circuit Protection 

• Wide Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

• Unity-Gain Bandwidth 3 MHz Typical 

• Gain and Phase Match Between Amplifiers 

description 

The TL 136C is a quad high-performance operational 
amplifier with each amplifier electrically similar to 
uA741 except that offset null capability is not 
provided. 

The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short­
circuit protected and the internal frequency 

compensation ensures stability without external 
components. 

The TL 136C is characterized for operation from a DC 
to 70 DC. 

schematic (each amplifier) 

D2604, NOVEMBER 1981-REVISED AUGUST 1983 

D. J OR N DUAL-iN-LINE PACKAGE 
(TOP VIEW) 

AMPL { ?NU~ ~U~} AMPL 

#1 IN+ IN+ #4 

VCC+ VCC-

AMPL {IN+ IN+} AMPL 
#2 IN - IN- #3 

OUT OUT -... __ ...r-

symbol (each amplifier) 

NONINVERTING=t>-
INPUTIN+ + 

OUTPUT 
INVERTING 
INPUT IN-

VCC+----.----~~---~---~----~--_, 

NONINVERTING 
INPUT ---~----~ 

INVERTING 
INPUT 

OUTPUT 

Vcc---~~~~----~------+---~~--~---*~ 

Copyright © 1983 by Texas rnstrum~nts Incorporated 

II 
II) .. 
CI) 

!E 
C. 
E 

c:( 

m 
s::: 
o 

'';:; 
«l .. 
CI) 
Q. 
o 

TEXAS 
INSTRUMENTS 

3-151 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



o 
'tJ 
CD ... 
D) .... 
0' 
::s 
e. 
l> 
3 
"2.. ::;; 
i' ... en 

TYPE Tl136.C 
QUAD HIGH·PERFORMANCE OPERATIONAL AMPLIFIER 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VCC + (sell Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Supply voltage VCC _ (see Note i). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 V 
Input voltage (any input, see Notes 1 and 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 1 5 V 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) . . . . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) . . . . . . . . . . . . . . .. 800 mW 
Operating free-air temperature range . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N package ................... 260°C 

NOTES: 1. All voltage values, unless othe~wise noted. are w!th respect to the midpoint between VCC+ and VCC-' 
2. Differential voltages are at the noninvertlng Input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
5. For opera~ion abov~ 25°C free-air temperature, refer to Dissipation Derating Curves in Section 2. In t~e J package, the chips are glass~mounted. 
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TYPE TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

electrical characteristics at specified free-air temperature. Vee + 15 V. Vee- -15 V 

PARAMETER TEST CONDITIONS t MIN TYP MAX UNIT 

VIO Input offset voltage Vo = 0, RS = 501l 
25°C 0.5 6 

ooC to 70°C 7.5 
mV 

110 Input offset current Vo = 0 
25°C 5 200 

ooC to 70°C 300 
nA 

liB Input bias current Vo = 0 
25°C 40 500 

ooC to 70°C 800 
nA 

VICR 
Common~mode 

input voltage range 
25°C ±12 ±14 V 

Maximum peak-ta-peak 
RL - 10 kll 25°C 24 28 

VOPP RL = 2 kll 25°C 20 26 V 
output voltage swing, 

RL2:2kll ooC to 70°C 20 

AVO 
Large-signal differential 25°C 20 300 

voltage amplification 
RL 2: 2 kll, VO=±10V 

ooC to 70°C 15 
V/mV 

B1 Unity-gain bandwidth 25°C 3 MHz 

r; Input resistance 25°C 0.3 5 Mil 

Common-mode VIC = VICR min, 
CMRR 25°C 70 90 dB 

rejection ratio RS = 50 Il 

kSVS 
Supply voltage sensitivity VCC± = ±9 V to ± 15 V, 

25°C 30 150 p.VIV 
(8 VIO/8VCC) RS = 50 Il 

Vn 
Equivalent input AVO = 100, RS = 100 Il, 

25°C 7.5 nV/$. 
noise voltage (closed-loop) f = 1 kHz, BW = 1 Hz 

Supply current 
25°C 5 11.3 

ICC No load, Vo = 0 V ooC 6 13.7 mA 
(A" four amplifiers) 

70°C 4.5 11.3 

25°C 150 340 
Total power dissipation 

Po No load, Vo = 0 V ooC 180 400 mW 
(A" four amplifiers) 

70°C 135 300 

V0 1V02 Crosstalk attenuation Open loop 
AVO 

RS = 1 kll, f = 10 kHz 
25°C 

25°C 

105 

105 
dB 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 

operating characteristics. Vee + 15V.Vee- -15V.TA 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Rise time 
VI = 20 mV, RL = 2 kll, 

0.13 p.s tr CL = 100 pF 

SR Slew rate at unity gain 
VI = 10 V, 

CL = 100 pF 

RL - 2 kll, 
2.0 VI"" 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Small-Signal Unity-Gain Bandwidth 
... 20 MHz Typ 

• Noninverting Slew Rate ... 50 V/p.s Typ 
(Unity-Gain Follower) 

• Internal Frequency Compensation 

• Full-Power Bandwidth at VOPP = 20 V 
... 400 kHz Typ 

• Open-Loop Gain at Full-Power Bandwidth, 
VOPP = 20 V ... 34 dB Typ 

• Output Short-Circuit Protection 

• TL291 Has Offset Null Capability 

• Pinout is Same as Standard General Purpose 
Operational Amplifiers 

description 

These devices are high-speed operational amplifiers 
designed for applications requiring wide bandwidth 
and a fast slew rate. These monolithic circuits 
incorporate new high-frequency P-N-P transistors that 
eliminate the need for large feed-forward capacitors 
required in previous moderately high-frequency 
designs to pass the signal around slow lateral P-N-P 
stages. 

These operational amplifiers have a typical full-power 
bandwidth of 400 kilohertz for a 20-volt peak-to-peak 
output swing. because of the higher 20-megahertz 
unity-gain bandwidth, the typical open-loop gain at the 
400-kilohertz full-power bandwidth is a very 
respectable 34 decibels. 

The TL291 single-channel operational amplifier pinout 
includes offset nulling, which is easily accomplished 
by connecting a potentiometer across the offset null 
pins with the wiper connected to the VCC _ pin. 

The TL291 M, TL292M, and TL294M will be 
characterized for operation over the full military 
temperature range of - 55 DC to 125 DC. The TL291 C, 
TL292C, and TL294C will be characterized for 
operation from 0 DC to 70 DC. 

PRODUCT PREVIEW 

TYPES TL291, TL292, TL294 
HIGH-FREQUENCY OPERATIONAL AMPLIFIERS 

02782. SEPTEMBER 1983 

TL291 

JG OR P DUAL-IN·LlNE PACKAGE 
(TOP VIEWI 

OFFSET N1 []B NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 OFFSET N2 

TL292 

JG OR P DUAL-IN·LlNE PACKAGE 
(TOP VIEWI 

AMP {?NU~ []1 ~ ~~~+} 
#1 IN+ 3 6 IN- AMP 

VCC- 4 5 IN+ #2 

TL294 

J OR N DUAL-IN·LINE PACKAGE 
(TOPVIEWI 

AMP {?NU~ ~U~ } AMP 
#1 IN+ IN+ #4 

VCC+ VCC-

AMP {:~~ :~~ } AMP 

#2 OUT '-1.,;._....;;.Jt-' OUT #3 

NC-No internal connection 

symbol (each amplifier) 

OFFSET NULL Nl-----' 

OFFSET NULL N2 ----, 
NON INVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

OUTPUT 

Copyright © 1983 by Texas Instruments Incorporated 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Wide Range of Supply Voltages Single 
Supply ... 3 V to 30 V or Dual Supplies 

• Low Supply Current Drain Independent of 
Supply Voltage •.• 0.8 mA Typ 

• Common-Mode Input Voltage Range Includes 
Ground Allowing Direct Sensing near Ground 

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV TYP 
Input Offset Current ... 3 nA Typ (TL321M) 
Input bias Current ... 45 nA Typ 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 32 V 

• Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 

• Internal Frequency Compensation 

symbol 

IN+=t>-
OUT 

IN- -

description 

TYPES TL321M, TL3211, TL321C 
OPERATIONAL AMPLIFIERS 

02343, APRIL 1977 -REVISED AUGUST 1983 

TL321M •. , JG 

TL3211. TL321C ... JG OR P 

DUAL-IN-LiNE PACKAGE 

(TOP VIEW} 

NC 
IN­

NC 
IN+ 

NC 

NC[]8 NC 
IN- 2 7 VCC 
IN+ 3 6 OUT 
GND 4 5 NC 

TL321M. , , FH OR FK 

CHIP CARRIER PACKAGE 

(TOP VIEW} 

uuuuu zzzzz 

uouuu zzzzz 
(!) 

NC - No internal connection 

NC 
VCC· 
NC 
OUT 
NC 

The TL321 is a high-gain. frequency-compensated operational amplifier that was designed specifically to operate from 
a single supply over a wide range of voltages, Operation from split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts and Pin 7 is at least 1.5 volts more positive than the input common­
mode voltage. The low supply durrent drain is independent of the magnitude of the supply volt~ge, 

Applications include transducer amplifiers. doc amplification blocks. and all the conventional operational amplifier circuits 
that now can be more easily implemented in single-supply-voltage systems. For example. the TL321 can be operated 
directly off of the standard five-volt supply that is used in digital systems and will easily provide the required interface 
electronics without requiring additional ± 1 5-volt supplies. 

The TL321 M is characterized for operation over the full military temperature range of - 55 DC to 1 25 DC. The TL321 I 
is characterized for operation from -25 DC to 85 DC. The TL321C is characterized for operation from ODC to 70 DC. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL321M, TL3211, TL321C 
OPERATIONAL AMPLIFIERS 

schematic 

r---------------~ __ ~--__ ~--__ ~------_4~~._--_oVCC 

INVERTING 
INPUT IN-

L.. ... --...... --... ---OOUTPUT 

NONINVERTINGo-________ ~-----+-----J 
INPUT IN+ 

.. -----41) GND 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 32 V 
Differential input vol~age (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 32 V 
Input voltage range (either input) .............................................. - 0.3 V to 32 V 
Duration of output short-circuit to ground at (or below) 25·e free-air temperature 

(Vee :s 15 V) (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
eontinuous total dissipation at (or below) 25·e free-air temperature (see Note 4) . . . . . . . . . . . . . . .. 6BO mW 
Operating free-air temperature range: TL321 M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55·e to 125·e 

TL3211 ..................................... -25·e to B5·e 
TL321e ....................................... o·e to 70·e 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65·e to 150·e 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package. . . . . . . . . . .. 300·e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ..................... 260·e 

NOTES: 1. All voltage values, except differential voltages, are with respect 10 the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Vee can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TL321 M chips are alloy-mounted; 

TL321 I and TL321C chips are glass-mounted. 
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TYPES TL321M, TL3211, TL321C 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Vee 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
TL321M. TL3211 TL321C 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIC = VieR min. 
25°C 2 5 2 7 

Via Input offset voltage 
Vee = 5 V to 30 V. 

mV 
Va = 1.4 V. 

Full range 7 9 
RS=50kll 

25°C 3 30 5 50 
nA 110 Input offset current Va = 1.4 V 

Full range 100 150 

25°C -45 -150 -45 -250 
liB Input bias current Vo = 1.4 V. nA 

Full range -300 -500 

o to o to 
Common-mode input 

25°C 

VieR Vee = 5 V to 30 V Vee-1.5 Vee-1.5 
V 

voltage range o to o to 
Full range 

Vee- 2 Vee- 2 

Vee = 30 V. 
Full range 26 26 

RL = 2 kll 

VOH High-level output voltage Vee = 30 V. V 
Full range 27 28 27 28 

RL'" 10 kll 

RL '" 2 kll 25°C 3.5 3.5 

VOL Low-level output voltage RL < 10 kll Full range 5 20 5 20 mV 

Large-signal differential 
Vee = 15V. 25°C 50 100 25 100 

AVO Va = 1 V to 11 V. V/mV 
voltage amplification 

RL'" 2 kll Full range 25 15 

eMRR 
Common-mode VIC = VieR min. 

70 85 65 85 dB 
rejection ratio RS = 50 II 

25°C 

kSVR 
Supply voltage rejection Vee = 5 V to 30 V. 

25°C 65 100 65 100 dB 
ratio(<l.Vee/<l.VIO) RS = 50 II 

Vee = 15V. 25°C -25 -40 -20 -40 
Source VIO = 1 V. 

Va = 0 Full range -10 -20 -10 -20 
mA 

10 Output current 
Vee = 15 V. 25°C 10 20 10 20 

Sink VIO = -1 V. 

Va = 15 V Full range 5 8 5 8 

VIO = -1 V. 
25°C 12 50 12 50 ~A 

Va = 200 mV 

No load 

Va = 15 V. Full range 2 2 

ICC Supply current 
Vee = 30 V 

mA 
No load 

Va = 2.5 V. Full range 0.4 1 1 

Vee = 5 V 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is - 55°C to 125 ac 
for TL321M, -25°C to 85°C for TL321I, and OOC to 70°C for TL321C. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL322M. TL3221. TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

02567, OCTOBER 1979-REVISEO SEPTEMBER 1983 

• Wide Range of Supply Voltages 
Single Supply ... 3 V to 36 V or 
Dual Supplies 

• Class AB Output Stage 

• True Differential Input Stage 

• Low Input Bias Current 

• Internal Frequency Compensation 

• Short-Circuit Protection 

description 

The TL322M, TL3221, and the TL322C are dual 
operational amplifiers similar in performance to the 
MC3403. They are designed to operate from a single 
supply over a range of voltages from 3 volts to 36 
volts. Operation from split supplies is also possible 
provided the difference between the two supplies is 
3 volts to 36 volts. The common-mode input range 
includes the negative supply. Output range is from the 
negative supply to V CC _ 1.5 V. Quiescent supply 
currents per amplifier are typically less than one-half 
those of the uA741. 

The TL322M is characterized for operation over the 
full military temperature range of - 55 DC to 125 DC. 
The TL3221 is characterized for operation from 
- 40 DC to 85 DC. The TL322C is characterized for 
operation from 0 DC to 70 DC. 

TL322M •.. JG PACKAGE 

TL3221. TL322C .. , D. JG. OR P PACKAGE 

(TOP VIEW) 

OUT 08 VCC+ 
AMPL{ IN- 2 7 OUT}AMPL 

# 1 IN + 3 6 IN - #2 
GND 4 5 IN+ 

symbol (each amplifier) 

NONINVERTING =t>-
INPUT IN+ + 

INVERTING OUTPUT 

INPUT IN- -

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TL322M TL3221 TL322C 

Supply voltage Vee + (see Note 1) 18 18 18 

Supply voltage Vee _ (see Note 1) -18 -18 -18 

Supply voltage Vee + with respect to Vee- 36 36 36 

Differential input voltage (see Note 2) ±36 ±36 ±36 

Input voltage (see Notes 1 and 3) ±18 ±18 ±18 

Continuous total power dissipation at (or below) 

25 ac free-air temperature (see Note 4) 
680 680 680 

Operating free-air temperature range 55 to 125 40 to 85 o to 70 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 

Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds I JG package 300 300 300 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I 0 or P package 260 260 

NOTES: 1. These voltage values are with respect to the midpoint between Vee + and Vee-" 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Neither input must ever be more positive tban VCC+ or more negative than VCC-. 

UNIT 

V 

V 

V 

V 

V 

mW 

°e 

°e 

°e 

°e 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package, TL322M chips are alloy 
mounted and TL3221 and TL322C chips are glass mounted. 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TL322M, TL3221, 'TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

ele9trical characteristics at specified free-air temperature. Vee ± ±: 15 V (unless otherwise noted) 

TEST CONDITIONS t 
TL322M TL3221 TL322C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TVP MAX 

Va = O. 25"C 2 8 2 8 2 10 
Via Input offset voltage mV 

RS = 50 II Full range 10 10 12 

Temperature 
Va = O. 

coefficient of input 25°C 10 10 10 p.V/oC "VIa 
Rs = 50 II 

offset voltage 

25°C 30 75 30 75 30 50 
110 Input offset current Va = 0 nA 

Full range 250 250 200 

Temperature 

"110 coefficient of input Va = 0 25°C 50 50 50 pA/oe 

offset current 

25°C -0.2 -0.5 -0.2 -0.5 -0.2 -0.5 
118 Input bias current Va = 0 

Full range -1.15 -1 -0.8 
,.A 

Common-mode VCC- VCC- VCC- VCC- VCC- VCC-

VICR input voltage 25°C to to to to to to V 

range t 13 13.5 13 13.5 13 13.5 

RL = 10 kll 25°C ±12 ±13.5 ±12 ±12.5 ±12 ±13.5 

YOM 
Peak output 

25°C ±10 ±13 ±10 ±12 ±10 ±13 V 
voltage swing RL = 2 kll 

Full range ±10 ±10 ±10 

large-signal 
Va = ±10V. 25°C 200 20 200 20 200 

V/mV 
AVO differential voltage 

RL = 2 kll Full range 25 15 15 
amplification 

VOpp = 20 V. 

BaM 
Maximum-output AVO = 1. 

25°C 9 9 9 kHz 
swing bandwidth THO", 5%. 

RL = 2 kll 

B, 
Unity-gain Va = 50 mY. 

25°C 1 1 1 MHz 
bandwidth RL = 10 kll 

Phase margin 
RL=2kll. 

25°C 60" 60" 60" ~m 
CL = 200 pF 

'j Input resistance f = 20 Hz 25°C 0.3 1 0.3 1 0.3 1 Mil 

'0 Output resistance f = 20 Hz 25°C 75 75 75 II 

Common-mode VIC - VieR min, 
CMRR 25°C 70 90 70 90 70 90 dB 

rejection ratio RS = 50 II 

Supply voltage 
VCC = ±2.5 V 

to 
kSVS sensitivity 25°C 30 150 30, 150 30 150 p.V/v 

I.!.VIO/.!.VCCI 
±15 V. 

RS = 50 II 

Short~circuit 
lOS Va = 0 25°C ±10 ±30 ±45 ±10 ±30 ±45 ±10 ±30 ±45 mA 

output current§ 

ICC 
Total supply Va = O. 

25°C 1.4 4 1.4 2.5 1.4 4 mA 
current No load 

t All characteristics are specified under open~loop conditions unless otherwise noted. Full range for TA is - 55°e to 125°C for TL322M; -40oe to 85°C 
for TL3221, and OOC to 70°C for TL322C. 

*The VieR limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than Vee +. 
§Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

3-162 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75266 



13 

TYPES TL322M, TL3221, TL322C 
DUAL LOW·POWER OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee + 5 V, Vee-

PARAMETER TEST CONDITIONS t 

Via Input offset voltage Va : 2.5 V, RS: 500 

110 Input offset current Va : 2.5 V 

liB Input bias current 

RL : 10 kO 

YOM 
Peak output 

RL=10kD. 
voltage swing § 

Vee + = 5 V to 30 V 

AVO 
Large~signal differential Vo = 1.7 V to 3.3 V. 

voltage amplification Rl = 2 kO 

Supply voltage 

kSVS sensitivity Vee = ±2.5 V to ±15 v 

(4V,O/.:1VCC±' 

ICC Supply current Va - 2.5 V, No load 

V 01 IV 02 Crosstal~ attenuation 
AVO - 100, 

f = 1 kHz to 20kHz 

t All characteristics are specified under open-loop conditions. 

§Output will swing essentially to ground. 

o V, TA 

TL322M 

MIN TYP 

2 

30 

-0.2 

3.3 3.5 

VCC+- 1.7 

20 200 

1.2 

120 

~5 °e (unless otherwise noted) 

n3221 TL322C 

MAX MIN TYP MAX MIN TYP 

B B 2 

75 75 30 

-0.5 -0.5 -0.2 

3.3 3.5 3.3 3.5 

Vcc+ -1.7 Vcc+ -1.7 

20 200 20 200 

150 150 

2.5 1.2 4 1.2 

120 120 

switching characteristics: Vee ± ± 15 V, AVO = 1, TA = 25°e (unless otherwise noted) 

MAX 

10 

50 

-0.5 

150 

4 

PARAMETER TEST CONDITIONS MIN TYP MAX 

SR Slew rate at unity gain V = ±10 V. C : 100 pF, See Figure 1 0.6 

4VO = 50 mY, el = 100 pF. RL : 10 kO, 

See Figure 1 

0.35 

0.35 

20% 

Rise time 

tf Fall time 

Overshoot factor 

Crossover distortion V,pp = 30 mV, VOpp : 2 V, f = 10kHz 1% 

PARAMETER MEASUREMENT INFORMATION 

Vi 

FIGURE l-UNITY-GAIN AMPLIFIER 

UNIT 

mV 

nA 

pA 

V 

V/mV 

ILVN 

mA 

dB 

UNIT 

VII's 

pS 

pS 
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TYPES TL322M, TL3221, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

250 

'" 200 
T 
E 
j 15 

£ 
0 

~ 100 

~ 0 

INPUT BIAS CURRENT 

TEMPERATURE 

Vec± = ±15 V 

- - ....... 
....... 

-75 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-"e 

FIGURE 2 

MAXIMUM PEAK-lO-PEAK OUTPUT VOLTAGE 

f-Frequency-Hz 

FIGURE 5 

TYPICAL CHARACTERISTICS t 

~ 
100 

~ 
50 

0 
0 

1(,6 

:; 

~ 105 

" ~ 104 

~ 
g 103 

~ 
~ 102 

is 

b 10 
~ 

1 

INPUT BIAS CURRENT 

" SUPPlY VOLTAGE 

10 12 14 16 

!Vee iI-Supply Voltage-V 

FIGURE 3 

LAAGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREQUENCY 

VCC±=±15V -..... 

"" 
~~:~5~~ -

~ 

"" "" I"" 10 100 1 k to k 100 k 1 M 

f-Frequency-Hz 

FIGURE 6 

MAXIMUM PEAK-lO-PEAK OUTPUT VOLTAGE 

5 

0 

5 

0 

5 

0 

10 

5 

-10 

SUPPLY VOLTAGE 

RL"" 10kil 
TA= 2SoC / 

V 

/ 
/V 

1/ 
V 

10 12 14 16 

!vec±I-Supply VOltage-V 

FIGURE4 

VOLTAGE-FOLLOWER 
LARGE·SIGNAL PULSE RESPONSE 

VCC± "" ±tS V 

I RL" 2kn 
I TA=25GC 

OUTPUT/ : I \ See Figure 1 

/ 
., , 
: 1\ 

II : \ 
: 

I : \ 
!INPUT 

I 
0102030405060 708090 

t-Time-ps 

FIGURE 7 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

schematic (each amplifier) 

NON INVERTING + ____ ++ __ -, 
INPUT IN+ 

INVERTING 
INPUT IN-

.rj::j:=::j:=t=::;-il---U+'=} TO OTHER 
AMPLIFIER 

L-~~--~~~---+--~~--~--~~~~--~--~~-Vcc_ 
All component values shown are nominal 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

• Wide Range of Supply Voltages: 
1 V to 16 V (TLC251C) 
3 V to 16 V (TLC271C. TLC271I) 
4 V to 16 V (TLC271M) 

• True Single Supply Operation 

• Common-Mode Input Voltage Range Includes 
the Negative Rail 

• Low Noise ... 30 nV/$z Typ at 1 kHz 
(High Bias) 

description 

02751. JULY 1983-REVISEO NOVEMBER 1983 

D, JG, OR P DUAL-IN-LiNE PACKAGE 

(TOPVIEWI 

OFFSET Nl DB BIAS SELECT 
IN- 2 7 VOO 
IN+ 3 6 OUT 
GNO 4 5 OFFSET N2 

NC 
IN­

NC 
IN+ 

NC 

FH OR FK PACKAGE 

(TOPVIEWI 

J-

Z ~ 
tu ~ 
III III 

uttu:;!;u 
202m2 

UOUNU 
22222 

(!J J-
w 
CIl 
LL 
LL 
o 

NC - No internal connection 

NC 

VOO 
NC 
OUT 

NC 

The TLC251 and TLC271 series are low-cost, low­
power programmable operational amplifiers designed 
to operate with single or dual supplies. Unlike 
traditional metal-gate CMOS op amps, these devices 
utilize Texas Instruments silicon-gate LinCMOSTM 
process, giving them stable input offset voltages 
without sacrificing the advantages of metal-gate 
CMOS. This series of parts is available in salected 
grades of input offset voltage and can be nulled with 
one external potentiometer. Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this family 
is ideally suited for battery-powered or energy­
conserving applications. A bias-select pin can be used 
to program one of three ac performance and power­
dissipation levels to suit the application. The TLC251 
offers the same operation sd the TLC271. but also 
features guaranteed operation down to a 1 V supply. 
Both devices are stable at unity gain. 

symbol 

BIASSELECT~ 
NON INVERTING + 

INPUT IN+" OUTPUT 

INVERTING -
INPUT IN-

OFFSET N1 

OFFSET N2 " 

TEMPERATURE RANGES AND PACKAGES 

SERIES TEMPERATURE RANGE PACKAGES 
TLC251 _ C Types OOC to 70° JG. p, D 
TLC271 _ C Types OOC to 70°C JG. P.D 
TLC271_1 Types -40°C to B5°C JG. P.D 
TLC271_M Types -55°C to 125°C JG,FH,FK 

DEVICE FEATURES 

PARAMETER LOW BIAS MEDIUM BIAS HIGH BIAS 

Supply current (Typl 10pA 150 pA 1000 pA 

Slew rate (Typl 0.04 V/~s 0.6 V/~s 4.5 V/~s 

Input offset voltage (Maxi 

· .. Standard types 10 mV 10mV 10mV 

· .. A-suffix types 5 mV 5 mV 5 mV 

· . . B-suffix types 2 mV 2 mV 2 mV 

Offset voltage drift (Typl 0.1 ~V/montht 0.1 ~V/month t 0.1 ~V/month t 

Offset voltage temperature coefficient (Typl 0.7 ~V/oC 2 ~V/oC 5 ~V/oC 

Input bias current (Typl 1 pA 1 pA 1 pA 

Input offset current (Typl 1 pA 1 pA 1 pA 

tThe long·term drift value applies after the first month. 

ADVANCE INFORMATION Copyright © 1983 bV Texas Instruments Incorporated 

• 
16 
c 
o 

"+i 
«I 
~ 

Q) 
c. 
o 

ThII document contIIIna InformetIon on a IWW prodIict. 
Speciflcations are aubiect to change without notice. TEXAS 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 

description (continued) 

These devices have internal electrostatic discharge (ESDI protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-SS3B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC251 
and TLC271 series inClude many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOS operational amplifiers without 
the power penalties of traditional bipolar dlh/ices. General applications such as transducer interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC271. Remote and inaccessible 
equipment applications are possible using the low-voltage and low-power capabilities of the TLC2 51 . In addition, by 
driving the bias-select input with a logic signal from a microprocessor, these operational amplifiers can have software­

. controlled performance and power consumption. The TLC251 is well suited to solve the difficult problems associated 
with single-battery and solar-cell-powered applications . 

• schematic 

0 
"C 
CD .. 
S» 
r+ O· 
~ 

!. 
» 
3 
'2. 
~ ar .. 
0 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, VDD (see Note 1) ..................................................... , 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 

D package ................................................................ " 725 mW 
FH package (see Note 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1200 mW 
FK package (see Note 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
JG package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1050 mW 
P package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 

Operating free-air temperature range: TLC271M, TLC271AM, TLC2718M .............. -55°C to 125°C 
TLC27,11, TLC271AI, TLC27181 .................. -40°C to 85°C 
TLC251C, TLC251AC, TLC251BC, 
TLC271 C, TLC271AC, TLC271 BC ................... OOC to 70°C 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: JG package ................ 300°C 
Lead Temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal, with respect to the inverting input terminal. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 

not exceeded. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table below. 
5. For FH and FK packages, power rating and rerating factor will vary with actual mounting technique used. The values stated here are believed 

to be conservative. 
DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
PACKAGE 

RATING FACTOR TA 

D 725 mW 5.B mW/oC 25°C 

FH 1200 mW 9.6 mW/oC 25°C 

FK 1375 mW 11.0 mW/oC 25°C 

JG 1050 mW 8.4 mW/oC 25°C 

P 725 mW 5.B mW/oC 25°C 

recommended operating conditions 

TLC251 TLC271 

TLC251A TLC271A 

TLC251B TLC271B UNIT 

MIN NOM MAX MIN NOM MAX 

M-suffix types 4 16 

Supply voltage, VDD I-suffix types 3 16 V 

C-suffix types 1 16 3 16 

VDD - 1 V 0 0.2 

Common-mode input voltage, VIC 
VOO ~ 4 V 0 3 0 3 

V 
VOO-10V 0.05 9 0.05 9 

VOO - 16 V -0.05 14 -0.05 14 

M-suffix types -55 125 

Operating free-air temperature, T A 
I-suffix types -40 85 

°C 
C-suffix types 0 70 0 70 

Bias Select pin voltage See application notes 
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TYPES TLC251, TLC251A, TLC251B, TLC2j1, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo 10 V (unless otherwise noted) 

TLC251_C. 

PARAMETER TEST CONOITIONS t BIAS TLC271 M TLC271 I TLC271_C 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TLC251_. ~ 10 10 10 

TLC271 Full range 
Any 

12 13 12 
Input 

TLC251A_. Vo = 1.4V. 25°C 5 5 5 
VIO offset 

I Full range 
Any 

TLC271A_ RS = 500 6.5 7 6.5 
voltage 

TlC251B_. 25°C 2 2 2 

TLC2711L. I Full range 
Any 

3 3.5 3 

Average temperature Low 0.7 0.7 0.7 

aVIO coefficient of inpu~ Full range Medium 2 2 2 

offset voltage High 5 5 5 

VIC - 5 V. ~ 1 1 1 
110 Input offset current 

Vo = 5 V Full range 
Any 

15000 200 100 

VIC - 5 V. ~ 1 1 1 
liB Input bias current 

Vo = 5 V Full range 
Any 

35000 300 150 

Common-mode input 
-0.2 0.2 0.2 

VICR 25°C Any to to to 
voltage range' 

9 9 9 
Peak output 25°C 8 8.6 8 8.6 8 8.6 

VOM voltage range+ 
VIO = 100 mV ~. Any 

7.8 7.8 7.8 

Low 30 500 30 500 30 500 

Larg~-signal 25°C Medium 20 280 20 280 20 280 

differential Vo =, ta6V, High 10 40 10 40 10 40 
AVO 

voltage RS = 500 Low 20 20 25 

amplification Full range Medium 10 10 15 

Hi h 7 7 7.5 

CMRR 
Common-mode Vo = 1.4V. 

rejection ratio VIC =. V,eR mi," 
25°C Any 70 88 70 88 70 88 

Supply voltage Low 70 88 70 88 70 88 

kSVR rejection ratio 
VDD=5to10V. 

25°C Medium 70 88 70 88 70 88 

IA VCCIA ViOl 
Vo = 1.4 V 

High 65 82 65 82 65 82 

Vo O. 
-55 -55 -55 

Short-circuit VIC = 100 mV 
lOS 

Vo - Vee. 
25°C Any 

output current 
15 15 15 

VID = -100 mV 

High-level input 

IIHISELI current to bias VUSEU = 0 V 25°C High 10.5 10.5 10.5 

select 

Low-level input 

IILISEL) current to bias VIISELI = 10 V 25°C Low 1.3 1.3 1.3 

select 

Low 10 20 10 20 10 20 

No load. 
25°C Medium 150 300 150 300 150 300 

Supply current 
High 1000 2000 1000 2000 1000 2000 

ICC Vo = 5 V. Low 40 40 30 
VIC = 5 V Full range Medium 500 500 400 

High 3000 2500 2200 

UNIT 

mV 

p.V/oC 

pA 

pA 

V 

V 

V/mV 

dB 

dB 

mA 

,A 

,A 

,A 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T A is - 55°C 

to 125°C for TLCLM. -40°C to 85°C for TLC2-J, and ooe to 70°C for TLC2_C. Unless otherwise noted, an output load resistor is connected from 

the output to ground and has the following values: for low bias RL = , MO, for medium bias RL = '00 kO. and for high bias RL = '0 kO. 

:t:The output will swing to the potential of the ground pin. 
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TYPES TLC251, TLC251A, TLC251B 
PROGRAMMABLE LOW·POWER LinCMOSTM AMPLIFIERS 

electrical characteristics at specified free·air temperature, VOO 1 V 

PARAMETER TEST CONDITIONS t BIAS 
MIN 

TLC251 C 
UNIT 

TYP MAX 

25°C 10 
TLC251C 

O°C to 70°C 
Any 

12 

Input offset 
TLC251AC 

Va = 0.2 V, 25°C 5 
Via Any mV 

voltage RS = 50 I) OOC to 70°C 6.5 

25°C 2 
TLC251BC Any 

OOC to 70°C 3 

Average Temperature 
"'VIO Coefficient of Input OOC to 70°C Any 1 pV/oC 

Offset Voltage 

25°C 1 
110 Input offset current VO= 0.2 V 

OOC to 70°C 
Any 

100 
pA 

25°C 1 
liB Input bias current VO=0.2 V 

O°C to 70°C 
Any 

150 
pA 

0 

VICR 
Common-mode input 

25°C Any to V 
voltage range 

0.2 

YOM 
Peak output voltage 

Via = 100 mV 25°C Any 450 mV 
swing+ 

Large-signal differential Va = 100 to 300 mY, Low 20 
Ava 25°C V/mV 

voltage amplification RS = 50 I) High 10 

Common-mode 
RS - 50 I), 

CMRR Va = 0.2 V, 25°C Any 77 dB 
rejection ratio 

VIC = VIC min 

Va - 0.2 V, Low 2 
100 Supply current 25°C 

12 
pA 

No load High 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 

output load resistor is connected from the output to ground and has the following values: for low bias RL = 1 MO, for medium bias RL = 100 kO, and 

for high bias RL = 10 kO. 
:tThe output will swing to the potential of the ground pin. 

operating characteristics, VDD 1 V, TA 25°C 

PARAMETER TEST CONDITIONS BIAS 
TLC251J 

UNIT 
MIN TYP MAX 

Low 12 
81 Unity-gain bandwidth CL ~ 10 pF kHz 

High 75 

Low 0.001 
SR Slew rate at unity gain See Figure 1 V/~s 

High 0.01 

Low 35% 
Overshoot factor See Figure 1 

High 30% 

• en .. 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW·POWER LinCMOSTM AMPLIFIERS 

operating characteristics, VOO 10 V, TA 

PARAMETER TEST CONDITIONS 
TLC2_M TLC2_1 

BIAS 
MIN TYP MAX MIN TYP 

Unity-gain 
AV - 40 dB, Low 0.1 0.1 

Bl 
bandwidth 

CL = 10pF, Medium 0.7 0.7 

RS = 500 High 2.3 2.3 

Slew rate at 
Low 0.04 0.04 

SR See Figure 1 Medium 0.6 0.6 
unity gai~ 

High 4.5 4.5 

Overshoot 
Low 30% 30% 

factor 
See Figure 1 Medium 35% 35% 

High 35% 35% 

Phase margin 
AV - 40 dB, Low 43° 43° 

.pm RS = 100 n, Medium 43° 43° 
at unity gain 

CL = pF High 50" 50° 

Equivalent input 
Low 70 70 

Vn 
f = 1 kHz, 

Medium 38 38 

TLC2_C 
UNIT 

MAX MIN TYP MAX 

0.1 

0.7 MHz 

2.3 

0.04 
0.6 V/.s 
4.5 

30% 

35% 

35% 

43° 

43° 

50° 

70 

38 nV/$z 
noise voltage RS=100n 

High 30 30 30 11 ______ _ 
o 
"C 
CD ... 
CI) 
r+ 
0" 
::I 
!!!. 
» 
3 
"2-
::;: 
CD" ... 
(II 
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PARAMETER MEASUREMENT INFORMATION 

> ........ -~ ..... OUTPUT 

INPUT 

BIAS RL 

LOW 1 Mil 
MEDIUM 
HIGH 

100 kil 
10kil GND 

FIGURE I-UNITY-GAIN AMPLIFIER FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TYPES TLC251, TLC251 A, TLC251 B, TLC271, ,TLC271 A, TLC271 B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 

TYPICAL CHARACTERISTICS 

10,000 

SUPPLY CURRENT 
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FIGURE 3 
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vs 

FREE-AIR TEMPERATURE 

1.1 
Voo = 10V 
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FIGURE 5 
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SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

Vo - VIC = 0.2 VOO 

Jghls 

No load 
TA = 2SoC 
See Note 6 --I--

Med1m jiBS 

,-, 
I 
,,' .... 

" " " Low Bias 
~ --
~I--' 1--

o 2 4 6 8 10 12 14 16 18 20 
VOO-8upply Voltage-V 

NOTE 6: Data for VOO less than 4 V applies only for TLC251. TLC251A, 

and TLC251B. 
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TYPES TLC251. TLC251 A. TLC251 B. TLC271. TLC271 A. TLC271 B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
MEDIUM BIAS 

LARGE-SIGNAL 
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FREQUENCY 
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HIGH BIAS 
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latchup avoidance 

TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW·POWER LinCMOSTM AMPLIFIERS 

TYPICAL APPLICATION INFORMATION 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be applied simultaneously with, or before, application of any input signals. 

using the bias select pin 

The TLC251 and TLC271 have a bias select pin that allows the selection of one of three 100 conditions (10, 150, and 
1000 p.A typical). This allows the user to trade-off power and ac performance. As shown in the typical supply current (1001 
versus supply voltage (VOO) curves (Figure 4), the 100 varies only slightly from 4 to 16 V. Below 4 V, the 100 varies more 
significantly. Note that the 100 values in the medium and low-bias modes at VOO = 1 V are typically 2 p.A, and in the 
high mode are typically 12p.A. The following table shows the recommended bias select pin connections at VOO = 10 V: 

RECOMMENDED BIAS SELECT PIN USE AT VDD = 10 V 

BIAS MODE AC PERFORMANCE 
BIAS SELECT 

TYPICAL IDD§ 
CONNECTIONt 

Low Low Voo 10)'A 
Medium Medium 0.8 V to 9.2 V 150 )'A 

High High Ground pin 1000 )'A 

tThe Bias Select pin may also be controlled by external circuitry to conserve power, etc. For information regarding the bias select pin. see Figure 3 in the 

typical characteristics curves. 
§For tDO characteristics at voltages other than 10 V, see Figure 4 in the typical characteristics curves. 

output stage considerations 

The amplifier's output stage consists of a source-follower-connected pullup transistor and an open-drain pulldown transistor. 
The high-level output voltage (VOH) is virtually independent of the.IOO selection, and increases with higher values of VOO 
and reduced output loading. The low-level output voltage (VoU decreases with reduced output current and higher input 
common-mode voltage. With no load, VOL is essentially equal to the GNO pin potential. 

input offset nulling 

Both the TLC251 and TLC271 offer externa.1 offset null control. Nulling may be achieved by adjusting a 25-kll potentiometer 
connected between the offset null terminals with the wiper connected to the device GND pin as shown in Figure 2. The 
amount of nulling range varies with the bias selection. At 100 settings of 150 and 1000 p.A (medium and high bias), the 
nulling range will allow the maximum offset specified to be trimmed to zero. In low bias or when the TLC251 is used below 
4 V, total nulling may not be possible on all units. 

supply configurations 

Even though the TLC251 and TLC271 are characterized for single-supply operation, they can be used effectively in a split­
supply configuration when the input common-mode voltage (VICR), output swing (VOL and VOH), and supply voltage limits 
are not exceeded. 

circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive de leakages. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TLC252. TLC25L2. TLC25M2. TLC272. TLC21L2. TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

• Wide Range of Supply Voltages: 
1 V to 16 V (TLC252C) 
3 V to 16 V (TLC272C. TLC2721) 
4 V to 16 V (TLC272M) 

• True Single-Supply Operation 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise ... 30 nV/$z Typ at 
f = 1 kHz (High-Bias Versions) 

description 

02752. JUNE 1983-REVISED OCTOBER 1983 

D, JG. OR P DUAL-IN-UNE PACKAGE 

#1 

(TOPVIEWl 

OUTDS VDD 
IN- 2 7 OUT 
IN+ 3 6 IN-

GND 4 5 IN+ 

FH OR FK PACKAGE 

(TOP VIEWI 
I-
::> 
o 0 u _ U OU 

Z""Z>Z 

UOU+U 
zZzzz 

C!) -
N .. 

NC - No internal connection 

NC 

NC 
#2IN­

NC 

The TLC252 and TLC272 series are low-cost. low­
power dual operational amplifiers designed to operate 
with single or dual supplies. These devices utilize the 
Texas Instruments silicon gate LinCMOSTM process. 
giving them stable input offset voltages that are 
available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely 
low input offset and bias currents. Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this series 
is ideally suited for battery-powered or energy­
conserving applications. The TLC252 types offer 
guaranteed operation down to a 1-V supply. All 
devices are unity-gain stable and have excellent noise 
characteristics. 

symbol (each amplifier) 

NONINVERTING=t>-
.INPUT IN+ OUTPUT 

INVERTING -
INPUT IN-

DEVICE FEATURES 

TLC25L2 TLC25M2 TLC252 

PARAMETER TLC27L2 TLC27M2 TLC272 

(LOW BIAS) (MEDIUM BIAS) (HIGH BIAS) 

Supply current (Typ) 20 ~A 300 ~A 2000 ~A 

Slew rate (Typ) 0.04 V/~s 0.6V/~ 4.5 V/~s 

Input offset voltage (Max) 

· .. Standard types 10 mV 10 mV 10mV 

· . . A-suffix types 5 mV 5 mV 5 mV 

· . . B-suffix types 2 mV 2 mV 2 mV 

Offset voltage drift (Typ) 0.1 ~V/month t 0.1 ~V/month t 0.1 ~V/month t 

Offset voltage temperature coefficient (Typ) 0.7 ~V/oC 2 ~V/oC 5 ~V/oC 

Input bias current (Typ) 1 pA 1 pA 1 pA 

Input offset current (Typ) 1 pA 1 pA 1 pA 

tThe offset voltage drift applies after the, first month only. 

TEMPERATURE RANGES AND PACKAGES 

TYPES TEMPERATURE RANGE PACKAGES 

TLC25_2_C OOC to 70° JG,P, 0 

TLC27_2_C OOC to 70°C JG, P, 0 
TLC27_2_1 -40°C to S50C JG,P.D 
TLC27_2_M - 55°C to 125°C JG,FH,FK 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TLC252. TLC25L2. TLC25M2. TLC272. TLC21L2. TLC27M2 
LinCMOSTM DUAL OPERATIONAL APPLIFIERS 

description (continued) 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-8838, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC252 
and TLC272 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOSTM operational amplifiers without 
the power penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC252 and TLC272 series. Remote 
and inaccessible equipment applications are possible using the low-voltage and low-power capabilities of the TLC252. 
The TLC252 types are well suited to solve the difficult problems associated with single-battery and solar-i:ell-powered 
applications. This series includes devices that are characterized for commercial, industrial, and military temperature 
ranges and are available in 8-pin plastic and ceramic dual-in-line (DIP) packages, small outline (D) package, and chip 
carrier (FH, FK) packages. 

II schematic (each amplifier) 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Duration of short-circuit at (or below) 25 DC free-air temperature (see Note 3) . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 4): 

D package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
FH package (see Note 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1200 mW 
FK package (see Note 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
JG package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1050 mW 
P package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 

Operating free-air temperature range: TLC27_2_M ............................ -55 DC to 125 DC 
TLC27_2_1 .............................. -40DC to 85 DC 
TLC25_2_C, TLC27 _2_C ..................... ODC to 70 DC 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 150 DC 
Lead temperature 1,6 mm 11/16 inch) from the case for 60 seconds: JG package ................ 300 DC 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: D or P package .............. 260 DC 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 

not exceeded. 
4. For operation above 25 DC free-air temperature, refer to the Dissipation Derating Table. 

5. For FH and FK packages. power rating and derating factor will vary with the actual mounting technique used. The values stated here are believed 
to be conservative. 

DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
PACKAGE 

RATING FACTOR TA 

D 725 mW 5.8 mW/DC 25 DC 

FH 1200 mW 9.6 mW/DC 25 DC 

FK 1375 mW 11 mW/DC 25°C 

JG 1050 mW 8.4 mW/DC 25 DC 
p 725 mW 5.8 mW/oC 25 DC 

recommended operating conditions 

TLC25_2 TLC27_2 

TLC25_2A TLC27_2A 

TLC25 28 TLC27 28 
UNIT 

MIN NOM MAX MIN NOM MAX 

I M·suffix types 4 16 

Supply voltage, VOO I I·suffix types 3 16 V 

I C-suffix types 1 16 3 16 

VOO = 1 V 0 0.2 

Common-mode input voltage, VIC 
VOO = 4 V 0 3 0 3 

V 
VOO = 10 V -0.05 9 -0.05 9 

VOO = 16V -0.05 14 -0.05 14 

I M·suffix types -55 125 

Operating free-air temperature, T A I I·suffix types -40 85 DC 

I C-suffix types 0 70 0 70 
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TYPES TLC272, TLC27L2, TLC27M2 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

M-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, VOO = 10 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
TLC272.....M TLC27LLM TLC27M2_M 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 
25"C 10 10 10 

TLC27_2M 
-55°C to 125°C 12 12 12 

Input 
Vo - 1.4V. 25"C 5 5 5 

VIO offset TLC27_2AM 
RS ~ 50n -55°C to 125°C 6.5 6.5 6.5 

voltage 
25°C 2 2 2 

TLC27_2BM 
55°C to 125°C 3.5 3.5 3.5 

Average temperature 

aVIO coefficient of input ,-55°C to 125°C 5 0.7 2 
offset voltage 

VIC ~ 5 V, 25"C 1 1 1 
110 Input offset current 

Vo "" 5 V 56°C to 126°C 15 15 15 

VIC - 5 V, 26°e 1 1 1 
liB Input bias current 

Vo ~ 5 V 56°C to 125°C 35 35 35 

Common~mode input 
0.2 0.2 -0.2 

VICR 2S De to to to 
voltage range 

9 9 9 
Peak output voltage 25 Ge 8 8.6 8 8.6 8 8.6 

VOM 
swing i VID "" 100 mV 

56°C to 125°C 7.8 7.8 7.8 
Large-signal differential Vo - 1 to 6 V, 25°C 10 40 30 500 20 280 

AVO 
voltage amplification RS ~ 50n -55 0 to 125°C 7 20 10 

CMRR 
Common-mode Vo 1.4 V, 

25 Ge 70 88 70 88 70 B8 
rejection ratio V'C = V,eR min 
Supply voltage 

VOO~5tol0V, 
kSVR rejection ratio 25°e 65 B2 70 BB 70 BB 

I" VCC'" ViOl 
Vo ~ 1.4 V 

Vo - 0, 
-55 -55 -55 

Short-circuit VID = 100 mV 
25°e lOS output current Vo - VOD, 15 15 15 

VIO = -l00mV 

Supply current 
No load. 

25°C 1000 2000 10 20 150 300 
100 (each amplifier) 

Vo ~ 6 V, 

VIC ~ 5 V -55°C to 125°C 3000 40 500 

UNIT 

mV 

pV/DC 

pA 

nA 
pA 

nA 

V 

V 

V/mV 

dB 

dB 

mA 

.A 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 

output load resistor is connected form the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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TYPES TLC272, TLC27L2, TLC27M2 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

I-SUFFIX TYPES 

electrical characteristics at specified free-air temperature. Voo = 10 V (unless otherwise noted) 

TEST CONDITIONst 
nC272_1 TLC27l2_1 TlC27M2_1 

PARAMETER 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

UNIT 

25°e 10 10 10 
TLC27 _21 

40°C to B5°C 13 13 13 
Input 

VO=1.4V, 25°e 5 5 5 
Via offset TLC27 _2AI 

AS ~ 500 -40°C to B5°C 7 7 7 
mV 

voltage 
25"C 2 2 2 

TLC27 _281 
40°C to B5°C 3.5 3.5 3.5 

Average temperature 

aVIQ coefficient of input -40°C to B5°C 5 0.7 2 jlV/oC 

offset voltage 

VIC - 5 V, 25°e 1 1 1 
110 Input offset current 

Vo = 5 V 40°C to B5°C 200 200 200 
pA 

VIC - 5 V, 25°e 1 1 1 
liB Input bias current 

Vo = 5 V -40°C to B5°G 300 300 300 
pA 

0.2 0.2 0.2 

VieR 
Common-mode input 

25°e to to to V 
voltage range 

9 9 9 

Peak output voltage 25°e 8 8.6 8 8.6 8 8.6 
VOM swing~ 

VIO = 100 mV 
7.8 7.8 7.8 

V 
40°C to B5°C 

Large-signal differential Vo - 1 to6V, 25°e 10 40 30 500 20 280 
AVD 

7 20 10 
V/mV 

voltage amplification AS ~ 50n -40°C to B5°C 

CMAA 
Common-mode 

rejection ratio 

Vo - 1.4 V, 

VIC = VieR min 
25°e 70 88 70 88 70 88 dB 

Supply voltage 
VDO=5to10V, 

kSVA rejection ratio 25°C 65 82 70 88 70 88 dB 

I~ VCC/~ ViOl 
Vo ~ 1.4 V 

Vo - 0, 
-55 - 55 -55 

Short-circuit VID == 100 mV 
25°C mA lOS output current Vo - VDD, 

15 15 15 
VID = -100 mV 

Supply current 
No load, 

25°C 1000 2000 10 20 150 300 
IDD 

(each amplifier) 
Vo ~ 5 V, eA 

VIC ~ 5 V -40°C to 85°C 2500 40 500 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise sp-ecified. Unless otherwise noted, an 

output load resistor is connected from the output to the ground pin. 

+The output will swing to the potential of the ground pin. 
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TYPES TLC252. TLC25L2. TLC25M2. TLC272. TLC27L2. TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

C-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, VOO = 10 V (unless otherwise noted) 

TLC252_C. TLC25L2_C. TLC25M2_C. 

PARAMETER TEST CONDITIONS t TLC272 C TLC27L2 C TLC27M2 C 
MIN TYP MAl( MIN TYP MAX MIN TYP MAX 

TLC2.2C 
25°C 10 10 10 

Input 
DoC to 70 Ge 12 12 12 

Via offset TLC2.2AC 
Vo = 1.4 V, 25°C 5 5 5 

voltage 
RS - 500 oDe to 70De 6.5 6.5 6.5 

TLC2.2BC 
25°C 2 2 2 
DoC to 70 0 e 3 3 3 

Average temperature 

aVIO coefficient of input O°C to 70 De 5 0.7 2 
offset voltage 

110 Input offset current 
VIC - 5 V, 25"C 1 1 1 

Va = 5 V oDe to 700e 100 100 100 

liB Input bias current 
VIC - 5 V, 25°C 1 1 1 

Va = 5 V oDe to 70De 150 150 150 

Common-mode input 
0.2 0.2 0.2 

VICR 
voltage range 

25°C to to to 

9 9 9 

YOM 
Peak output voltage 

VIO'" 100 mV 
25"C 8 8.6 8 8.6 8 8.6 

swing:t ooe to 70°C 7.8 7.8 7.8 

AVO 
Large·signal differential Va 1 to 6 V, 25°C 10 40 30 500 20 280 
voltage amplification RS = 50 n 0° to 70°C 7.5 25 15 

CMRR 
Common·mode Vo = 1.4V. 
rejection ratio VIC = VieR min 

25°C 70 88 70 88 70 88 

Supply voltage 
Voo=6tol0V. 

kSVR rejection ratio 
Va - 1.4 V 

25°C 65 82 70 88 70 88 

IA VCC/A Viol 

Va o. 
Short·circult VIO - 100 mV 

-55 -55 -55 

lOS 25°C 
output current Va = VOO. 

VIO - -100 mV 
15 15 15 

Supply current 
No load, 25°C 1000 2000 10 20 150 300 

100 
(each amplifier) 

Vo - 5 V. 

VIC - 5 V O°C to 70°C 2200 30 400 

UNIT 

mV 

p.V/oC 

pA 

pA 

V 

V 

V/mV 

dB 

dB 

mA 

"A 

C;; t ~II characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 

output load resistor is connected from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 
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TYPES TLC252. TLC25L2. TLC25M2 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

C-SUFFIX TYPES 
electrical characteristics at specified free-air temperature, VOO 1 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
nC252....c TLC25L2_C TLC26M2....c 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TLC25_2C 
25°C 10 10 10 
ODe to 70 0 C 12 12 12 

Input 
Vo = 0.2 V. 25°C 5 5 5 

V,O offset TLC25_2AC 
RS = 500 oDe to 70DC 6.5 6.6 6.5 

voltage 
25°C 2 2 2 

TLC25_2BC 
ODe to 70De 3 3 3 

Average temperature 

aVIO coefficient of input ODe to 70°C 1 1 1 
01fset voltage 

'10 Input offset current Vo = 0.2 V 
25°C 1 1 1 
ODC to 70 0 C 100 100 100 

Vo = 0.2 V 
25°C 1 1 1 

"B Input bias current 
ODe to 70°C 150 150 150 

Common-mode input 
0 0 0 

V'CR voltage range 
25°C to to to 

0.2 0.2 0.2 

YOM 
Peak output voltage 

V'D = 100 mV 26°C 450 450 450 
swingt 

AVO 
Large-signal differential Vo - 100 to 300 mV. 

25°C 10 20 20 
voltage amplification RS = 500 

CMRR 
Common-mode Vo = 0.2 V. 

25°C 77 77 77 
rejection ratio V'C = VieR min 

100 
Supply current No load. 

25°C 12 2 2 
(each amplifier) Vo = 0.2 V 

UNIT 

mV 

"VIDe 

pA 

pA 

V 

mV 

V/mV 

dB 

"A 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected form the output to the ground pin. 

*The output will swing to the potential of the ground pin. 

operating characteristics, VOO = 1 V. T A 25°C 

PARAMETER TEST CONDITIONS 
TLC252_C nC25L2_C TLC25M2_C 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

AV = 40 dB. 

B, Unity-gain bandwidth CL = 10 pF 75 12 12 kHz 

RS = 50 0 

SR Slew rate at unity gain See Figure 1 0.01 0.001 0.001 VI,. 
Overshoot factor See Figure 1 30% 35% 35% 

II 
(I) .. 
Q) 

~ 
C. 
E 

oCt 
CO 
c: 
o 

"';::: 
~ .. 
Q) 
C­
O 

TEXAS 
INSTRUMENTS 

3-181 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



• o 
"C 
CD ... 
S» 
r+ 
0' 
::::s 
e!. 
» 
3 
"2-
:.:;: 
;' ... 
til 

TYPES TLC252. TLC25L2. TLC25M2. TLC272. TLC21L2. TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

opereting characteristics. VOO = 10 V. TA = 25°C 

TLC262_C TLC26L2_C 

TLC272_M TLC27L2_M 

PARAMETER TEST CONDITIONS TLC272_1 TLC27L2_1 

TLC272_C TLC27LLC 

MIN TVP MAX MIN TVP MAX 

AV = 40 dB, 

Bl Unity-gain bandwidth CL = 10 pF, 2.3 0.1 

RS = 5011 

SR 
Slew rate at 

unity gain 
See Figure 1 4.5 0.04 

Overshoot factor See Figure 1 35% 30% 

Phase margin at 
AV = 411 dB, 

<Pm unity gain 
RS = 10011, 50° 43° 
CL = 10 pF 

Vn 
Equivalent input f - 1 kHz, 

30 70 
noise voltage RS = 100 II 
Cross talk 

Vol IVo2 attenuation 
AV = 100 120 '120 

PARAMETER MEASUREMENT INFORMATION 

~~--'---~---OUTPUT 

INPUT 

FIGURE l-UNITY GAIN AMPLIFIER 
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TYPES TLC252. TLC25L2. TLC25M2. TLC272. TLC27L2. TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT SUPPLY CURRENT 
vs vs 

SUPPLY VOLTAGE FREE-AIR TEMPERATURE 
10,000 

ttL Voo -10 V 
VIC =0 V 
VO=2V 
No load 

<c 1000 
T-
1: 
f 
!; '--r-- M~diuJ.Bias versiLs 

1~~--~~--~~--~~--~~~ 

u 100 

~ a. 
::I 

'1 
o 
o 10 

, 

Low-Bias Versions 

o 2 4 6 8 10 12 14 16 18 20 
1 
o 10 20 30 40 50 60 70 80 

VOO-5upply Voltage-V T A-Free-Air Temperature-°c 

FIGURE 2 
NOTE 6: Data for VOO less than 4 V does not apply fol'" the TLC272 series. 
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TYPES nC252. TLC25L2. TLC25M2. TLC272. TLC2712. TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 
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latchup avoidance 

TYPES TLC252. TLC25l2. TLC25M2. TLC272. TLC2712. TLC27M2 
linCMOSTM DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION INFORMATION 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be established simultaneously with, or before, any input signals are applied. 

output stage considerations 

The amplifier's output stage consists of a source follower connected pullup transistor and an open drain pulldown transistor. 
The high-level output voltage (VOH) is virtually independent of the 100 selection, and increases with higher values of VOO 
and reduced output loading. The low-level output voltage (VOL) decreases with reduced output current and higher input 
common-mode voltage. With no load, VOL is essentially equal to the GNO pin potential. 

supply configurations 

Even though the TLC252 and TLC272 are characterized for single-supply operation, they can be used effectively in a split 

supply configuration if the input common-mode voltage (VICR), output swing (VOL and VOHI. and supply voltage limits II 
are not exceeded. 

circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive OC leakages. 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

• Wide Range of Supply Voltages: 
1 V to 16 V (TLC254C) 
3 V to 16 V (TLC274C. TLC2741) 
4 V to 16 V (TLC274M) 

• True Single-Supply Operation 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise, , .30 nV/,jRZTyp at f= 1 kHz 
(High-Bias Versionsl 

description 

The TLC254 and TLC274 series are low-cost, low­
power quad operational amplifiers designed to operate 
with single or dual supplies. These devices utilize the 
Texas Instruments silicon-gate LinCMOSTM process, 
giving them stable input offset voltages that are 
available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely 
low input offset and bias currents. Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this series 
is ideally suited for battery-powered or energy­
conserving applications. The TLC254 types offer 
guaranteed operation down to a l-V supply. All 
devices are unity-gain stable and have excellent noise 
characteristics. 

TEMPERATURE RANGES AND PACKAGES 

TYPES TEMPERATURE RANGE PACKAGES 

TLC25_4_C ooe to 70° J, N, D 

TLC27_4_C O·C to 70'C J, N, 0 

TLC27_4_1 -40·C to 85'C J, N, 0 

TLC27_4_M -55'C to 125'C J,FH, FK 

02753, JUNE 1983-REVISEO NOVEMBER 1983 

D. J, OR N DUAL IN-liNE-PACKAGE 

(TOP VIEW) 

AMP # l{?NU~ ~U~}AMP #4 
IN+ IN+ 

AMP # 2 V{:~ ~ ~c~}- AMP # 3 

OUT OUT -... __ ...... -

#1 INt 

FH OR FK PACKAGE 

(TOP VIEW) 

Ir- ~I 
£:5 o£: 

~ u-.t" -.t' .. .. z .. .. 
3 2 1 2019 

4 

5 

6 

7 

8 

9 

I r-U r- I 
£: =>z => £: 0 0 
N N .. M .. .. 

NC-No internal connection 

symbol (each amplifierl 

#3IN+ 

NON INVERTING =f>-
INPUT IN+ + 

OUTPUT 
INVERTING _ 
INPUT IN-

DEVICE FEATURES 

TLC25L4 TLC25M4 TLC254 

PARAMETER TLC27L4 TLC27M4 TLC274 

(LOW BIASI (MEDIUM BIAS) (HIGH BIAS) 

Supply current (Typl 40 ~A 600 ~A 4000~ 

Slew rate (Typl 0.04 Vips 0.6 V//LS 4.5 V//LS 

Input offset voltage (Maxi 

· .. Standard types 10 mV 10 mV 10 mV 

· .. A-suffix types 5 mV 5 mV 5 mV 

· .. 8-suffix types 2 mV 2 mV 2 mV 

Offset voltage drift (Typl 0.1 /LV/month T 0.1 /LV/month t 0.1 /LV/month t 

Offset voltage temperature coefficient (Typl 0.7 pV/'C 2 pV/'C 5 ~V/'C 
Input bias current (Typl 1 pA 1 pA 1 pA 

Input offset current (Typl 1 pA 1 pA 1 pA 

tThe long-term drift value applies after the first month. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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ThIs document COf1UIina information on a new product. 
Spedflc.don~ are subject to chang. without notice. TEXAS 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

description (continued) 

These devices have internal electrostatic discharge (ESDI protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC254 
and TLC274 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOSTM operational amplifiers without 
the power penalties of tradjtional bipolar devices. General applications such as transdl,J£er interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC254 and TLC274 series. Remote 
and inaccessible equipment applications are possible using the low-voltage and low-power capabilities of the TLC254. 
The TLC254 types are well suited to solve the difficult problems associated with single-battery and solar-cell-powered 
applicatioQs. This series includes devices that are characterized for commercial, industrial, and military temperature 
ranges and are available in 14-pin plastic and ceramic dual-in-line (DIP) packages, small outline (D) package, and chip 
carrier (FH, FK) packages . 

schematic (each amplifier) 

VOD----------------------~~~------------_, 

IN+ 

IN-

OUTPUT 

GND~--------------~~----~~--~~~~---J 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD (see Note 1) ..................................................... , 18 V 
Differential input voltage (see Note 2) ................................................. , ± 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Duration of short-circuit at (or below) 25 DC free-air temperature (see Note 3) . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 4): 

D package ................................................................ " 950 mW 
FH package (see Note 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1200 mW 
FK package (see Note 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
J 'package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1375 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 

Operating free-air temperature range: TLC27 _4_M ......................... ' ..... , - 55 DC to 125 DC 
TLC27 _4_1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -25 DC to 85 DC 
TLC25_4_C, TLC27 _4_C ....................... O°C to 70 DC 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 1 50 DC 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package ................. 300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: D or N package ............. 260 DC 3 

NOTES: 1. All voltage values. except differential voltages, are with respect to network ground terminal. 
2. Differentlsl voltages are at the noninverting Input terminal With respect to the Inverting Input terminal. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 

not exceeded. 
4. For operation above 25 DC free-air temperature, refer to the Dissipation Derating Table. 

5. For FH and FK packages, power rating and derating factor will vary with the actual mounting technique used. The values stated hee are belived 

to be conservative. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

D 

FH 
FK 

J 

N 

recommended operating conditions 

Supply voltage, VDD 

Common-mode input voltage, V'C 

Operating free-air temperature, T A 

RATING FACTOR 

950mW 7.6 mW/DC 

1200mW 9.6 mW/oC 

1375 mW 11 mW/oC 

1375 mW 11 mWloC 

875 mW 7 mW/oC 

M-suffix types 

I-suffix types 

C-suffix types 

VDD = 1 V 

VDD - 4 V 

VDD - 10 V 

VDO - 16 V 
M-suffix types 

I-suffix types 

C-suffix types 

TEXAS 
INSTRUMENTS 

TA 
25°C 

25°C 

25 DC 

25°C 

25°C 

TlC25_4 

TlC25_4A 

TlC25_4B 

MIN NOM MAX 

1 16 

0 0.2 

0 3 
-0.05 9 

-0.05 14 

0 70 

POST OFFICE BOX 225012 • 'DALLAS. TEXAS 75265 

TlC27_4 

TLC27_4A 

TlC27_4B 

MIN NOM MAX 
UNIT 

4 16 

3 16 V 

3 16 

0 3 
-0.05 

V 
9 

-0.05 14 

-55 125 

-40 85 °c 

0 70 
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TYPES TLC214, TLC21L4, TLC21M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

M-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, VOO = 10 V (unless otherwise noted) 

TEST CONDITIONS t 
rLC27'LM TLC27L4_M TLC27M4_.M 

"~ ••• n 
MIN rvp MAX MIN rvp MAX MIN rvp MAX 

I TLC27_ 
25'C 10 _10 10 

-55'C to 125'C 12 12 12 
Input 

Vo - 1-4 V, 26'C 5 S S 
VIO offset TLC27_4AM 

RS - 500 -S6'Cto 12S'C 6_5 6.5 6.5 
voltage 

I TLC27_4BM 
2S'C 2 2 2 
-S5'C to 12S'C 3.5 3.5 3.5 

Average temperature 

aVIO coefficient of input -66°C to 125°C 5 0.7 2 
offset voltage 

110 Input offset current IVIC - 5V, 25'C 1 1 1 

Ivo - 6 V -55'Cto 125'C 15 15 15 

liB I~~: ::' 25'C 
-55'Cto ZS'C 35 35 35 

Comm,?,,~mode input 
-0.2 -0.2 1-0 .2 

VICR 25°C to to to 
voltage range 

9 9 9 

YOM 
Peak output voltage 

VIO - 100 mV 
. 25'C 8 8.6 8 8.6 8 8.6 

swing* -65'C to 125'C 7.8 7.8 1.8 

AVO 
Large-signal differential 

I ~~ = ~ot~ 6 V. 
25'C 10 40 30 500 20 280 

voltage amplification _55' to 125'C 7 20 10 

CMRR rejection ratio ~~ :~::'min 25°C 70 88 70 88 70 88 

Supply voltage 
VOO = 6 to 10 V, 

kSVR I 25°C 65 82 70 88 70 88 

(4 VCC/4 ViOl 
Vo = 1-4 V 

Short·circult ~~: ~'oomv 
lOS 

~~: "!'l~mv 
25°C 

output current 
15 

No load, 
I 25'C 1000 2000 10 20 150 300 

100 
Supply current 

Vo - 5 V, 
(each amplifier) 

VIc::. - 5 V 
-55'Cto 125'C 3000 40 500 

UNIT 

mV 

p.V/oC 

pA 

nA 
pA 

nA 

V 

V 

V/mV 

d8 

dB 

mA 

.A 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 

output load resistor is connected form the output to the ground pin. 

iThe output will swing to the potential of the ground pin. 
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TYPES TLC274, TLC21L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

I-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, Voo = 10 V (unless otherwise noted) 

PARAMETER TEST CONOITIONS t 
TLC274 I TLC27L4_1 TLC27M4_1 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 10 10 10 
TLC27 _41 

-40°C to 85°C 13 13 13 
Input 

Vo ~ 1.4 V. 25'C 5 5 5 
VIO offset TLC27 _4AI 

RS ~ 50 n -40°C to 85°C 7 7 7 
mV 

voltage 
25°C 2 2 2 

TLC27 _4BI 
3.5 3.5 3.5 -40°C to 85°C 

Average temperature 

aVIO coefficient of input -40°C to 85°C 5 0.7 2 I£V/oC 

offset voltage 

Input offset current 
VIC ~ 5 V. 25°C 1 1 1 

pA 110 
Vo ~ 5 V 40°C to 85°C 200 200 ZOO 
VIC - 5 V. 25°C 1 1 1 

liB Input bias current 
Vo ~ 5 V -40°C to 85°C 300 300 300 

pA 

-0.2 0.2 -0.2 

VICR 
Common-mode input 

25°C to to to V 
voltage range 

9 9 9 
Peak output voltage 25°C 8 8.6 8 8.6 8 8.6 

V VOM swingt: 
VID = 100 mV 

40°C to 8Soe 7.8 7.8 7.8 

Large-signal differential Vo = 1 to 6 V, 25°C 10 40 30 500 20 280 
V/mV AVO 

voltage amplification RS ~ 50 D -40°C to 85°C 7 20 10 

CMRR 
Common-mode 

rejection ratio 

Vo - 1.4 V. 

VIC = VieR min 
25'C 70 88 70 88 70 88 dB 

Supply voltage 
VOO = 5 to 10 V. 

kSVR rejection ratio 25'C 65 82 70 88 70 8B dB 

I" Vec'" ViOl 
Vo ~ 1.4 V 

Vo - O. 
-55 -55 -55 

Short-circuit VIO~ 100 mV 
mA lOS 25'C 

output current Vo ~ VOO. 15 15 15 
VIO ~ -100mV 

Supply current 
No load, 25°C 1000 2000 10 20 150 300 

100 (each amplifier) 
Vo ~ 5 V. .A 

VIC ~ 5 V -40°C to:85°C 2500 40 500 

• 
ca 
c o 
.~ 

CO .. 
Q) 
C. 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specifMtd. Unless otherwise noted, an 0 
output load resistor is connected from the output to the ground pin. 

~The output will swing to the potential of the ground pin. 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC21L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

C-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, VOO 10 V (unless otherwise noted) 

TlC254_C. TlC2514-&. T~C26M4_C. 

PARAMETER TEST CONDMONst TlC274 C TlC27L4 C TlC27M4 C 

MIN TVP ·MAX MIN TVP MAX MIN TVP MAX 

TLC2_4C 
25°e 10 10 10 
oDe to 70°C 12 12 12 

Input 
Vo - 1.4V. 2B uC 5 6 6 

VIO offset TLC2_4AC 
Rs-50n oDe to 70°C 6.5 6.6 6.5 

voltage 
2BoC 2 2 2 

TLC2_4BC ODe to ?oOe 3 3 3 
Average temperatur~ 

"VIO coefficient of input oDe to ?OOe 5 0.7 2 
offset voltage 

VIC - 5 V. 25 Ge 1 1 1 
110 Input offset current 

Vo - 5 V ooe to ?OOe 100 100 100 

VIC 5 V. 25°e 1 1 1 
liB Input bias current 

Vo - 5 V ooe to ?OUe 150 150 150 

C~mmo~-mode input 
0.2 -0.2 -0.2 

VICR 25 Ge to to to 
voltage range 

9 9 9 

VOM 
Peak output voltage 

VIO - 100 mV 
2B uC B B.6 B B.6 B 8.6 

swing! ooe to ?OOe 7.B 7.B 7.B 

Large-signal differential Vo = 1 to 6 V. 26°C 10 40 30 500 20 2BO 
AVO voltage amplification RS=50n 0° to ?OOe 7.5 25 15 

CMRR 
Common-mode Vo - 1.4 V. 

25°e 70 BB 70 BB 70 BB 
rejection ratio VIC = VieR min 
Supply voltage 

VOO = 5 to 10 V. 
kSVR rejection ratio 25 ue 65 B2 70 BB 70 BB 

IAVCC/A ViOl 
Vo = 1.4 V 

Vo = O. -55 -55 -55 

lOS 
Short-circuit VIO = 100 mV 

2B ue 
output current Vo VOO. 15 15 15 

VIO = -100 mV 

Supply current 
No load, 26'C 1000 2QOO 10 20 150 300 

100 
(each amplifier) 

Vo = 5 V. 

VIC = 5 V ODe to 70 DC 2200 30 400 

UNIT 

mV 

",VIDe 

pA 

pA 

V 

V 

V/mV 

dB 

dB 

mA 

pA 

t AU characteristics are measured under open·loop conditions with zero common·mode input voltage unless otherwise specified. Unless otherwise noted, an 

output load resistor is connected from the output to the ground pin. 
:t:The output will swing to the potential of the ground pin. 
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TYPES TLC254, TLC25L4, TLC25M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

C-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, VOO = 1 V (unless otherwise noted) 

TEST CONDITIONS l' 
TLC254 C TLC25L4 C TLC25M4.J: 

UNIT PARAMETER 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

TLC25_4C 
25°C 10 10 10 

DoC to 70 De 12 12 12 
Input 

Vo = 0.2 V, 25°C 5 5 5 
VIO offset TLC25_4AC 

6.5 
mV 

RS = 500 DoC to 70 De 6.5 6.5 
voltage 

25°C 2 2 2 
TLC25_4BC oDe to 70De 3 3 3 

Average temperature 

(lVIQ coefficient of input DoC to 70 De 1 1 1 p.V/oC 

offset voltage 

25°C 1 1 1 
110 Input offset current Vo = 0.2 

ODe to 70 De 100 100 100 
pA 

25°C 1 1 1 
liB Input bias current Vo = 0.2 

DoC to 70De 150 150 150 
pA 

0 0 0 

VICR 
Common-mode input 

25°C to to to V 
voltage range 

0.2 0.2 0.2 

VOM 
Peak output voltage 

VtO = 100 mV 25°C 450 450 450 mV 
swing:!: 

AVO 
Large-signat differential Va - 100 to 300 mY, 

voltage amplification RS = 500 
25°C 10 20 20 V/mV 

CMRR 
Common-mode 

rejection ratio 

Vo = 0.2 V, 

VIC = VieR min 
25°C 77 77 77 dB 

100 
Supply current No load, 

(each amplifier) Vo = 0.2 V 
25°C 12 2 2 ,A 

t AU characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an 

output load resistor is connected form the output to the ground pin. 

tThe output will swing to the potential of the ground pin. 

operating characteristics. VOO 1 V. TA 

TLC254_C TLC25L4_C TLC25M4_C 
PARAMETER TEST CONDITIONS UNIT 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

AV - 40 dB, 

B, Unity-gain bandwidth CL = 10 pF, 75 12 12 kHz 

RS = 500 

SR Slew rate at unity gain See Figure 1 0.01 0.001 0.001 V/p.s 

Overshoot factor See Figure 1 30% 35% 35% 

• CI) ... 
CI) 

~ 
Q. 
E 

<C 
"iii 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC21L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

operating characteristics. VOO = 10 V. TA = 25°C 

TLC254_C TLC25L4_C 

TLC274_M TLC27L4~ 

PARAMETER TEST CONDITIONS TLC274_1 TLC27L4_1 

TLC274_C TLC27L4~ 

MIN TYP MAX MIN TYP MAX 

AV = 40 dB, 

Bl Unity-gain bandwidth CL = 10 pF, 2.3 0.1 

RS = SOD 

SR 
Slew rate at 

See Figure 1 4.S 0.04 
unity gain 

Overshoot lactor See Figure 1 3S% 30% 

Phase margin at 
AV = 40 dB, 

</1m RS = 1000, 50° 43° 
unity gain 

CL = 10 pF 

Vn 
Equivalent input 

noise voltage 

1- 1 kHz, 

RS = 1000 
30 70 

Cross talk 
V01 N 02 attenuation AV = 100 120 120 

PARAMETER MEASUREMENT INFORMATION 

>-.... -.----41....-- OUTPUT 

INPUT 

FIGURE l-UNITV-GAIN AMPLIFIER 
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TLC25M4~ 

TLC27M4_M 

TLC27M4_1 UNIT 

TLC27M4_C 

MIN TYP MAX 

0.7 MHz 

0.6 V/p.S 

3S% 

43° 

38 nVA/Hz 
, 

120 dB 
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10,000 
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10 

1 

TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONA AMPLIFIERS 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

Vo = V'C = 0.2 Voo 1 I I 
No load 

T A = 25°C . Versions 
See Note 6 High-BIaS ~ 

" ... 1-

:ediuJBiaLJo~ / 
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I, 
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Low-Bias ~s~ I, 

: --_ ... 
" 
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VOO-Supply Voltage-V 

FIGURE 2 
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1: 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

HJBiasLsil 

VOO=10V 
VIC = 0 V 
VO= 2V 
N'o load 
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:; r--- MJium-Jias versioJ 
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low-Bias Versions 
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T A-Free-Air Temperature-oC 

FIGURE 3 
NOTE 6: Data for VOO less than 4 V does not apply for the TLC274 series. 
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TYPES TLC254. TLC2.5L4. TLC25M4. TLC274. TLC21L4. TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 

MEDIUM·BIAS VERSIONS 
LARGE·SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 

vs 
FREQUENCY 

VDD = 10 V 
RL=100kn 
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FIGURE 5 
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latchup avoidance 

TYPES· TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION INFORMATION 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be established simultaneously with, or before, any input signals are applied. 

output stage considerations 

The amplifier's output stage consists of a source-follower-connected pullup transistor and an open-drain pulldown transistor. 
The high-level output voltage (VOH) is virtually independent of the 100 selection, and increases with higher values of VOO 
and reduced output loading. The low-level output voltage (Vall decreases with reduced output current and higher input 
common-mode voltage. With no load, VOL is essentially equal to the GNO pin potential. 

supply configurations 

Even though the TLC254 and TLC274 are chara_cterized for single-supply operation, they can be used effectively in a split-II 
supply configuration if the input common-mode voltage (VICR), output swing (VOL and VOH), and supply voltage limits 
are not exceeded. 

circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive DC leakages. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES nC261. nC262. nC264 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

• Wide Range of Supply Voltage: 2 V to 16 V 

•. True Single-Supply Operation 

• Designed for Performance Similar to Popular 
BIFET Op Amps 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Slew Rate, , . 12 V//LsTyp 

• High Input Impedance ... 1012 0 Typ 

DEVICE FEATURES 

PARAMETER FEATURE 
Supply current per channel ITyp) 2.5 rnA 

Slew rate ITyp) 12 V/p.S 

Input offset voltage IMax) 

· .. Standard types 10 mV 

· .. A·suffix types 5 mV 

· . . B-suffix types 2 mV 

Offset voltage drift ITyp) 0.1 "V/month t 

Offset voltage temperature coefficient ITyp) 5 "V/oC 

Input bias current ITyp) 1 pA 

Input offset current ITyp) 1 pA 

Operating temperature range -40°C to 85°C 

tThe long·term drift value applies after the first month. 

description 

The TLC261, TLC262, and TLC264 
LinCMOSTM operational amplifiers are designed 
to provide a true single-supply alternative to the 
popular BIFET op amps. The negative supply rail 
is included in both input and output common­
mode voltage ranges. In addition, these devices 
feature input offset voltage selection. 

Unlike traditional metal-gate CMOS op amps, 
these devices utilize the Texas Instruments 
silicon-gate LinCMOSTM process giving them 
stable input offset voltages without sacrificing 
the advantage of metal-gate CMOS. Because the 
input common-mode range extends to the 
negative rail and the power consumption is 
extremely low, this family is ideally suited for 
battery-powered or energy-conserving 
applications. All devices are stable at unity gain. 

PRODUCT PREVIEW 

02827, JANUARY 1984 

TLC261 
D. JG. OR P DUAL-IN-LiNE PACKAGE 

ITOPVIEW) 

OFFSET N1 D8 BIAS SELECT 
IN- 2 7 VOO 
IN+ 3 6 OUT 
GNO 4 5 OFFSET N2 

TLC262 
D. JG, OR P DUAL-IN·L1NE PACKAGE 

ITOPVIEW) 

OUTD8 VOO 
IN- 2 7 OUT 
IN+ 3 6 IN-

GNO 4 5 IN+ 

TLC264 
D. J. OR N DUAL·IN-L1NE PACKAGE 

(TOP VIEW) 

AMP # 1 {?NU~ ~U! }AMP #4 
IN+ IN+ 

AMP #2{V:~~ ~C~-}AMP #3 

. OUT OUT ....... _-,.,-

symbol 

TLC261 

NONINVERTING~ 
INPUT IN+ + OUTPUT 

INVERTING _ 
INPUT IN-

OFFSET N1 

OFFSETN2 

symbol (each amplifier) 
TLC262, TLC264 

NONINVERTING =t>-
INPUT IN+ OUTPUT 

INVERTING _ 
INPUT IN-

Copyright © 1984 by· Texas Instruments Incorporated 
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TYPES TLC261, TLC262, TLC264 . . 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, VDD (see Note 1) ..................................... ; . . . . . . .. 18 V 
Differential input voltage (see Note 2) ......................................... ± 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Duration of short-circuit at (or below) 25 DC free-air temperature (see Note 3) .......... unlimited 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 4): 

TLC2611D, TLC2621D ................................................ 725 mW 
TLC2611JG, TLC2621JG .............................................. 825 mW 
TLC2611P, TLC262IP ................................................. 725 mW 
TLC2641D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 950 mW 
TLC2641J ........................................................ 1025 mW 
TLC2641N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 

Operating free-air temperature range ............ . . . . . . . . . . . . . . . . . . . . . .. - 40 DC to 85 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1{16 inch) from case for 60 seconds: J or JG package . . . . . . .. 300DC 
Lead temperature 1,6 mm (1{16 inch) from case for 10 seconds: D, N, or P package ...... 260 DC II NOTES: 1. AU voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 

not exceeded. 

o 
"CI 
CD 

4. For operation above 25°C free-air temperature, refer to DissipEltion Derating Table below. In the J and JG packages. these chips are glass mounted. 

... 
ell ... 
0" 
:::s 
ell -l> 
3 
'2. 
=h 
Cir 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER OERATING 

RATING FACTOR 
o (8-Pinl 725 mW 5.8 mW/oC 

o (14-Pinl 950mW 7.8 mW/oC 

J (glass mounted I 1025 mW 8.2 mW/oC 

JG (glass mountedl 825 mW 6.6 mW/oC 

N 875 mW 7 mW/oC 

P 725 mW 5.8 mW/oC 

... 
(I) 

recommended operating conditions 

Supply voltage, VOO 

Common-mode input voltage, VIC 

Operating free-air temperature, T A 

3-200 

VOO - 2 V 
VOO - 4 V 

VOO - 10 V 

VOO - 16 V 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • OALLAS, TEXAS 75265 

ABOVE 

TA 
25°C 
25°C 

25°C 

25°C 

25°C 

25°C 

MIN NOM MAX UNIT 

2 16 V 

0 1.2 
0 3 

V 
-0.05 9 

0.05 14 

-40 85 °C 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Wide Range of Supply Voltages 
3 V to 16 V (TLC277C, TLC27711 
4 V to 16 V (TLC277M) 

• True Single-Supply Operation 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise ... 30 nV/...[Hi. Typ at 
f = 1 kHz (TLC277) 

description 

The members of the TLC277 family are low-offset­
voltage, low-power, dual operational amplifiers 
designed to operate with single or dual supplies. These 
devices utilize the Texas Instruments silicon-gate 
LinCMOS ™ process, providing stable input offset 
voltages, very high input impedances, and extremely 
low input offset and bias currents. This series is ideally 
suited for battery-powered or energy-saving 
applications because the input common-mode range 
includes the negative rail and the power comsumption 
is extremely low. 

These devices have internal electrostatic discharge 
(ESDI protection circuits that will prevent catastrophic 
failures at voltages up to 2000 volts as tested under 
MIL-STD-8838, Method 3015.1. However, care 
should be exercised in handling these devices as 
exposure to ESD may result in a degradation of the 
device parametric performance. 

DEVICE FEATURES 

PARAMETER TLC27L7 

Supply current (Typl 20 ~A 

Slew rate (Typl 0.04 V/~s 

Input offset voltage (Maxi 0.5 mV 

TYPES TLC277, TLC27L7, TLC27M7 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

02798. OCTOBER 1983 

D, JG, OR P DUAL-IN-L1NE PACKAGE 

#1 

ITOP VIEW) 

OUTDS VDD 
IN- 2 7 OUT 
IN+ 3 6 IN-
GND 4 5 IN+ 

FH OR FK PACKAGE 

(TOPVIEWI 

I-
::l 
o 

U~U 
Z",Z 

o 
CU 
>Z 

UCU+U 
Z~Z~z 

N 

'" NC-No internal connection 

NC 

NC 
#2IN­

NC 

symbol (each amplifier) 

NONINVERTING=t>-
INPUT IN+ . OUTPUT 

INVERTING -
INPUT IN-

DEVICE TYPES AND PACKAGES 

TLC27M7 TLC277 DEVICE TYPE PACKAGE 

300 ~A 2000 ~A TLC277M FH, FK,JG 

0.6 V/~s 4.5 V/~s TLC27L7M FH, FK,JG 

0.5 mV 0.5 mV TLC27M7M FH, FK, JG 

Offset voltage drift (Typl 0.1 ~V/month t 0.1 ~V/month t 0.1 ~V/month t TLC2771 D, JG, P 

Input bias current (Typl 1 pA 1 pA 1 pA TLC27L71 D, JG, P 

Input offset current (Typl 1 pA 1 pA 1 pA TLC27M71 D,JG, P 

tThe long-term drift value applies after the first month. 
TLC277C D. JG, P 

TLC27L7C D, JG, P 

TLC27M7C D. JG, P 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

description (continued) 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC277 
series include many areas that have previously been limited to BIFET and NFET product types. Any circuit using high­
impedance elements and requiring small offset errors is a good candidate for cost-effective use of these devices. Many 
features associated with bipolar technology are available with LinCMOS ™ operational amplifiers without the power 
penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, amplifier 
blocks, active filters, and signal buffering are all easily designed with the TLC277 series. This series includes devices 
that will be characterized for commercial, industrial, and military temperature ranges and will be available in B-pin 
plastic and ceramic dual-in-line (P, JG) packages, small-outline (0) package, and chip carrier (FH, FK) packages. 

schematic (each amplifier) 

voo----------------------.--.-------------, 

IN+ 

IN-

OUTPUl: 

GNO 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Duration of short-circuit at (or below) 25·C free-air temperature (see Note 3) . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation at (or below) 25·C free-air temperature (see Note 4) 

D package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
FH package (see Note 5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1200 mW 
FK package (see Note 5) ..................................................... , 1375 mW 
JG package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1050 mW 
P package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 

Operating free-air temperature range: TLC277M, TLC27L7M, TLC27M7M .............. - 55·C to 125·C 
TLC277I, TLC27L71, TLC27M71 .................. -40·C to 85·C 
TLC277C, TLC27L7C, TLC27M7C ................... O°C to 70·C 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150·C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 

not exceeded. 
4. For operation above 25 DC free-air temperature, refer to the Dissipation Derating Table. 

5. For FH and FK packages. power rating and derating factor will vary with the actual mounting technique used. The values stated here are believed 

to be conservative. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 

D 725 mW 5.B mWloC 25°C 

FH 1200mW 9.6 mWloC 25°C 

FK 1375 mW 11 mWloC 25°C 

JG 1050mW B.4 mWloC 25°C 

P 725mW 5.8 mWloC 25°C 

recommended operating conditions 

MIN NOM MAX UNIT 

M-suffix types 4 16 
V Supply voltage, VDD 

I-suffix and C-suffix types 3 16 

VDD = 4 V 0 3 
Common-mode input voltage, VIC VDD = 10 V 0.2 9 V 

VDD - 16 V 0.2 14 

M-suffix types -55 125 

Operating free-air temperature, T A I-suffix types -40 85 °C 

C-suffix types 0 70 
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M-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, VOO 10 V (unless otherwise noted) 

TEST CONDITIONSt 
TLC277M TLC27L7M TLC27M7M 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Va - 1.4 V, 25°C 0.5 0.5 0.5 
Via Input offset voltage 

RS ~ 50!l -55°C to 125°C 
mV 

2 2 2 
Average temperature 

"via coefficient of input -55°Ct0125°C 5 0.7 2 ~V/oC 

offset voltage 

Input offset current 
VIC - 5 V, 25°C 1 1 1 pA 

110 Va ~ 5 V -55°Cto125°C 15 15 15 nA 

VIC - 5 V, 25°C 1 1 1 pA 
liB Input bias current 

Va ~ 5 V -55°Cto125°C 35 35 35 nA 
-0.2 -0.2 -0.2 

VICR 
Common-mode input 

25°C to to V to 
voltage range 

9 9 9 
Peak output voltage 25°C 8 8.6 8 8.6 8 8.6 

YOM 
swingt" 

VID ~ 100 mV 
-55°Cto125°C 7.8 7.8 

V 
7.8 

Large-signal differential Va ~ 1 to 6 V, 25°C 10 40 30 500 20 280 
AVD 

voltage amplification RS ~ 50!l - 55° to 125°C 7 20 10 
V/mV 

Common-mode 
CMRR 

rejection ratio 

Va - 1.4 V, 

VIC ~ VICR min 
25°C 70 88 70 88 70 88 dB 

Supply voltage 
VDD ~ 5 to 10 V, 

kSVR rejection ratio 25°C 65 82 70 88 70 88 dB 

(A VCC/A ViOl 
Va ~ 1.4V 

Va ~ 0, 
-55 -55 -55 

Short-circuit VID ~ 100 mV 
lOS 25°C rnA 

output current Va - VDD, 
15 15 15 

VID ~ -100 mV 

Supply current 
No load, 

25°C 1000 2000 10 20 150 300 
IDD 

(each amplifier) 
Va ~ 5 V, ~A 

VIC ~ 5 V -55°C to 125°C 3000 40 500 
-- - _._- --- .- -- - -

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output load resistor is connected 

from the output to the ground pin. 

:tThe output will swing to the potential of the ground pin. 
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I-SUFFIX TYPES 

electrical characteristics at specified free-air temperature, VOO 10 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt 
TLC2771 TLC27L71 TLC27M71 

UNIT I 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo - 1.4 V. 25°C 0.5 0.5 0.5 
VIO Input offset voltage 

RS = 50 II 
mV 

-40°C to 85°C 2 2 2 
Average temperature 

"VIO coefficient of input -40°C to 85°C 5 0.7 2 p.v/oe 

offset voltage 

VIC = 5 V. 25°C 1 1 1 
110 Input offset current 

Vo = 5 V -40°C to 85°C 200 200 200 
pA 

VIC - 5 V. 25°C 1 1 1 
lIB Input bias current 

Vo = 5 V -40°C to 85°C 300 300 300 
pA 

-0.2 -0.2 -0.2 

VICR 
Common-mode input 

25°C to to to V 
voltage range 

9 9 9 

Peak output voltage 25°C 8 8.6 8 8.6 8 8.6 
VOM swing t 

VID = 100 mV V 
-40°C to 85°C 7.8 7.8 7.8 

Large-signal differential Vo - 1 to 6 V. 25°C 10 40 30 500 20 280 
AVO voltage amplification RS = 50 II 10 

V/mV 
-40°C to 85°C 7 20 

CMRR 
Common-mode VO-l.4V. 

25°C 70 
rejection ratio VIC = VieR min 

88 70 88 70 88 dB 

Supply voltage 
VOO = 5 to 10 V. 

kSVR rejection ratio 25°C 65 82 70 88 70 88 d8 

(a Vce/a VIO) 
Vo = 1.4 V 

Vo - O. 
-55 -55 -55 

Short-circuit VID = 100 mV 
lOS 25°C mA 

output current Vo - VOO. 
15 15 15 

VID = -100mV 

Supply current 
No load. 

25°C 1000 2000 10 20 150 300 
100 (each amplifier) 

Vo = 5 V. p.A 

VIC = 5 V -40°C to 85°C 3000 40 500 

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted. an output load resistor is connected 

from the output to the ground pin. 

*The output will swing to the potential of the ground pin. 

Operational Amplifiers • 
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electrical characteristics at specified free-air temperature, VOO 10 V (unless otherwise noted) 

TEST CONDITIONS t 
TlC277C TlC27l7C TLC27M7C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo ~ 1.4 V, 25°C 0,5 0.5 0.5 
VIO Input offset voltage mV 

RS ~ 500 O°C to 70 0 e 1.5 1.5 1.5 

Average temperature 

"VIO coefficient of input O°C to 70°C 5 0.7 2 "V/oC 

offset voltage 

VIC ~ 5 V, 25°C 1 1 1 
110 Input offset current 

Vo ~ 5 V O°C to 70°C 100 100 100 
pA 

VIC ~ 5 V, 25°C 1 1 1 
liB Input bias current 

Vo ~ 5 V O°C to 70°C 150 150 150 
pA 

~0.2 ~0.2 ~0.2 

VieR 
Common-mode input 

25°C to to to V 
voltage range 

9 9 9 

Peak output voltage 25°C 8 8.6 8 8.6 8 8.6 
VOM swing:;: 

VIO ~ 100 mV V 
O°C to 70°C 7.8 7.8 7.8 

Large-signal differential Vo ~ 1 to 6 V, 25°C 10 40 30 500 20 280 
AVO 0° to 70 0 e 7,5 25 15 

V/mV 
voltage amplification RS ~ 500 

Common-mode Vo ~ 1.4 V, 
25°C 70 88 70 88 70 88 dB CMRR 

rejection ratio VIC ~ VICR min 

Supply voltage 
VOO ~ 5 to 10 V, 

kSVR rejection ratio 25°C 65 82 70 88 70 88 dB 

III VCCILl VIO) 
Vo ~ 1.4V 

Vo ~ 0, 
~55 ~55 ~55 

Short-circuit VIO ~ 100 mV 
25°C mA lOS output current Vo ~ VOO, 

15 15 15 
VIO ~ ~100 mV 

Supply current 
No load, 25°C 1000 2000 10 20 150 300 

100 
(each amplifie~) 

Vo ~ 5 V, "A 
VIC ~ 5 V O°C to 70°C 2200 30 400 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output load resistor is connected 

from the output to the ground pin. 

+The ,output will swing to the potential of the ground pin. 

.... -1 -'< ::I"CII nm 
5: en 
0-1 en .... -In i!l: N 
0""" 
c""" )::on ..... 
o;:::! 
"CIIn 
mN 
::a""" )::0 .... 
-I """ -n 0. 
2-1 
)::0 .... 
.... n 
)::oN 
5:""" 
"CII! 
!::n 
.." 
m 
::a 
en 



3 

TYPES TLC277, TLC21L7, TLC27M7 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

operating characteristics, VOO 

TLC277M TLC27L7M TLC27M7M 

TLC2771 TLC27L71 TLC27M71 
PARAMETER TEST CONDITIONS 

TLC277C TLC27L7C TLC27M7C 
UNIT 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

AV = 40 dB, 

Bl Unity-gain bandwidth CL = 10 pF, 2.3 0.1 0.7 MHz 

RS = 5011 

SR 
Slew rate at 

unity gain 
See Figure 1 4.5 0.04 0.6 V/fJ$ 

Overshoot factor See Figure 1 35% 30% 35% 

Phase margin at 
AV = 40 dB, 

.pm 
unity gain 

RS = 100 II, 50° 43° 43° 
CL = 10 pF 

Vn 
Equivalent input f=lkHz, 

30 70 38 nV/./Hz noise voltage RS=10011 

Crosstalk 
Vol IVo2 attenuation 

AV = 100 120 120 120 dB 

PARAMETER MEASUREMENT INFORMATION 

~~--'---~---OUTPUT 

INPUT 

FIGURE l-UNITY GAIN AMPLIFIER 
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TYPES TLC277,. TLC27L7, TLC27M7 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT (EACH AMPLIFIER) 
vs 

SUPPLY CURRENT (EACH AMPLIFIER) 
VS 

SUPPLY VOLTAGE FREE-AIR TEMPERATURE 

Vo = VIC = 0.2 VOO I I I 
No load 
TA=25·C . 

High-Bias VersIons _ 

10,000 "---'---"--I---'I--'--I---'''--''-v-o-o-=-1:-:0'-'V-'-' 

'1 .1 I. VIC=OV 

] High-Bias Versions ~~ ~:dV 

2 

I-nil I 
. . Bias Versions _ 

i 1000r=~~-r~~~~~~=E==5-~ 

! [---==Jt::j:::J~ed~i;u;J~-B~ia:s~v~e:rS:ilzn:S __ L--J ! 100 
C 

Medlurn-

\..ollll-Bias Versions ....... 

~ 
" (J 

~ Low-Bias Versions -....... ~ 10r=~=--r--t=~~~~~=d--~ 
'1 

4 

Q 
E 

lL-~ __ ~ __ -L __ -L __ ~ __ ~ __ L--J 

6 8 10 12 14 16 18 20 o 10 20 30 40 50 60 

VOO-Supply Voltage-V T A - Free-Air Ternperature-• C 

FIGURE 3 FIGURE 2 
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LOW-BIAS VERSIONS 
LARGE-SIGNAL 

OIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 

vs 
FREQUENCY 

107 
Voo = 10V 
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104 
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RL = 1 Mn 

~ TA = 25·C 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

107 

106 

105 

104 

103 

102 

101 

TYPICAL CHARACTERISTICS 

MEDIUM·BIAS VERSIONS 
LARGE·SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 

vs 
FREQUENCY 

~' t.-. ~~ 
~"'<:,~/ 

" h Phase Shift 

" - (right scale) 

Voo= 10V 
RL = 100 kn 
TA = 25°C 

........ 

"\. 

"" \ 

"" 

0° 

30° 

60° 

90° 

120° 

150° 

180° 

0.1 
1 10 100 1 k 10 k 100 k 1 M 

Frequency-Hz 
FIGURE 5 

HIGH·BIAS VERSIONS 
LARGE·SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 

vs 
FREQUENCY 

107 
Voo= 10 V 

106 
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104 
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102 

101 

RL = 10 kn 

1"\ TA = 25°C 

H t'-... 

~ ~ Phase Shift (right scale) 

" r--...~vol-"""""", ~e~ .l 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION INFORMATION 

latchup avoidance 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be established simultaneously with, or before, any input signals are applied. 

output stage considerations 

The amplifier's output stage consists of a source follower connected pullup transistor and an open drain pulldown transistor. 
The high-level output voltaga (VOH) is virtually independent of the 100 selection. and increases with higher values of VOO 
and reduced outl'lut loading. The low-Iavel output voltage (VoLl decreases with reduced output current and higher input 
common-mode voltage. With no load. VOL is essentially equal to the GNO pin potential. 

supply configurations 

Even though the TLC277 is characterized for single-supply operation, it can be used effectively in a split-supply configuration 

3 if the input common-mode voltage (VICR), output swing (VOL and VOH), and supply voltage limits are not exceeded. 

circuit layout precautions . 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, o board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive OC leakages. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Open· loop Voltage Amplification 
... 3600 Typ 

• CMRR •.. 100 dB Typ 

• Designed to be Interchangeable with 
Fairchild p.A702 

description 

The uA 702 is a high-gain, wideband operational 
amplifier having differential inputs and single-ended 
emitter-follower outputs. Provisions are incorporated 
within the circuit whereby external components may 
be used to compensate the amplifier for stable 
operation under various feedback or load conditions. 
Component matching, inherent in silicQn monolithic 
circuit-fabrication techniques, produces an amplifier 
with low-drift and low-offset characteristics. The 
uA 702 is particularly useful for applications requiring 
transfer or generation of linear and nonlinear functions 
up to a frequency of 30 MHz. 

The uA 702 is characterized for operation over the full 
military temperature range of -55°C to 125°C. 

symbol 

NONINVERTING =t>-
INPUTIN+ + , 

OUTPUT 
INVERTING _ 

INPUT IN-

TYPE uA702M 
GENERAL·PURPOSE OPERATIONAL AMPLIFIER 

01004. JUNE 1976-REVISEO OCTOBER 19B3 

JG DUAL·IN·L1NE PACKAGE 
(TOPVIEWl 

GND[]8 VCC+ 
IN- 2 7 OUT 
IN+ 3 6 LAG COMP 

VCC - 4 5 LEAD COMP 

U FLAT PACKAGE 
(TOPVIEWl 

NC VCC+ 
GND NC 
IN- OUT 
IN+ LAG COMP 

VCC - '""1.:=-------=:..1-' LEAD COMP 

NC-No internal connection 

schematic 

GND--+-~4-----~ 

INVERTING 
INPUT IN-

NONINVERTING ___ +-_.J 

VCC+ 

LEAD 
COMP 

LAG 
COMP 

OUTPUT 

INPUTIN+ 
2.6kn 

VCC-
Component values shown are nominal 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VCC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 V 
Supply voltage V cc _ (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 7 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Input voltage (either input, see Notes 1 and 3) ..................................... - 6 V to 1.5 V 
Peak output current (tw oS 1 s). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 rnA 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) . . . . . . . . . . . . . . .. 300 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 1 25°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 300°C 

NOTES: 1. All voltage values, unless otherwise noted. are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 
4. For operation above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG packages, uA 702M chips are alloy·mounted. 

Copyright @ 1979 by Texas Instruments Incorporated 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

electrical characteristics at specified free-air temperature 

Vcc+ - 12 V 

PARAMETER TEST CONOmoNst VCC- = -6 V 

MIN TYP MAX 

25 ue 0.5 2 
VIO Input offset voltage RSs2kO 

Full fange 3 

Average temperature -55°C to 25°C 2 10 

"VIO coefficient of RS = 500 

input offset voltage 25° C to 125°C 2.5 10 

25°C 0.2 0.5 

110 Input offset current -55°C 0.4 1.5 

12SoC 0.08 0.5 

Average temperature -55°C to 25°C 3 16 

"110 coefficient of 

input offset current 25°C to 125°C 1 5 

25°C 2 5 
liB Input bias current 

-5SoC 4.3 10 

Common-mode POSitive swing 0.5 1 
VICR 25°C 

Input voltage range Negative swing -4 -5 

2SoC ±5 ±S.3 

Maximum peak 
RL" 100 kll 

Full range ±5 
YOM 

output voltage swing Rl = 10 kll 25°C ±3.5 ±4 

RL" 10 kll Full range ±3.5 

25°C 2500 3600 6000 

Large-signal differential 
Vo = ±5 V 

Full range 2000 7000 
AVO 

voltage amplification 
RL" 100 kO 

25°e 
VO=±2.5V 

Full range 

25°C 16 40 
'j Input resistance 

Full range 6 

'0 Output resistance Vo = O. See Note 5 25°C 200 500 

Common-mode 25°C 80 100 
CMRR RS s 2 kll 

rejection ratio Full range 70 

Supply voltage 25°C 75 
kSVS sensitivity RS s 2 kC 

IAVIO/AVCCI Full range 200 

25°C 5 6.7 

ICC Supply current No load, No signal -55°C 5 7.5 

125°C 4.4 6.7 

25°C 90 120 

Po Total power dissipation No load, No signal -55°C 90 135 

125°C 80 120 

tAli characteristics are specified under open~loop operation. Full range is -66°C to 125°C. 

vcc+ = BV 

VCC- = -3V 

MIN TYP MAX 

0.7 3 

4 

3 15 

3.5 15 

0.12 0.5 

0.3 1.5 

0.05 0.5 

2 13 

0.7 4 

1.2 3.5 

2.6 7.5 

0.5 1 

-1.5 -2 

±2.5 ±2.7 

±2.5 

±1.5 ±2 

±1.5 

600 900 1500 

500 1750 

22 67 

8 

300 700 

80 100 

70 

75 

200 

2.1 3.3 

2.1 3.9 

1.7 3.3 

19 30 

19 35 

15 30 

NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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operating characteristics VCC + 

PARAMETER 
TEST 

FIGURE 

Rise time 
1 

tr 
2 

Overshoot factor 
1 

2 

SR Slew rate 
1 

2 

TYPE uA702M 
GENERAL·PURPOSE OPERATIONAL AMPLIFIER 

12 V. VCC-

TEST CONDITIONS MIN TYP MAX UNIT 

VI = 10 mV, Cl = 0 25 120 ns 

VI = 1 mV 10 30 ns 

VI - 10 mV, Cl - 100 pF 10% 50% 

VI - 1 mV 20% 40% 

VI = 6V, Cl - 100 pF 1.7 

VI = 100 mV 
VII's 

11 

PARAMETER MEASUREMENT INFORMATION 

i VI 

--1---ov 
INPUT VOLTAGE 

WAVEFORM 

i VI 

~---OV 
INPUT VOLTAGE 

WAVEFORM 

2 kl1 

>-..... ---.... -{o) OUTPUT 
INPUT (~ .... -_...-.... - ...... :/ 

200 pF 

FIGURE 1-UNITY·GAIN AMPLIFIER 

5011 

.... 
INPUT lO:l---..... ----f 

so 11 

FIGURE 2-GAIN-OF-l00 AMPLIFIER 

TEXAS 
INSTRUMENTS 
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TYPE uA702M 
GENERAL·PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICS 

'r 

I 
I 
i 
.i 
~ 
~ 
0 
> 

Ji 
l 
I 
C 

f 
> 

I , 
0 

l 

J 
I 
I 
~ 

I , 
0 

l 

'7 ,. 
'. 
±4 ,. 
±2 

" 

MAXIMUM PlAK·TO-HAK OUTPUT VOLTAGE .. 
FREOUENCY , ... - ... -. 

VCC+·,2V RL -lOOkn 
Vcc_ --tv TA" 2SOC 

I I I 
k ~ !1 ~ 
" I~ r--~ 8 
~ " •. 5 
~ 

~ 
t-I\ I~ . . f-

I\. .11~"i\. 11;"1\. I~ 
o 
'00 1k 

flilill 
'0' 

rHlll ~ 
'00' 'M 

'0' 

,0' 

'0' 

'0' 

'0' 

,0' 

,0' 

'0' 

f-FI'IIQUMCY'-Hz 

FIGURE 3 

LARGE·SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

" FREQUENCY 

AVD(o)" AvO_tf-' Hz 
VCC+=12V 
VCC_--aV 
C,-O.1,.!F 
R1-0 
RL "lOOkn 
TA" 25°C 

'OM 

f-Frequency-:-Hz 

FIGURE 4 

LARGE-SiIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

" FREQUENCY 
(fOr qriOUI'1ISI c:ompHII1ionsJ 

'OOM 

f-F,......ncy-Hz 

FIGURE 8 

§ 

l 
} .. 
I 
J 
'I 
0 
> .. 

,0' 

,0' 

,0' 

'0' 

'0-' 

LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 

LARGE-SiIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

" FREQUENCY 
Ifor.,.,iouIa.gco,.,.,.,....tionst 

VCC+= 12V 
VCC- =-IV 
RL .. ,OOkn 
TA - 2S·C 

'00' 'M 'OM 'OOM 

f-Frequency-Hz 

FIGURE 5 

C2 

LEAD·LAG COMPENSATION CIRCUIT 
FOR FIGURE 6 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

0942, FEBRUARY 1971-REVISEO AUGUST 1983 

• Common-Mode Input Range . . . ± 10 V Typical uA709AM, uA709M ... J OR W PACKAGE 

ITOP VIEWI 
• Designed to be Interchangeable with Fairchild 

p.A709A, p.A709, and p.A709C 

• Maximum Peak-to-Peak Output Voltage 
Swing ... 28-V Typical with 15-V Supplies 

description 

These circuits are general-purpose operational 
amplifiers, each having high-impedance differential 
inputs and a low-impedance output. Component 
matching, inherent with silicon monolithic circuit" 
fabrication techniques, produces an amplifier with 
low-drift and low-offset characteristics. Provisions are 
incorporated within the circuit whereby external 
components may be used to compensate the amplifier 
for stable operation under various feedback or load 
conditions. These amplifiers are particularly useful for 
applications requiring transfer or generation of linear 
or nonlinear functions. 

The uA 709A circuit features improved offset 
characteristics, reduced input-current requirements, 
'and lower power dissipation when compared'to the 
uA 709 circuit. In addition, maximum values of the 
average temperature coefficients of offset voltage and 
current are guaranteed. 

The uA709AM and uA709M are characterized for 
operation over the full military temperature range of 
-55°C to 125°C. The uA709C is characterized for 
operation from ooC to 70°C. 

symbol 

NONINVERTING 
INPUT IN+ 

INVERTING 

OUTPUT 
FREQ 
COMP 

INPUT IN_----t 

FREQ FREQ 
COMP COMP 

A 8 

OUTPUT 

NC NC 
NC NC 

FREO COMP B FREO COMPA 
IN- VCC+ 
IN+ OUT 

VCC- OUT FREQ COMP 

NC NC 

uA709AM, uA709M .•. JG PACKAGE 

uA709C ... JG OR P PACKAGE 

(TOP VIEWI 

FREO COMP B DB FREO COMP A 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC - 4 5 OUT FREO COMP 

uA709AM. uA709M ..• U FLAT PACKAGE 

(TOPVIEWI 

NC NC 
FREO COMP B FREO COMP A 

IN- VCC+ 
IN+ OUT 

VCC- """L __ ..r" OUT FREO COMP 

NC-No internal connection 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES uA709AM, uA709M, uA709C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

schematic 

r-............ ~ ............................ .-........ ~~ .... .-.... ~--VCC+ 

10kn 10k.\l 

> A 
(')z Zo .. -as 
~~ 
!;~ 
~u 

B 

1kn 

OUTPUT 
30kn 

INVERTING 
INPUT 

OUTPUT 
FREOUENCY 

COMPENSATION 

NONI~~~~TING .... ------4 

10k.\l 

75kn 

'-.................................................. --VCC_ 

Component values shown are nominal. 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

uA709AM 
uA709C 

uA709M 

Supply voltage V CC + (see Note 11 18 18 
Supply voltage V cc _ (see Note 1) -18 -18 

Differential input voltage (see Note 2) ±5 ±5 
Input voltage (either input, see Notes 1 and 3) ±10 ±10 

Duration of output short-circuit (see Note 4) 5 5 

Continuous total dissipation at (or below) 70·C free-air temperature (see Note 5) 300 300 

Operating free-air temperature range -55 to 125 o to 70 

Storage temperature range -65 to 150 -65 to 150 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds IJ, JG, U, or W package 300 300 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I P package 260 

NOTES: 1. All voltage values. unless otherwise noted, arB with respect to the midpoint between vee + and vee _. 
2. DifferentJaI voltages are at the nonlnvartlng input terminal with respect to the inverting input tanninal. 
3. The m8gnltu~e of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 

UNIT 

V 

V 

V 

V 

s 
mW 

·C 

·C 
·C 
·C 

5. For operation of uA709AM and uA709M above 70°C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In the J and JG 
packages. uA 709AM and uA 709M chips are alloy-mounted; uA 70SC chips are glass-mounted. 
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TYPES uA709AM. uA709M. uA709C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free·air temperature, Vee ± ± 9 V to ± 15 V (unless otherwise notedl 

TEST CONDITIONS t 
uA709AM uA709M 

PARAMETER 
TYP' TYP' 

UNIT 
MIN MAX MIN MAX 

25°C 0.6 2 1 5 
Via Input offset voltage Va ~ 0, RS'" 10kD mV 

Full range 3 6 

Average temperature Va ~ 0, AS ~ 50 D Full range 1.8 10 3 
aVIQ coefficient of input /lV/DC 

offset vortage Va ~ 0, AS~10kO Full range 4.8 25 6 

25°C 10 50 50 200 

110 Input offset current Va ~ 0 -55°C 40 250 100 500 nA 

125°C 3.5 50 20 200 

Average temperature 
-55°C to 25°C 0.45 2.8 

alia coefficient of input Va ~ 0 "Aloe 

offset current 25°Cto 125°C 0.08 0.5 

25°C 0.1 0.2 0.2 0.5 
lIB Input bias current Va ~ 0 

-55°C 0.3 0.6 0.5 1.5 
pA 

Common-mode 25°C ±8 ±10 ±8 ±10 
VICA VCC± ~ ±15 V V 

input voltage range Full range ±8 ±8 

25"C 24 28 24 28 
VCC± ~ ±15 V, RL ~ 10 kO 

Maximum peak-ta-peak Full range 24 24 
VOpp V 

output voltage swing VCC± ~ ±15 V, AL ~ 2 kO 25°C 20 26 20 26 

VCC± - ±15 V, RL ;;;:: 2 kO Full range 20 20 

Large-signal differential VCC± ~ ±15 V, RL 2!: 2 kG. 25°C 45 45 
AVO V/mV 

voltage amplification VO~±10V Full range 25 70 25 70 

25"C 350 750 150 400 
'j Input resistance kO 

-55°C 85 185 40 100 

'0 Output resistance Va - 0 See Note 6 25°C 150 150 0 

Common-mode 25°C 80 110 70 90 
CMAA VIC = VICR min dB 

rejection ratio Full range 80 70 

Power supply sensitivity 25°C 40 100 25 150 
kSVS 

(4VIO/4VCC) 
VCC ~ ±9V,o ±15V 

Full range 100 150 
.V/v 

25°C 2.5 3.6 2.6 5.5 

Supply current 
VCC± = ±15 V, No load, 

-55°C mA ICC 2.7 4.5 
Va ~ 0 

125°C 2.1 3 

25°C 75 108 78 165 

Po Total power dissipation 
VCC± ~ ±15 V, No load, 

-55°C 81 135 mW 
Va ~ 0 

125°C 63 90 

t All characteristics are specified under open·loop with zero common·mode input voltage unless otherwise specified. Full range for uA709AM and uA709M 
is -55°C to 125°C. 

iAIl typical values are at VCC± = ±15 V. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature (unless otherwise noted Vee ± ±15 VI 

TEST CONDITIONS t 
uA709C 

PARAMETER 
MIN TYP MAX 

25°C 2 7.5 
'VIO Input offset voltage VCC± = ±9Vto±15V,VO=0 

Full range 10 

25°C 100 500 
110 Input offset current VCC± = ±9Vto±15V,VO=0 Full range 750 

25 0 C 0.3 1.5 
liB Input bias current VCC± = ±9Vto±15V,VO=0 

2 Full range 

VICR Common-mode input voltage range 25 0 C ±8 ±10 

25°C 24 28 

Maximum peak-to-peak 
RL" 10 kll 

Full range 24 
VOpp 

output voltage swing RL = 2 kll 25°C 20 26 

RL > 2 kll Full range 20 

LargeMsignal differential 25°C 15 45 
AVO RL s 2 kll, Vo = ±10 V 

Full range 12 voltage amplification 

25°C 50 250 
ri Input resistance 

Full range 35 

ro Output resistance Vo = 0, See Note 6 25°C 150 

CMRR Common-mode rejection ratio VIC - VICR min 25°C 65 90 

kSVS Supply voltage sensitivity VCC- ±9Vto±15V 25 0 C 25 200 

Po Total power dissipation Vo = 0 No load 25 0 C 80 200 

UNIT 

mV 

nA 

~A 

V 

V 

V/mV 

kll 

II 
dB 

~V/V 

mW 

t All characteristics are specified under open-loop operation with zero volts common-mode voltage unless otherwise specified. Full range for uA709C is aoe 
to 70°C. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 

operating characteristics VCC± = ±9 V to ± 15 V, TA = 25°C 

uA709AM 

PARAMETER 

t Rise time 

Overshoot factor 

I VI 

J - --OV 

INPUT VOLTAGE 
WAVEFORM 

TEST CONDITIONS 

I CL = 0 
VI = 20 mV, RL = 2 kll, See Figure 1 I CL - 100 pF 

PARAMETER MEASUREMENT INFORMATION 

10kn 

INPUT 

200pF 
OUTPUT 

FIGURE 1-RISE TIME AND SLEW RATE 

uA709M 
UNIT 

uA709C 

MIN TYP MAX 

0.3 1 ~ 

6% 30% 

OUTPUT 
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TYPES uA714C. uA714E. uA714L 
ULTRA·LOW·OFFSET·VOLTAGE OPERATIONAL AMPLIFIERS 

• Ultra-Low Offset Voltage ... 30 p.V Typ 
(uA714EI 

• Ultra-Low Offset Voltage Temperature 
Coefficient ... 0.3 p.V/oC Typ (uA714EI 

• Ultra-Low Noise 

• No External Components Required 

• Replaces Chopper Amplifiers at a Lower 
Cost 

• Single-Chip Monolithic Fabrication 

• Wide Input Voltage Range 
o to ±14 V Typ 

• Wide Supply Voltage Range 
±3 V to ±18 V 

• Essentially Equivalent to PMI OP-07 Series 
Operational Amplifiers 

• Direct Replacements for Fairchild p.A714C. 
p.A714E. p.A714L 

description 

symbol 

027B9. FEBRUARY 1984 

JG OR P OUAL-IN-LINE PACKAGE 
(TOP VIEW) 

OFFSET N1 D8 OFFSET N2 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

NC - No internal connection 

NONINVERTING + 
OFFSETN1~ 

INPUT IN+ 
OUTPUT 

INVERTING 
INPUT IN- -

OFFSET N2 

These devices represent a breakthrough in operational amplifier performance. Low offset and long-term stability are 
achieved by means of a low-noise. chopperless. bipolar-input-transistor amplifier circuit. For most applications. no 
external components are required for offset nulling and frequency compensation. The true differential input. with a 
wide input voltage range and outstanding common-mode rejection. provides maximum flexibility and performance 
in high-noise environments and in non inverting applications. Low bias currents and extremely high input impedances 
are maintained over the entire temperature range. The uA 714 is unsurpassed for low-noise. high-accuracy amplification 
of very-low-level signals. 

These devices are characterized for operation from ooC to 70°C. 

schematic 

OFFSET Nl-'(-'I) _____ ~ 

OFFSET N2--'(.::B)'-------t----' 

NONINVERTING ~(3'.:.) ~~-4~--t=:J=;-l 
INPUT IN+ 

INVERTING (2) 
INPUT IN-~~-....................... +-...... --+-..., 

~--~~t-~1~~~~+-~~~~(6) 
OUTPUT 

(4) 
vcc-

Copyright © '984 by Texas Instruments Incorporated 
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TYPES uA714C, uA714E, uA714l 
UlTRA·lOW·OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage Vee+ (see Note 1) ..................................................... 22 V 
Supply voltage Vee _ ............................................................. - 22 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 V 
Input voltage (either input, see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 22 V 
Duration of output short circuit (see Note 4) ............................................ unlimited 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 5) . . . . . . . . . . . . . . .. 500 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... ooe to 70°C 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm'( 1116 inch) from case for 60 seconds: JG package. . . . . . . . . . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ..................... 260°C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vcc-. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package. these chips are glass-mounted. 
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electrical characteristics at specified free-air temperature, Vee ± ± 15 V (unless otherwise noted) 

TEST CONDITIONS t 
uA714C uA714E uA714L 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 60 150 30 75 100 250 
VIO Input offset voltage Vo = O. AS = 50 II 

oDe to 70°C 
.V 

85 250 45 130 400 

Temperature coefficient of 
Vo = O. aVID 

input offset voltage 
AS = 50 II oDe to 70°C 0.5 1.8 0.3 1.3 1 3 p.V/oC 

Long~term drift of 
See Note 6 0.4 2 

input offset voltage 
0.3 1.5 0.5 3 p.V/mo 

Offset adjustment range AS = 20 kll. See Figure 1 25"C ±4 ±4 ±4 mV 

25"C 0.8 6 0.5 3.8 5 2.0 
110 Input offset current nA oDe to 700C 1.6 8 0.9 5.3 8 40 

Temperature coefficient of 
"110 input offset cur-rent 

oDe to 70°C 12 50 8 35 20 100 pA/oe 

25"C ±1.8 ±7 ±1.2 ±4 ±6 ±30 
liB Input bias current nA oDe to 70°C ±2.2 ±9 ±1.5 ±S.5 ±15 ±60 

Temperature coefficient of 
oDe to 70°C 18 50 13 35 35 "liB 150 pA/"C 

input bias current 

Common-mode input 25°C ±13 ±14 ±13 ±14 ±13 ±14 
VICA V 

voltage range ODC to 70°C ±13 ±13.5 ±13 ±13.5 ±13 ±13.5 

AL " 10 kG ±12 ±13 ±12.5 ±13 ±12 ±13 

RL 2: 2 kG 25°C ±11.5 ±12.8 ±12 ±12.8 ±11 ±12.B 
YOM Peak output voltage V 

AL" 1 kll ±12 ±10.5 ±12 ±12 

AL > 2 kO oDe to 70°C ±11 ±12.6 ±12 ±12.6 ±10 ±12.6 

VCC± = ±3V. Vo = ±0.5V. 
25°C 100 400 150 500 50 150 

Avo 
Large-signal differential AL " 500 kD 

voltage amplification 25°C 120 400 200 500 100 300 
V/mV 

VO=±10V. AL = 2 kG 
OOC to 70°C 100 400 180 450 80 400 

Bl Unity gain bandwidth 25°C 0.6 0.6 0.6 MHz 

'i Input resistance 25°C 8 33 15 50 8 33 Mil 

Common-mode 25°C 100 120 106 123 100 120 
CMAA VIC=±13V. AS = 50 n dB 

rejection ratio OOC to 70°C 97 120 103 123 94 120 

Supply voltage rejection VCC± = ±3Vto ±18V. 25°C 90 104 94 107 90 104 
kSVA dB 

,atio (aVeC/aVIO) AS = 50 n OOC to 70°C 86 100 90 104 83 100 32 

Vo - O. No load 80 150 75 120 100 180 

Po Power dissipation VCC± = ±3V. Vo =0. 25°C mW 
4 8 4 6 5 12 

No load 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted. 
NOTE 6: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It is an engineering estimate 

of the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 
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TYPES uA714C, uA714E, uA714L 
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature. V CC ± ± 15 V (unless otherwise noted) 

TEST CONDITIONS t 
uA714C uA714E uA714L 

PARAMETER 
MIN TYP MAX MIN TYP MAX MIN TYP 

I 1= 10 Hz 10.5 20 10.3 18 10.5 
Equivalent input 

TA = 25°C II = 100Hz Vn 10.2 13.5 10 13 10.2 
noise voltage I I = 1 kHz 9.8 11.5 9.6 11 9.8 

Peak-ta-peak 
f = 0.1 Hz to 10Hz, 

VNPP equivalent input 0.38 0.65 0.35 0.6 

noise voltage 
TA = 25°C 

I = 10 Hz 0.35 0.9 0.32 0.8 0.35 
Equivalent input 

11=100Hz In TA = 25°C 0.15 0.27 0.14 0.23 0.15 
noise current I 1= 1 kHz 0.13 0.18 0.12 0.17 0.13 

Peak-ta-peak 
f = 0.1 Hz to 10 Hz, 

INPP equivalent input 15 35 14 30 15 

noise current 
TA = 25"C 

SR Slew rate RL ~ 2 kO, TA = 25"C 0.17 0.17 0.17 

• tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specilied. 
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TYPICAL APPLICATION DATA 

20 kn 
~""""'----VCC+ 

Nl 

IN+ 

>---OUTPUT 

IN-

VCC_ 

FIGURE I-INPUT OFFSET VOLTAGE NULL CIRCUIT 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

• Large Common-Mode and 
Differential Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

• Designed to be Interchangeable with Fairchild 
JLA741M,JLA741C 

description 

The uA 741 is a general-purpose operational amplifier 
featuring offset-voltage null capability. 

The high common-mode input voltage range and the 
absence of latch-up make the amplifier ideal for 
voltage-follower applications. The device is short­
circuit protected and the internal frequency 
compensation ensures stability without external 
components. A low potentiometer may be connected 
between the offset null inputs to null out the offset 
voltage as shown in Figure 2. 

The uA 741 M is characterized for operation over the 
full military temperature range of - 55 DC to 125 DC; 
the uA 7 41 C is characterized for operation from 0 DC 
to 70 DC. 

symbol 

NON INVERTING =t>­
INPUT IN+ 

INVERTING _ 
INPUT IN-

OUTPUT 

TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

0920. NOVEMBER 1 970-REVISEO AUGUST 1983 

uA741M ... J PACKAGE 

(TOPVIEWI 

NC NC 
NC NC 

OFFSET N1 NC 
IN- VCC+ 
IN+ OUT 

VCC- OFFSET N2 
NC NC 

uA741M . .. JG PACKAGE 

uA741C . .. D. P. OR JG PACKAGE 

(TOPVIEWI 

IN- 2 7 VCC+ 
OFFSET N1 DB NC 

IN+ 3 6 OUT 
VCC- 4 5 OFFSET N2 

uA741M ... U FLAT PACKAGE 

(TOPVIEWI 

NC NC 
OFFSET N1 NC 

IN- VCC+ 
IN+ OUT 

VCC- -.... __ r- OFFSET N2 

uA741M ... FH. FK PACKAGE 

(TOP VIEWI 

NC. 
IN­

NC 
IN+ 

NC 

Z 
f­w 
IJl 

uttuuu 
ZOZZZ 

U I U N U 
Z UZ Z Z 

U f-> w 
IJl 
LJ.. 
LJ.. 
o 

NC - No internal connection 

NC 

OUT 
NC 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES uA741M, uA741C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

schematic 

INVERTING 
INPUT IN-

NONINVERTING 
INPUTIN+ 

Vcc+ 

OUTPUT 

~ Vcc-
!!!. 
l> 
3 
"2-
~ 
(ii' 
C;; absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

uA741M uA741C UNIT 

Supply voltage Vee + (see Note 1) 22 18 V 
Supply voltage Vee _ (see Note 1) -22 -18 V 
Differential input voltage (see Note 2) ±30 ±30 V 
Input voltage any input (see Notes 1 and 3) ±15 ±15 V 

Voltage between either offset null terminal (N1/N2) and Vee- ±0.5 ±0.5 V 

Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 mW 

Operating free-air temperature range -55 to 125 o to 70 °C 
Storage temperature range -65 to 150 -65 to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 secondslFH, FK, J, JG, or U package 300 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 10, N or P package 260 °C 

NOTES: 1. All voltage values. unless otherw!S8 noted. Bre with respect to the midpoint between VCC+ and VCC-. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA 741 M only, the unlimited duration of the short-circuit applies at (or below) 

3-224 

125<JC case temperature or 75°C free-air temperature. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages. uA741 M chips are 

alloy mounted; uA741C chips are glass mounted. 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. V cc + 15 V. VCC- -15 V 

PARAMETER TEST CONDITIONS t 
uA741M uA741C 

UNIT 
MIN TYP MAX MIN TYP MAX 

Via Input offset voltage 
25°C 1 5 1 6 

Va = 0 mV 
Full range 6 7.5 

Offset voltage 
aVIO(adj} adjust range Va = 0 25°C ±15 ±15 mV 

Va = 0 
25°C 20 200 20 200 

110 Input offset current nA 
Full range 500 300 

Va = 0 
25°C 80 500 80 500 

liB Input bias current nA 
Full range 1500 BOO 

VICR 
Common·mode 25°C ±12 ±13 +12 ±13 

input voltage range 
V 

Full range +12 +12 

RL = 10 kll 25°C ±12 ±14 ±12 ±14 

VOM 
Maximum peak RL'" 10 kll Full range ±12 ±12 
output voltage swing RL - 2 kll 25°C 

V 
±10 ±13 ±10 ±13 

RL'" 2 kll Full range ±10 ±10 
Large-signal differential RL'" 2 kll 25°C 50 200 20 200 

AVO 
voltage amplification Va = ±10V Full range 25 15 

V/mV 

ri Input resistance 25°C 0.3 2 0.3 2 Mil 

ro Output resistance 
Va - 0, 

See Note 6 
25°C 75 75 Il 

Ci Input capacitance 25°C 1.4 1.4 pF 

Common-mode 25°C 70 90 70 90 
CMRR VIC = VICR min dB 

rejection ratio Full range 70 70 

Supply voltage 
VCC = ±9 V 25°C 30 150 30 150 

kSVS sensitivity 
to ± 15 V 

~V/V 

(aVIO/avCC) Full range 150 150 

lOS 
Short-circuit 

25°C ±25 ±40 ±25 ±40 mA 
output current 

ICC Supply current 
25°C 1.7 2.8 1.7 2.8 

No load, Va = 0 
3.3 

mA 
Full range 3.3 

25°C 50 85 50 B5 
Po Total power dissipation No load, Va = 0 mW 

Full range 100 100 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for uA 741 M is 

-55 DC to 125°C and for uA741C is OOC to 7QoC. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPES uA741M, uA741C 
GENERAL·PURPOSE OPEMTIONAL AMPLIFIERS 

operating characteristics, VCC+ = 15 V, VCC- = -15 V, TA = 25°C 

uA741M uA741C 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP 

tr Rise time VI =20mV, RL=2kl1, 0.3 0.3 

Overshoot factor CL = 100 pF, See Figure 1 5% 5% 

SR Slew rate at ,unity gain 
VI = 10V, RL=2kl1, 

0.5 0.5 
C = 100pF, See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

>------..... --fo) OUTPUT 

INPUT VOLTAGE 
WAVEFORM 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

TYPICAL APPLICATION DATA 

TOVCC_ 

FIGURE 2 - INPUT OFFSET VOLTAGE NULL CIRCUIT 
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INPUT OFFSET CURRENT 
v. 

FREE·AIR TEMPERATURE 

Vcc+= 15V 
VCC_ '" -15 V 

\ 
[\ 

\ 
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TYPES uA741M. uA741C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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183 

LINEAR 
INTEGRATED 
CIRCUITS 

• Frequency and Transient Response 
Characteristics Adjustable 

• Shon-Circuit Protection 

• Offset-Voltage Null Capability 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Low Power Consumption 

• No Latch-Up 

• Same Pin Assignments as uA709 

description 

The uA 7 48 is a general-purpose operational amplifier 
that offers the same advantages and attractive 
features as the uA 741 except for internal 
compensation. External compensation can be as 
simple as a 30-pF capacitor for unity-gain conditions 
and. when the closed-loop gain is greater than one. 
can be changed to obtain wider bandwidth or higher 
slew rate. This circuit features high gain. large 
differential and common-mode input voltage range. 
and output short-circuit protection. Input offset 
voltage adjustment can be provided by connecting a 
variable resistor between the offset null pins as shown 
in Figure 12. 

The uA 748M is characterized for operation over the 
full military temperature range of - 55°C to 125°C; 
the uA 7 48C is characterized for operation from ooC 
to 70°C. 

symbol 

COMP 
N1/COMP 

INPUT IN+ 

INVERTING 
INPUT IN-

OUTPUT 

TYPES uA748M. uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

0921. DECEMBER 1970-REVISED AUGUST 1983 

uA748M .•• JG 

uA748C .•• D. JG. OR P 

DUAL-IN-LiNE PACKAGE 

(TOPVIEWI 

N1/COMP[]8 COMP 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 N2 

uA748M ... U FLAT PACKAGE 

(TOPVIEWI 

NC NC 
N1/COMP COMP 

IN- VCC+ 
IN+ OUT 

Vce- ~ __ ~N2 

NC - No internal connection 

Copyright © 1979 by Texas Instruments Incorporated 

• 
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TYPES uA748M, uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

schematic 

COMP INVERTING _______ --, 

INPUT IN- r1~--~-'---'---+--1~~~-----------~--VCC+ 

NON INVERTING 

INPUTIN+ 

OFFSET 
NULL 

N2 

OFFSET 
NULL Nl/COMP 

Resistor values shown are nominal. 

absolute maximum ratings over operating free·air temperature (unless otherwise noted) 

uA748M 

Supply voltage V CC + (see Note 1) 22 

Supply voltage V CC _ (see Note 1) -22 

Differential input voltage (see Note 2) ±30 

Input voltage (either input, see Notes 1 and 3) ±15 

Voltage between either offset null terminal (Nl/N2) and VCC- -0.5 to 2 

Duration of output short-circuit (see Note 4) unlimited 

Continuous total power dissipation at (or below) 25·C free-air temperature (see Note 5) 500 

Operating free-air temperature range -55 to 125 

Storage temperature range -65 to 150 

Lead temperature 1,6 mm (1116 inch) from case for 60 seconds J JG or U package 300 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I D or P package 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between vee + and Vee _ . 
2. Differential voltages are at the noninv8rting input t,erminal with respect to the inverting input terminal. 

OUTPUT 

340 

uA748C 

18 

-18 

±30 

±15 

-0.5 to 2 

unlimited 

500 

o to 70 

-65 to 150 

300 

260 

3. The magnitude of the Input voltage must never exceed thEi magnitude of the supply voltage or'15 volts, whichever is less. 

UNIT 

V 

V 

V 

V 

V 

mW 

·C 

·C 

·C 

·c 

4. The output may be shorted to ground or either power supply. For the uA 748M only, the unlimited duration of the shortMcircuit applies at (or below) 
125 QC case temperature or 75 QC free-air temperature. 

3·230 

5. For operation above 25°C freeMsir temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG package, uA748M chips are 
alloy-mounted; uA748C chips are glassMmounted. 
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B3 

TYPES uA148M, uA148C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. V CC + 15 V. VCC- -15V.CC 30 pF 

PARAMETER TEST CONDITIONS t 
MIN 

uA748M 

TVP MAX 

uA748C 

MIN TVP MAX 
UNIT 

25°C 1 5 1 6 
Via Input offset voltage Va = 0 mV 

Full range 6 7.5 

25°C 20 200 20 200 
110 Input offset current Va = 0 

300 
nA 

Full range 500 

25°C 80 500 BO 500 
liB Input bias current Va = 0 

BOO 
nA 

Full range 1500 

Common-mode 25°C ±12 ±13 ±12 ±13 
VICR V 

input voltage range Full range ±12 ±12 

Rl - 10 kll 25°C ±12 ±14 ±12 ±14 

Maximum peak Rl'" 10 kll Full range ±12 ±12 
VOM V 

output voltage swing Rl = 2 kll 25°C ±10 ±13 ±10 ±13 

Rl'" 2 kll Full range ±10 ±10 

Large-signal differential Rl '" 2 kll, 25°C 50 200 20 200 
AVD V/mV 

voltage amplification VO=±10V Full range 25 15 

ri Input resistance 25°C 0.3 2 0.3 2 Mil 

ro Output resistance 
Va = 0, 

See Note 6 
25°C 75 75 II 

Ci Input capacitance 25°C 1.4 1.4 pF 

Common-mode VIC - VICR min, 25°C 70 90 70 90 
CMRR 

70 70 
dB 

rejection ratio Va = 0 Full range 

Supply voltage 
VCC = ±9Vto ±15V, 25°C 30 150 30 150 

kSVS sensitivity ~V/V 

(AVIO/AVCC) Va = 0 Full range 150 150 

Short-circuit 
±40 lOS 25°C ±25 ±40 ±25 mA 

output current 

No load, 25°C 1.7 2.B 1.7 2.B 
ICC Supply current 

3.3 
mA 

Va = 0 Full range 3.3 

Total power No load, 25°C 50 85 50 85 
PD mW 

dissipation Va = 0 Full range 100 100 

• 
ca 
c: 
o 
',j: 

CO .. 
CD 
C. 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for uA 748M is 0 
- 55°C to 125°C and for uA748C is ODe to 70°C. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 

operating characteristics. VCC+ = 15 V. VCC- = -15 V. TA = 25°C 

PARAMETER 

tr Rise time 

Overshoot factor 

SR Slew rate at unity gain 

TEST CONDITIONS 

VI = 20 mV, 

Cl = 100 pF, 

See Figure 1 

VI - 10V, 

Cl = 100 pF, 

See Figure 1 

MIN 

Rl = 2 kll, 

Cc = 30 pF, 

Rl - 2 kll, 

Cc = 30 pF, 

TEXAS 
INSTRUMENTS 

uA74BM 

TVP 

0.3 

5% 

0.5 
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uA748C 

MAX MIN TYP MAX 

0.3 

5% 

0.5 

UNIT 

~s 

V/~s 
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TYPES uA748M. uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 
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\ 
1\ 

.. 80 
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~ 

! : 
o 

PARAMETER MEASUREMENT INFORMATION 

,VI 

.J_--ov 

INPUT VOLTAGE 

WAVEFORM 

INPUT 

.... ----t<;I) OUTPUT 

Cc = 30 pF -= 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

INPUT OFFSET CURRENT 

" fREE·AIR TEMPERATURE 

V~)'6V 
VCC_--15V 
:---

- uA748C I 

\ 
I 

\ 
....... r--. I 

TYPICAL CHARACTERISTICS 

400 

\ 
\ 

1 ~o 
!2OD 
l 
~'00 

o 

INPUT BIAS CURRENT 

" FRH-AIR TEMPERATURE 

VCC+"'15V 
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I 
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I 
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E ,. 
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/ 
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FIGURE 3 

OPEN·LOOP LAAGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIF ICATION 
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FIGURE 4 
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TYPES uA748M. uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

COMMON·MODE REJECTION RATIO OUTPUT VOLTAGE 

10 100 

" FREQUENCY ELAPSED TIME 

VCC+=15V 
28 

'\ 
VCC_'"-15V 2. 
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FIGURE 8 

VCC-
COMP 

t-Tirnll-~s 

FIGURE 9 

TYPICAL APPLICATION DATA 

rj = 400 Mn. 
C;= 1 pF, 

ro <.0. 
BW= 1 MHz 

FIGURE 11-UNITY·GAIN VOLTAGE FOLLOWER 

R2 

VCC+ 

Vo 

! 
N1 N2 

t-Time-p.. 

FIGURE 10 

Vo R2 

VI R1 

R1 • 30 pF 
CC" ---­

R1 + R2 

R1· R2 
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FIGURE 12-INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
COMPENSATION, AND OFFSET ADJUSTMENT 
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military temperature range 

DEVICE 

NUMBER 
TYPE REMARKS 

uA710M 

lMl06 Strobe 

lMlll Strobe 

TL510M Single Strobe 

TL810M Improved TL710M 

TL710M 

TL331M Vcc: 12 V to 36 V 

TL506M Strobes 

TL820M Dual TL810M 

TL514M Dual TL510M 
Dual 

uA711M Strobes 

TL811M Strobes 

LM193 Vcc: 2 V to 36 V 

TLC372M LinCMOS 

LM139A Vcc: 2 V to 36 V 

LM139 Quad VCC: 2 V to 36 V 

TLC374M LinCMOS 

automotive temperature range 

DEVICE 

NUMBER 
TYPE REMARKS 

LM2903 Dual VCC: 2 V to 36 V 

LM3302 Vcc: 2 V to 36 V 

LM2901 
Quad 

VCC: 2 V to 36 V 

industrial temperature range 

DEVICE 

NUMBER 
TYPE REMARKS 

LM206 Strobe 

LM211 Single Strobe 

TL3311 

LM293A 

LM219 Dual 

LM293 

LM239A 

LM239 
Quad 

4 

VOLTAGE COMPARATORS 

VIO 
MAX 

(mV) 

2 

2 

3 

2 

2 

5 

5 

2 

2 

2 

3.5 

3.5 

5 

10 

2 

5 

10 

VIO 
MAX 

(mV) 

7 

20 

15 

VIO 
MAX 

(mV) 

2 

3 

5 

2 

4 

5 

4 

9 

RESPONSE 
liB IOl 

TIME 
MAX MIN 

(pA) (rnA) 
TYP 
(ns) 

20 2 40 

45 100 28 

0.1 8 115 

15 2 30 

15 2 30 

75 1.6 40 

-0.1 6 300 

20 100 28 

15 2 30 

15 2 30 

75 0.5 40 

20 0.5 33 

0.1 6 300 

200 

-0.1 6 300 

-0.1 6 300 

200 

liB IOL 
RESPONSE 

TIME 
MAX MIN 

TYP 
(pA) (rnA) 

(ns) 

0.25 6 300 

-0.5 6 300 

-0.4 6 300 

RESPONSE 
liB IOl 

TIME 
MAX MIN 

(pA) (rnA) 
TYP 

(ns) 

45 100 28 

0.1 8 115 

-0.1 6 300 

0.25 6 300 

0.5 3.2 80 

0.25 6 300 

-0.4 6 300 

-0.4 6 300 

TEXAS 
INSTRUMENTS 

SELECTION GUIDE 

(values specified at T A 

POWER SUPPLIES 

VCC+ VCC-
PACKAGES 

NOM NOM 
(V) (V) 

12 -6 J,JG,U 

12 -6 J,JG,W 

15 -15 FH,FK,J,JG,U 

FH,FK,JG,U 

JG,U 

15 -6 FH,FK,JG,U 

5 0 JG 

12 -6 J,W 

12 -6 J 

12 -6 FH,FK,J,W 

12 -6 J,U 

12 -6 J,U 

5 0 FH,FK,JG 

5 0 JG 

5 0 D,J,N 

5 0 FH,FK,J 

5 0 J 

(values specified at T A 

POWER SUPPLIES 

VCC+ VCC-
PACKAGES 

NOM NOM 

(V) (V) 

5 0 D,JG,P 

5 0 D,J,N 

5 0 D,J,N 

(values specified at T A 

POWER SUPPLIES 

VCC+ VCC- PACKAGES 
NOM NOM 

(V) (V) 

12 -6 D,J,JG,N,P 

15 -15 D,JG,P 

5 0 D,JG,P 

5 0 D,JG,P 

5 0 J,N 

5 0 D,JG,P 

5 0 D,J,N 

5 0 D,J,N 

PAGE 
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4-91 
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4-25 
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SELECTION GUIDE 

commercial temperature range 

DEVICE 

NUMBER 
TYPE REMARKS 

TL510C Strobe 

TL810C Improved TL710C 

LM306 Strobe 

TL331C VCC: 2 V to 36 V 

LM311 
Single 

Strobe 

TL710C 

TL721 

TL712 Output enable 

LM393A VCC: 2 V to 36 V 

TL820C Dual TL810C 

TL514C Dual TL510C 

uA711C Strobes 

TL811C Dual Improved uA 711 C 

TL506C Strobes 

LM393 VCC: 2 V to 36 V 

LM319 

TLC372C LinCMOS 

LM339 

LM339A Quad 

TLC374C LinCMOS 

VIO 
MAX 

(mV) 

3.5 

3.5 

5 

5 

7.5 

7.5 

±100 

2 

3.5 

3.5 

5 

5 

5 

5 

8 

10 

5 

2 

10 

RESPONSE 
lIB IOL 

TIME 
MAX MIN 

TYP 
{/'AI (mAl 

Ins) 

20 1.6 30 

20 1.6 30 

40 100 28 

-0.25 6 300 

0.25 8 115 

100 40 

12 Max 

25 

0.25 6 300 

20 1.6 30 

20 1.6 30 

100 0.5 40 

30 0.5 33 

25 100 28 

0.25 6 300 

1 3.2 80 

200 

-0.15 6 300 

-0.15 6 300 

200 

TEXAS 
INSTRUMENTS 

(values specified at T A 

POWER SUPPLIES 

Vcc+ Vcc-
PACKAGES 

NOM NOM 

(V) (V) 

JG,P 

JG,P 

12 -6 D,J,JG,N,P 

5 0 D,JG,P 

15 -15 D,JG,P 

12 -6 J,JG,N,P,U 

0 -5.2 JG,P 

JG,P 

5 0 D,JG,P 

12 -6 J,N 

12 -6 J,N 

12 -6 J,N 

12 -6 J,N 

12 -6 J,N 

5 0 D,JG,P 

5 0 J,N 

5 0 JG,P 

5 0 D,J,N 

5 0 D,J,N 

5 0 D,J,N 
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GLOSSARY 

Input Offset Voltage (VIO) 

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the 
specified level. 

Average Temperature Coefficient of Input Offset Voltage (aVIO) 

The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 

[
IVIO @TA(1))-IVI0 @TA(2))] 

"'VIO = T T where T A(1) and T A(2) are the specified temperature extremes. 
A(1)- A(2) 

Input Offset Current (110) 

The difference between the currents into the two input terminals with the output at the specified level. 

Average Temperature Coefficient of Input Offset Current (aIlO) 

The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 

[
1110 @TA(1))-1I10 @TA(2))] 

"'110 = T T where T A(1) and T A(2) are the specified temperature extremes. 
A(1)- A(2) 

Input Bias Current (lIB) 

The average of the currents into the two input terminals with the output at the specified level. 

High-Level Strobe Current (lIH(S)) 

The current flowing into or out of" the strobe at a high-level voltage. 

Low-Level Strobe Current (lIL(S)) 

The current flowing out of" the strobe at a low-level Voltage. 

High-Level Strobe Voltage (VIH(S)) 

For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the operation 

of the comparator. 

Low-Level Strobe Voltage (VIL(S)) 

For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or 
low, as specified, independently of the differential inputs. 

Input Voltage Range (VI) 

The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly. 

Common-Mode Input Voltage (VIC) 

The average of the two input voltages. 

*Current out of a terminal is given as a negative value. 
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GLOSSARY 

Common-Mode Input Voltage Range (VICRI 

The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly. 

Differential Input Voltage (Viol 

The voltage at the non inverting input with respect to the inverting input. 

Differential Input Voltage Range (ViOl 

The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning 
properly. 

Differential Voltage Amplification (AVDI 

The ratio of the change in output to the change in differential input voltage producing it with the common-mode input 
voltage held constant. 

High-Level Output Voltage (VOHI 

The voltage at an output with input conditions applied that according to the product specification will establish a high 
level at the output. 

Low-Level Output Voltage (VoLl 

The voltage at an output with input conditions applied that according to the product specification will establish a low 
level at the output. 

High-Level Output Current. IIOHI 

The current into * an output with input conditions applied that according to the product specification will establish 
a high level at the output. 

Low-Level Output Current. (loll 

The current into' an output with input conditions applied that according to the product specification will establish 
a low level at the output. 

Output Resistance (rol 

The resistance between an output terminal and ground. 

Common-Mode Rejection Ration (kCMR. CMRRI 

The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 
in input offset voltage. 

Supply Current IICC +. ICC-I 

The current into' the VCC+ or VCC- terminal of an integrated circuit. 

Total Power Dissipation (POl 

The total doc power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Po = VCC+ • ICC+ + VCC- ·ICC-. 

·Current out of a terminal is given as a negative value. 
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GLOSSARY 

Response Time 

The interval between the application of an input step function and the instant at when the output crosses the logic 
threshold voltage. 
NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the 
case of high-to-Iow-Ievel response time, to turn the output off) to an input level just barely in excess of that required 
to bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive. 

Strobe Release Time 

The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from 
its active logic level to its inactive logic level. 
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783 

LINEAR 
INTEGRATED 
CIRCUITS 

• Fast Response Times 

• Improved Gain and Accuracy 

• Fan-Out to 10 Series 54/74 TTL Loads 

• Strobe Capability 

• Short-Circuit and Surge Protection 

• Designed to be Interchangeable with 
National Semiconductor LM 1 06, LM206, 
and LM306 

description 

The LM106, LM206, and LM306 are high-speed 
voltage comparators with differential inputs, a low­
impedance high-sink-current 1100 mAl output, and 
two strobe inputs, These devices detect low-level 
analog or digital signals and can drive digital logic or 
lamps and relays directly, Short-circuit protection and 
surge-current limiting is provided, 

The circuit is similar to a TL81 0 with gated output, 
A low-level input at either strobe causes the output 
to remain high regardless of the differential input, 
When both strobe inputs are either open or at a high 
logic level, the output voltage is controlled by the 
differential input voltage, The circuit will operate with 
any negative supply voltage between - 3 volts and 
- 1 2 volts with little difference in performance, 

The LM 1 06 is characterized for operation over the full 

military temperature range of - 55°C to 125°C, the 
LM206 is characterized for operation from - 25°C to 
85°C, and the LM306 from O°C to 70°C, 

TYPES LM106. LM206. LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

01108, OCTOBER 1979-REVISEO JULY 1983 

J OR N DUAL-IN-liNE 

OR W FLAT PACKAGE 

(TOP VIEWI 

NC NC 
GND NC 
IN+ NC 
IN- VCC+ 

NC NC 
VCC- OUT 

STROBE 1 STROBE 2 

NC - No internal connection 

D, JG OR P DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

IN+ 2 7 OUT 
GND[]8 VCC+ 

IN- 3 6 STROBE 2 
VCC- 4 5 STROBE 1 

functional block diagram 

STROBE 1 
STROBE 2 

NONINVERTED 
INPUT IN+ 

INVERTED 
INPUT IN-

OUTPUT 

~Copyright © 1983 by Texas Instruments Incorporated 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

schematic 

STROBE 1 STROBE 2 

r----1~---.----~----+_--~~--_.----oVcc+ 

Skn Skn 
6.3 V 6.3 V 

6.3V 

NONINVERTING ,on 
INPUT 

OUTPUT 

INVERTING 
INPUT 

680n 
GND 

Vcc- 0--+-_...1 

Resistor values are nominal in ohms. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage V CC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage V CC _ (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 1 5 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Input voltage (either input, see Notes 1 and 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 
Strobe voltage range (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 V to V CC + 
Output voltage (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24 V 
Voltage from output to VCC- ......................................................... 30 V 
Duration of output short-circuit (see Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. 10 s 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) . . . . . . . . . .. 600 mW 
Operating free-air temperature range: LM106 Circuits ............................... -55°C to 125°C 

LM206 Circuits ............................... -25°C to 85°C 
LM306 Circuits ................................. ooC to 70°C 

Storage temperature range. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J, JG or W package .............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or P package ............... 260°C 

NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vee _, are with respect to the network ground terminal. 
2. Differential voltages are at the noninv8rting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 
5. For operation above 25 DC free-~lir temperature. refer to'Dissipation Derating Curves. Section 2. In the J and JG packages. LM1 08 chips are alloy­

mounted; LM206. and LM306 chips are glass-mounted: 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature. Vee + 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25'C 
VIO Input offset voltage RS '" 200 D, See Note 6 

Full range 

Average temperature 

"via coefficient of input RS = 50 D, See Note 6 Full range 

offset voltage 

25'C 

110 Input offset current See Note 6 MIN 

MAX 

Average temperature MIN to 25'C 

"110 coefficient of input See Note 6 

offset current 25'C to MAX 

MIN to 25'C 
liB Input bias current Va = 0.5 V to 5 V 

25°C to MAX 

IILIS) low-level strobe current VI strobe) = 0.4 V Full range 

VIHIS) High-level strobe voltage Full range 

VILIS) Low-level strobe voltage Full range 

VICR 
Common-mode input 

VCC- = -7Vto-12V Full range 
voltage range 

Via 
Differential input 

Full r8nge 
voltage range 

Ava 
Large-signal differential No load, 

25'C 
voltage amplification Va = 0.5 V to 5 V 

High-level Via = 5 rnV Full range 
VOH IOH = -400 ~A 

output voltage Via = 8 mV Full range 

Via = -5 mV 25'C 
10L = 100 rnA 

Via = -7 mV 25'C 

Low-level Via = -5 rnV Full range 
VOL 10L = 50 mA 

output voltage Via = -8 mV Full range 

VIO = -5 mV Full range 
10L = 16 mA 

Via = -8 mV Full range 

MIN to 25'C 

High-level 
Via = 5 mV 

25'C to MAX 
10H VOH = 8 V to 24 V 

VIQ = 7 mV MIN to 25'C output current 

VIO - 8 mV 25°C to MAX 

ICC+ Supply current from Vee + Via = - 5 mV, No load Full range 

ICC- Supply current from Vee- No load Full range 

tUnless otherwise noted, all characteristics are measured with both strobes open. 

12 V. Vee- -3 V to 12 V 

LM106, LM206 LM306 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.5* 2 1.6* 5 

3 6.5 
mV 

3 10 5 20 ~V/'C 

0.1* 3 1.8* 5 

2 7 1 7.5 ~ 
0.4 3 0.5 5 

15 75 24 100 
nA/'C 

5 25 15 50 

45 40 

7* 20 16* 25 
~A 

-1.7* -3.2 -1.1* -3.2 mA 

2.2 2.2 V 

0.9 0.9 V 

±5 ±5 V 

±5 ±5 V 

40* 40* V/mV 

2.5 5.5 

2.5 5.5 
V 

0.8* 1.5 

0.8* 2 

1 

1 
V 

0.4 

0.4 

0.02* 1 

100 

0.02* 2 
~A 

100 

6.6* 10 6.6* 10 mA 

-1.9* -3.6 -1.9* -3.6 mA 

* These typical values are at VCC+ = 12 V, VCC- = -6 V, TA = 25°C. Full range (MIN to MAX) for LM106 is -55°C to 125°C; for LM206 is -25°C 
to 85°C; and for LM306 is ooC to 70°C. 

NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (VOL) or up to the high 
range (VOH). Thus these parameters actually define an error band and take into account the worst-case effects of voltage gain and input impedance. 

switching characteristics. Vee + 12 V. Vee- = -6 V. TA 

PARAMETER TEST CONDITIONSt 
LM106, LM206 

MIN TYP MAX 

Response time, low~to-high-Ievel output RL = 390 D to 6 V, CL = 15 pF, See Note 7 28 40 

NOTE 7: The response time specified is for a 1 CO-mY input step with 5~mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1.4 V. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS:j: 

INPUT OFFSET CURRENT INPUT BIAS CURRENT 
vs vs 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

VCC+= 12V 
VCC-= -6V 
Vo = 0.5 V to 5 V 

, 1\ 
\ '\ 

'\. lM306 

'" ~ 
lM106. 

'" lM206 
.............. 

r- -

20 

18 

< 16 

f 14 1: 
~ 12 ::0 

(.J .. 10 .. 
iii .. 

8 ::0 
Co 
c 
T 6 
!!! 

4 

2 

r\ VCC+= 12V 

\ 
VCC_=-6V 
Vo = 0.5 Vto5 V 

\ \ I r--
'\ \ LM306 

'\. I'\. 
~ 

lM106 • 
........ 

lM206 

I'--.. 
.............. 

r---.... 

o o 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

T A-Free Air Temperature-·C TA-Free-Air Temperature-·C 

FIGURE 1 FIGURE 2 

HIGH·lEVEl OUTPUT VOLTAGE lOW-lEVEL OUTPUT VOLTAGE 
vs vs 

FREE-AIR TEMPERATURE FREE·AIR TEMPERATURE 
7 

VCC+= 12V 
1.2 

VCC+= 12V 
VCC_=-3Vto-12V 
VIO=5mV ----~ b--""~ IOH=O 

~ - IOH = -400 jlA 

~ .. .. 
~ 
0 

0.8 > .. 
::0 ; 

0.6 0 
"iii 
t 

..J 

3: 0.4 

VCC- = -3 Vto -12 V 
VIO = -5 mV 

- J I 1-~ 
IOl = 100 mA 

I I I 
IOl = 50 mA -
I I 

6 

5 

4 

3 
.3 
I 

IOl = 16mA 

..J 
0.2 0 

> 
! I 
IOl=O 2 

1 o I I 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

TA-Free-Air TEmperature-·C T A-Free-Air Temperature-·C 

FIGURE 3 FIGURE 4 

*0818 for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS:!: 

VOLTAGE TRANSFER CHARACTER ISTICS 
7 

Vee+= 12V 
6 Vee - 6V 

RL _00 

> 5 
I .. 
'" 4 l! 
"0 
> .. 3 
:> 
2-
:> 2 0 
I 
0 
> 

I I ...lII 

TAI= 0°6--.. ,....- r-... f--- TA = 25°e 

'" I I 
~TA=700e 
........... 1 I ° 

TA = _55°e 
TA = 125 e 

I I 
o 

-1 
-2 -1 o 2 

c o ... 
rl 

80000 

~ 60000 
Q. 

E 
<I: 
~ 
l! ;g 40000 

~ 
c 
2! 
:E 20000 
C 
I 
C 

~ 
o 

VID-Differential Input Voltage-mV 

---:: 

FIGURE 5 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

r---."" Vee- = -3 V to -12 V 
. Va = 1 to 2V 

~L=OO 
Vec+= 10V I I I 
~ ~II.I. Vec+=15V 

1-
VCC+= 15V "" ~ ............... 

"- "'" 
.......... 

""-
............... 

"""""--
.............. 

"""""------
-75 -55 -25 0 ·25 50 75 100 125 

TA-Free-Air Temperature-oC 

FIGURE 7 

<I: 
.!. 
c 
2! 
:; 
(J .. 
:> 
2-
:> 
0 
I 

2 

<I: 

~ 

10 

10-1 

10-2 

10-3 

10-4 

10-5 

10-6 

10-7 

10-8 

10-9 

OUTPUT CURRENT 
vs 

DIFFERENTIAL INPUT VOLTAGE 

I J 
TA=-55 C I 

~TA=O°C 

TA = 125°C -.....-:: ~ 
TA = 700e"" rn 
TA = 25°C TA = 125°C 

\'-1-. 
l\ TA = 700e 

0-
;rA=;-5t ~=2~ C_ 

Vce+=Va=12V ° ,:: 
VCC = -3 V to 12 V I~=oe 

-5 -4 -3 -2 -1 o 2 3 

0.4 

VID-Differential Input Voltage-mV 

FIGURE6 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vcc+ = Va = 12 V 
VCC-=-6V 

/' VIO=-5 mV 

f 0.3 
J 

"'"", 
See Note 8 

I ""-, 
~ 

.......... 

o 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-oC 

FIGURE 8 

toata for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 

NOTE 8: This parameter was measured using a single 5-ms pulse. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS:!: 

OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR 
VAR IOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 

If 
B 
~I 

1 

f-- ~~J 1 f--

Vcc+= 12V 
Vcc_=-6V 
CV"15 pF 

\ RL-390.Qto5V 
TA .. 2ltc 

20mV 1\ 1 
1I \1 

10mV \smv 'Jmv 
\.\. 'l f\.. 

20 40 60 80 100 

t-Time-ns 

FIGURE 9 

iE 
d 

~J 

'i' 

," I 2 

~~~~2O~~~~~~;=~~~J'00 
t-Tima-ns 

FIGURE 10 

SUPPLY CURRENT FROM VCC+ 
vs 

SUPPLY CURRENT FROM VCC­
vs 

,. 
1 9 

8 

!t 7 

j 6 

I 5 

u 4 

3 

2 

1 1 .. 

SUPPLY VOLTAGE VCC+ 

VCC_=-3Vto-12V I-~A·.!.6·C RL- OO -

".f,.A '" 25°C 

> /" ::;...- TA = 125°C 

! .,/ Y ~A'-6"C 
;f/ ,/ ~TA·26°C c 

3 

2 

"V .,/ -::::- ---- ~A·125°C >V':f/ ,/ 

~V 1 

c 

" • 
Vcc+-Positive Supply Voltage-V 

FIGURE 11 

TOTAL POWER DISSIPATION 

120 

~100 

• 1 8. 
:i 
c 8. 
J i ~ 
_ 2 • 

• 

vs 
FREE-AIR TEMPERATURE 

LID='-5~V VCC+-12V 
Vcc_=-6V 

Ii-
Rl=OO 

r---~5mv r-

--- I-

-75 -50 -26 0 25 50 75 100 125 

T A-free-Air Temparature-"C 

FIGURE 13 

SUPPLY VOLTAGE VCC-

VCC+=12V 
RL-"" 

TA=-66"C 

.,/ nTA:;!oC 

/' 
,/ V TA=l25"C 

",-V- i---r-
V 

o -2 -4 -6 -8 -10 -12 -14 -16 

Vcc_-Negative Supply Voltage-V 

FIGURE 12 

:J:Oata for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Fast Response Times 

• Strobe Capability 

• Designed to be Interchangeable with National 
Semiconductor LM 111, LM211, and LM311 

• Maximum Input Bias Current .. , 300 nA 

• Maximum Input Offset Current ... 70 nA 

• Can Operate From Single 5-V Supply 

description' 

The LM111, LM211, and LM311 are single high-speed 
voltage comparators. These devices are designed to 
operate from a wide range of power supply voltage, 
including ± 1 5-volt supplies for operational amplifiers 
and 5-volt supplies for logic systems. The output 
levels are compatible with most TTL and MOS circuits. 
These comparators are capable of driving lamps or 
relays and switching voltages up to 50 volts at 
50 milliamperes. All inputs and outputs can be isolated 
from system ground. The outputs can drive loads 
referenced to ground, VCC + or VCC _. Offset 
balancing and strobe capability are available and the 
outputs can be wire-OR connected. If the strobe is 
low, the output will be in the off state regardless of 
the differential input. Although slower than the TL506 
and TL514, these devices are not as sensitive to 
spurious oscillations. 

The LM 111 is characterized for operation over the full 
military range of - 55 DC to 125 DC. The LM211 is 
characterized for operatio'n from - 25 DC to 85 DC, and 
the LM311 is characterized for operation from ODC 
to 70 DC. 

functional block diagram 

NONINVERTING 

BALANCE 

BAL/STRB 

INPUT IN+-----t 

INVERTING ---~::l 
INPUT IN-

COL OUT 

TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

01312, SEPTEMBER 1973-REVISEO AUGUST 1983 

LM111, LM211, LM311 
J DUAL·IN-LLINE PACKAGE 

(TOP VIEW) 

NC NC 
EMIT OUT NC 

IN+ NC 
IN- VCC+ 

NC NC 

VCC- COL OUT 
8ALANCE 8AL/STR8 

LM111 ... JG DUAL-IN-LiNE PACKAGE 
LM211, LM311 ... D, JG. OR P DUAL~N-LiNE PACKAGE 

(TOP VIEW) 

EMITOUT[]8 VCC+ 
IN+ 2 7 COL OUT 
)N - 3 6 BAL/STRB 

VCC- 4 5 BALANCE 

LM111 ... U FLAT PACKAGE 
(TOP VIEW) 

EMIT OUT VCC+ 
IN+ COL OUT 

IN- NC 

NC BAL/STRB 

VCC- BALANCE 

LM111 ... FH OR FK CHIP CARRIER PACKAGE 
(TOP VIEW) 

NC 

VCC­
NC 

BALANCE 
NC 

zZzZz 
nln+n 

zalznz nl>non 
C r-
en 0 
-l C 
~ -l 

NC - No internal connection 

NC 
EMIT OUT 
NC 

VCC+ 
NC 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES LM111, LM2", LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

schematic 

SIS SAL 

300 300 

~~~~~~--~-'--'------'----~--------------~----Vcc+ 

SAL 
SIS 
eOUT 
EOUT 
IN+ 

J--+_t-e OUT IN­

4 

L-~------~EOUT 
L--------+--------~~~~----+--+------~-------Vee-

Resistor values shown are nominal and in ohms. 

Ne 
Vee+ 
Vee-

Balance 
BalancelStrobe 
Collector Output 
Emitter Output 
Noninverting Input 
Inverting Input 
No Internal Connection" 
Positive Supply Voltage 
Negative Supply Voltage 

CD absolute maximum ratings over operating 'free-air temperatura range (unless otherwise noted I 
(") 
o 
3 

"C 
Do) 
~ 
Do) ... 
o 
til 

Supply voltage, VCC + (see Note 1) 
Supply voltage, VCC _ (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (either input, see Notes 1 and 3) 

Voltage from emitter output to Vec 

Voltage from collector output to Vce-
Duration of output short-circuit (see Note 4) 

Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 5) 

Operating free-air temperature range 
Storage temperature range 

Lead temperature 1,6.mm (1/16 inch) from case for 10 sec.onds 
J, JG, FH, FK, or U package 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
D or P package 

LMll1 

18 

-18 

±30 
±15 

30 
50 

10 

500 

-55 to 125 
-65 to 150 

300 

LM211 LM311 UNIT 
18 18 V 

-18 -18 V 

±30 ±30 V 
±15 ±15 V 

30 30 V 
50 40 V 
10 10 s 

500 500 mW 
-25 to 85 o to 70 DC 

-65 to 150 -65 to 150 DC 

300 300 DC 

260 260 DC 

NOTES: 1. All voltage values. unless otherwise noted. are with respect to the midpoint between Vee + and Vee _ . 

4-16 

2. Differential voltages are at the noninvertlng input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or ± 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 
6. For operation above 25 °C free~air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, LM111 chips are alloy 

mount~d; LM211 and LM311 chips are glass mounted. 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature, Vcc± ± 15 V (unless otherwise noted) 

TEST CONDITIONS t 
LMlll. LM211 LM311 

PARAMETER 
TYP' TYP' 

UNIT 
MIN MAX MIN MAX 

25°C 0.7 3 2 7.5 
VIO Input offset voltage See Note 6 mV 

Full range 4 10 

25°C 4 10 6 50 I 

110 Input offset current See Note 6 nA 
Full range 20 70 

25°C 75 100 100 250 
liB Input bias current VO~lVto14V nA 

Full range 150 300 

Low-level 

IILISI strobe current V(strobel = 0.3 V, VIO s -10 mV 25°C -3 -3 mA 

(see Note 7) 

Common-mode 13 13.8 13 13.8 

VICR input voltage Full range to to to to V 

rBnge -14.5 -14.7 -14.5 -14.7 

AVO 
Large-signal differential 

voltage amplification 
Vo ~ 5 V to 35 V. RL ~ 1 kG 25°C 40 200 40 200 VlmV 

'strobe = - 3 rnA, 25°C 0.2 10 nA 

10H 
High-level (collector) 

VIO ~ 5 mY. VOH ~ 35 V Full range 0.5 pA 
output current 

VID ~ 10mV VOH ~ 35 V 25°C 0.2 50 nA 

VIO ~ -5 mV 25°C 0.75 1.5 

Low-level (collector-
10L ~ 50 mA 

VIO ~ -10 mV 25°C 0.75 1.5 

VOL to-emitter) VCC+ ~ 4.5 V. V 
VIO ~ -6mV Full range 0.23 0.4 

output voltage VCC- ~ o. 
lOt. ~ 8 mA 

VIO ~ -10mV Full range 0.23 0.4 

ICC+ 
Supply current from 

VCC+, output low 
VIO ~ -10 mY. No load 25°C 5.1 6 5.1 7.5 mA 

ICC-
Supply current from 

Vee-. output high 
VID ~ 10 mY. No load 25°C -4.1 -5 -4.1 -5 mA 

tUnless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter o'utput grounded. Full range 
for LM111 is -55°e to 125°C, for LM211 is -25°C to 85 oe, and for LM311 is aoe to 7aoe. 

*AII typical values are at TA = 25°C. 
NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 1 V with 

8 pull~up resistor of 7.5 kato VCC+' Thus these parameters actually define an error band and take into account the worst~case effects of voltage 
gain and input impedance. 

7. The strobe should not be shorted to ground; it should be CUffent driven at -3 to -5 rnA, e.g., see Figures 13 and 27. 

switching characteristics, VCC + 15 V, VCC- -15 V, TA 

PARAMETER TEST CONDITIONS I MIN TYP MAX I UNIT I 
Response time. low-to-high-Ievel output I 115 I ns I 

RC = 500 Il to 5 V, CL = 5 pF. See Note 8 
I I ns I Response time. high-to-Iow-Ievel output 165 

NOTE 8: The response time specified is for a 1aa~mV input step with 5-mV overdrive"and is the interval between the input step function and the instant 

when the output crosses 1.4 V. 

a 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 
INPUT OFFSET CURRENT INPUT BIAS CURRENT 

~ 
~ 
~ 
u 

~ , 
g 
I" 
Q 

> 

t 
"0 
> 
'5 
S 
0 
I 
0 
> 

vs 

FREE·AIR TEMPERATURE 

20 

18 

16 

14 

12 

10 

8 

6 

4 

0 

\ VCC± = ±15 V 

\ VO=lVto14V 

-- See Note 9 

"- I"\. LM3'll 
, 

LMlll "'" 

'" 1 
LMI211j 

"'" "\1 
CONOITION 1 'I'-.. CONOITION 2 

........ , i'--t- KJ. 
I"---t- LM311 ....... 

......... 

L~ 
LM211t I 1 

-60-40-20020406080100120140 

T A-Free-Air Temperature-°c 
FIGURE 1 

VOLTAGE TRANSFER CHARACTERISTICS 

60 

50 

VCC± - ±15 V LMll1 
TA = 25°C LM211t 

40 I \ LM311 

EMITTER OUTPUT 

!-coJCTOR-30 

20 

10 

o 
-1 

RL=600Sl 

~ 
OUTPUT 
RL = 1 kH 

"\ 

"" J ~ 
-0.5 o 0.5 

VID-Differential Input Voltage-mV 

FIGURE3 

..: 
c 

~ 
~ 
u 
.~ 
co , 
g 
I" 
!O! 

vs 

FREE·AIR TEMPERATURE 

500 

450 

400 

350 

300 

EffJ~1 
VCC± - ±15 V 

-!--VO=lVto14V 
See Note9 

LMlll 
i'-. r----LM211t 

r--... 1,,\ 
.......... CONDITION 2 

250 

200 

150 

100 

50 

0 

K 
LNb~l-

LM311 [/'i 
~-

LMlll 1.. t--rl LM211t 

-60 -40 -20 0 20 40 60 80 100 120 140 

TA-Free-Air Temperature-°c 
FIGURE 2 

VCC+= 30 V +V= 50 V (LMll1. LM211) 
40V (LM311) 

1 kn 

..,-....-;-.... >---OUTPUT 

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 

-""--+_>--OUTPUT 

600n 

EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 9: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balance/strobe terminals connected to Vee +. 
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'I 
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-15 

"" 
140 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

I I 
t l00mV I I I 

Vee:!: = ±tS v 
RC"'500nto5V 
TA "'2SoC --

I 
1.4' I -, my," ~ 2mr 

~2.ml 1/1 --r -Yl I 
D I 

50 100 150 200 250 300 350 

t-Time-os 

FIGURE4 

OUTPUT RESPONSE fOR 
VARIOUS INPUT OVERDRIVES 

I I 
Vee± = ±15 V 

I 
I,00mV 

I 
Re=2knto-15V 
TA"'2SoC 

I 
,.",V--.. .j 1/ V 

f--~ mJ 
/''1 

/, J--2mV 

o 0.2 0.4 0,6 0.8 ':0 1.2 1.4 1.6 1.8 

t-Time-lAs 

FIGURE6 

OUTPUT CURRENT and DISSIPATION 

" OUTPUT VOLTAGE 

800 

700 

600 

600 

400 

300 

200 

100 

I. 15 

Vo-Output Voltage-V 

FIGURE 8 

TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

VCC+= 15 V 5V 

soon 
./-7--VO 

VCC_· -15 V 

TEST CIRCUIT FOR FIGURES 4 AND 5 

VCC+= 15V 

Vo 
2kn 

VCC_=-15V 

TEST CIRCUIT FOR FIGURES 6 AND 7 

~ 
E 
I 

.~ 

.J 
is 

~ 
9 
Ii: 

1 

• o 

SUPPLY CURRENT FROM Vee+ 

" SUPPLY VOLTAGE Vee+ 

TA =2Soc 
No Load 

VID=p ~ 
V 

~ V 
:J:-:.~ I--

f 

I. ,. 
VCC+-Poiitive Supply Voltage-V 

FIGURE 9 

I--

I--
I----

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

I 
Il00mv I 

VCC:I:"'±15V 
RC=500nto5V 
TA= 25°C 

=V'-_ -'+ ~ ~~ I--
I--

50 100 150 200 250 300 350 

15 

1 10 

:g 

i 9 -s 
g -10 

-15 

-6 

< 
E 
I 
I 

-, 
!:l 
> -4 
j 

] -3 

~ 
-2 

-1 

" '" 

t-Time-ns 

FIGURE 5 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

I I J 
I I 'OOmV I 

Vcei = ilS V 

I 

RE-2k,{lto-1SV 
TA = 2SOc 

" ~ 
2mV 

\0"' f-" 'mV 

\1"-
1'\ 

20mV-~ 
I I"\" 

a 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

FIGURE 7 

SUPPLY CURRENT FROM VCC­

" SUPPLYVDLTAGE VCC-

VIO = 10 mV or -10 mV 
TA"'2SoC 
No load 

----r---

~ 
,/ 

-

-5 -'0 
VCC_-Negatille Supply Voltage-V 

FIGURE 10 

-15 

II 
U) ... o ... 
ca ... 
ca 
Q. 

E o 
CJ 
G) 
C) 
ca ... 
'0 
> 

TEXAS 
INSTRUMENTS 

4-19 

POST OFFICE BOX 225012 • DALLAS, TExAS 75266 



II 
< o 
;:;' 

= CCI 
CD 
(") 
o 
3 
"C = iiJ ... 
o .. 
(I) 

TYPES LM'1', LM21', LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

10kll 

1200 pF 

20kll 

= 

TTL 

TYPICAL APPLICATION DATA 

Vcc+ vcc+ 
20kll 1 kll 

SQUARE WAVE 
OUTPUT 
(Fan out to two 
Series 54 gates 
or equivalent) 

39kll 

= = 

---..., 
I , 
I 
I L ______ --l 

FIGURE l'-100·kHz 
FREE·RUNNING MULTIVIBRATOR 

FIGURE 12 
OFFSET BALANCING 

Vcc+ 

20kll 

____ -+ .... 1--- OUTPUT 

FIGURE 13-8TROBING 

-= Vcc_ 

FIGURE 14-ZERO·CROSSING DETECTOR 

+5V 

1 kll 

/'"-t .... I--0UTPUT 
TO TTL 

tResistor values shown are for a O-to-30-V logic swing and a 
15·Vthreshold. * May be added to control speed and reduce susceptibility to 
noise spikes. " 

FIGURE 15-TTL INTERFACE WITH HIGH·LEVEL LOGIC 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

+S v 

4.Skn 

1 kn 

2 kn 
~---;-__ OUTPUT 

TO TTL 

MAGNETIC 
TRANSDUCER 

FIGURE 16-DETECTOR FOR MAGNETIC TRANSDUCER 

VCC+ 
lN4001 

.----4~--~f_--~f_-,OUTPUT 

TIP30 

= 
FIGURE 18-COMPARATOR AND SOLENOID DRIVER 

VCC+ 

3.9 kn 500 n 

10 kn 

----.., 
~-+:~~IOUTPUT 

I 
I ___ --l 

1 kn 

FIGURE 20-LOW-VOL TAGE 
ADJUSTABLE REFERENCE SUPPLY 

+ 
1.SJ.lF 

100kn 

100 kn 2kn 

100 kHz 10 pF 

r--~of----j 
---l 

~-t---e>-OUTPUT 

I 
I 

.J 
SOkn 

FIGURE 17-100-kHz CRYSTAL OSCILLATOR 

FROM D/A NETWORK 

ANALOG_~L~.~ __ -e __ ~~ 
INPUT 

= 
Typical input current is 50 pA with inputs strobed off" 

FIGURE 19-5TROBING BOTH INPUT AND 
OUTPUT STAGES SIMUL TAN EOUSL Y 

VCC+= S V 

3kn 

INPUT ~-+~~OUTPUT 
TOMOS 

I 
I 

.J 
10 kn 

= VCC-= -10 V = 
FIGURE 21-ZERO-CROSSING 

DETECTOR DRIVING MOS LOGIC 
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TYPES LM111, U"211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

VCC+~5V 

3.9kO 

1 kO 

~-+-'--~--r-------r----OUTPUT 

t Adjust to set clamp level. 

+5V 

TIL102 

FROM 100 0 

TTL 

GATE 5OkO 

FIGURE 22-PRECISION SQUARER 

----, 1 kO 

I TTL 
--~I-1-0UTPUT 

I 
I 

....J 

FIGURE 23-DIGITAL TRANSMISSION ISOLATOR 

INPUT --'VI/I.-+--I 

INPUT 
FROM' 
TTL 

OUTPUT 

1 MO 

VCC_--15V 

FIGURE 24-POSITIVE-PEAK DETECTOR 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

VCC+=15V 

2kO 
I NPUT-'lN'v-+-i ....... 

2N3708 

OUTPUT 

Vcc-= -15V 

FIGURE 25-NEGATIVE·PEAK DETECTOR 

Vcc+= 5 V 

1 kO 

-r--+-.... _OUTPUT 
TO TTL 

tR1 sets the comparison level. At comparison, the photo­
diode has less than 5 mV 8,?roSS it decreasing dark current 
by an order of magnitude. 

FIGURE 26-PRECISION PHOTODIODE COMPARATOR 

Vcc+ 

1 kO 

+Transient voltage and inductive kickback protection 

FIGURE 27-RELAY DRIVER WITH STROBE 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

100 kSl 

100 kSl 

10 kSl 
INPUT 

I L __ 

0.1 ~F 47 Sl 

FIGURE 28-SWITCHING POWER AMPLIFIER 

• < .--..... ---..... -+--.---...... -vcc+ 

0 620 Sl 

;::;' 39 kSl r--
I» I CC 300 kSl I CD 

TIP30 

n 
0 
3 15 kSl I 

"C REFERENCE I 
I» 

1 __ -.. 
I» ... 0.22 ~F 
O· 1------, .. 510 n: 
UI I 

OUTPUTS 

15kSl I 
INPUT I 

510 Sl I 
I 

39 kSl 

300 kSl 

FIGURE 29-SWITCHING POWER AMPLIFIERS 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage.. 2 to 36 V 

• Low Supply Current Drain Independent of 
Supply Voltage ............ O.S mA Typ 

• Low Input Bias Current. . . . . .. 25 nA Typ 

• Low Input Offset Current . . . . .. 3 nA Typ 
(LM139) 

• Low Input Offset Voltage ..... 2 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage. .. ± 36 V 

• Low Output Saturation Voltage 

• Output Compatible with TTL. MOS. and 
CMOS 

description 

These devices consist of four independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 volts to 
36 volts and pin 3 is at least 1 .5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 

symbol (each comparator) 

NONINVERTlNG=I>­
INPUT IN+ 

OUTPUT 
INVERTING 
INPUT IN-

TYPES LM139, LM239, LM339, LM139A 
LM239A, LM339A, LM2901 

QUADRUPLE DIFFERENTIAL COMPARATORS 
D1979. DCTOBER 1979-REVISED AUGUST 1983 

D. J. OR N DUAL-IN·LlNE PACKAGE 

(TOP VIEWI 

OUT COMP 1 OUT COMP 3 
OUT COMP 2 OUT COMP 4 

VCC GND 
cOMP { IN - IN + } COMP 

#2 IN+ IN- #4 

COMP { IN - IN + } COMP 
#1 IN+ -... __ ...r-1N- #3 

LM139. LM139A 

FH. OR FK CHIP CARRIER PACKAGE 

21N-

21N+ 

(TOP VIEWI 

1-1- 1-1-
::l::l ::l::l 
OOu OO 
N""-Z('I')"Ct 

NC - No internal connection 

Copyright @ 1983 by Texas Instruments Incorporated 
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TYPES LM139, LM239, LM339, LM139A 
LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 

schematic (each comparator) 

NONINVERTING 
INPUT 

Vcc 
r---------------~--------(OR 

Vcc+1 

OUTPUT 

IN~~~~~NG ____________ ~r-______ r-______ ~ 

GNO 
L-----~------------~--._---(OR 

VCC-I 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 36 V 
Input voltage range (either input) .............................................. - 0.3 V to 36 V 
Output voltage .................................................................... 36 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
Duration of output short-circuit to ground (see Note 3) .. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 4): 

D, FH, FK, or J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 900 mW 
J package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 

Operating free-air temperature range: LM 139, LM 139A ............................ - 55 DC to 125 DC 
LM239, LM239A ............................. -25 DC to 85 DC 
LM339, LM339A ................................ ODC to 70 DC 
LM2901 .................................... -40 DC to 85 DC 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or J package ............. 300 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ................. 260 DC 

NOTES: 1. All voltage values, except differential voltages. are with resp~ct to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 
4. For operation above 25°C free~air temperature, refer to Dissipation Derating Curves, Section 2. In the J package. LM139 and LM139A chips 

are alloy-mounted; LM239, LM239A, LM339. LM339A, and LM2901 chips are glass-mounted. 
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electrical characteristics at specified free-air temperature. Vee 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
LM139 LMI39A 

MIN TYP MAX MIN TYP 

Vce = 5 V to 30 V, 25"e 2 5 1 
VIO Input offset voltage 

VIC = VICR min, Vo = 1.4 V -55°C to 125°C 9 

25°C 3 25 3 
110 Input offset current Vo = 1.4 V 

-55 DC to 125°C 100 

25°C -25 -100 -25 
liB Input bias current Vo = 1.4 V 

- 55°C to 125°C -300 

Oto Oto 
25°C 

Common-mode VCC-1.5 VCC-1.5 
VICR 

input voltage fange o to Oto 
- 55°C to 125°C 

Vee- 2 Vec-2 

AVO 
Large-signal differential Vce 15 V, Vo 1.4 V to 11.4 V, 

25°C 200 200 50 
voltage amplification RL,,15klltoVec 

I VOH - 5 V 25°C 0.1 0.1 
10H High--Ievel output current VIO = 1 V 

IVOH = 30 V -55°C to 125°C 1 

25"C 150 400 150 
VOL Low-level output voltage VIO = -1 V, 10L = 4mA 

-55°C to 125°C 700. 

10L Low-level output current VIO = -1 V, VOL=I.5V 25"e 6 16 6 16 

ICC 
Supply current 

(four comparators) 
Vo = 2.5 V, No load 25°C 0.8 2 0.8 

t All characteristics are measured with zero common-mode input voltage unless otherwise specified. 

switching characteristics. Vee 5V. TA 25°e 

TEST CONDITIONS MIN TYP 

RL connected to 5 V through 5.1 kO. 100-mV input step with 5-mV overdrive 1.3 

eL = 15 pF,§ See Note 5 TIL-level input step 0.3 

§CL includes probe and jig capacitance. 

r:OTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 

Voltage Comparators II 

MAX 

2 

4 

25 

100 

-100 

-300 
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400 
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UNIT 

rnV 

nA 

nA 
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nA 
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SJOlBJBdwo:) a6BliOA II 
electrical characteristics at specified free-air temperature, Vee 5 V (unless otherwise noted) 

TEST CONDITIONS t 
lM239. lM339 lM239A. lM339A. lM2901 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP. MAX 

Vee ~ 5 V to 30 V. 25°C 2 5 1 2 2 7 
Via Input offset voltage mV 

VIC = VieR min, Vo = 1.4 V Full range 9 4 15 

25°C 5 50 5 50 5 50 
110 Input offset current VO~l.4V nA 

Full range 150 150 200 

25°C -25 -250 -25 -250 -25 -250 
lIB Input bias current Va ~ 1.4 V nA 

Full range -400 -400 -500 

o to ~ 0 to o to 
25°C 

Common·mode Vee-1.5 Vee-1.5 Vee-1.5 
VieR V 

input voltage range o to o to o to 
Full range 

Vee- 2 Vee- 2 Vee- 2 

Large-signal Vee ~ 15 V. 

AvO differential voltage Va ~ 1.4 V to 11.4 V. 25°C 200 50 200 25 100 V/mV 

amplification RL ~ 15kOt9 V CC 

High-level I VOH ~ 5 V 25°C 0.1 0.1 0.1 nA 
10H 

output current 
VID ~ 1 V I VOH ~ 30 V Full range 1 1 1 .A 

Low-level 25°C 150 400 150 400 150 500 
Val VID ~ -1 V. IOl~4mA mV 

output voltage Full range 700 700 700 

Low-level 
10l VID ~ -1 V. Val ~ 1.5 V 25°C 6 16 6 16 6 16 mA 

output current 

Supply current Vo - 2.5 V, No load 0.8 2 0.8 2 0.8 2 
ICC 25°C mA 

(four comparators) Vee ~ 30 V. Va ~ 15 V. No load 1 2.5 

t Full range (MIN to MAX) for LM239 and LM239A is - 25°C to 85°C, for LM339 and LM339A is a °C to 70°C, and for LM2901 is - 40°C to 85 ac. AU characteristics are measured 

with zero common-mode input voltage unless otherwise specified. 

switching characteristics, Vee 5 V, TA 25°e 

TEST CONDITIONS MIN TYP MAX 

RL connected to 5 V through 5.1 kO, 100-mV input step with 5-mV overdrive 1.3 

CL = 15 pF,§ See Note 5 TTL-level input step 0.3 

§CL includes probe and jig capacitance. 

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM193, LM293, LM393, LM293A, LM393A, LM29D3 
DUAL DIFFERENTIAL COMPARATORS 

• Single Supply or Dual Supplies 

• Wide Range of Supply 
Voltage ................ 2 to 36 Volts 

• Low Supply Current Drain Independent of 
Supply Voltage ............ 0.5 mA Typ 

• Low Input Bias Current ...... 25 nA Typ 

• Low Input Offset Current . . . . .. 3 nA Typ 
ILM193) 

• Low Input Offset Voltage ..... 2 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage. .. ± 36 V 

• Low Output Sat!lration Voltage 

• Output Compatible with TTL. MOS. and 
CMOS 

description 

These devices consist of two independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 volts to 
36 volts and pin 8 is at least 1.5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 

symbol leach comparator) 

NON INVERTING =t>­
INPUTIN+ 

OUTPUT 
INVERTING 
INPUT IN-

D2232. JUNE 1976-AEVISED AUGUST 1983 

D. JG OR P DUAL·IN-LiNE PACKAGE 

ITOPVlEWI 

COMP #l{?NU~ []1 ~ ~~~}COMP #2 
IN+ 3 6 IN-
GND 4 5 IN+ 

LM193 

FH OR FK CHIP CARRIER PACKAGE 

(TOP VIEWI 

NC 
l1N­

NC 
l1N+ 

NC 

I-

u 5 u tlu 
z~z>z 

NC-No internal connection 

NC 
2 OUT 
NC 
21N­
NC 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES LM193, LM293, LM393, LM293A, LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 

schematic (each comparator) 

NONINVERTING 
INPUT 

80ilA 
CURRENT 

REGULATOR 

Vcc 
r----------------.---------(oR 

VCC+) 

OUTPUT 

INVERTING ______________ ~------+_--------~ 
INPUT 

Current values shown are nominal. 

GND 
~----~~----------~--_.----(OR 

VCC-) 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .. ± 36 V 
Input voltage range (either input) .............................................. - 0.3 V to 36 V 
Output voltage .................................................................... 36 V 
Output current, ................................................................... 20 mA 
Duration of output short-circuit to ground (see Note 3 .................................... unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 

D or P package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 725 mW 
JG package (glass-mounted chip) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 825 mW 
FH, FK, or JG (alloy mounted chip) package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 900 mW 

Operating free-air temperature range: LM193 .................................... -55°C to 125°C 
LM293, LM293A ............................. -25°C to 85°C 
LM393, LM393A ................................ O°C to 70°C 
LM2903 ................................... , -40°C to 85°C 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................ 260°C 

NOTES: 1. All voltage values. except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits fro.m outputs to Vee can cause excessive hesting and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package. LM 193 chips are alloy-mounted; 

lM293, lM293A, LM39~. LM393A, and lM2903 chips are glass-mounted. 
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electrical characteristics at specified free-air temperature, Vee 5 V (unless otherwise noted) 

TEST CONDITIONS t 
LM193 LM293, LM393 LM293A, LM393A LM2903 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vee - 5 V to 30 V, 
25°C 2 5 2 5 1 2 2 7 

Via Input offset voltage Vie = VICR, mV 
Full range 9 9 4 15 

Va = 1.4 V 

25"e 3 25 5 50 5 50 5 50 
II() Input offset current VO=1.4V nA 

Full range 100 150 150 200 

25°C 25 100 25 250 25 250 25 250 
liB Input bias current Va = 1.4 V nA 

Full range 300 400 400 500 

o to o to o to o to 
25°C 

Common-mode input Vee -1.5 Vee -1.5 Vee -1.5 Vee -1.5 
VICR 

voltage range-+ 
V 

Full range 
o to 010 o to 010 

VCC - 2 Vcc- 2 Vcc- 2 Vcc- 2 

Large-signal VCC = 15 V, 

AVO differential voltage Va = 1.4 V to 11.4 V, 25"C 50 200 200 50 200 25 100 V/mV 

amplification RL> 15 kilto Vee 
High-level VOH = 5 V, VIO = 1 V 25°C 0.1 0,1 0.1 0.1 nA 

IOH 
output current VOH = 30 V, VIO = 1 V Full range 1 1 1 1 "A 
Low-level 25°C 150 400 150 400 150 400 150 400 

VOL tOl = 4 mA, V,O = 1 V mV 
output voltage FuJI range 700 700 700 700 

Low-level 
IOL VOL = 1.5 V, Via = 1 V 25°C 6 6 6 6 mA 

output current 

Vee = 5 V, 
25°C 0,8 1 0,8 1 0.8 1 0.8 1 

ICC Supply current AL = co 
Va = 2.5 V 

mA 
Vee = 30 V, 

Full range 2,5 2.5 2.5 2.5 
Va = 15 V 

t Full range (MIN to MAX) for LM193 is - 55°C to 125°C, for the LM293 and LM293A is - 25°C to 85°C, for the LM393 and LM393A is O°C to 70°C, and for LM2903 is - 40°C to 85 °c. 

All characteristics are measured with zero common-mode input voltage unless otherwise specified. 

+ The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the common-mode voltage range is VCC+ -1.5 V, but either or 

both inputs can go to 30 V without damage. 

switching characteristics, Vee 5 V, TA 25°e 

TEST CONDITIONS MIN TYP MAX 

RL connected to 5 V through 5.1 kf!, 1 aO-mV input step with 5-mV overdrive 1.3 

CL = 15 pF §, See Note 5 TTL-level input step 0.3 

§CL includes probe and jig capacitance. 

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 

Voltage Comparators II 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Can Operate from Single 5-V Supply 

• Fast Response Time ... 80 ns Typ with 
VCC=±15V 

• Low Input' Bias Current Over Temperature 
Range 

• Inputs and Outputs Can Be Isolated from 
System Ground 

• High Common-Mode Slew Rate 

• Outputs Compatible with TTL Circuits 

description 

The LM219 and LM319 each consists of two 
high-speed precision comparators that operate 
over a wide range of supply voltages. These 
comparators are fully specified for power 
supplies up to ± 1 5 volts, but are specifically 
designed to operate from a single 5-volt digital 
logic supply. Due to the uncommitted collector 
at the outputs, the LM219 and LM319 are 
compatible with TTL circuits. These comparators 
are also well-suited for driving lamps and relays 
at currents up to 25 milliamperes. The LM219 
series features faster response times but greater 
power dissipation than the LM111 series. 

The LM219 is characterized for operation over 
the temperature range of - 25°C to 85 °e; the 
LM319 is characterized for operation over the 
temperature range of ooe to 70°C. 

TYPES LM219, LM319 
DUAL DIFFERENTIAL COMPARATORS 

02802, OCTOBER 1983 

J OR N DUAL-IN-LiNE PACKKAGE 
(TOP VIEWI 

NC NC 

NC NC 
#1 GND #1 OUT 

#1IN+ VCC+ 
# 1 IN - #2IN-

VCC- #2IN+ 

#2 OUT '-1,;.._--::;Jt-' #2 GND 

NC - No internal connection 

symbol (each comparator) 

NON INVERTING =t>­
INPUT IN+ 

INVERTING OUTPUT 
INPUT IN-

absolute maximum ratings over free-air temperature range (unless otherwise noted) 

Supply voltage, Vee + to Vee _ .............................................. 36 V 
Supply voltage, Vee + (see Note 1) ............... , .................. ,......... 18 V 
Supply voltage, Vee _ (see Note 1) ......................... ' ............. : . '. - 25 V 
Differential input voltage (see Note 2) .......................................... ± 5 V 
Input voltage (either input, see Note 3) .. , .................................. '.. ± 15 V 
Voltage from output to Vee _ .' ......... , ..... , ................... ,.......... 36 V 
Duration of output short-circuit (see Note 4) .....................................• lOs 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) ... 500 mW 
Operating free-air temperature range: LM219 ... ' .......... '.,........... - 25°C to 85 °e 

LM319 ................ , ............ ',' ooe to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package, ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package, ... , ........ 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the appropriate comparator ground terminal unless otherwise specified. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnttude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or to either power supply. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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TYPES LM219. LM319 
DUAL DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature. Vee ± 

PARAMETER TEST CONDITIONS t 

25°C 
VIO Input offset voltage See Note 6 

Full range 

25°C 
110 Input offset current See Note 6 

Full range 

25°C 
118 Input bias current 

Full range 

Full range 

Common-mode input 
VICR VCC+ = 5 V, Vcc- = 0 

voltage range Full range 

Large-signal differential 
Vo = 1 V to 4 V, 

AVO VCC+ = 5 V,VCC- = 0, 25°C 
voltage amplification 

RL = 2 kD 

VIO - -5 mV 25°C 
IOl 0= 25 rnA 

VIO = ~10 mV 25°C 
Low-level 

VOL VCC+ = 4.5 V, VIO = -6 mV O°C to 85°C 
output voltage 

VCC- = 0, VIO = -10 mV ooe to 70ce 

10l = 3.2 mA VIO = -6 mV -25°C to DoC 

VCC+ - 15V, VIO - 5 mV 25°C 

10H 
High-level 

VCC- = 0, VID = 10 mV 25°C 
output current 

VOH = 35 V VID = 7 mV -25°C to 85°C 

VCC+ = 5 V, VCC- = 0 25°C 
ICC+ Positive supply current 

25°C 

ICC- Negative supply current 25°C 

tFult range is -25°C to 85°C tor the LM219 and OOC to 70 0 e for the LM319. 
:t:These typical values are at worst-case temperature. 

MIN 

±12 

1 

to 

3 

10 

± 15 V (unless otherwise noted) 

LM219 LM319 
UNIT 

TYP MAX MIN TYP MAX 

0.7 4 2 8 
mV 

7 10 

30 75 80 200 
nA 

100 300 

150 500 250 1000 
nA 

1000 1200 

±13 ±13 

1 
V 

to 

3 

40 8 40 V/mV 

0.75 1.5 

0.75 1.5 

0.23* 0.4 V 

0.3* 0.4 

0.6 

0.2 2 

0.2 10 "A 

1* 10 

4.3 4.3 
mA 

8 11.5 8 12.5 

-3 -4.5 -3 -5 mA 

NOTE 6: Both the offset voltages and the offset currents are the maximum values needed to drive the output to within 1 volt of either supply with a '-mA 
load. These parameters define an error band that includes the worst-case effects of voltage amplification and input impedance. 

switching characteristics. Vee = -15 V. TA = 25°e 

LM219 LM319 
TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

See Note 7 80 80 

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage ... 
2 to 28 Volts 

• Low Supply Current Drain Independent of 
Supply Voltage ... 0.8 mA Typ 

• Low Input Bias Current ... 25 nA Typ 

• Low Input Offset Current ... 3 nA Typ 

• Low Input Offset Voltage ... 3 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 28 V 

• Low Output Saturation Voltage 

• Output Compatible with TTL. MOS. and 
CMOS 

description 

This device consists of four independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages, Operation 
from dual supplies Ls also possible so long as the 
difference between the two supplies is 2 volts to 
28 volts and pin 3 is at least 1.5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 

schematic (each comparator) 

TYPE LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

02402, OCTOBER 1977 -REVISED AUGUST 1983 

D, J, OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

OUT COMP 1 OUT COMP 3 
OUT COMP 2 OUT COMP 4 

VCC GND 

I..IN+ IN-
COMP 2.fIN - IN+~COMP 4 

COMP 1 {IN - IN + COMP 3 
IN+ IN-....... __ ..r-

symbol (each comparator) 

NONINVER~TNG 
INPUTIN+ 

OUTPUT 
INVERTING 
INPUT IN-

80-I'A 
CURRENT 

REGULATOR 

Vcc 
~------~~----(OR 

Vcc+l 

NONINVERTING 
INPUT 

OUTPUT 

INVERTING ____________ ~------~--------~ 
INPUT 

Current values shown are nominal. 

GND 
L---~-----_4~_+---(OR 

Vcc_l 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPE LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ...................................................... 28 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 28 V 
Input voltage range (either input) ............................................... - 0.3 V to 28 V 
Output voltage ........................•.•........•................................ 28 V 
Output current .................................................................... 20 mA 
Duration of output short-circuit to ground (see Note 3) . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .. unlimited 
Continuous total dissipation at (or below) 25·e free-air temperature (see Note 4) . . . . . . . . . . . . . . .. 500 mW 
Operating free-air temperature range .................................... , . . . . . .. - 40·e to 85·e 
Storage temperature range • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .. - 65·e to 1 50·e 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300·e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ................. 260·e 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninv8rting input terminal with respect to the inverting input terminal. 

3. Short circuits from the output to Vee can cause excessive heating and eventual destruction. 
4. For operation above 25 °C free-air temperature, referta Dissipation Derating Curves, Section 2.ln the J package, LM3302 chips are glass-mounted. 

electrical characteristics at specified free-air temperature. Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t MIN TYP MAX UNIT 

Vee = 5 V to 28 V, 
25°C 3 20 

VIO Input offset voltage VIC = VieR min, mV 

VO=1.4V -40°C to 85°C 40 

Input offset current 
25°C 3 100 

110 VO=l.4V 
-40°C to 85°C 

nA 
300 

25°C -25 -500 
liB Input bias current 

-40°C to 85°C 
nA 

-1000 

o to 

Common-mode input 
25°C 

VieR 
VCc-1.5 

V 
voltage range o to 

-40°C to B5°e 
vCC- 2 

Large-signal differential 
Vee - 15 V, 

AVO 
voltage amplification 

Vo = 1.4 V to 11.4 V, 25°C 2 30 V/mV 

Rl = 15 kll to Vee 

10H High-level output current VID = 1 V, VOH = 5 V 
25°C 0.1 nA 

-40°C to 85°C 1 p.A 

VOL Low-level output voltage VID = -1 V, 10l = 4 mA 
25°C 

-40°C to 85°C 

150 500 
mV 

700 

10l Low-level output current VIO - 1 V, VOL = 1.5 V 25°C 6 16 mA 

ICC 
Supply current 

Vo = 2.5 V. No load 25°C 0.8 2 mA 
(four comparators) 

tAli characteristics are measured with zero common-mode input voltage unless otherwise specified. 

switching characteristics. Vee = 5 V. TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Response time 
Rl = 5.1 kll to 5 V. I 100-mV input step with 5 mV overdrive 1.3 

el = 15 pF*, See Note 5 I TTL-level input step 0.3 
~s 

*CL includes probe and jig capacitance. 
, 

NOTE 5: The response time specifted is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage ... 2 to 
36 Volts 

• Low Supply Current Drain Independent of 
Supply Voltage ... O.S mA Typ 

• Low Input Sias Current ... 25 nA Typ 

• Low Input Offset Current ..• 3 nA Typ 
(TL331MI 

• Low Input Offset Voltage ... 2 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ± 36 V 

• Low Output Saturation Voltage 

• Output Compatible with TTL. MOS. and 
CMOS 

description 

TYPES TL331 M, TL3311. TL331 C 
DIFFERENTIAL COMPARATORS 

02344. APRIL 1977-REVISED AUGUST 1983 

D. JG OR P 

DUAL-IN·LlNE PACKAGE 

ITOP VIEW) 

Ncue NC 
IN- 2 7 VCC 
IN+ 3 6 OUT 
GND 4 5 NC 

NC-No internal connection 

The TL331 is a voltage comparator that is designed to operate from a single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long as the difference between the two supplies is 2 volts to 36 volts 
and pin 7 is at least 1.5 volts more positive than the input common-mode voltage. Current drain is independent of 
the supply Voltage. 

The TL331 M is characterized for operation over the full military temperature range of - 55°C to 125°C. The TL331 I 
is characterized for operation from -25°C to 85°C. The TL331C is characterized for operation from ooC to 70°C. 

schematic 

NON INVERTING 
INPUTIN+ 

80·"A 
CURRENT 

r---------... -----vcc (OR Vcc+l 

OUTPUT 

INVERTING _____ + __ -+ ____ .......J 

INPUT IN-

L---~------~~--~---GND(ORVCC-) 

Current values shown are nominal. 

Copyright © 1979 by Texas Instruments"'lncorporated 

a 
en .. 
o 
;; .. 
co 
c. 
E o 

(.) 

Q) 
C) 
co ... 

15 
> 

TEXAS 
INSTRUMENTS 

4-37 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



II 
< o 
;::;' 
C» 
(Q 
CD 
(') 
o 
3 
'C 
C» ... 
C» 
r+ 
o ... 
fI) 

TYPES TL331M. TL3311. TL331C 
DIFFERENTIAL COMPARATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) .•. . . . . . . • . . . . . . . • . . . . . . . . . . . • . • . . . . . • . . • • • . . . • . . . . . .. 36 V 
Differential input voltage (see Note 2) ..•.•.•...•...•..•......•.......•.•............. " ± 36 V 
Input voltage range (either input) ...........•.......................•.......... -0.3 V to 36 V 
Output voltage .•................•.....•...........•...........•................... 36 V 
Output current . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. 20 mA 
-Duration of output short-circuit to ground (see Note 3) .... _ .... ___ . ____ .. __ ... ______ .. _ .. _ unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) ..... _ . _ ... _ . _ .. 680 mW 
Operating free-air temperature range: TL331 M ........ _ ......... _ ..... _ .... _ . . . .. - 55°C to 1 25°C 

TL3311 .... _ .............. _ ... _ .... _ ..... _ .. -25°C to 85°C 
TL331C ...... _ ...... _ ........ _ . __ . _ ... _ ... _ .. ooC to 70°C 

Storage temperature range ............................ _ .... _ . _ . _ . • . . . . • . . . .. - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .. _ ....... _ .•....... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dar P package ..... _ ...•.. _ .... 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from the output to Vee can cause excessive heating and eventual destruction. 

4. For operation above 25°C freeMsir temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TL331 M chips are alloy-mounted; 

TL331 I and TL331C chips are glass-mounted. 

electrical characteristics at specified free-air temperature, Vee 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
TL331M, TL3311 TL331C 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage 
VCC = 5 V to 30 V. 25°C 2 5 2 5 

VIC = VICR min. Vo = 1.4V Full range 9 9 
mV 

25°C 3 25 5 50 
110 Input offset current VO=1.4V 

Full range 100 150 
nA 

liB Input bias current 
25°C -25 -100 -25 -250 

nA 
Full range -300 -400 

Oto Oto 
Common-mode input 

25°C 

VieR VCC = 5 V to 30 V 
Vee- I .5 Vee- I .5 

V 
voltage range a to o to 

Full range 
Vee- 2 vee- 2 

Large-signal differential 
VCC = 15 V, 

AVO voltage amplification 
Vo = 1.4 V to 11.4 V, 25°C 200 200 V/mV 

RL = 15 kll to VCC 

10H 
High-level 

VID = 1 V 
I VOH - 5 V 25°C 0.1 0.1 nA 

output current I VOH = 30 V Full range 1 1 f"A. 
Low-level 25°C 150 400 150 400 

VOL 
output voltage 

VID = -1 V, 10L = 4 mA 
Full range 700 700 

mV 

Low-level 
IOL VIO = -1 V, VOL = 1.5 V 25°C 6 6 mA 

output current 

ICC Supply current Va = 2.5 V, No load 25°C 0.5 O.B 0.5 0.8 mA 

t Full range (MIN to MAX) for TL331 M is - 55°C to 125°C, for the TL3111 is ..,... 25°C to 85°C, and for the TL331 C is OOC to 70°C. All characteristics 
are measured with zero common-mode input voltage unless otherwise specified. 

switching characteristics. Vee 
TEST CONDITIONS 

RL connected to 5 V through 5.1 kll, 100-mV input step with 5-mV overdrive 
CL = 15 pF,; See Note 5 TTL-level input step 

iCL includes probe and jig capacitance. 

MIN TYP MAX 
1.3 
0.3 

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

• Each Comparator Identical to LM106 or 
LM306 with Common VCC+. VCC-. and 
Ground Connections 

• Improved Gain and Accuracy 

• Fan-Out to 10 Series 54/74 TTL Loads 

• Strobe Capability 

• Short-Circuit and Surge Protection 

• Fast Response Times 

description 

The TL506 is a dual high-speed comparator, with each 
half having differential inputs, a low-impedance output 
with high-sink-current capability (100 mAl, and two 
strobe inputs. This device detects low-level analog or 
digital signals and can drive digital logic or lamps and 
relays directly. Short-circuit protection and surge­
current limiting is provided, 

The circuit is similar to a TL81 0 with gated output. 
A low-level input at either strobe causes the output 
to remain high regardless of the differential input. 
When both strobe inputs are either open or at a high 
logic level. the output voltage is controlled by the 
differential input voltage. The circuit will operate with 
any negative supply voltage between - 3 V and 
- 12 V with little difference in performance. 

The TL506M is characterized for operation over the 
full military temperature range of - 55°C to 125°C; 
the TL506C is characterized for operation from ooC 
to 70°C. 

01208, MARCH 1971-REVISEO AUGUST 1983 

TL506M •.. J OR W PACKAGE 
TL506C ... J OR N PACKAGE 

ITOP VIEW) 

#1 STRB A 
#1 IN­
#1 IN+ 

VCC­
#2IN+ 
#2IN­

# 2 STRB A "-t..;_""';J-' 

NC-No internal connection 

# 1 STRB B 
GND 
#1 OUT 

VCC+ 
#2 OUT 
NC 
#2 STRB B 

functional block diagram (each comparator) 

STROBE A 

STROBEB----OL __ -' 

NONINVERTING 
INPUT IN+ ----I 

I NVE RTI NG __ ---<lI 
INPUT IN-

OUTPUT 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

schematic (each comparator) 

STROBE STROBE 

r---_.----.----1~A~~~--~--~B~_._oVCC+ 

NONINVERTING 
INPUT 

INVERTING 
INPUT 

5kn 5kn 

6.3V 

70n 

TO OTHER 
COMPARATOR 

.----+---0 OUTPUT 

3n 680n 
r---~~~--------__ ----~---4~--oGND 

TO OTHER 
VCC- 0---... ----..... ----_ COMPARATOR 

absolute maximum ratings over operating free-air temperature range (unless othewise noted) 

Supply voltage VCC + (see Note 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage VCC _ (see Note 11. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -15 V 
Differential input voltage (see Note 21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Input voltage (any input, see Notes 1 and 31 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 
Strobe voltage range (see Note 11. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 0 V to VCC + 
Output voltage (see Note 11. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24 V 
Voltage from output to VCC _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Duration of output short-circuit (see Note 41 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 s 
Continuous total dissipation at (or belowl 25°C free-air temperature (see Note 51: 

J package (TL506MJI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1375 mW 
J package (TL506CJI ........................................................ 1025 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 
W package .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1000 mW 

Operating free-air temperature range: TL506M.................................. - 55°C to 125°C 
TL506C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm (1116 inchl from case for 60 seconds: J or W package . . . . . . . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1116 inchl from case for 10 seconds: N package . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vcc-, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 V, whichever is less. 
4. One output at a time may be shorted to ground or either power supply. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TL506M chips are alloy mounted; 

TL506C chips are glass mounted. . 
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TYPES TL506M. TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature. Vcc + 
(unless otherwise noted) 

PARAMETER TEST CONOITIONS t 

25°C 
VIO Input offset voltage See Note 6 

Full range 

Average temperature 

aVIO coefficient of See Note 6 Full range 

input offset voltage 

25°C 

110 Input offset current See Note 6 MIN 

MAX 

Average temperature 
MIN to 25°e 

'" 110 coefficient of input See Note 6 
25°e to MAX 

offset current 

liB Input bias current Vo ~ 0.5 V to 5 V 
25°C 

Full range 

IILIS) Low-level strobe current V (strobe) = 0.4 V Full range 

VIHIS) High-level strobe voltage Full range 

VILIS) Low-level strobe voltage Full range 

VICR 
Common-mode input 

-7Vto -12V Full range VCC- ~ 

voltage range 

VIO 
Differential input 

voltage range 
Full range 

Large-signal differential No load, 
AVD 25°e 

voltage amplification Vo ~ 0.5 V to 5 V 

VOH High-level output voltage VID - 5 mY, 10H - 400~ Full range 

VID - 5 mY, IOL - 100 mA 25°C 

VOL Low-level output voltage VID - -5 mY, 10L - 50 mA Full range 

VID - -5 mY, 10L ~ 16 mA Full range 

VID ~ 5 mY, 25°C 
IOH High-level output current 

VOH ~ S V to 24 V Full range 

ICC+ Supply current from Vce + VID - 5 mY, See Note 7 Full range 

ICC- Supply current from V cC _ See Note 7 Full range 

12 V. VCC- -3 V to -12 V 

TL506M TL506C 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.5 1 2 1.61 5 
mV 

3 6.5 

3 10 5 20 pV/oC 

0.71 3 LSI 5 

2 7 1 7.5 ,A 

0.4 3 0.5 

15 75 24 100 
"Aloe 

5 25 15 50 

71 20 161 25 

45 40 
,A 

-1.71 -3.3 -1.71 -3.3 mA 

2.5 2.5 V 

0.9 0.9 V 

±5 ±5 V 

±5 ±5 V 

40 0001 400001 

2.5 5.5 2.5 5.5 V 

O.S+ 1.5 O.SI 2 

1 1 V 

0.4 0.4 

0.021 1 0.021 2 

100 100 
,A 

13.9+ 20 13.91 20 mA 

3.2+ 7.2 3.2+ 7.2 mA 

tUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL506M is -55°C to 125°e and for the TL506C 
is ooe to 70 oe. 

*These typical values are at VCC+ = 12 V, VCC- = -6 V, TA = 25°C. 
NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (VOL) or up to the 

high range (VOH). Thus these parameters actually define an error band and take into account the worst-case effects of voltage gain and input 
impedance. 

7. Power supply currents are measured with the respective noninverting inputs and inverting inputs of both comparators connected in parallel. The 
outputs are open. 

switching characteristics. VCC+ = 12 V. VCC- = -6 V: TA = 25°C 

TEST CONDITIONS t 
TL506M TL506C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

RL ~ 390 D to 5 V, 

Response time, low-to-high-Ievel output CL ~ 15 pF, 28 40 2S ns 

See Note 8 

NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 

when the output crosses 1.4 V. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 
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TYPICAL CHARACTERISTICS§ 

3 

2.5 

2 

1.5 

0.5 

0 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vcc+= 12V 
VCC_=-6V 
Vo = 0.5 V to 5V , 1\ 
1\ \ 

I\:L506C 

~ "-
TL506M 

'" I"---.. r---I--

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE 1 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
7 

Vcc+= 12V 
VCC- = -3 V to -12 V 

6 Vlo=5mV 

5 
~ ~ -

l---- IOH=O 

4 

I-- IOH= 400p.A 

3 

2 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE3 
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INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

r\ VCC+= 12V 

_\ VCC-=-6V 
Vo = 0.5 Vto5 V 

I I 
\. TL506C 

'\ \ 
"'- " ~ 

TL506M 

" I'-..... 
............. r-.... 

-75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperature-°c 

FIGURE 2 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

'FREE-AIR TEMPERATURE 
1.2 

VCC+= 12\1 
VCC- = -3 Vto -12 V 
VIO=-5 mV 

~ J I I 
0.8 

0.6 

IOL = 100 mA 

r I I 
IOL=50mA 

0.4 I I 
IOL = 16 mA 

0.2 ,I I 
IOL=O 

0 I I 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE 4 

§Oata for temperatures below O°C and above 70 0 C is applicable to TL506M circuits only. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS§ 

OUTPUT CURRENT 

VOLTAGE TRANSFER CHARACTERISTICS 

vs 
DIFFERENTIAL INPUT VOLTAGE 

Vee+= 12V 
Vee - 6V 
RL =00 

I I I / ..J' 

I .:'./ ""-.. ~ TA=25·e TA=O e 

I I 
....... I I 

f'- TA = 70·e 

I J ,-.1 I. 
TA=125e 

TA=-55 e 

I I 

I I 

10 

10-1 

< 10-2 I 
E 
~ 10-3 
::I 
u 

10-4 .. 
::I 
0-
S 10-5 
0 
I 10-6 E 

10-7 

10-8 

10-9 

I J I TA=-55 e 
r-.rTA - o·e 

TA = 125·e -.....-:: ~ 
TA = 70·e" r~ 
TA = 25·e TA = 125·e 

'I- -l\ TA = 70·e 

TA = -55·e TA = 25·e_ 
~.l._ 

Vee+=Vo=12V ',f 
Vee = 3Vto 12V 

l(LA =o·e-

-2 -1 o 2 -5 -4 -3 -2 -1 0 2 3 

80000 

60000 

40000 

20000 

o 

VID-Differentiallnput Voltage-mV 

FIGURE 5 

-

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

r--.. 
~ 

Vee_=-3Vto-12V 
Vo = 1 to 2V 

vee+=12~L=i I I 

~ ""'~ee+ = 15 V 

I 
Vee+= 10V "" ~ -............ 

i'-... ~ ....... 

"" i'.... 

............ 
""---

....... ............ 
"--- r---

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-·e 

FIGURE 7 
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Vlo-Differentiallnput Voltage-mV 

FIGURE 6 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE·AIR TEMPERATURE 

Vee+=Vo= 12V 
Vee-=-6V 

/' ....... ""- VIO=-5 mV 
See Note 9 

r 
~~ 

"" ........... 

-75 -50 -25 0 25 50 75 100 125 

TA-Free·Air Temperature-·e 

FIGURE 8 

§Oata for temperatures below OOC and above 70°C is applicable to TL506M circuits only. 

NOTE 9: This parameter was measured using a single 5~ms pulse. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS§ 

., 
!1 c 0 
!> 
:!; .- ... Q.= 

5 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

f---- ---, J 
f---- 1~mV 

vcc+= 12V 
VCC_=-6V 
cL = 15 pF 

~1 
!~ 
~ .. .- a. Q.= 

5 
> '\ \ RL = 390 n to 5 V > 
I .. .,. 
S 
~ .. ,. 
So ,. 
9 
0 
> 

4 

3 

2 

0 

TA=25°C 

20mV \ 
/ \ 

10mV ./ 1\ \5rV \2mV 

\ 
o 20 

\'{ 
40 

t-Time-ns 

FIGURE 9 

SUPPL V CURRENT FROM VCC+ 

" SUPPLY VOLTAGE VCC+ 

j\,. 

60 

2Or------r-r---,-~__,_----, 

~ '8 
e'6r-~-r~--~~~~~ 
> '4 
E 
~ 12 

~ 10 
$ 

" 8 1': 
It • 

1 
9 10 l' 12 13 14 15 16 17 

VCC+-Positive Supply Voltage-V 

FIGURE 11 

I 4 8, 
~ 
~ 3 .. ,. 
So 2 ,. 
9 
~ 

0 
80 100 

, 

SUPPLY CURRENT FROM VCC_ 

SUPPLY VOLTAGE VCC_ 

VCC+- 12V 
RL: .... 

I .foe 
~-

/' ~-
V ,/ ~~ 
~p 

o -2 -4 --6 -8 -10 -12 -14 -16 
Vcc_-Negative Supply Voltage- V 

FIGURE 12 

§Data for temperatures below OOC and above 70°C is applicable to TL506M circuits only. 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

100mV--~----~~~--~ __ i 

o 

Vcc+= 12V 
=+Hf-:-.t-VCC_ = -6 V 

CL = 15 pF 
"'I.I':h~+-RL = 390 n to 5 V 

20 

200 

'80 ,. 
E '60 b .i ,40 
-: 120 
Q 

'DO J 8. 
g 60 

'i 4. e 
20 

TA=25°C 

40 

t-Time-ns 

FIGURE 10 

60 80 

TOTAL POWER DISSIPATION 

FREE·AIA TEMPERATURE 

100 

r-r-- Vlo=-SmV -

--- r---:--
VID- 5mV 

I 
Vcc+= lZV I vcc_=-sv 
RL=oo I 

-15 -60 -26 0 25 50 75 100 125 

T A-Free-Air TemperatUr8-DC 

FIGURE 13 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Low Offset Characteristics 

• High Differential Voltage Amplification 

• Fast Response Times 

• Output Compatible with Most TTL Circuits 

description 

The TL510 monolithic high-speed voltage 
comparator is an improved version of the TL710 
with an extra stage added to increase voltage 
amplification and accuracy, and a strobe input 
for greater flexibility_Typical voltage 
amplification is 33,000_ Since the ouput cannot 
be more positive than the strobe, a low-level 
input at the strobe will cause the output to go 
low regardless of the differential input_ 
Component matching, inherent in integrated 
circuit fabrication techniques, produces a 
comparator with low-drift and low-offset 
characteristics. These circuits are particularly 
useful for applications requiring an amplitude 
discriminator, memory sense amplifier, or a high­
speed limit detector. 

The TL51 OM is characterized for operation over 
the full military temperature range of - 55°C to 
125°C; the TL510C is characterized for 
operation from OOC to 70 oC_ 

functional block diagram (positive logic) 

STROBE_(1_0_1 __________ , 

NON INVERTING 
INPUTIN+ 

INVERTING 
INPUT IN-

OUTPUT 

TYPES TL510M, TL51 DC 
DIFFERENTIAL COMPARATORS WITH STROBE 

0991. MARCH 1971-REVISEO NOVEMBER 1983 

JG OR P 

DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

IN+ 2 7 OUT. 
IN- 3 6 STRB 

GNDuB VCC+ 

VCC- 4 5 NC 

TL510M ... U FLAT PACKAGE 

(TOP VIEWI 

GND NC 
IN+ NC 
IN- VCC+ 

NC STRB 

VCC- OUT 

NC 
IN+ 

NC 
IN­

NC 

TL510M ... FH OR FK 

CHIP CARRIER PACKAGE 

(TOP VIEW) 

+ 
o u 

u Z u uu 
ZClZ>Z 

U I U U U 
Z UZ Z Z 

U 
> 

NC -- No internal connection 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TL510M. TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

schematic 

NON INVERTING 
INPUT 

r-------~--------~----------~~--Vcc+ 

~.t-- STROBE 

OUTPUT 

'---t--GND 
INVERTING _______ + ____ --1 

INPUT 1.7k 

Resistor values shown are nominal in ohms. 
Component values shown are nominal. 

68 
L-_____________ ~ __ --- VCC-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VCC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 V 
Supply voltage VCC _ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 7 V 
Differential input voltage (see Note 2) .......................................... ± 5 V 
Input voltage (either input, see Note 1) ......................................... ± 7 V 
Strobe voltage (see Note 1) ................................................... 6 V 
Peak output current (tw oS 1 5) .............................................. 10 mA 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) .... 300 mW 
Operating free-air temperature range: TL510M Circuits .................... - 55°C to 125°C 

TL510C Circuits . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, JG, or U package. .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ............. 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of the TL510M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TL510M 

chips are alloy mounted and TL510C ,chips are glass mounted. 
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TYPES TL510M. TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

electrical characteristics at specified free-air temperature, Vcc + 
(unless otherwise noted) 

TEST CONDITIONS t 
TLS10M 

PARAMETER 
MIN TYP 

RS '" 200 n, 25°C 0.6 
Via Input offset voltage 

See Note 4 Full range 

Average temperature 
RS ~ 50 n, MIN to 25°C 3 

"via coefficient of input 
See Note 4 

offset voltage 25°C to MAX 3 

25°C 0.75 

110 Input offset current See Note 4 MIN 1.8 

MAX 0.25 

Average temperature MIN to 25°C 15 
"110 coefficient of input See Note 4 

offset current 25°C to MAX 5 

25°C 7 
liB Input bias current See Note 4 

MIN 12 

IIHIS) High-level strobe current 
Vistrobe) ~ 5 V, 

25°C 
VID ~ -5 mV 

))LIS) Low-level strobe current Vistrobe) IUU m 
25°C -1 

VID ~ 5 mV 

VICR 
Common-mode input 

VCC- ~ -7 V Full range ±5 
voltage range 

VID 
Differential input voltage 

Full range ±5 range 

Large-signal differential No load, 25°C 12.5 33 
AVD 

voltage amplification Va ~ 0 to 2.5 V Full range 10 

VID ~ 5 mY, 
Full range 4* 

VOH High-level output voltage 
10H ~ 0 

VID - 5 mY, 
Full range 2.5 3.6* 

10H ~ -5 mA 

VID - -5 mY, 
Full range -1 -0.5* 

IOL ~ 0 

Val Low-level output voltage Vistrobe) - 0.3 V, 

VID ~ 5 mY, Full range -I 

IOL ~ 0 

25°C 2 2.4 

10l Low-level output current 
VID ~ -5 mY, 

MIN I 2.3 
Va ~ 0 

MAX 0.5 2.3 

ro Output resistance Va ~ l.4V 25°C 200 

CMRR Common-mode rejection 
RS '" 200 n Full range 80 100* ratio 

ICC+ Supply current from V CC + Full range 5.5* 

ICC- Supply current from VCC-
VID ~ -5 mY, 

Full range -3.5* 
No load 

90* Po Total power dissipation Full range 

12 V, Vcc- -6 V 

TLS10C 

MAX MIN TYP 
UNIT 

MAX 

2 1.6 3.5 
mV 

3 4.5 

10 3 20 
~V/oC 

10 3 20 

3 1.8 5 

7 7.5 ~A 

3 

75 24 100 
nA/oC 

25 15 50 

15 7 20 

9 30 
~A 

25 

± 100 ± 100 ~A 

- 2.5 -I -2.5 mA 

.±5 V 

±5 V 

10 

8 

33 
V/mV 

5 4* 5 

V 

2.5 3.6* 

O§ -1 -0.5* O§ V 

O§ -1 O§ V 

1.6 2.4 

0.5 2.4 mA 

0.5 2.4 

200 n 

70 100* dB 

9 5.5* 9 mA 

-7 -3.5+ -7 mA 

150 90* 150 mW 

tUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL510M is - 55°C to 125°C and for the TL51 oe 
is OOC to 700C. J 

+These typical values are at T A = 25°C. 
§The algebraic convention, where the most-positive (least negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., when 
o V is the maximum, the minimum limit is a more-negative voltage. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vo = 1.8 V at 
TA = -55°C, Vo = 1.4 V at TA = 25°C, and Vo = 1 Vat TA = 125°C; for TL510e, Vo = 1.5 V at TA = ooe, Vo = 1.4 V at 25°C. 
and Vo = 1.2 V at T A = 70°C. These output voltage levels where selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

switching characteristics. VCC + 12 V. VCC- = -6 V. TA 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Response time CL = 5 pF. See Note 5 30 80 
Strobe release time CL - 5 pF. See Note 6 5 25 

NOTES: 6. The response time specified is for a 10Q·mV input step with 5-mV overdrive. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 6-mV overdrive is then added to the input 

bi.8S voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50% point of the strobe voltage curve 
to the point where the overdriven output voltage crosses the 1.4 V level. 

TYPICAL CHARACTERISTICS 

>e eo 
~ 
~ 50 
·B 
!t40 
~ 
t 30 

.~ 
! 20 

0 t '0 

LARGE·SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

FREE·AIR TEMPERATURE 

Vcc+= 12V 
Vcc_--6V 
Va "'Oto 2.6 V 
No load 

-i-t--- ....... 
T "" TL510C--toI 

'\ 

-75 -60 -25 0 25 50 75 100 125 
T A-F .... ·Air Temperature-°c 

1 

1 

FIGURE 1 

OUTPUT VOLTAGE LEVELS 

" FREE·AIR TEMPERATURE 

JOH I!'D' ~ mv! 'OH L 0) 

vcL- -1~V 
, , , , 

Vcc_--6V 

1 

I--T,L510~ -..: 

i 
I , 

VOL (VID" _5 mV. IOl ., 0) 

-75 -50 -25 0 25 50 76 100 125 
TA-F .... ·AIr T.mperature-oC 

FIGURE3 

0 

0 

2.60 

12
.
45 

a 2.40 

i 6 2.35 

J 2.30 

i E 2.25 

2.20 

LAREG.sIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

SUPPLY VOLTAGE 

Va=Oto2.5V 
No load 
TA" 25°C V~C_=-7V V 

vc6_=~V /' /' 
Vci:_--5V V )-/' V 

v-:: K ,./ 
.......:% V-

.# ~ 

11 12 13 14 
VCC+-Positiv8 Supply Voltage-V 

FIGURE 2 

LOW·LEVEL OUTPUT CURRENT 

FREE·AIR TEMPERATURE 

VCC+- 12V 
VCC_= -BV 
VID=-5m~ 
VO"O 

V "I'-t 
~TL510C_ 

'" 
-76 -60 -25 0 25 50 75 100 126 

TA-F .... ·Air Tampe'ature-oC 

FIGURE4 
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TYPES TL510M, TL51 DC 
DIFFERENTIAL COMPARATORS WITH STROBE 

TYPICAL CHARACTERISTICS 

TL510M 

VOLTAGE TRANSFER CHARACTERISTICS 
5 

Vcc+= 12V 

4 

> 
I 
8. 3 
:I 

~ 

VCC-= -6V 
r-RS = 50n 

N N0'Oi 
I 

TA = _55°C--., 
~ 

f'-TA = 25°C 

TA = 125°C ... 2 
" & 
" 9 
0 
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0 

-1 
-3 -2 -1 o 2 3 

14 

12 

l 
'C 10 
e 
J 
:a 8 
iii ... 
a 
I: 6 
"T 
!!! 

4 

2 

VID-Differentiallnput Voltage-mV 

FIGURE 5 

INPUT BIAS CURRENT 
vs 

FREE·AIR TEMPERATURE 

Vcc+= 12V 
VCC_=-6V 

, See No1e4 

"-

'" "" ~ ":- ............ 

'-T'r r--

-75 -50 -25 0 25 50 75 100 125 
TA-Free·Air Temperature-oC 

FIGURE 7 

TL510C 

VOLTAGE TRANSFER CHARACTERISTICS 
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4 

l' ., 
3 '" 

TA=OoC""""-.,. f'-TA = 25°C 
~TA=70oC_ 

:I 
"6 
> .. 2 
" & 
" 0 
I 
0 
> 

~. 

VCC+= 12V 

0 VCC_=-6V_ 
RS=50n 
No load 

-1 
-3 -2 -1 o 2 3 

115 
CO 

"'i' 
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a: 
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a: 
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~ 
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:E 
u 

85 

VID-Differentiallnput Voltage-mV 

FIGURE6 

COMMON·MODE REJECTION RATIO 
vs 

FREE·AIR TEMPERATURE 

Vcc+= 12V 
VCC_=-6V 
VIC =-5t05 V 

'" 
RS.s;;;200n 

"" ~ I 
I 
I 
I 
I 

I 

*-TL510C""': 

-75 -50 -25 0 25 50 75 100 125 
TA-Free·Air Temperature-oC 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

TYPICAL CHARACTERISTICS 

" .. If 
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OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

f--- 10{Lv 
vc~+= 1kv 
Vcc_=-6V 
CL = 5pF 
RL =00 
TA = 25°C 

20mV // 7/ 
10mV\ 17// r--2mV 

'&tJ ~5~V 
/i 'J J 

L ./ 

o 20 40 60 80 100 120 140 
t-Time-ns 

FIGURE9 

COMMON·MODE PULSE RESPONSE 

50n VCC+= 12V 

~= 
-VCC-=-6V-
_No load 

TA = 25°C 

VIC 
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I I 

o 40 80 120 160 
t-Time-ns 

FIGURE 11 
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STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 

1/ J I J 
VCC+= 12V 
VCC_=-6V 

.J 
CL = 5 pF 
RL =00 

T~ = 25°C 

1 
2mVto5 mV 

/ 
O'mV 

r ~ mV 
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t-Time-ns 

FIGURE 10 

TOTAL POWER DISSIPATION 
vs 

FREE·AIR TEMPERATURE 

VCC+= 12 V 
VCC-= -6V 
VID=5mV 
No load 

--- '-,. 
4-TL510C-': 

, 

-75 -50 -25 0 25 50 75 100 125 
T A-Free·Air Temperature-·C 

FIGURE 12 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

• Fast Response Times 

• High Differential Voltage Amplification 

• Low Offset Characteristics 

• Outputs Compatible with Most TTL 
Circuits 

description 

The TL514 is an improved version of the TL 7 20 
dual high-speed voltage comparator. When 
compared with the TL 720, these circuits feature 
higher amplification (typically 33,000) due to an 
extra amplification stage, increased accuracy 
because of lower offset characteristics, and 
greater flexibility with the addition of a strobe 
to each comparator. Since the output cannot be 
more positive than the strobe, a low-level input 
at the strobe will cause the output to go low 
regardless of the differential input. 

These circuits are especially useful in 
applications requiring an amplitude discriminator,­
memory sense amplifier, or a high-speed limit 
detector. The TL514M is characterized for 
operation over the full military temperature range 
of -55°C to 125°C, the TL514C is 
characterized for operation from ooC to 70°C. 

symbol (each comparator) 

STRB=t>-
NON INVERTING 

INPUT IN+ 
OUTPUT 

INVERTING 
INPUT IN-

0999. OCTOBER 1977 - REVISED OCTOBER 19B3 

TL514M ... J OR W PACKAGE 

TL514C ••. J OR N PACKAGE 

(TOPVIEWI 

AMPLIFIER{ S~~; ~C: -} AMPLIFIER 

#1 VCC+ IN+ #1 
NC GND 

AMPLIFIER { :~ ~ ~~~B+} AMPLIFIER 

#2 VCC- ""1-_---".- OUT #2 

1 VCC+ 
NC 
NC 
NC 

21N+ 

TL514M 
FH OR FK CHIP CARRIER 

ITOPVIEWI 

NC - No internal connection 

IN+ 
NC 
GND 
NC 
2 VCC+ 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL514M. TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

schematic (each comparator) 

NON INVERTING 
INPUTIN+ 

INVERTING 
INPUT IN-

Resistor values shown are nominal in ohms. 

Vcc+ 

STROBE 

OUTPUT 

GND 

VCC_ 

Component values shown are nominal. 

• absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage V CC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 V < Supply voltage VCC _ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 7 V 
2. Differential input voltage (see Note 2) .......................................... ± 5 V 
;- Input voltage (any input, see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 

CC Strobe voltage (see Note 1) ................................................... 6 V 
CD Peak output current (tw ::; 1 s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 mA 
(") Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
o each comparator . . . . . . . . . . . . . . . . . . . . . . . . .. 300 mW 
3 total package ................ , . . . . . . . . . . .. 600 mW 
"0 Operating free-air temperature range: TL514M Circuits ................... - 55°C to 125°C 
!! TL514C Circuits ....................... ooC to 70°C 
!. Storage temperature range ......................................... - 65°C to 150°C 
o Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, J, or W package ... 300°C 
; Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............. 260°C 

NOTES: . 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

4-52 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2.ln the J package, TL514M chips are alloy mounted 

and TL514C chips are glass mounted. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature, Vee + 12 V, vee- -6 V 

TEST CONOITIONS t 
TL514M TL514C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

RS " 200 D. 25°C 0.6 2 1.6 3.5 
VIO Input offset voltage mV 

See Note 4 Full range 3 4.5 

Average temperature coefficient RS ~ 50 O. MIN to 25°C 3 10 3 20 
aVIO 

of input offset voltage See Note 4 25°C to MAX 3 10 3 20 
.V/"C 

25" 0.75 3 1.8 5 

110 Input offset current See Note 4 MIN 1.8 7 7.5 .A 

MAX . 0.25 3 7.5 

Average temperature coefficient MIN to 25°C 15 75 24 100 
aliO See Note 4 nA/oe 

of input offset current 25°C to MAX 5 25 15 50 

25°C 7 15 7 20 
lIB Input bias current See Note 4 .A 

MIN 12 25 9 30 

IIL(SI High~level strobe current 
V (strobe) = 5 V. 

25°C ±100 ±100 .A 
VIO ~ -5 mV 

IIH(SI Low-level strobe current 
V(strobel = -100 mY, 

25°C -1 -2.5 -1 -2.5 rnA 
VIO ~ 5 mV 

VICR 
Common-mode input 

VCC- ~ -7V. Full range ±5 ±5 V 
voltage range 

VIO Differential input voltage range Full range ±5 ±5 V 

Large-signal differential No load, 25°C 12.5 33 10 33 
AVO V/mV 

voltage amplification Vo ~ a to 2.5 V Full range 10 8 

VIO ~ 5 mY. 
Full range 4i 5 4i 5 

VOH High-level output voltage 
10H ~ 0 

V 
VIO 5 mY. 

3.6 i 3.6 i Full range 2.5 2.5 
IOH ~ -5mA 

VIO - 5 mV, 
-0.5 i 0 1 -0.5 i 0 1 Full range -1 -1 V 

10L ~ a 

VOL Low-level output voltage V(strobe) = 0.3 V, 

VIO ~ 5 mY. Full range -1 0 1 -1 0 1 V 

10L ~ 0 

25°C 2 2.4 1.6 2.4 

IOL Low-level output current 
VIO ~ -5 mY. 

MIN 1 2.3 0.5 2.4 rnA 
Vo ~ 0 

MAX 0.5 2.3 0.5 2.4 

'0 Output resistance Vo ~ 1.4 V 25°C 200 200 0 

CMRR Common-mode rejection ratio RS'" 2000 Full range 80 l00i 70 100i dB 

ICC+ Supply current from Vee + 1 Full range 5.5 i 9 5.5 i 9 rnA 

ICC- Supply current from Vee _ 1 
VIO ~ -5 mY. 

Full range -3.5 i -7 -3.5 i -7 rnA 

Total power dissipation 1 
No load 

90 i 90 i Po Full range 150 150 mW_ 

t Unless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) forTL514M is - 55°C to 125°C and for the TL514C 
is COC to 70°C. 

:t: The algebraic convention where the most-positive (least-negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., when 
o V is the maximum, the minimum limit is a more-negative voltage. 

§These typical values are at T A = 25°C. 
'SUpply current and power dissipation limits apply for each comparator. 
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Va = 1.8 V at 

TA = -55°C, Va = 1.4 V at TA = 25°C, and Va = 1 Vat TA = 125°C; for TL514C, Va = 1.5 V at TA = COC, Va = 1.4 V at 25°C, 
and Va = 1.2 V at TA = 7CoC. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

switching characteristics. VCC + 12 V. VCC- = -6 V. TA 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Response time See Note 5 30 80 

Strobe release time See Note 6 25 

NOTES: 5. The response time specified is for a 100-mV input step with 5 mV overdrive. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5~mV overdrive is then added to the input 

bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the- 50% point of the strobe voltage curve 
to the point where the overdriven output voltage crosses the 1.4 V level. 
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TYPICAL CHARACTERISTICS 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE LEVELS 
vs 

FREE-AIR TEMPERATURE 

VOH1 (VID I= 5 Jv, IO~ = 0; 

I 
I 
I 
I 

VCC+= 12V I 
I 

VCC-= -6V I 
I 

I 

~ TL514C---': 

----" 
I 
I 
I 
I 

I 

VOL (VID - -5 mV, IOL - 0) 

2.50 

~ I 2.45 
1: 
~ 8 2.40 
... 
" a-

c5 2.35 
iii 
> 
" ~ 2_30 
o 
-' 
I 9 2_25 

2_20 

LOW-LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vcc+ = 12V 
VCC_=-6V 
VID = -5 mV 
Vo =0 
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TL514M 

VOLTAGE TRANSFER CHARACTERISTICS 
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TL514C 

VOLTAGE TRANSFER CHARACTERISTICS 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

14 
VC~+= 112 V 

12 
<C 

VCC-=-6V 

, See Note 4 
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OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

l°lmv 
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VCC_=-6V 
CL = 5 pF 
RL =00 
TA = 25°C 

20mV fi ~ 
10mV"\ 71/ /"--~ mV 

1tJ '-5 ~V 
1,1/ 

I. / 

o 20 40 60 80 100 120 140 

t-Time-ns 

FIGURE 9 
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COMMON-MODE REJECTION RATIO 
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STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 

J 
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CL =5 pF 
RL =00 
TA = 25°C 
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FIGURE 10 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vo == 1.8 V at 
TA == -55 DC,VO == 1.4VatTA == 25°C, and Va = 1 VatTA == 125°C; forTL514C, Vo := 1.5VatTA == ooe,vO = 1.4Vat25°C, 
and Vo == 1.2 V at TA == 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital 
logic cirucits these comparators are intended to drive. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

TOTAL POWER DISSIPATION 
vs 

COMMON-MODE PULSE RESPONSE FREE-AIR TEMPERATURE 
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FIGURE 11 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Fast Response Times 

• Low Offset Characteristics 

• Output Compatible with Most TTL Circuits 

description 

The TL710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance output, 
Component matching, inherent in silicon integrated 
Circuit fabrication techniques, produces a comparator 
with a low-drift and low-offset characteristics, These 
circuits are especially useful for applications requiring 
an amplitude discriminator, memory sense amplifier, 
or a high-speed voltage comparator, The TL710M is 
characterized for operation over the full military 
temperature range of - 55°C to 125°C; the TL710C 
is characterized for operation from OoC to 70°C, 

schematic 

2.Bkn 3.9!kn 

NONINVERTING 
6.2V 

INPUT 
INVERTING 

TYPES TL710M. TL710C 
DIFFERENTIAL COMPARATORS 

02229, FEBRUARY 1971 -REVISED AUGUST 1983 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

NC NC 
GND NC 
IN+ NC 
IN- VCC+ 

NC NC 
VCC- OUT 

NC .NC 

JG OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

GNDu8 VCC+ 
IN+ 2 7 OUT 
IN- 3 6 NC 

VCC- 4 5 NC 

U FLAT PACKAGE 

(TOPVIEWI 

GND NC 
IN+ NC 
IN- VCC+ 

NC NC 
VCC- ..... __ ..r-' OUT 

NC - No internal connection 

symbol 

NONINVERTING 
INPUT IN+ 

II 
II) .. 
o 
10 .. 
CO 
c. 
E o 
(.) 

Q) 
C) 
CO ... ct> INPUT OUTPUT 

INVERTING 
OUTPUT "0 

GND 

Component values shown are nominal. 

INPUT IN-

68n 
L-----~--Vcc_ 
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TYPES TL710M. TL71 DC 
DIFFERENTIAL COMPARATORS 

absolute maximum ratings ovel' operating free-air temperature range (unless otherwise noted) 

TL710M TL710C 

Supply voltage VCC + (see Note 1) 14 14 

.S!JPply voltage VCC _ (see Note 1) -7 -7 

Differential input voltage (see Note 2) ±5 ±5 

Input voltage (either input, see Note 1) ±7 ±7 

Peak output current (tw :S 1 s) 10 10 

Continuous total power dissipation 

at (or below) 70°C free-air temperature (see Note 3) 
300 300 

Operating free-air temperature range -55 to 125 o to 70 

Storage temperature range 65 to 150 65 to 150 

lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I J, JG or U package 300 300 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I Nor P package 260 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

UNIT 

V 

V 

V 

V 

mA 

mW 

°C 

°C 

°e 

°e 

3. For operation of the TL71 OM above 70°C free·airtemperature, Taferto Dissipation Derating Curves, Section 2.ln the J and JG packages, TL710M 

chips are alloy-mounted; Tl710C chips are glass-mounted. 

electrical characteristics at specified free-air temperature, Vee + 12 V, Vee- -6 V 

PARAMETER TEST CONOITIONSt 
TL710M TL710C 

MIN TYP MAX MIN TYP MAX 
UNIT 

25°C 2 5 2 7.5 
VIO Input offset voltage RS:S 200O, See Note 4 mV 

Full range 6 10 
Average temperature 

"VIO coefficient of input RS :S 200 0, See Note 4 Full range 5 7.5 ~V/oC 

offset vottage 

25°C 1 10 1 15 
110 Input offset current See Note 4 pA 

Full range 20 25 

25°C 25 75 25 100 
liB Input bias current See Note 4 

150 
~A 

Full range 150 

VICR 
Common-mode 

VCC=-7V 
input voltage range 

25°C ±5 ±5 V 

VID 
Differential input 

25°C ±5 ±5 V 
voltage range 

AVO 
Large-signal differential 

See Note 4 
25°e 750 1500 700 1500 

No load, V/V 
voltage amplification Full range 500 500 

VOH High-level output voltage VIO = 15rnV, 10H - -0.5 rnA 25°e 2.5 3.2 4 2.5 3.2 4 V 

VOL Low-level output voltage VIO = -15 rnV, 10L = 0 25°C -1 -0.5 0* -1 -0.5 0* V 

10L Low-level output current VID 15mV,Vo - 0 25°e 1.6 2.5 rnA 

ro Output resistance Vo - l.4V 26°C 200 200 ° 
CMRR 

Common-mode 

rejection ratio 
RS:s2ool1 25°C 70 90 65 90 dB 

ICC+ Supply current from Vce + VID 5Vt05V 25°C 5.4 10.1 5.4 rnA 

ICC- Supply current from V CC _ (-10 mV for typl 26°e 3.8 8.9 3.8 mA 

Po Total power dissipation No load 25°C 88 175 88 rnW 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL710M, Vo = 1.8 V at TA = - 55°C, 

Vo = 1.4VatTA = 25°C, andVO = 1 VatTA = 126·C; forTL710C, Vo = 1.5 VatTA = O·C, Vo = 1.4 V atTA = 25'C, andVO = 1.2 V 
at T A = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these 

comparators are intended to drive. , 

tFull range for TL71 OM Is -56°C to 1250C and for TL710C is aoc to 70°C.' 

*The algebraic convention where the most-positive (least-negative) limit is designated as max~mum Is used in this data sheet for logic levels only, 

e.g., when 0 V is the maximum, the minimum limit is 8 more-negative voltage. 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

switching characteristics. V CC + 12 V. VCC- = -6 V. TA = 25°C 

PARAMETER TEST CONDITIONS 
TYP 

TL710M TL710C 

TYP 

Response time No load, See Note 5 40 40 

NOTE 5: The response time specified is for a 1 aO-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 

when the output crosses 1.4 V. 
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TYPICAL CHARACTERISTICS 

TL710M 

VOLTAGE TRANSFER CHARACTERISTICS 
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FIGURE 1 
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TL710C 

VOLTAGE TRANSFER CHARACTERISTICS 
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TYPES TL710M. TL710C 
DIFFERENTIAL COMPARATORS 
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TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
4 
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_~CC+= 12V 
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FIGURE 3 
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TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 
100 
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95 
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............ 
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FIGURE 4 

COMMON-MODE PULSE RESPONSE 
OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 
OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 
vs 

ELAPSED TIME 

I 
j 

, 
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vcc+""12 V 
Vce-=-6V 
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fA = 26°C 

.. '/11 
E 

W.p~ftr V 
lli 

""""M 
20 40 60 80 100 120 

t-Time-ns 

FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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LINEAR 
CIRCUITS 

• Operates from a Single 5-V Supply 

• 0 to 5 V Common-Mode Input Voltage Range 

• Self-Biased Inputs 

• Complementary 3-State Outputs 

• Enable Capability 

• 5-mV Typical Hysteresis 

• 25-ns Typical Response Times 

description 

TYPE TL712 
DIFFERENTIAL COMPARATOR 

D2741. JUNE 1983 

JG OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

NC[]8 VCC 
IN+ 2 7 OUT+ 

IN- 3 6 OUT-

OE 4 5 GND 

NC-No Internal connection 

The TL 71 2 is a single high-speed voltage comparator fabricated with bipolar Schottky process technology. The circuit 
has differential analog inputs and complementary 3-state TTL-compatible logic outputs with symmetrical switching 
characteristics. When the output enable, OE, is low, both outputs are in the high-impedance state. This device operates 
from a singe 5-V supply and is useful as a disk memory read-chain data comparator. 

The TL712 is characterized for operation from DOC to 7DoC. 

functional block diagram 

OE 

IN+ OUT+ 

aUT-

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporatd 
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Thls peg. contain. Information on a product under 
development. Tax .. tnstrurnenta marvel the right to 
change Of discontinue this product whhout nodce. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Operates From a Single - 5.2-V Power 
Supply 

• Self-Biased Inputs 

• Common-Mode Input Voltage Range 
o to -5.2 V 

• MECl III and MECl 10000 Compatible 

• Complementary ECl-Compatible Outputs 

• Hysteresis . . . 5 mV Typ 

• Response Times . . . 10 ns Typ 

description 

The Tl721 is a single high-speed voltage 
comparator fabricated with bipolar Schottky t 
process technology. The circuit has differential 
analog inputs and complementary ECl­
compatible logic outputs with symmetrical 
switching characteristics. The device operates 
from a single - 5.2-volt supply and is useful as 
a disk memory read-chain data comparator. 

The Tl721 is characterized for operation from 
OOC to 70°C. 

symbol 

TYPE TL721 
DIFFERENTIAL COMPARATOR 

02781, FEBRUARY 1984 

JG OR P DUAL·IN·L1NE PACKAGE 

ITOPVlEW) 

NC[]8 GND 
IN- 2 7 OUT-
IN+ 3 6 OUT+ 

NC 4 5 VEE 

NC - No internal connection 

INVERTING =tt= INVERTING 
INPUT IN- OUTPUT OUT-

NONINVERTING NON INVERTING 
INPUT IN+ OUTPUT OUT+ 

tlntegrated Schottky·Serrier diode-clamped transistor is patented by Texas Instruments. U.S. Patent Number 3,463.975. 

PRODUCT PREVIEW Copyright © 1984 by Texas Instruments Incorporated 

II 
U) ... 
o 
10 ... 
CO 
Co 
E o 

(.) 

CD 
C) 
CO ... 

15 
> 

ThIs pege contIIIne information on • product under 
development. T .... lnatruments r8IiIII'YeI the right to 
c .... ge or discontinue thII product without notice. 

TEXAS 
INSTRUMENTS 

4-65 

POST OFFICE BOX 226012 • DALLAS, TEXAS 75265 



TYPE JL721 
DIFFERENTIAL COMPARATOR 

electrical characteristics at T A 25°C. VEE -5.2 V 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VT Threshold voltage (VT + and VT - ) V'C = V,CR min -100 t 100 mV 

Vr+ - Vr- Hysteresis 5 10 mV 

VOH High-level output voltage 
VII;> = 100 mV, 

RL = 50 Il to -2 V 
-0.96 t -0.81 V 

VOL Low-level output voltage 
V'O - - 100 mV, 

RL = 50 Il to -2 V 
-1.85 t -1.65 V 

0 

V,CR Common-mode input voltage range to V 

-5.2 

'in Input resistance 4 kll 

lEE Supply current VID = 0, No load -13 -17 rnA 

tThe algebraic convention, where the more-negative limit is designated as minimum, is used in this data sheet for input threshold and output voltage levels only. 

switching characteristics at TA = 25°C. VEE = -5.2 V 

II 
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III 
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tpLH 

tpHL 

PARAMETER TEST CONDITIONS 

Propagation delay time, low-to-high-Ievel output ~V'D - +200 mV to -200 mV or 

-200 mV to +200 mV, 
Propagation delay time, high-to-Iow-Ievel output RL = 50 Il to - 2 V 

TEXAS 
INSlRUMENIS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

MIN TYP MAX UNIT 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Low Offset Characteristics 

• High Differential Voltage Amplification 

• Fast Response Times 

• Output Compatible with Most TTL Circuits 

description 

The TL81 0 is an improved version of the TL 710 high­
speed voltage comparator with an extra stage added 
to increase voltage amplification and accuracy. Typical 
amplification is 33,000. Component matching, 
inherent in monolithic integrated circuit fabrication 
techniques, produces a comparator with low-drift and 
row-offset characteristics. These circuits are 
particularly useful for applications requiring an 
amplitude discriminator, memory sense amplifier, or 
a high-speed limit detector. 

The TL81 OM is characterized for operation over the 
full military temperature range of - 55 DC to 125 DC; 
the TL81 OC is characterized for operation from 0 DC 
to 70 DC. 

symbol 

NONINVERTING =t>­
INPUT IN+ 

OUTPUT 
INVERTING 

INPUT IN-

TEXAS 
INSTRUMENTS 

TYPES TL81DM, TL81DC 
DIFFERENTIAL COMPARATORS 

0993. MARCH 1971-REVISEO AUGUST 1983 

TL810M ... JG PACKAGE 

TL810C ... JG OR P PACKAGE 

(TOP VIEWI 

GND[]8 VCC+ 
IN+ 2 7 OUT 
IN - 3 6 NC 

VCC- 4 5 NC 

TL810M ... U PACKAGE 

(TOP VIEWI 

GND NC 
IN+ NC 
IN- VCC+ 

NC STRB 

VCC- -..... __ ..r- OUT 

NC-No internal connection 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL810M. TL81 DC 
DIFFERENTIAL COMPARATORS 

schematic 

NONINVERTING 
INPUT 

INVERTING 
INPUT 

Resistor values shown are nominal in ohms. 

Vcc+ 

STROBE 

OUTPUT 

GND 

68 

Vcc_ 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage V CC + (see Note 1) ................................... : . . . . . . . . . . . . . . . .. 14 V 
Supply voltage V CC _ (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 7 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Input voltage (either input, see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 
Peak output current (tw S 1 s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 mA 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) . . . . . . . . . .. 300 mW 
Operating free-air temperature range: TL810M Circuits. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

TL810C Circuits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or U package ................ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ..................... 260°C 

NOTES: 1., All voltage values. except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation of the TL81 OM above 70°C free-air temperature, refer to dissipation Derating Curves, Section 2. In the JG package, Tl81 OM chips 
are alloy-mounted: TLS10C chips are glass-mounted. 

4-68 TEXAS 
INSlRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



63 

electrical characteristics at specified free-air temperature, Vee + 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MIN 

VIO Input offset voltage 
RS:S 200 II, 25°C 

See Note 4 Full range 

Average temperature 
RS = 50 II, MIN to 25°C 

"VIO coefficient of input 
See Note 4 

i-
offset voltage 25°C to MAX 

25°C 

110 Input offset current See Note 4 MIN 

MAX 

Average temperature MIN to 25°C 
"110 coefficient of input See Note 4 

offset current 25°C to MAX 

118 Input bias current See Note 4 
25°C 

MIN 

VICR 
Common-mode 

input voltage range VCC- = -7 V Full range ±5 

AVO 
Large-signal differential No load, 25°C 12.5 

voltage amplification Vo = 0 to 2.5 V Full range 10 

VID = 5 mV, 
Full range 

VOH High-level output voltage 
10H = 0 

VIO - 5 mV, 
Full range 2.5 

10H = -5 mA 

VOL Low-level output voltage 
VID - '-5 mV, 

10L = 0 
Full range -1 

25°C 2 

10L Low-level output current 
VID = -5 mV, 

MIN 1 
Vo = 0 

MAX 0.5 

ro Output resistance VO=1.4V 25°C 

CMRR Common-;mode rejection ratio RS < 20011 Full range 80 

ICC+ Supply current from V CC + Full range 

ICC- Supply current from V CC _ 
VID = -5 mV, 

Full range 
No load 

Po Total power dissipation Full range 

TYPES TL810M. TL810C 
DIFFERENTIAL COMPARATORS 

12 V, Vee- -6V 

TL81 OM TL810C 

TYP MAX MIN TYP MAX 
UNIT 

0.6 2 1..6 3.5 
mV 

3 4.5 

3 10 3 20 
/LV/oC 

3 10 3 20 

0.75 3 1.8 5 

1.8 7 7.5 /LA 

0.25 3 7.5 

15 75 24 100 
nA/oC 

5 25 15 50 

7 15 7 20 

12 25 9 30 
!LA 

±5 V 

33 10 33 

8 
V/mV 

4§ 5 4§ 5 

V 

3.6§ 2.5 3.6§ 

-0.5§ 01= -1 -0.5§ 01= V 

2.4 1.6 2.4 

2.3 0.5 2.4 mA 

2.3 0.5 2.4 

200 200 II 
100§ 70 100§ dB 
5.5§ 9 5.5§ 9 mA 

3.5§ 7 3.5§ -7 mA 

90§ 150 90§ 150 mW 

tFuU range (MIN to MAX) for TL810M is -55 DC to 125°C and for the TL810C is oDe to 7oDe. 
tThe algebraic convention, where the most-positive (Ieast~negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., when 
o V is the maximum, the minimum limit is a more~negative voltage. 

§These typical values are at T A = 25°C. 
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 1.8 V at 

TA = -65°C, Vo = 1.4 V at TA = 25°C, and Vo = 1 Vat TA = 125°C; for TL810C, Vo = 1.5 V at TA = O°C, Vo = 1.4 V at 25°C, 
and Vo = 1.2 V at TA = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 

switching characteristics, Vee + 12 V, Vee- = -6 V, TA 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Response time CL = 5 pF, See Note 5 30 80 ns 

NOTE 5: The response time specified is for a 100·mV input step with 5~mV overdrive and is the interval between the input step function and the instant 

when the output crosses 1.4 V. 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 

TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
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VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 
60 

Vcc+= 12V 
VCC_=-6V 

50 Vo =Oto 2.5 V 
No load 

40 

-r-----r--.... 
"':-
~ ~ TL810C --..i 

'\ 

30 

20 

10 

o 
-75 -50 -25 0 25 50 75 100 125 

T A_Free-AirTemperature-°c 

FIGURE 1 

OUTPUT VOLTAGE LEVELS 
vs 

FREE-AIR TEMPERATURE 
5 

l 1. 1 .J 1 
VOH (VID = 5 mV,lOH = 0) 

4 
I 
I 
I 
I 

3 
VCC+= 12V I 

I 

VCC_=-6V I 
I 

2 
I 

14-- TL810C---: 
~ _._---

I 
I 
I 

o I 

I 

-1 
VOL (VID = -5 mV, IOL =0) 

-75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperature _ °c 

FIGURE 3 
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SUPPLY VOLTAGE 

~ 20~~~~~~--~---+---+--~--~ 

£ 9 10~~r-~--~--~~-+---+--~--~ 
C 
~ O'-----' __ ........ __ .....L __ --'-__ ..I.-__ .l.---..J'------' 

<I: 
E 
I 

1: 
~ 
:; 
u .. 
" s-
" 0 
-;; 
> .. ... 
~ 
0 ... 
I 

10 

2.50 

11 12 13 

VCC+ -Positive Supply Voltage -V 

FIGURE 2 

LOW-LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

VCC+=12V 
VCC_=-6V 

2.45 r-VID = -5 mV 
VO=O 

2.40 
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FIGURE 4 
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TYPES TL810M. TL810C 
DIFFERENTIAL COMPARATORS 

TYPICAL CHARACTERISTICS 

TL810M 

VOLTAGE TRANSFER CHARACTERISTICS 
5 

VCC+= 12V 
VCC_=-6V 

4 f- RS = 50 n 
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TA = _55°C--,. 
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I'-- TA = 25°C 

TA = 125°C 
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VID -Differential Input Voltage -mY 

FIGURE 5 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

VCC+= 12V 
VCC_=-6V 
See Note 4 
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FIGURE 7 
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TL810C 

VOLTAGE TRANSFER CHARACTERISTICS 
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VID -Differential Input Voltage -mY 

FIGURE 6 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

VCC+= 12V 
VCC-=-6V 

3 

VIC = -5t05 V-

'" 
RS;;;' 200 n 

"" .......... , 
I 
I 
I 

, 
4- TL810C -.: 

-75 -50 -25 0 25 50 75 100 125 

T A -Free-Air Temperature _ °c 

FIGURE 8 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 1.8 V at 

TA = -55 Q C,VO = 1.4VatTA = 25°C, and Va = 1 VatTA = 125°C;forTL810C,Va = 1.5VatTA = oDe,vO = 1.4Vat25°C, 
and Vo "" 1.2 V at TA = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 
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TYPICAL CHARACTERISTICS 

COMMON·MODE PULSE RESPONSE 
OUTPUT RESPONSE FOR 

VARIOUS INPUT OVERDRIVES 
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FIGURE 9 

TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL811M, TL811C 
DUAL·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

• Fast Response Times 

• Improved Voltage Amplification and Offset 
Characteristics 

• Output Compatible with Most TTL Circuits 

description 

The TL811 is an improved version of the TL 711 high­
speed dual-channel voltage comparator, Voltage 
amplification is higher (typically 17,500) due to an 
extra stage, increasing the temperature accuracy. The 
output pulse width may be "stretched" by varying the 
capacitive loading, 

Each channel has differential inputs, a strobe input, 
and an output in common with the other channel. 
When either strobe is taken low, it inhibits the 
associated channel. If both strobes are simultaneously 
low, the output will be low regardless of the conditions 
applied to the differential inputs, 

These dual-channel voltage comparators are 
particularly attractive for applications requiring an 
amplitude-discriminating sense amplifier with an 
adjustable threshold voltage. 

The TL811 M is characterized for operation over the 
full military range of - 55°C to 125°C; the TL811 C 
is characterized for operation from ooC to 70°C, 

functional block diagram 

STROBE ----, 

NON INVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

NONINVERTING 
INPUTIN+ 

INVERTING 
INPUT IN­

STROBE---...J 

...... -7'-- OUTPUT 

Dl008, MARCH 1971-REVISED AUGUST 1983 

TL811M. , ,J DUAL-iN-LINE PACKAGE 

TLB11C ... J OR N DUAL-iN-LINE PACKAGE 

(TOP ViEW) 

NC NC 
CHAN {IN- #1 STRB 

#1 IN+ GND 

VCC- VCC+ 
CHAJI. {IN+ OUT 

#2 IN- #2 STRB 
NC NC 

TL811M. , , U FLAT PACKAGE 

(TOP ViEW) 

CHAN {IN-
#1 IN+ 

#1 STRB 
GND 

VCC+ 
OUT 

VCC­

CHAN{IN+ 
# 2 IN - """1.. __ .r- # 2 STRB 

NC- No internal connection 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TL811 M, TL811 C 
DUAL·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

schematic 

Vcc+ 

910n 

#1 
NON INVERTING 

INPUT IN+ 

#1 
INVERTING 
INPUT IN-

4.3 kn 

5.3kn 

OUTPUT 
#1 #2 

STROBE STROBE 

6.2V 6.2V 

4.3kn 4.3kn 5.3kn 

4.3kn 

910n 

#2 
NONINVERTING 

INPUT IN+ 

#2 
INVERTING 
INPUT IN-

• GND Vcc-

< o 
::;' 
I» 

CQ 
CD 
C') 
o 
3 
"C 
I» .. 
I» 
~ 

o .. o 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage V CC + (see Note 1) ......................................... ; . . . . . . . . . .. 14 V 
Supply voltage V CC _ (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 7 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Input voltage (any input, see Note 1) ................................................... ± 7 V 
Strobe Voltage (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 V 
Peak output current (tw s 1 s) ....................................................... , 50 mA 
Continuous total power dissipation at (or below) 70·C free-air temperature (see Note 3) . . . . . . . . . .. 300 mW 
Operating free-air temperatur,e range: TL811M Circuits ............................. -55·C to 125·C 

TL811 C Circuits ................................ , O·C to 70·C 
Storage temperature range .................................................. -65·C to 150·C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or U package .................. 300·C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ..................... 260·C 

NOTES: 1. All voltage values, except differential voltages, Bre with respect to the network ground terminal. 
2. Differential voltages are at the noninvarting input terminal with respect to the inverting input terminal. 
3. For operation of the TL811 M above 70°C free-sir temperature, refer to Dissipation Derating Curves, Section 2. In the J package, the TL811 M 

chips are alloy-mounted; TL810C chips are glass-mounted. 
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TYPES TL811M, TL811C 
DUAL·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature. Vee + 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MIN 

VIC = 0, 25°C 

See Note 4 Full range 
Via Input offset voltage 

2SoC 
See Note 4 

Full range 

Average temperature 
VIC = 0, 

aVIO coefficient of input 
See Note 4 

Full range 

offset voltage 

110 Input offset current See Note 4 
2SoC 

Full range 

liB Input bias current See Note 4 
2SoC 

Full range 

IILIS} Low-level strobe current Vlstrobe} = -100 mV 25°C 

VICR 
Common-mode 

input voltage range 
VCC-=-7V 2SoC ±S 

VIO 
Differential input 

voltage range 
2SoC ±S 

Large-signal differential Va - 0 to 2.5 V, 25°C 12.S 
AVO voltage amplification No load Full range 8 

VID = 10 mY, 
2SoC 

VOH 
High·level 10H = 0 
output voltage VIO = 10 mY, 

25°C 2.S 
10H = -S mA 

VID = -10 mY, 
2SoC -1 

Low·level 
10L = 0 

VOL 
output voltage 

VIO = 10 mY, 

V(strobe} = 0.3 V, 2SoC -1 

10L = 0 
Low-level VID = -10 mY, 

10L 25°C 0.5 
output current Va = 0 

ro Output resistance Va = 1.4 V 25°C 

CMRR 
Common-mode 

rejection ratio 
2SoC 70 

ICC+ Supply current from V CC + VID - -StoSV 25°C 

ICC- Supply current from V CC- (10 mV for typ), 2SoC 

Po Total power dissipation No load, See Note 5 25°C 

12 V. Vee- -6 V 

TL811M TL811C 

TVP MAX MIN TVP MAX 
UNIT 

1 3.S 1 S 

4.S 6 
1 7.S 

mV 
S 1 

6 10 

5 S "V/oC 

O.S 3 O.S S 
~A 

S 10 

7 20 7 30 
~A 

30 SO 

-1.2 -2.S -1.2 -2.S mA 

±5 V 

±S V 

17.S 10 17.S 

S 
V/mV 

4 S 4 S 

V 

3.6 2.5 3.6 

-0.4 ot -1 -0.4 ot 

V 
ot 1 ot 

, 
0.8 0.5 0.8 mA 

200 200 11 

90 65 90 dB 

6.5 6.S mA 

-2.7 -2.7 rnA 

94 150 94 200 mW 

t Unless otherwise noted. all characteristics are measured with the strobe of the channel under test open, the strobe of the other channel is grounded. Full 

range for TL811M is - 55°C to 125 DC and for the TL811 C is OOC to 70°C. 

iThe algebraic convention, where the rilost~positive (lease~negative) limit is designated as maximum, is used in this data sheet for logic levels only, e.g., 

when 0 V is the maximum, the minimum limit is a more~negative voltage. 
NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M, Vo == 1.8 V at 

TA == -55°C, Va == 1.4 VatTA = 25°C. and Va = 1 Vat TA = 125°C; forTL811C, Vo = 1.5 V atTA = OOC, Va = 1.4V atTA = 25°C, 
and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic 

circuits these comparators are intended to drive. 

5. The strobes are alternately grounded. 
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TYPES TL811 M, TL811 C 
DUAL·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

. switching characteristics. Vee + 12 V. Vee- -6 V. TA 
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PARAMETER TEST CONDITIONS 
TL811M TL811C 

UNIT 
MIN TVP MAX MIN TVP MAX 

Response time RL - co. CL - 5 pF. See Note 6 33 80 33 ns 

Strobe release time RL = co. CL = 5 pF. See Note 7 5 25 5 ns 

NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
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when the output crosses 1.4 V. 

7. For testing purposes, the input bias conditions are selected to produce an output vottage of 1.4 V. A 5-mV overdrive is then added to the input 

bias voltage to produce an output voltage that rises above 1 .4 V. The time interval is measured from the 50% point on the strobe voltage waveform 

to the instant when the overdriven output voltage crosses the 1.4-V level. 

TYPICAL CHARACTERISTICS 
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o 

LARGE·SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE·AIR TEMPERATURE 

4-TL811C 4 

VCC+= 12V 
VCC_=-SV 
Vo =Oto 2.5 V 
No load 

-75 -50 -25 0 25 50 75 100 125 

TA-Free·Air Temperature-OC 

FIGURE 1 

LARGE·SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 

VCC+-Positive Supply Voltage-V 

FIGURE 2 
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TYPES TL011 M. TL011 C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

TL811C 
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 
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FIGURE3 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
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FIGURE 5 
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STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 
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TYPES TL8ll M, TL8ll C 
DUAL·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 
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TYPICAL CHARACTERISTI.CS 

COMMON·MODE PULSE RESPONSE 

Vcc+= 12V 
VCC_=-6V 
No load 
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FIGURE 7 

INPUT BIAS CURRENT 
vs 

FREE·AIR TEMPERATURE 
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TOTAL POWER DISSIPATED 
vs 

FREE·AIR TEMPERATURE 

Vcc+= 12V 
VCC-=-6V 
VID= -10mV 

./ I-- -..... No load ----I---

-75 -50 -25 0 25 50 75 100 125 -75 -25 -50 0 25 50 75 100 125 

TA-Free·Air Temperature-oC TA-Free·Air Temperature-oC 

FIGURE 8 FIGURE 9 

NOTE 4: These characteristics afe verified by measurements at the following temperatures and output voltage levels: for TL811M, Vo = 1.8 V at 

TA - -55·C, Va - 1.4 V etTA = 2S·C, and Va - 1 VatTA - 12S·C; for TlS1 1C, Va - 1.5VatTA - O·C, Va - 1.4 VatTA - 25·C, 
and Vo = 1.2 V at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic 

circuits these comparators are intended to drive. 
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:3 

LINEAR 
INTEGRATED 
CIRCUITS 

• Fast Response Times 

• High Differential Voltage Amplification 

• Low Offset Characteristics 

• Outputs Compatible with Most TTL Circuits 

description 

The TLB20 is an improved version of the TL720 dual 
high-speed voltage comparator. Each comparator has 
differential inputs and a low-impedance output. When 
compared with the TL 720, these circuits feature high 
amplification (typically 33,000) due to an extra 
amplification stage and increased accuracy because 
of lower offset characteristics. They are particularly 
useful in applications requiring an amplitude 
discriminator, memory sense amplifier, or a high-speed 
limit detector, 

The TLB20M is characterized for operation over the 
full military temperature range of - 55 DC to 125 DC; 
the TLB20C is characterized for operation from 0 DC 
to 70 DC. 

symbol (each comparator) 

NON INVERTING =t>­
INPUTIN+ 

OUTPUT 
INVERTING 
INPUT IN-

TYPES TL82DM, TIL82DC 
DUAL DIFFERENTIAL COMPARATORS 

D996, OCTOBER 1977 - REVISED AUGUST 1983 

J OR N DUAL-iN-LINE 

PACKAGE (TOP VIEW) 

COMP 1 NC {
OUT ~C~-}COMP 1 

IN+ VCC+ 
NC GND 

COMP 2 { :~ ~ ~~C +} COMP 2 

VCC- --.... __ ..r- OUT 

NC-No internal connection 

schematic (each comparator) 

NONINVERTING 
INPUT 

r---"f----,----p--vcc+ 

OUTPUT 

L-_+-_GND 

L-____________ -v~_ 

Component values shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage V CC + (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 V 
Supply voltage VCC _ (see Note 1) .................................................... , -7 V 
Differential input voltage (see Note 2) ............................... ,................... ± 5 V 
Input voltage (any input, see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 
Peak output current (tw :S 1 s) .............................................. , ......... 10 mA 
Continuous total power dissipation at (or below) 70 DC free-air temperature: each comparator ......... 300 mW 

total package (see Note 3) .. 600 mW 
Operating free-air temperature range:TLB20M Circuits ........................ , . . . .. - 55 DC to 125 DC 

TLB20C Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 DC to 70 DC 
Storage temperature range .................................................. -65DC to 150DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... , 300 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ..................... , 260 DC 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For operation of the TL820M above 70°C free~air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TL820M 

chips are alloy-mounted, TL820C chips are glass-mounted. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature, VCC+ = 12 V, VCC- = -6 V 
(unless otherwise noted) 

TEST CONDlTIONSt 
TLIIZOM 

PARAMETER 
MIN TVP MAX MIN 

VIO Inpu. 0_ vo'- RS'" 2000. 25"c 0.6 2 

Soe No •• 4 Full range 3 
Ave...., temperature coefficient RS=500. MIN to25"C 3 10 

aVIO of input offsel vottage SH Note 4 2SoC to MAX 3 10 

25"C 0.75 3 

110 Input offtet currant 5ee Note 4 MIN 1.8 7 

MAX 0.25 3 
Aver. tempernlfe coefficient MIN to 25"c 15 75 

01110 of input offtet current 
5eeNote4 

2SoC to MAX 5 25 

liB Input bias current 
25"C 7 15 

See Note 4 
MIN ,2 25 

VICR 
Common-mode input 

VCC_=-7V Full range .5 .5 
vol_IBnIII' 

VIO Differential input voltage range Full range .5 .5 

AVO 
L ..... Iign .. differential No load. 25"C '2.S 33 10 
voltage amplification VO' 0'0 2.S V full range ,0 B 

VID· 5 mV 
Full range d S 

VOH Htgh-Ievel output voltage 
10H -0 

VIO= 5mV. 
Full range 2.S 3.6§ 2.S 

10H - -5mA 

VOL Low-level output voltage 
VIO= -5mV. 

Full range -, -o.S§ ot -, 
10L -0 

2S"C 2 2.4 1.6 

10L low-level output current 
VIO= -5mV. 

MIN 1 2.3 0.5 
VO'O 

MAX O.S 2.3 0.5 

'0 Output resistance VO= '.4V 25"C 200 

CMRR Common-mode rejection ratio RS" 2000 full range 80 'OO§ 70 

ICC. 
Supply current from VCC+ 

Full range 5.5§ 9 
(each comparator) 

ICC-
Supply current from VCC-- VIO= -5mV. 

-3.5§ -7 
(each comparator) No load Full range 

Po Total power dissipation Full range 90§ 150 
teach comparator) 

tFuU range (MIN to MAX) for TL820M is -65°C to 126°C and for the Tl820C is OOC to 70°C • 

TL820C 

TYP MAX 
UNIT 

1.6 3.5 

4.5 
mV 

3 20 
~VrC 

3 20 

1.8 5 

7.5 ~A 

7.5 

24 100 
nArC 

15 50 
7 20 

9 30 
~A 

V 

V 

33 
V/mV 

4§ 5 

V 
3.6§ 

-o.S§ ot V 

2.4 

2.4 mA 

24 

200 0 

'OO§ dB 

5.5§ 9 mA 

-3.S§ -7 rnA 

90§ ISO mW 

:t::The algebraic convention where the most~positive (Ieast-negativellimit is designated as maximum is used in this data sheet for logic levels only, e.g., when 

o V is the maximum, the minimum limit is a more~negative voltage. 
§These typical values are at T A = 26°C • 
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vo = 1.8 V at T A = - 55°C, 

Va -1.4VatTA - 2S"C. and Vo _1 VatTA -126'C;fo,TLB20C.VO - '.SVatTA - O'C.VO -1.4Vat25'C.andVo -1.2Vat 
T A = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these comparators 

are Intended to drive. 

switching characteristics, VCC+ = 12 V, VCC- = -6 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 
Response time RL=OO, CL=5pF, See Note 5 30 80 

NOTE 5: The response time specified ,is for a 1 aO-mV input step with 5-mV overdrive and is the interval between the input step function and the instant 
when the output crosses 1.4 V. 
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LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

~ 60 

J 50 

J 40 

j 30 

~ r 0 

YS 

FREE-AIR TEMPERATURE 

vcc+- 12V 
VCC_--6V 
VO" Oto 2.5 V 
No .... 

- I--r- I 
J"l 

TL820C : " I "\ 

I 
-75 -50 -25 0 25 50 75 100 125 

T A-free-Air Temp,rature-flC 

FIGURE 1 

LOW-LEVEL OUTPUT CURRENT 
VS 

FREE-AIR TEMPERATURE 
2.5 0 

VCC+- 12V 

6 
VCe-'"-6V 
VID'"-5 mV 
VO=O 

/ "' i', 
5 

f-TL820C-.. 

'" 
5 

2.20 
-75 -50 -25 0 26 50 75 100 125 

TA-Frae-Air Temparature-OC 

FIGURE 4 

TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

VS 

SUPPLY VOLTAGE 

VO"010Z.5V 
o NolCNld 

0 

-1 

TA" 25DC Vcc_--7V ./ 
YCC-" -6~"\ Y /' 

Ycc-" -6,? ~/ ,/ 

V /" flv 
% V 

l.6 V-

11 '2 13 

Vcc+-Positive Suppty Voltaga-V 

FIGURE 2 

TL820M 

VOLTAGE TRANSFER 
CHARACTERISTICS 

Vcc+ 12Y 
Vcc_--6V 
RS-500 
N0'j" 

I 'N 
TA' -56·C ...... 

fo.-. 
'-TA-25'C 
TA"'125"C 

14 

-3 -2 -1 

Vlo-Differentiallnput Voltage-mV 

FIGURE5 

OUTPUT VOLTAGE LEVELS 
vs 

FREE-AIR TEMPERATURE 

JQH 1~'D.l5 myl.IOHI- 0) 

, 
VCC+-12 V , 
VCe---eV 

io-TL82OC -..: 

1 , 
, 

1 VOL (VIO .. -5 mV. IOL ... 0) 

-76 -60 -25 0 25 50 75 100 125 

TA-Free-Air TamPirature_oC 
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2 

1 

1 

FIGURE 3 

TL820C 

VOLTAGE TRANSFER 
CHARACTERISTICS 

I 
TAO!'C", t:- TA-26'C 

TA-70'l-

I 
VCC+""12V 
VCC_=-6V 
Rs· son 
No load 

-3 -2 -1 

Vlo-Dlfferentiallnput Voltage-mV 

FIGURE 6 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

~ 

T 
E , 
il 
• iii 

~ 

~ 

INPUT BIAS CURRENT 
VS 

FREE-AIR TEMPERATURE 
'4 

Vcc+= 12V 

12 
Vcc- = -6 V 
S~ Note 4 

'0 I"-

"-
'" I'-.. 

~ .......... 
Tl820C -...: t--.. 

TYPICAL CHARACTERISTICS 

COMMON-MODE REJECTION RATIO 

11 5 
m 

b 
~ 11 0 

.~ 10 5 

~ 
~ 100 

~ 9 
g 

5 

~ 90 

~ 
85 

VS 

FREE-AIR TEMPERATURE 

VCC+=12V 
VCC_=-6V 
VIC=-Sto5V 

\. 
RS";;;200n 

'" : 
: 

I'-Tll820f -.i 

COMMON-MODE PULSE RESPONSE 
-b 
~I 

~f 
8~ 
I & u c >.-

, 

, 
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~vo 
V'C 

-4, 

VCC+=12V 

f- _~CC_=-6V 
No load 

r- _TA = 25°C 

I I I 
I 

-75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperatura-OC 

-75 -50 -25 0 25 50 75 100 125 
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t-Time-ns 

s 
o 
I 
o 

. FIGURE 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

I 
e-- lo~mv r-- - Vcc+ = 12V 

Vcc- = -6V 
CL '" 5 pF 
RL =00 

TA=2S¢C 

20mV ""~ 10mV"\ 7/, If'--* mV 

't. 5 mV 

I,' // 
> - ,--t-LLi/ 

20 40 60 80 100 120 140 

t-Time-ns 

FIGURE 10 

FIGURE 8 FIGURE 9 

TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

VCC+=12V 

~~~~;~~V+--+ __ ~~-4 __ ~ 
No load 

50 
75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperature-°c 

FIGURE 11 

NOTE 4: These characteristics are verified by measurements atthe following temperatures and output voltage levels: for TLB20M, Va = 1.B Vat T A = - 55°C, 

Va = 1.4 V at T A = 25°C, and Va = 1 Vat T A = 125°C;, for TLB20C, Va = 1.5 V at TA = O°C, Va = 1.4 V at 25°C, and Va = 1.2 V at 

T A = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these comparators 

are intended to drive. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TLC372M, TLC372C 
DUAL LinCMOSTM DIFFERENTIAL COMPARATORS 

• Single- or Dual-Supply Operation 

• Wide Range of Supply Voltages 
2 to 18 Volts 

• Very Low Supply Current Drain 
0.2 mA Typ 

• Fast Response Time ... 200 ns Typ for 
TTL-Level Input Step 

• Built-In ESD Protection 

• High Input Impedance ... 1012 {} Typ 

• Extremely Low Input Bias Current 
1 pA Typ 

• Ultra-Stable Low Input Offset Voltage 

• Common-Mode Input Voltage Range 
Includes Ground 

02821, NOVEMBER 1983 

JGORP 

DUAL-IN-liNE PACKAGE 

(TOP VIEWI 

COMP{?NU~D1 ~ ~~~} 
# 1 IN + 3 6 IN _ COMP 

GND 4 5 IN+ #2 

svmbol (each comparator) 

NON INVERTING =C>-
INPUT IN+ OUTPUT 

INVERTING 
INPUT IN-

• Output Compatible with TTL. MOS. and 
CMOS 

description 

This device is fabricated using LinCMOSTM technology and consists of two independent voltage comparators designed 
to operate from a single power supply, Operation from dual supplies is also possible so long as the difference between 
the two supplies is 2 to 18 volts, Each of these devices features extremely high input impedance (typically greater 
than 1012 ohms) allowing direct interfacing with high-impedance sources, The outputs are n-channel open-drain 
configurations, and can be connected to achieve positive-logic wired-AND relationships, 

These devices have, internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-8838, Method 3015,1, However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance, 

The TLC372M is characterized for operation over the full military temperature range of - 55°C to 125°C, The TLC372C 
is characterized for operation from OOC to 70°C, 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 

II 
fI) .. 
o 
1a .. 
ca 
Q. 

E 
o 
(J 

Q) 
C) 
ca .... 
'0 
> 

Tha. document cantIIins InformIItIon on • praduct under' 
development. T .... lnsttument8.....",.. the right to 
change or diecontlnue tID product without notice. 

TEXAS 
INSlRUMENTS 

4-83 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



• < o 
::+ 
m 

CO 
CD 
(") 
o 
3 
"0 
m .. 
m .... 
o 
Ul 

TYPES TLC372M, TLC372C 
DUAL LinCMOSTM DIFFERENTIAL COMPARATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TLC374M TLC374C UNIT 

Supply voltage, VOO (see Note 1) 18 18 V 

Differential input voltage (see Note 2) ±18 ±18 V 

Input voltage, VI 18 18 V 

Output voltage, Vo 18 18 V 

Output current, 10 20 20 mA 

Duration of output short-circuit to ground (see Note 3) unlimited unlimited 

Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 4) 500 500 mW 

Operating free-air temperature range -55to 125 o to 70 °C 
Storage temperature range -65 to 150 -65 to 150 °C 

Lead temperature 1,6 mm 11/16 inch) from case for 60 seconds IJG package 300 300 °C 
Lead temperature 1,6 mm 11/16 inch) from case for 10 seconds I 0 or P package 260 °C 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltages are at the noninvBrting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to VOO can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TlC374C chips are glass mounted 

and TLC374M chips are alloy mounted. 

electrical characteristics at specified free-air temperature. VOO = 5 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt 
TLC372M TLC372C 

MIN TYP MAX MIN TYP MAX 
UNIT 

VIO Input offset voltage 
25°C 2 10 2 10 

VIC = VICR min, See Note 5 mV 
Full range 12 12 

110 Input offset current See Note 5 
25°C 1 1 pA 

Full range 10 0.3 nA 

liB ~nput bias current 
25°C 1 pA 

Full range 20 0.6 nA 
o to Oto 

Common-mode input 
25°C 

VICR 
Vee- l .5 Vee- l .5 

V 
voltage range o to o to 

Full range 
Vee- 2 Vee- 2 

AVO 
Large-signal differential VOO-15V, 

25°C 200 200 v/mV 
voltage amplification RL '" 15 kll to VOO 

10H 
High-level I VOH = 5V 25°C 0.1 0.1 nA 

VIO = 1 V 
output current I VOH - 15 V Full range 1 1 ~A 

VOL 
Low-level 25°C 150 400 150 400 

VID = -1 V, IOL4 mA mV 
output voltage Full range 700 700 

10L 
Low-level 

25°C VID = -1 V, VOL = 1.5 V 6 16 6 16 mA 
output current 

100 
Supply current 

VID = 1 V, No load 25°C 0.2 0.2 mA 
(two comparators) 

tAli characteristics are measured with zero common-mode input voltage unless otherwise specified. 
NOTE 5: The offset voltages and offset currents given are the maximum values required to drive the output up to 4 V or down to 400 mV with a pull-up 

resistor of 2.5 kO to VDD' Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and 
input impedance. Full range for TA is -55,oC to 125°C for TLC372M, OOC to 70°C for TLC372C. 

switching characteristics. VOO 

TEST ·CONOITIONS MIN TYP MAX 

RL connected to 5 V through 5.1 kll, 100-mV input step with 5-mVoverdrive 650 

CL=15pF*, See Note 6 TTL-level input step 200 

*CL.includes probe and jig capacitance. 

NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TLC374M, TLC374C 
QUADRUPLE LinCMOSTM DIFFERENTIAL COMPARATORS 

• Single- or Dual-Supply Operation 

• Wide Range of Supply Voltages 
2 to 18 volts 

• Very Low Supply Current Drain 
0.4 mA Typ 

• Fast Response Time . . . 200 ns Typ for 
TTL-Level Input Step 

• Built-In ESD Protection 

• High Input Impedance ... 1012 0 Typ 

• Extremely Low Input Bias Current 
1 pA Typ 

• Ultra-Stable Low Input Offset Voltage 

• Common-Mode Input Voltage Range 
Includes Ground 

• Output Compatible with TTL. MOS. and 
CMOS 

02783. NOVEMBER 1983 

TLC374M ..• J DUAL·IN-LiNE PACKAGE 

TLC374C ... D. J. OR N DUAL-IN-LiNE PACKAGE 

(TOPVIEWI 

OUT COMP # 1 OUT COMP # 3 
OUT COMP # 2 OUT COMP # 4 

VCC GND 

COMP{IN - IN +} COMP 
#2 IN+ IN- #4 

COMP{IN- IN+}COMP 
#1 IN+ IN- #3 -.... __ ..r-

symbol (each comparator) 

NONINVERTING =1>-
INPUT IN+ OUTPUT 

INVERTING 
INPUT IN-

description 

This device is fabricated using LinCMOSTM technology and consists offour independent voltage comparators designed 
to operate from a single power supply. Operation from dual supplies is also possible so long as the.difference between 
the two supplies is 2 to 18 volts. Each of these devices features extremely high input impedance (typically greater 
than 1012 ohms) allowing direct interfacing with high-impedance sources. The outputs are n-channel open-drain 
configurations. and can be connected to achieve positive-logic wired-AND relationships. The TLC374C is designed 
as a pin·compatible. functional replacement for the LM339. offering twice the speed while consuming typically one­
half of the power. 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883S. Method 3015.1. However. care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

The TLC374M is characterized for operation over the full military temperature range of - 55°C to 125°C. The TLC374C 
is characterized for operation from OOC to 70°C 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TLC374M, TLC374C 
QUADRUPLE LinCMDSTM DIFFERENTIAL COMPARATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TLC374M TLC374C UNIT 

Supply voltage (see Note 1) 18 18 V 

Differential input voltage (see Note 2) ±18 ±18 V 

Input voltage, VI 18 18 V 

Output voltage, Va 18 18 V 

Output current, 10 20 20 rnA 

Duration of output short-circuit to ground (see Note 3) unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 500 500 mW 

Operating free-air temperature range -55 to 125 o to 70 °C 
Storage temperature range 65 to 160 -65 to 150 °C 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds I JG package 300 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I 0 or P package 260 °C 

NOTES: 1. All voltage values. except differential voltages, are with respect to network ground terminal. 
2. Differential voltages are at the noninv8rting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TLC374C chips are glass mounted 

and TLC374M chips are alloy mounted. 

electrical characteristicII' at specified free-air temperature. Vee = 5 V (unless otherwise noted) 

TEST CONDITIONS t 
TLC374M TLC374C 

PARAMETER 
MAX MIN TYP 

UNIT 
MIN TYP MAX 

25°C 2 10 2 10 
VIO Input offset voltage V'C = V,CR min, See Note 5 mV 

Full range 12 12 

25°C 1 1 pA 
110 Input offset current See Note 5 

Full range 10 0.3 nA 

25°C 1 1 pA 
liB Input bias current 

Full range 20 0.6 nA 

o to o to 

Common-mode input 
25°C 

VICR 
Vee- lo5 Vee- I .5 

V 
voltage range Oto o to 

Full range 
Vee- 2 Vee~2 

AVO 
Large-signal differential VCC - 15 V, 
voltage amplification RL '" 15 kll to VCC 

25°C 200 200 v/mV 

High-level I VOH = 5 V 25°C 0.1 0.1 nA 
IOH VID = 1 V 

output current I VOH - 15 V Full range 1 1 pA 

Low-level 25°C 150 400 150 400 
mV VOL 

output voltage 
V,D = -1 V, 10L = 4mA 

Full range 700 700 

Low-level 
25°C 16 6 16 rnA IOL VID = -1 V, VOL = 1.5 V 6 

output current 

ICC 
Supply current 

VID = -1 V, No load 
(four comparators) 

25°C 0.4 1 0.4 1 rnA 

t All characteristics are measured with zero common-mode input voltage unless otherwise specified. 
NOTE 5: The offset voltages and offset currents given are the maximum values required to drive the output up to 4 V or down to 400 mV with a pull-up 

resistor of 2.5 kD to Vee. Thus, these parameters actuallv define an error band and take into account the worst-case effects of voltage gain and 
input impedance. Full range for TA is -55 DC to 125°C for TLC374M, ODC to 70 De for J'LC374C. 

switching characteristics. Vee 
TEST CONDITIONS MIN TYP MAX 

RL connected to 5 V through 5.1 kll, 100-mV input step with 5-mV overdrive 0.9 
CL = 15 pF*, See Note Ii Tn-level input step 0.2 

iCL includes probe and jig capacitance. 

NOTE 6: The response time specified is the Interval between the input step fUnction and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Fast Response Times 

• Low Offset Characteristics 

• Output Compatible with Most TTL Circuits 

• Designed to be Interchangeable with 
Fairchild "A710 

description 

The uA 710 is a monolithic high-speed 
comparator having differential inputs and a low­
impedance output. Component matching, 
inherent in silicon integrated circuit fabrication 
techniques, produces a comparator with low­
drift and low-offset characteristics. This circuit 
is especially useful for applications requiring an 
amplitude discriminator, memory sense 
amplifier, or a high-speed voltage comparator. 
The uA 71 OM is characterized for operation over 
the full military temperature range of - 55°C to 
125°C. 

schematic 

r--...... ---~--~-oVcc+ 
2.Bkn 

NONI~N~~~TING 0--+--; 
INVERTING 

INPUT 

3.9kn 

GND~-~::::::t--l--~ 

6.2V 

OUTPUT 

1---__ .... --0 vcc-

Component values shown are nominal. 

symbol 

TYPE uA710M 
DIFFERENTIAL COMPARATOR 
02229, JUNE 1976-REVISED OCTOBER 1979 

J DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

NC NC 
GND NC 
IN+ NC 
IN- VCC+ 

NC NC 

VCC- OUT 
NC NC 

JG DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

GND[]8 VCC+ 
IN+ 2 7 OUT 
IN- 3 6 NC 

VCC- 4 5 NC 

U FLAT PACKAGE 

(TOP VIEW) 

GND NC 
IN+ NC 
IN- VCC+ 

NC NC 

VCC- OUT 

NC-No internal connection 

NONINVERTING =t>-
INPUTIN+ OUTPUT 

INVERTING 
INPUT IN-

Copyright © 1979 by Texas Instruments Incorporated 

a 
fI) .. 
o ... co .. 
co 
Q. 

E 
o o 
CD 
tn co ... 
'0 
> 

TEXAS 
INSTRUMENTS 

4-87 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



• < o ;:::r 
CI) 

a::t 
CD 
(") 
o 
3 
~ 
CI) ... 
CI) ... o ... 
en 

TYPE uA710M 
DIFFERENTIAL COMPARATOR 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage Vcc + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 V 
Supply voltage VCC _ (see Note 1) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 7 V 
Differential input voltage (see Note 2) .......................................... ± 5 V 
Input voltage at either input (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 
Peak output current (tw :s 1 s) .............................................. 10 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 3) .. 300 mW 
Operating free-air .temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch)from case for 60 seconds ........ , ............. 300°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground .terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. For'operation above 25 °C free-air temperature, refer to the Dissipation Derating Curves in Section 2. In the J and JG packages, uA 71 OM chips 
are alloy mounted. 

electrical characteristics at specified free-air temperature, Vcc+ = 12 V, VCC- = -6 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 

25°C 
VIO Input offset voltage AS" 200.11., See Note 4 

Full range 

Average temperature coefficient 
RS" 50.11., See Note 4 Full range "VIO of input offset voltage 

25°C 
110 Input offset current See Note 4 

Full range 

Average temperature coefficient _55° C to 25° C 
"110 see Note 4 

25°C to 125°C of input offset current 

25°C 
liB Input bias current See Note 4 

Full range 

VICR 
Common-mode 

input voltage range 
VCC_=-7V 25"C ±5 

VID Differential input voltage range 25°C ±5 

large-signal differential 25°C 1250 
AVO No load, See Note 4 

voltage amplification Full range 1000 

VOH High-level output voltage VIO = 5mV, 10H =-5mA 25°C 2.5 

VOL low-level output voltage VIO --5mV, 10L =0 25°C -1 

25°C 2 

10L Low-level output current VID = -5 mV, VO=O _55°C 1 

125°C 0.5 

ro Output resistance VO= 1.4 V 25°C 

CMRR Common-mode rejection ratio AS" 200.11. 25°C 80 

ICC+ Supply current from V CC+ VID--5Vt05V 25°C 

ICC- SupplV current from VCC- (-10 mV for typ), 25°C 

Po Total power dissipation No load 25°C 

TYP MAX UNIT 

0.6 2 
mV 

3 

3 10 IJ.vtc 

0.75 3 

7 
IJ.A 

5 25 
nA/oC 

15 75 

13 20 

45 
IJ.A 

V 

V 

1700 

3.2 4 V 

-0.5 6* V 

2.5 

2.3 mA 

1.7 

200 .11. 

100 dB 

5.2 9 mA 

-4.6 -7 mA 

90 150 mW 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Va "" 1.8 V at 
T A:::: _55°C, Va == 1.4 V at T A == 25°C, and Va :::: 1 Vat T A :::: 125°C. These output voltage levels were,selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive, 

tFull range for uA710M is _55°C to 125°C. 

:f:The algebraic convention where the more-positive {less-negative I limit is designated as maximum is used in this data sheet for logic levels only. 
e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage. 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 

switching characteristics, VCC+ = 12 V, VCC- = -6 V, TA = 25°C 

PARAMETER TEST CONDITIONS TVP 
Response time No load. See Note S 40 

NOTE 5: The response time specified is for a 1DO-mV input step with 5-mV overdrive and is the interval between the input step function and 

the instant when the output crosses 1.4 V. 

" .. g-
'';' .::: 
c: 0 
~> = ;; .- c. 0.= 

4 

-1 

TYPICAL CHARACTERISTICS 

r--

-

OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 

~ r-JofJv 

I vcc+ = 12 V 

Vcc- = -6 V 

No load 

TA= 2SoC 

I / I /' 
V 

~/~ / 
rf~ -
~S r-K 
VJ../-J./ 

J 
o 20 40 60 so 100 

t-Time-ns 

FIGURE 1 

r--
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-1 

OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 

- JoolL 

VCC+= 12V 

VCC- = -6 V 

No load 

\ .\ r\ i"- TA = 2SoC 

\i~~ K..."" 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 

TYPICAL CHARACTERISTICS 

> 
I 

11. 
B 
0 
> 
:; 
e-
~ 

0 
I 
0 
> 

> 
I 

'" Cl 

e 
"0 
> 
~ 

" S-
" 0 
I 
0 
> 

COMMON·MOOE PULSE RESPONSE 
vs 

ELAPSED TIME 

Vc6+=1~V 
VCC_=-6 V 

TA=25°C 

I---F-" r--

2 

f" 

0 
o 40 80 120 160 

t-Time-ns 

FIGURE 3 

VOLTAGE TRANSFER CHARACTERISTICS 

4 
I .I. TA = -55°C VCC=12V 

VCC= -6 V ..... ·-t-j:-
3 

2 

/!J /' TA-:-;-;t~C 
'-----TA = 25°~_ 

! I 

II 1/ 

h ~I 
0 

r- ----~ .. -
- ~5 -4 -3 -2 -1 0 1 2 3 4 5 

VID-Differential Input Voltage-mV 

FIGURE 5 

OUTPUT VOLTAGE 

vs 

FREE·AIR TEMPERATURE 

4 
VOH IVID = 15 mV. IOH G -0.5 rnA) - t-- - I--

3 -
> 
I . 
B 2 
0 
> 
:; 
e-

I- VCC+ = 12 V 

VCC- =-6 V 
~ 

0 
I 
0 
> 

0 
VpL IVID = -15 mV. IOL = 0) 

-1 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE4 

TOTAL POWER DISSIPATION 

vs 

FREE·AIR TEMPERATURE 

100 

VC~+= lL 
I- VCC- =-6 V 

~ 95 
I 
~ 

I- VID = 0 
No load 

.j 
c. 
:~ 
c 90 
~ 
0 
0. 

/'" r- r--..... r--....... 
S 
{:. 

............ 

I 
C 

85 
0. 

80 
-75 -50 -25 0 25 50 75 100 125 

T A -Free-Air Temperature-DC 

FIGURE 6 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

• Fast Response Times 

• Low Offset Characteristics 

• Output Compatible with Most TTL Circuits 

• Designed to be Interchangeable with Fairchild 
",A711 and /LA711C 

description 

The uA711 is a high-speed dual-channel 
comparator with differential inputs and a low­
impedance output. Component matching, 
inherent with silicon monolithic circuit fabrication 
techniques, produces a comparator circuit with 
low-drift and low-offset characteristics. An 
independent strobe input is provided for each of 
the two channels, which when taken low, 
inhibits the associated channel. If both strobes 
are simultaneously low, the output will be low 
regardless of the conditions applied to the 
differential inputs. The comparator output pulse 
duration can be "stretched" by varying the 
capacitive loading. These dual comparators are 
particularly useful for applications requiring an 
amplitude-discriminating sense amplifier with an 
adjustable threshold voltage. 

The uA 711 M is characterized for operation over 
the full military temperature range of - 55°C 
to 125°C; the uA711C is characterized for 
operation from O°C to 70°C. 

0977. FEBRUARY 1971-REVISEO OCTOBER 1979 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

NC NC 
#1 IN- # 1 STRB 
#1 IN+ GND 

VCC- VCC+ 
#2IN+ OUT 
#2IN- #2 STB 

NC 

U FLAT PACKAGE 

(TOP VIEW) 

# 1 IN - # 1 STRB 
#1 IN+ GND 

VCC- VCC+ 
#2IN+ OUT 
#2IN- #2 STB 

NC-No internal connection 

functional block diagram 

STROBE ----..., 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

NON INVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

STROBE -----' 

OUTPUT 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES uA711M, uA711C 
DUAl·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

schematic 

STROBE 1 OUTPUT STROBE 2 

r--~~-----~-4---.--4-~-~------~--~-Vcc+ 

9100 

INVERTING 
INPUT l1N­

NON INVERTING --f------j 
INPUT l1N+ 

Component values shown are nominal. 

4.3kO 

2400 

4.3kO 

9100 

INVERTING 
INPUT 2 IN-

r-____ -t-_NONINVERTING 
INPUT2IN+ 

120 0 

L----------r-----~--------------~-------------Vcc_ 

GND 

::t absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 
D) 

(Q 
(1) 

(") 
o 
3 

"C 
D) .. 
D) ... 
o 
U1 

Supply voltage Vee + (see Note 1) 

Supply voltage Vee _ (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (any input, see Note 1) 

Strobe voltage (see Note 1) 

Peak output current (tw sIs) 

Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1,6 mm (1/16 inch) from case for 60 secondslJ or U package 

Lead temperature 1,6 mm (1/16 inch) from case for 10 secondslN package 

uA711M 

14 

-7 

±5 

±7 

6 

50 

300 

-55 to 125 

-65 to 150 

300 

uA711C UNIT 

14 V 
-7 V 
±5 V 

±7 V 

6 V 

50 mA 

300 mW 

o to 70 ·C 
-65 to 150 ·e 

300 ·c 
260 ·C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

4·92 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. For operation of uA711 M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, uA711 M chips 

are alloy mounted, uA 711 C chips are glass mounted. 
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TYPES uA711M, uA711C 
DUAL·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc- = -6 V 
(unless otherwise noted) 

TEST CONDITIONSt 
uA711M 

PARAMETER 
MIN TYP MAX 

RS <; 200 n, VIC - 0, 25"C 1 3.5 

See Note 4 Full range 4.5 
Via I nput offset voltage 

RS <; 200 n, 25"C 1 5 

See Note 4 Full range 6 

Average temperature coefficient RS <; 200 n, VIC" 0, 
Full range 5 "via of input offset voltage See Note 4 

I nput offset current 
25"C 0.5 10 

110 See Note 4 
Full range 20 

25"C 25 75 
liB I nput bias cu rrent See Note 4 

Full range 150 

IIL(S) Low-level strobe current V(strobe) - 0, VID-10rnV 25"C -1.2 -2.5 

VICR 
Common-mode input 

voltage range 
VCC_"-7V 25"C ±5 

VID 
Differential input 

voltage range 
25"C ±5 

Large-signal differential No load, 25"C 750 1500 
AVD 

voltage amplification Va" 0 to 2.5 V Full range 500 

VID"10rnV, 10H" 0 25"C 4.5 5 
VOH High-level output voltage 

VID" 10rnV, IOH--5rnA 25"C 2.5 3.5 

VID"-10rnV, 10L" 0 25"C -1 -0.5 ot 
VOL Low-level output voltage VID"10rnV, V(strobe) " 0.3 V, ot 

10L" 0 
25"C -1 

10L Low-level output current VID - -10 rnV, Va - 0 25"C 0.5 0.8 

'0 Output resistance Va - 1.4 V 25"C 200 

CMRR Common-mode rejection ratio RS <; 200!! 25"C 70 90 

ICC+ Supply current from VCC+ VID" -5 V to 5 V (-10r'nV fortyp), 25"C 9 

ICC- Supply current from VCC- Strobes alternately grounded, 25"C -4 

PD Total power dissipation No load 2S"C 130 200 

uA711C 

MIN TYP MAX 
UNIT 

1 5 

6 
rnV 

1 7.5 

10 

5 I'vtc 

0.5 15 

25 
I'A 

25 100 

150 
I'A 

-1.2 -2.5 rnA 

±5 V 

±5 V 

700 1500 

500 

4.5 5 
V 

2.5 3.5 

-1 -0.5 ot 

ot 
V 

-1 

0.5 0.8 rnA 

200 !! 

65 90 dB 

9 rnA 

-4 rnA 

130 230 rnW 

t Unless otherwise noted, all characteristics are measured with the strobe of the channel under test open. The strobe of the other channel is grounded. Full 
range for uA711 M is - 55 DC to 125 DC and for the uA711 C is ODC to 70 DC. 

~The algebraic convention, where the most~positive (least~negativel limit is designated as maximum, is used in this data sheet for logic levels only, e.g., 
when 0 V is the maximum, the minimum limit is a more~negative voltage. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711 M, Va = 1.8 V at TA = - 55°C, 
Va = 1.4 VatTA = 25°C, and Va = 1 V atTA = 125°C; for uA71 lC, Va= 1,5 Vat TA = O°C, Va = 1.4 V atTA = 25°C, and Va = 1.2 V 
at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these comparators 
are intended to drive. 

switching characteristics, VCC+ = 12 V, VCC- = -6 V, TA = 25°C 

uA711M uA711C 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 
Response time No load, See Note 5 40 80 40 ns 
Strobe release time No load, See Note 6 7 25 7 ns 

NOTES: 5, The response time specified is for a 1 OO~mV input step with 5~mV overdrive and is the interval between the input step func.don and the instant 
when the output crosses 1.4 V. 

6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5~mV overdrive is then added to the input 
bias voltage to produce an output voltage that rises above 1.4 V. The time interval is measured from the 50% point on the strobe voltage waveform 
to the instant when the overdriven output voltage crosses the 1 .4·V level. 
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TYPES uA711M, uA711C 
DUAL·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

2000 

1800 

.§ 1600 

li i 1400 

« 1200 

t 
~ 1000 

;; 
.~ 800 
! ;e 600 

" I 
J 400 

200 

0 

TYPICAL CHARACTERISTICS 
LARGE·SIGNAL DIFFERENTIAL 

VOLTAGE AMPLIFICATION 
vs 

FREE·AIR TEMPERATURE 

Vcc+= 12 V 
VCC_= -6V 

r-- No load 
See Note 4 r---- I --r-..... ~uA711C--': 

LARGE·SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOL T~GE 

3000r---r---r---r---~--'---'---'---, 

Vo= 1.4V 
TA"'25°C .1 2500 No load +--+--+--1--1--+---1 

!E 

~ 
« 
! 
~ 
;; 
.~ 

! 

~ 
" I 
"li « 5001---1---1---+---+---4----1----1----1 

-75 -50 -25 0 25 50 75 100 125 

T A -Free-Air Temperature-°c 

FIGURE 1 

INPUT BIAS CURRENT 
vs 

FREE·AIR TEMPERATURE 
50 

\ Vcc+ = 12V 

40 \ 
Vcc- = -6 V-
See Note 4 

1 
i 30 

'" = '" I"" iii 

il. 
c 20 
T 
~ 

-......... r-...... I 

I ............. 14-- uA711C---"': ~ 

10 

o 
-75 -50 -25 o 25 50 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE 3 

~I 
:5 
.~ 
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I 
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VCC+-Positive Supply Voltage-V 

FIGURE 2 

TOTAL POWER DISSIPATION 
vs 

FREE·AIR TEMPERATURE 

Vcc+= 12V 
VCC_=-6V 
No load 

V lo- N '-I 

4--uA711C -..: '" 
-75 -50 -25 o 25 50 75 100 125 

T A -Free-Air T emperature-0 C 

FIGURE 4 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo = 1.8 V at TA = - 55°C, . 
Vo = 1.4 Vat TA = 25°C, and Vo = 1 VatTA = 125°C; for uA711C, VO= 1.5 VatTA = OOC, Vo = 1.4 VatTA = 25°C, and Vo = 1.2 V, 
at 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these comparators 
are intended to drive. 
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TYPES uA711M. uA711C 
DUAL·CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

uA711M 

VOLTAGE TRANSFER 
CHARACTERISTIC 

vcb+. 112 V 
VCC-' -6 V .~ f-RS'; 200 n 

TA' _55°C ~ ,~ 

" 

/ ~ TA'125°C 
i j 

,~' '-. TA' 25°C 

I.,' 
• I 

'I.' • I 

I. " 
II' 11/ 

--- -- -- --
- - .- .7 

4 

-1 

uA711C 

VOLTAGE TRANSFER 
CHARACTERISTICS 

vcb+·~v 
lA .loc VCC-' -6 V ~ 

.. ' 
RS'; 200 n 

~ \TA'70°C 

.t 
TA'25°~_ 

'/ 

/ 
-- --- -- ---.- -- -- --' 
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FIGURE5 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
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FIGURE 7 
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FIGURE 6 

STROBE RELEASE TIME 
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SPECIAL FUNCTIONS 

precision timers 

commercial temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

NE555 Single Timer 

NE556 Dual Timer 

TLC551C LinCMOS, Single High-Speed Timer 

TLC552C LinCMOS, Dual High-Speed Timer 

TLC555C LinCMOS, Single High-Speed Timer 

TLC556C LinCMOS, Dual High-Speed Timer 

uA2240C Programmable Timer/Counter 

automotive temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

SA555 Single Timer 

SA556 Single Timer 

military temperature range 

DEVICE 

NUMBER 
DESCRIPTION 

SE555 Single Timer 

SE555C Single Timer 

SE556 Single Timer 

SE556C Single Timer 

TLC555M LinCMOS, Single High-Speed Timer 

TLC556M LinCMOS, Dual High-Speed Timer 

current mirrors 

DEVICE 

NUMBER 
TYPE TEMP RANGE 

TL010C Programmable OOC to 70°C 

TL0101 Programmable -40°C to 85°C 

TLOllC Fixed aoe to 70 0 e 
TLOlll Fixed -40°C to 85°C 

TL012C Fixed OOC to 70°C 

TL0121 Fixed -40°C to 85°C 

TL014C Fixed OOC to 70°C 

TL0141 Fixed -40°C to 85°C 

TL021C Fixed OOC to 70°C 

TL021 I Fixed -40°C to 85°C 

TIMING 

FROM TO 

1 ~s 1 s 

1 ~s 1 s 

1 ~s 1 s 

1 ~s 1 s 

1 ~s 1 s 

1 ~s 1 s 

10 ~s Days 

TIMING 

FROM I TO 

1 ~s I 1 s 

1 ~s I 1 s 

TIMING 

FROM TO 

1 ~s 1 s 

1 ~s 1 s 

1 ~s 1 s 

1 ~s 1 s 

1 ~s 1 5 

1 ~s 1 s 

CURRENT RATIO 

INPUT TO OUTPUT 

3:1 to 1:15 

3:1 to 1:15 

1:1 

1:1 

1:2 

1:2 

1:4 

1:4 

1:2 

1:2 

TEXAS 
INSTRUMENTS 

SELECTION GUIDE 

(values specified for T A 

OUTPUT CURRENT PACKAGES PAGE 

±200 rnA D,JG,P 5-21 

±200 mA D,J,N 5-31 

100mA 

-10 mA 
D,N 5-89 

100 mA 

-10 mA 
D,N 5-93 

100 mA 

-10 mA 
D,JG,P 5-97 

100 mA 

-10 mA 
D,N 5-97 

4mA N 5-109 

(values specified for T A 

OUTPUT CURRENT PACKAGES PAGE 

±200 mA D,JG,P 5-21 

+200 mA D,J,N 5-31 

(values specified for TA 

OUTPUT CURRENT PACKAGES PAGE 

±200 mA FH,FK,JG 5-21 

+200 mA FH,FK,JG 5-21 

±200 mA FH,FK,J 5-31 

±200 mA D,J,N 5-31 

100 mA 

-10 mA 
JG 5-97 

100 mA 

-10 mA 
J 5-97 

(values specified for T A 25°C) 

INPUT CURRENT 

RANGE 
PACKAGES PAGE 

Variable P 5-49 

Variable P 5-49 

l~AtolmA LP 5-53 

l~AtolmA LP 5-53 

1 ~A to 1 mA LP 5-53 

l~AtolmA LP 5-53 

1 ~A to 1 mA LP 5-53 

l~AtolmA LP 5-53 

2~At02mA LP 5-53 

2~At02mA LP 5-53 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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SELECTION GUIDE 

Hall-effect sensor (values specified for T A 

DEVICE LINEAR RANGE 

NUMBER 
DESCRIPTION TEMP RANGE SENSITIVITY PACKAGES 

(GAUSS) 

TL173C Linear Hall-Effect Sensor O·C to 70·C 1.5 mV/Gauss ±500 LP,LU 

TL1731 Linear Hall-Effect Sensor 20·C to 85·C 1.5 mV/Gauss ±500 LP,LU 

Hall-effect switches (values specified for T A 

DEVICE SWITCHING RANGE 
MAXIMUM 

NUMBER 
DESCRIPTION TEMP RANGE 

(GAUSS) 
HYSTERESIS PACKAGES 

(GAUSS) 

TL170C General·Purpose O·C to 70·C +350 to -350 200 LP,LU 

TLl72C Normally-Off O·C to 70·C +600 to + 100 230 LP,LU 

TL160 Special-Purpose O·C to 70·C Programmable Programmable LP,LU 

sonar ranging functions (values specified· for T A 

DEVICE 

NUMBER 
DESCRIPTION APPLICATION PACKAGES 

TL851 Controller Circuit Control integrated circuit for use in a sonar ranging module. N 

Capable of driving 50-kHz transducers with a simple interface. 

TL852 Receiver Circuit Receiver integrated circuit for use in a sonar ranging module. N 

SN28827 Sonar Ranging Module Sonar ranging module for .measuring distances from a range of 

6 inches to 35 feet. Uses the TL851 and TL852 . 

::s floppy-disk control circuits 
(') 
r+ 

(values specified for T A 

0' 
::s 
(/I 

• 
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DEVICE 

NUMBER 

MC3469 

MC3470 

MC3471 

TL030 

TL712 

TL721 

DESCRIPTION 

Write Controller 

Read-Amplifier System 

Write Controller and Head Driver 

Four-Head, Disk-Memory Read Amplifier 

Disk-Memory Read-Chain Data 

Disk-Memory Read-Chain Data Comparator Compatible with MECL III and MECL 1000 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

PACKAGES 

N 

N 

N 

N 

JG,P 

JG,P 

PAGE 

5·69 

5-69 

PAGE 

5-65 

5·67 

5·63 

PAGE 

5·79 

5-83 

5-43 

PAGE 

5-9 

5-11 

5-19 

5-61 

4-63 

4-65 
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differential video amplifiers 

commercial temperature range 

DEVICE 

NUMBER 
DESCRIPTION BANDWIDTH 

Mci445 Amplifier with 2 multiplexed inputs, wide AGC range 60 MHz 

NE592 Amplifier with internal frequency compensation and 90 MHz 

adjustable/selectable gain options. 

NE592A Similar to NE592 but with tighter gain distribution. 90 MHz 

TL026 Amplifier with a wide AGC range 60 MHz 

TL592 Similar to NE592 but in an a-pin package. 90 MHz 

TL592A Similar to NE592A but in an a-pin package. 90 MHz 

TL592B Low-noise version of NE592 and TL592. 90 MHz 

uA733C Amplifier with internal frequency compensation. 200 MHz 

military temperature range 

DEVICE 

NUMBER 

MC1545 

SE592 

uA733M 

DESCRIPTION BANDWIDTH 

Amplifier with 2 multiplexed inputs, wide AGC range 60 MHz 

Amplifier with internal frequency compensation and 90 MHz 

adjustable/selectable gain options. 

Amplifier with internal frequency compensation. 200 MHz 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

SELECTION GUIDE 

(values specified for T A 

GAIN PACKAGES PAGE 

100 Max J,N 5-7 

o to 600 N 5-35 

o to 600 N 5-35 

100 JG,P 5-59 

o to 600 P 5-73 

o to 600 P 5-73 

o to 600 N,P 5-77 

10,100,400 J,U 5-101 

(values specified for T A 

GAIN PACKAGES PAGE 

100 Max J,N 5-7 

o to 600 N 5-35 

10,100,400 J,U 5-101 

en 
c o 

'';::: 
u 
C 
::::I 

U. 

CO 
'U 
Q) 
a. 

U) 

II 

5-5 



CJ) 
"C 
CTl 
C') 

iii' 
." 
c:: 
::l 
C') ... 
0' 
::s 
UI 

5-6 



18~ 

LINEAR 
INTEGRATED 
CIRCUITS 

TYPES MC1545. MC1445 
GATE·CONTROLLED 2·CHANNEL·INPUT VIDEO AMPLIFIER 

02572. JANUARY 1980-REVISED NOVEMBER 1983 

• Differential Inputs and Outputs 

• Channel Select Time ... 20 ns Typ 

• Bandwidth Typically 50 MHz 

• 16-dB Minimum Gain 

• Common-Mode Rejection Typically 85 dB 

• Broadband Noise Typically 25 p.V 

description 

The MC1545 and MC1445 are general-purpose, 
gated, dual-channel wideband amplifiers 
designed for use in video-signal mixing and 
switching. Channel selection is accomplished by 
control of the voltage level at the gate. A high 
logic level selects channel A; a low logic level 
selects channel B. The un selected channel will 
have a gain of one or less. 

The MC1545 is characterized for operation over 
the full military operating temperature range of 
- 55 DC to 125 DC. The MC1445 is characterized 
for operation from 0 DC to 70 DC. 

block diagram 

IN+B 131 

IN-B (4) 
MUX 

IN+A (5) 

IN-A (6) 

GATE~(2~) ______ ~#~ __ ~ 

MC1545 ... J DUAL-IN-LiNE OR 

W FLAT PACKAGE 

MC1445 ... J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

OUT­
GATE 

IN+ B 
IN- B 

IN+ A 
IN- A 

OUT + 

NC 
NC 
NC 
NC 
NC 
VCC+ 

-... __ ....r- VCC-

NC - No internal connection 

FUNCTION TABLE 

(7) NON INVERTING 
OUTPUTOUT+ 

(1) INVERTING 
OUTPUT OUT-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

MC1545 MC1445 UNIT 

Supply voltage Vee + (see Note 11 +12 +12 V 
Supply voltage Vee _ (see Note 1) -12 -12 V 
Differential input voltage Isee Note 2} ±5 ±5 V 
Output current ±25 ±25 mA 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) 675 675 mW 

Operating free-air temperature range -55to 125 o to 75 ·e 
Storage temperature range -65 to 150 -65 to 150 ·e 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds I J or W package 300 300 ·e 
Lead temperature 1,6 mm 11/16 inch} from case for 10 seconds I N package 260 260 "'C 

NOTES: 1. Voltage values, except differential input voltage, are with respect to the midpoint of Vee + and Vee _. 
2. Differential input voltages are measured at a noninverting input terminal with respect to the appropriate inverting input terminal. 

3. For operation above 25 °C free~air temperature, refer to the Dissipation Derating Curves, Section 2. In the J package, MC1545 chips are alloy 
mounted; MC 1445 chips are glass mounted. 

TEXAS 
INSIRUMENlS 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES MC1545, MC1445 
GATE·CONTROLLED 2·CHANNEL·INPUT VIDEO AMPLIFIER 

electrical characteristics at Vee + 5 V. Vee- -5 V. TA 

PARAMETER 

AVS 
Large-signal single-ended 

voltage amplification 

BW Bandwidth 

VIO Input offset voltage 

110 Input offset current 

liB Input bias current 

VICR 
Common-mode 

voltage range 

Voa Quiescent output voltage 

AVO a 
Change in quiescent 

output voltage 

VOPP 
Maximum peak-to-peak 

output voltage swing 

zi Input impedance 

Zo Output impedance 

CMRR 
Common-mode 

rejection ratio 

Vn 
Broadband equivalent 

input noise voltage 

VTH 
High-level gate 

threshold voltage 

VTL 
Low-level g~te 

threshold voltage 

IIH High-level gate current 

IlL Low-level gate current 

tpLH 
Propagation delay time, 

low-to-high-Ievel output 

tpHL 
Propagation delay time, 

high-to-Iow-Ievel output 

trLH 
Transition time, 

low-to-high-Ievel output 

tTHL 
Transition time, 
high-to-Iow-Ievel output 

ICC+ Supply current Irom V CC + 

ICC- Supply current Irom V CC _ 

Po Power dissipation 

TEST CONDITIONS 

I = 125 kHz, Vi = 20 mV 

Vi - 20 mV 

Gate input change 

Irom5VtoOV 

I = 50 kHz, RL = 1 kll 

I-50kHz 

1=50kHz 

1=50kHz 

BW = 5 Hz to 10 MHz, 

RS = 50 Il 

AVS(A) ;,: 16 dB, AVS(B) sO dB 

AVSIB) ;,: 16 dB, AVS(A) sO dB 

VI - 5 V 

VI - 0 

AVI = 20 mV, 

AVI = 20 mV, 

AVI = 20 mV, 

AVI = 20 mV, 

No load, 

No load, 

No load, 

50% to 50% 

50% to 50% 

10% to 90% 

10% to 90% 

No signal 

No signal 

No signal 

TEXAS 
INSTRUMENTS 

MC1545 

MIN TYP 

16 19 

40 50 

1 

2 

15 

±2.5 

0.1 

±15 

1.5 2.5 

4 10 

25 

85 

25 

1.5 

0.4 0.7 

6.5 

6.3 

6.5 

7 

7 

-7 

70 

POST OFFICE BOX 225012 • OALLAS, TEXAS 75265 

MCl445 

MAX MIN TYP MAX 
UNIT 

21 16 19.5 23 dB 

50 MHz 

5 7.5 mV 

2 ~A 

25 15 30 ~A 

±2.5 V 

0.1 V 

±15 mV 

1.5 2.5 V 

3 10 kll 

25 Il 

85 dB 

25 ~V 

2.2 1.3 3 V 

0.2 0.4 V 

2 4 ~A 

2.5 4 mA 

10 6.5 ns 

10 6.3 ns 

15 6.5 ns 

15 7 ns 

11 7 15 mA 

-11 -7 -15 mA 

110 70 150 mW 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE MC3469 
FLOPPY·DISK WRITE CONTROLLER 

02813. OCTOBER 1983 

• Designed for Straddle· Erase Heads 

• Head Selection with Current Steering 
Through Write Head and Erase Coil in Write 
Mode 

N DUAL-IN-LiNE PACKAGE 

(TOPVIEWI 

• Provides High-Impedance (Read Data 
Enable) During Read Mode 

• Write Current (with Trimmed Internal 
Resistor and Rext = 10 k!l) ... 3 A 

• Write-Current Select Input Provides for 
Inner/Outer Track Compensation 

• Degauss Period Externally Adjustable 

• Specified with ± 10% Logic Supply and 
Head Supply (Vgg) from 10.8 V to 26.4 V 

• Minimizes External Component 
Requirements 

• Designed to be Interchangeable with 
Motorola MC3469P 

description 

V,ef 
I,ef 

GND 
WG 
Wo 

R/W2 

R/W1 
WR CUR SEL 

cn 
Vss 
CTO 
ERASEO 
COIL GND 
ERASE1 

VCC 
HEADSEL 

The MC3469 is a write-current controller designed to provide the entire interface for straddle-erase floppy­
disk heads. The write current can be varied over a wide range by varying the value of an external resistor 
in series with a laser-trimmed internal resistor, and inner-track compensation is provided through the 
WR CUR SEL pin. A constant write current of 3 mA is provided by a 10-kO resistor between Vref and 
Iref when WR CUR SEL is low and 4 mA (an increase of 33%) when WR CUR SEL is high. Provisions are 
also made for adjusting the duration of the degaussing cycle that occurs at the end of each write operation. 

The MC3469 will be characterized for operation from OOC to 70°C. 

functional block diagram 

TOGGLE 
SELECT 

b-________________ ~(7~IWl 

WI) .::(5!...1 ----<ct b-________________ ~(6~1 W2 

WR CUR SEL (:;:8::..1 ____ -1 
V , '-'U".I ____ -I 
,',eef iii CURRENT 

SELECT 

WG ~(4~1~L-~::::::::~ ____ ~ SELECT 
ENABLE 

(91 
HEADSEL~----------------------1-______ J U61 CT1 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 

ThIs document contains infannation on • product under 
development. Tex., Instruments re.erv •• the right to 
chenge or discontinue this product without notice. 
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FLOPPY·DISK WRITE CONTROLLER 
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FUNCTION TABLE 

FUNCTION 
INPUTS OUTPUTS 

WG HEADSEL ERASEO ERASE1 CTO CT1 
Write Head 0 L H L H H L 
Write Head 1 L L H L L L 
Write' disable H X H H NC NC 

L S. Low logic level, H == High logic level 
X == Irrelevant, NC == Maintains previous state 

TABLE OF PIN FUNCTIONS 

SIGNATURE 
PIN 

NUMBER 
DESCRIPTION 

HEAD SEL 9 Selects Head a or Head 1 

WG 4 Active-low write enable 

WD 5 Serial data input 

WR CUR SEL 8 Selects inner/outer track write current value 

1 Vrel 

Irel 2 
Write-current external program resistor terminals 

CTa 

ERASED 

CTl 

ERASEl 

W2 

Wl 

VCC 
GND 

14 

13 

16 

11 

6 

7 
10 

12,3 

Totem-pole"output to Head 0 center tap 

Open-collector erase output to Head 0 

Totem-pole output to Head 1 canter tap 

Open-collector erase output to Head 1 

Constant-current push-pull write outputs 

Positive power supply 

Power supply return 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TeXAS 75265 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Combines All Read·Amplifier Active Circuitry 
into One Monolithic Circuit 

• Guaranteed Maximum Peak Shift of 5% 

• Designed to be Interchangeable with 
Motorola MC3470 

description 

The MC3470 is a monolithic read-amplifier 
system containing all the active circuitry 
necessary for obtaining digital information from 
floppy disk storage, It is designed to accept the 
ac differential signal from the magnetic head and 
produce a digital output pulse corresponding to 
each peak of the input signal. The gain stage 
amplifies the input waveform and applies it to 
an external filter network, enabling the active 
differentiator and time domain filter to produce 
the desired output, 

The MC3470 is characterized for operation from 
OOC to 70°C, 

functional block diagram 

TYPE MC3470 
FLOPPY DISK READ·AMPLIFIER SYSTEM 

02759, NOVEMBER 1983 

N DUAL-IN-LiNE PACKAGE 

ITOPVIEWI 

AMPLIFIER { 
INPUTS 

OFFSET{ 
DECOUPLING 

GND 
CX1 

CX/RX1 
CX2 

CX/RX2 

VCC2 

} AMPLIFIER 
OUTPUTS 

} DIFFERENTIATOR 
INPUTS 

} DIFFERENTIA TOR 
COMPONENTS 

VCC1 
DATA OUTPUT 

I:M~~~~R- -~ 

{ Ilil ill.l} 
AMPLIFIER I I AMPLIFIER 

INPUTS (2) I ','171 OUTPUTS 

{
131! I 

OFFSET I I 
DECOUPLING :~:I ~ _______ J 

r----------------- - - ---, 

PRODUCT PREVIEW 

I 
I 
I 

DIGITAL 

CX/RX2~19~1 ____________________ ~ 

DATA 
OUTPUT 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPE MC3470 
FLOPPY DISK READ·AMPLIFIER SYSTEM 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply voltage, VCC1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Supply voltage, VCC2 ....................................................... 16 V 
Input voltage range (amplifier inputs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.2 V to 7 V 
Output voltage, Vo (data output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.2 V to 7 V 
Operating free-air temperature range ..................................... O°C to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

NOTE 1: AU voltage values are with respect to network ground terminal. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage Vee 1 4.75 5 5.25 v 
Supply voltage VCC2 10 12 14 V 
Timing capacitor eXl (see Note 2) 150 680 pF 

Timing capacitor eX2 100 800 pF 

Timing resistors RX 1 and RX2 1.5 10 kll 

I Monostable no. 1 500 4000 
Timing of digital section ns I Monostable no. 2 150 1000 

Operating free-air temperature, T A 0 70 ·e 

c::: NOTE 2: To minimize current transients, eX1 should be kept as small as convenient. 
::::J 
n ... 
C)" 
::::J 
en 

II 
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TYPE MC3470 
FLOPPY DISK READ·AMPLIFIER SYSTEM 

electrical characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) 

gain amplifier section 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

AVO 
Differential voltage 

Vid = 5 mV rms, I = 200 kHz 80 100 120 V/V 
amplification 

118 Input bias current -10 -25 ~A 

Common-mode input 
-0.1 

VICR THO", 5% to V 
voltage range 

1.5 

VIOR 
Differential input 

THO", 5% ±25 mV 
voltage range 

VOPP 
Peak-to-peak differential 

3 4 V 
output voltage 

VOC 
Common-mode 

output voltage 
VI = 0 V, VID = 0 V 3 V 

VOO 
Differential output VI = 0 V, VIO = 0 V, 

0.4 V 
offset voltage TA = 25°C 

10 
Output current To ground -8 

(each amplifier output) From VCC1 
mA 

2.8 4 

'i Input resistance TA = 25°C 100 250 k{) 

Output resistance VCC1 = 5 V, VCC2 = 12 V, 
15 () ro 

Ising Ie-ended) TA = 25°C 

BW Bandwidth 13 dB) 
Vid - 2 mV rms, VCC1 - 5 V, 

5 MHz 
VCC2 = 12 V, TA = 25°C 

Common-mode VCC1 = 5 V, VIPP = 200 mY, 
CMRR I = 100 kHz, AVO = 40 dB, 50 dB 

rejection ratio 
TA = 25°C 

VCC1 - 5 ± 0.25 V, 
50 

kSVR 
Supply voltage AVO = 40 dB, VCC2 = 12 V 

dB 
rejection ratio TA = 25°C VCC1 - 5 V, 

60 
VCC2 = 12 ±2V 

Vn 
Equivalent input BW = 10 Hz to 1 MHz, 

15 ~V 
noise voltage TA = 25°C 

active-differentiator section 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

'sink Sink current at pins 12 and 13 VOD = VCC1 1 1.4 mA 

VCC1 - 5 V, VCC2 - 12 V, 

Peak shilt VIOPP = 1 V, I = 250 kHz, 5% 

leap = 500 ~A, See Figure 1 

fjd Differential input resistance 30 k{) 

rod Differential output resistance 40 () 

tAli typical values are at VeC1 = 5 V, VCC2 = 12 V, TA = 25°C. 

II) 
c:::: 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 

digital section 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH 
High-level output VCCl = 4.75 V, VCC2 = 12 V, 

2.7 V 
voltage (pin 10) IOH = -0.4 mA 

VOL 
Low-level output VCCl - '4.75 V, VCC2 - 12 V, 

0.5 V 
voltage (pin 10) IOL = 8 mA 

ICCl Supply current from VCCl VCCl = 5.25 V 35 50 mA 

ICC2 Supply current from VCC2 VCC2 - 14 V 4.5 10 mA 

timing characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) (see Figure 2) 

en 
"0 
~ 
(') 

iii' 

tr 

tf 

PARAMETER 

Rise time (pin 10) 

Fall time (pin 10) 

Timing accuracy of 

monostable no. 1 compared 

to 0.625 RXl • CXl + 200 ns 

Timing accuracy of 

monostable no. 2 compared 
to 0.625 RX2 • CX2 

TEST CONDITIONS 

RXl = 1.5 kll to 10 kll, 

CXl = 150 pF to 680 pF 

RX2 = 1.5 kll to 10 kll, 

CX2 = 100 pF to 800 pF 
." 
C 
:::::J tAil typical values !\Ire at Veel = 5 V, VCC2 = 12 V, TA = 25°C. 

(') .... 
0' 
::s 
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II 
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20 ns 

25 ns 

85% 115% 

85% 115% 
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TYPE MC3470 
FLOPPY DISK READ·AMPLIFIER SYSTEM 

PARAMETER MEASUREMENT INFORMATION 

5V----------------------__ --------------~--_e~~ 

12V----------------, 

~~F 

11510 

~ ":'" 

f = 250 kHz 
VI=l V 

1.5 V 

(18) (11) 

VCC2 VCCl 

1 kO (12) DIFFERENTIATOR 
~ COMPONENT 

leap 

(14) 

} 
DIFFERENTIATOR 

(15) INPUT 

1.6kO 

MONO #2 { (9) 

(8) 

MONO #1 { 
(6) 

(7) 

6.4kO 

200pF 

2.4kO 
200pF 

TEST POINT 

(1) DATA ... (_10...;.) ........ ~ .. __ • 
OUTPUT 

} 
AMPLIFIER 

(2) INPUTS ..... -~ 

GND 

(5) 

TEST CIRCUIT 

------...,.~I ... ----- '2 

('1 -'2) 
Peak shift = --- 100% 

2 (11 + '2) 

VOLTAGE WAVEFORMS 

FIGURE 1-PEAK SHIFT 

r'" 
rn 
C 
o 

'.;:0 
(,) 
C 
j 

U. 

ca 
'U 

CD 
C. 

U) 

II 
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TYPE MC3470 
FLOPPY DISK READ·AMPLIFIER SYSTEM 

PARAMETER MEASUREMENT INFORMATION 

INPUT 
(PIN 121 

5V------------.---------.--i~_, 

12V----------, 

(181 (111 

VCC2 VCC1 9F.rt 0.1f-"_F--<VIA,......:.I1;.:2::.j1 DIFFERENTIATOR 

10 kn COMPONENT 

51 n 

":" ":' 

(141 } 
DIFFERENTIATOR 

(151 INPUT 

(11 

} 
AMPLIFIER 

(21 INPUTS 
.----1 

GND 

(51 

TEST CIRCUIT 

0.4 V 

I I '-___ --' 
I I -

t3 --J4--+1 ~t3 

1.6 kn 

(91 

MONO #2 { 
(81 

MONO #1 { 
(61 

(71 

6.4kn 

200 
pF 

200pF 

TEST POINT 

DATA (101 
OU~UT~~~~~t--. 

OUTPUT ___ 1_.5_V-Ih h 
(PIN 101 1..-__ -" 1..---

OUTPUT 
(PIN 101 

2.4kn 

t3 t4 
Timing Accuracy (Mono 1) = -- X 100% 

1000 ns 

VOLTAGE WAVEFORMS 

FIGURE 2-TIMING ACCURACY 

Timing Accuracy (Mono 2) = -- X 100 ns 
200 ns 
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TYPE MC3470 
FLOPPY DISK READ·AMPLIFIER SYSTEM 

TYPICAL CHARACTERISTICS 

u 1.05 
0", 

N 1.04 

" ;: 1.03 

... 
" 1.02 ,. 
:l: 1.01 
S 
if 1.00 
.~ 

a; 0.99 
a: 
~ 0.98 

li 0.97 
>-
8: 0.96 ,. 
en 0.95 

NORMALIZED POWER SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

T 1 
"" VCCl = 5 V 

VCC2= 12V 

r--f-- --r-.... 
'" "'" 

o 10 20 30 40 50 60 70 80 

T A = Free-Air Temperature-°c 

FIGURE 3 

NORMALIZED TIME DELAY (PIN 12 TO PIN 10) 
vs 

1.05 

u 1.04 
o~ 

" 1.03 
c( 

': 1.02 .. 
" :::J 1.01 
:l: 
S 1.00 

~ . ., 0.99 .. 
a; 
a: 0.98 
~ d 0.97 

" E 0.96 
i= 

FREE-AIR TEMPERATURE 

I _I 
f,- VCCl =5V 

VCC2= 12V 

-I---~ 

~ I--

u 
o~ 1.05 

~ 1.04 
I-
... 1.03 

" ,. 
:l: 1.02 

: 1.01 .. 
~ 1.00 
" a: 
6 0.99 . ., 
~ 0.98 

:E 
]- 0.97 

~ 0.96 
'" J!! 

NORMALIZED VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 

R is between pins 3 and 4 
f = 200 kHz 

VCCl = 5 V 
VCC2= 12V 

...() ./ 
.)f 

~ ~0f1 
I-- -;;; P'" 

V 

'0 0.95 
> 0 10 20 30 40 50 60 70 80 

N 1.1 J: 
-'" ... ... .. 

1.0 
" ,. 
'ii 
> 
S 0.9 

" .. . ., .. 
a; 

0.8 a: 
6 

~ 0.7 
a. 
E 

~ 0.6 
W 
'0 
> 0.5 

TA-Free-Air Temperature-oC 

FIGURE4 

VOLTAGE AMPLIFICATION (NORMALIZED) 
and PHASE SHIFT 

vs 
FREQUENCY 

vUalJ ~~PlifiLL 

'" 
r---. (Left Scale) 

~ 
f', 

Phase Shift I' 
(Right Scale) 1\ 

J\ 
I-- VCCl = 5 V ~ 

VCC2= 12V \ 
TA = 25°C 

0.95 
o 10 20 30 40 50 60 70 80 0.1 0.2 0.4 0.7 1 2 

100° 
4 7 10 20 40 

TA = Free·Air Temperature-oC 

FIGURE 5 

f-Frequency-MHz 
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TYPE MC3470 
FLOPPY DISK READ·AMPLIFIER SYSTEM, 

TYPICAL APPLICATION INFORMATION 

5V---.--------------~ 

RX2 

12 V ----------~ 

'(1) 

(2) 

(3) 

(4) 

RXl 
(6) 

CXl m 

(8) 

CX2 (9) 

(18) 1111 
VCC2 VCCl 

INl OUTPUT 1 

IN2 OUTPUT 2 

GAIN 

ADJUST 

DIFFERENTIATOR { 
COMPONENTS 

GND 

(5) 

r-----------------, 
I FILTER NETWORK I 

117) I I 
I I 

(16) I I 
I I 

(15) I I 
I I 

(14) I I L _________________ J 

(13) 

L I,,-12..;.)_..rTYT'-_..l 

.. 1~l.:;O)~ ______ DATA OUTPUT 

FIGURE 7 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Provides Entire Interface Between Inputs 
and the Write and Erase Heads in Floppy 
Disk Systems 

• Can be Used with Either Straddle-Erase or 
Tunnel-Erase Heads 

• Head Selection, with Current Steering 
Through Write Head and Erase Coil in Write 
Mode 

• Adjustable On-Chip Delay of Erase Timing 

• Read-Write Current Select Input Provides 
Inner/Outer Track Compensation 

• Minimizes Requirement for External 
Components 

• Direct Replacement for Motorola MC3471 

description 

TYPE MC3471 
FLOPPY DISK WRITE CONTROLLER/HEAD DRIVER 

02797. NOVEMBER 1983 

N DUAL-IN-LiNE PACKAGE 

ITOPVIEW) 

Vref CENTER TAP 1 

Iref VBB 
GND CENTER TAP 0 

-;-;W"'R""IT""E"--';G"'A"'T~E ERASE 0 

WRITE DATA COIL GND 
R/W2 ERASE 1 
R/W1 VCC 

IRW SEL HEAD SEL 
NC D1 

INHIBIT D2 -... __ ..r-

NC-No internal connection 

The MC3471 is a monolithic integrated write controller/head driver designed to provide the entire interface 
between the write data and head-control inputs and the heads (write and erase) for either tunnel-erase 
or straddle-erase floppy disk systems. 

Provisions are made for selecting a range of accurately controlled write currents by varying the value of 
an external resistor connected between pins 1 and 2. Provisions for head selection during both read and 
write operations are also made. Degaussing the read/write head can be accomplished at the end of each 
write operation by a capacitor attached from pin 1 to ground; the degaussing period is controlled by the 
value of this capacitor. There are additional provisions for adjusting inner/outer track compensation, and 
the delay from write gate to erase turn-on and turn-off. 

Erase delays are controlled by driving the delay inputs D1 and D2 with standard TTL open-collector logic 
(microprocessor compatible), or by using the external RC mode in which the delay is one time constant. 

In addition, the iNHiBiT output is provided to indicate when the heads are active during write, degauss, 
or erase. 

The MC3471 will be characterized for operation from ODC to 70°C. 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Timing from Microseconds to Hours 

• Astable or Monosteble Operation 

• Adjustable Duty Cycle 

• TTL-Compatible Output Can Sink or 
Source up to 200 rnA 

• Functionally Interchangeable with the 
Signetics SE555. SE555C. SA555. NE555; 
Have Same Pinout 

description 

These devices are monolithic timing circuits 
capable of producing accurate time· delays or 
oscillation. In the time-delay or monostable mode 
of operation, the timed interval is controlled by 
a single external resistor and capacitor network. 
In the astable mode of operation. the frequency 
and duty cycle may be independently controlled 
with two external resistors and a single external 
capacitor. 

The threshold and trigger levels are normally 
two-thirds and one-third, respectively, of Vee. 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 
below the trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the 
trigger level and the threshold input is above the 
threshold level, the flip-flop is reset and the 
output is low. The reset input can override all 
other inputs and can be used to initiate a new 
timing cycle. When the reset input goes low, the 
flip-flop is reset and the output goes low. 
Whenever the output is low. a low-impedance 
path is provided between the discharge terminal 
and ground. 

The output circuit is capable of sinking or 
sourcing current up to 200 milliamperes. 
Operation is specified for supplies of 5 to 
15 volts. With a 5-volt supply, output levels are 
compatible with TTL inputs. 

The SE555 and SE555e are characterized for 
operation over the full military range of - 55 °e 
to 125°e. The SA555 is characterized for 
operation from - 40 °e to 85 °e, and the NE555 
is characterized for operation from ooe to 70 oe. 

TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

D1669. SEPTEMBER 1973-REVISED OCTOBER 1983 

NE555. SE555, SE555C .•. JG DUAL-IN-LiNE PACKAGE 

SA555. NE555 ..• D. JG. OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

TRIG 2 7 DISCH 
GNDu8 VCC 

OUT 3 6 THRES 
RESET 4 5 CaNT 

SE555. SE555C ... FH OR FK CHIP CARRIER PACKAGE 

(TOP VIEW) 

4 

TRIG 5 

NC 6 

OUT 7 

NC 8 

o U 
U Z U UU Z(!)z>z 

3 2 1 2019 

9 10111213 

UJ--UJ--U 
zlllzZZ 

w 0 
a:: U 

NC - No internal connection 

functional block diagram 

vee RESET 

R 

GND 

NC 
DISCH 
NC 
THRES 
NC 

DISCHARGE 

Reset can override Trigger, which can override Threshold. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS . 

FUNCTION TABLE 

TRIGGER THRESHOLD DISCHARGE 
RESET 

VOLTAGEt VOLTAGEt 
OUTPUT 

SWITCH 

Low Irrelevant Irrelevant Low On 

High < 1/3 VDO Irrelevant High Off 

High > 1/3 VOO > 2/3 VOO Lo"" On 

High > 1/3 VOO < 2/3 VOO As previously established 

tvoltage levels shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise notedl 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input voltage (control voltage, reset, threshold, trigger) .............................. VCC 
Output current .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 225 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2). . . . . . .. 600 mW 
Operating free-air temperature range: SE555, SE555C . . . . . . . . . . . . . . . . . . . .. - 55 °C to 125°C 

SA555. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40°C to 85°C 
NE555 ............................... OoC to 70 0e 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package ... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0 or P package ......... 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free~8ir temperature, refer to Dissipation Derating Curves. Section 2. In the JG package. SE555 and SE555C chips 

are alloy mounted, SA555 and NE555 chips are glass mounted. 

recommended operating conditions 

SE555 SE555C SA555 NE555 

MIN MAX MIN MAX MIN MAX MIN MAX 
UNIT 

Supply voltage. Vee 4.5 18 4.5 16 4.5 16 4.5 16 V 
Input voltage (control voltage. 

Vee Vee Vee Vee V 
reset,threshold. trigger) 

Output current ±200 ±200 ±200 ±200 rnA 

Operating free-air temperature, T A -55 125 -55 125 -40 85 0 70 ·e 

5-22 TEXAS 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

electrical characteristics at 25°e free-air temperature. Vee 5 V to 15 V (unless otherwise noted) 

SE555C.SA555 
PARAMETER TEST CONDITIONS SE555 

NE555 

MIN MAX 
UNIT 

MIN TYP MAX TYP 

Threshold voltage level 
Vee = 15 V 9.4 10 10.6 8.8 10 11.2 

V 
Vee - 5 V 2.7 3.3 4 2.4 3.3 4.2 

Threshold current 

(see Note 31 
30 250 30 250 nA 

Vee = 15 V 4.8 '5 5.2 4.5 5 5.6 
Trigger voltage level V 

Vee - 5 V 1.45 1.67 1.9 1.1 1.67 2.2 

Trigger current Trigger at 0 V 0.5 0.9 0.5 2 "A 
Reset voltage level 0.4 0.7 1 0.4 0.7 1 V 

Reset at Vee 0.1 0.4 0.1 0.4 
Reset current mA 

Reset at 0 V -0.4 -1 -0.4 -1 

Discharge switch 

off-state current 
20 100 20 100 nA 

Control voltage Vee - 15 V 9.6 10 10.4 9 10 11 
V 

(open circuit) Vee = 5 V 2.9 3.3 3.8 2.6 3.3 4 

IOL - 10 mA 0.1 0.15 0.1 0.25 

IOL - 50 mA 0.4 0.5 0.4 0.75 
Vee = 15 V 

IOL - 100 mA 2 2.25 2 3.2 
Low-level output voltage V 

IOL - 200 mA 2.5 2.5 

IOL = 5 mA 0.05 0.15 0.05 0.25 
Vee = 5 V 

IOL = 8 mA 0.1 0.2 0.25 0.3 

IOH = -100 mA 13 13.3 12.75 13.3 

High-level output voltage 
Vee=15V 

IOH - -200 mA 12.5 12.5 V 

Vee - 5 V IOH - -100 mA 3 3.3 2.75 3.3 

Output low, Vee=15V 10 12 10 15 

No load Vee = 5 V 3 5 3 6 
Supply current mA 

Output high, Vee -15V 9 10 9 13 

No load Vee - 5 V 2 4 2 5 

NOTE 3, This parameter influences the maximum value of the timing resistors RA and RS in the circuit of Figure 13. For example, when Vee = 5 V the 
maximum value is R = RA +. RS "" 3.4 MO and for Vee = 15 V the maximum.. value is 10 MO. 

operating characteristics. Vee 5Vand15V 

TEST SE555 
SE555C, SA555 

PARAMETER 
CONDITIONSt 

\ NE555 UNIT 

MIN TYP MAX MIN TYP MAX 

Initial error of Each timer, monostable § 0.5 1.5 1 3 
timing interval:l: Each timer, astable, 

TA = 25°C 
1.5 2.25 

% 

Temperature coefficient Each timer, monostable § TA = MIN 30 100 50 

of timing interval Each timer, astable, to MAX 90 150 
ppm/oe 

Supply voltage sensitivity Each timer, monostable§ 0.05 0.2 0.1 0.5 

of timing interval Each timer, astable, 
TA = 25°C 

0.15 0.3 
%/V 

Output pulse rise time eL=15pF, 100 200 100 300 

Output pulse fall time TA = 25°C 100 200 100 300 
ns 

tFor conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
;Timing interval error is defined as the difference between the measured value and the nominal value computed by the formula: tw = 1.1 RAe. 
§Values specified are for a device in a monostable circuit similar to Figure 10. with component values as follow: RA = 2 kO to 100 kO. C = 0.1 /-tF. 
'Vallues specified are for a device in an astable circuit similar to Figure 1, with component values as follow: RA = 1 kO to 100 kO, C = 0.1 IlF. 
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TYPES SE555. SE555C. SA555. NE555 
PRECISION TIMERS 

1 
10 
7 

~ 1 
'5 0.7 

~ 0.4 

3 0.2 

~ 0.1 
.3 0.07 

~ 0.04 
o 
> 0.02 

0,01 

LOW·lEVEL OUTPUT VOLTAGE 

lOW·LEVEL OUTPUT CURRENT 

Vee ~ 5 v 

==:=IT,I.I.llc p 
_TA"' 2SoC 'F1!-TA: 12SoC 

7 10 20 40 70 100 

IOL -low-Level Output Current-rnA 

FIGURE 1 

DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 

" HIGH·LEVEL OUTPUT CURRENT 

2.0 , .. t-- TA - J.~b 

1,·6 
C 1.4 

~ 1.2 .. ::r 1.0 
:J: fOB 
e 0.6 

:> 0.4 

0.2 

;. 1.015 
o 

~ 1.010 

it 
; 1.005 

~ 
S 1.000 

.~ 
£ 0.996 

oS 

" ~ 0.990 

it. 
0.98. 

o 

TA=26°C -LI 
TA"'12SoC -

VCC=5Vto15V 

IIIIIII 
4 7 10 20 40 70100 

'OH-High-LevefOutput Current-mA 

FIGURE4 

NORMALIZED OUTPUT PULSE WIDTH 
tMONOSTABLE OPERATION) 

SUPPLY VOLTAGE 

I 
\ 
\ -f.---

'---

'0 15 

vee-Supply Volt!l98-V 

FIGURE 7 

20 

TYPICAL CHARACTERISTICS t 
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7 
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0.7 
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0.2 
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.3 
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'1 
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o 

1.015 

C~ 
II 1.010 

~ • ! 1.005 

~ 
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~ 
:; 
&: 0.995 
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0.985 

lOW·LEVE L OUTPUT VOLTAGE 

" LOW·lEVEL OUTPUT CURRENT 

Vee - 10 V TA'" 12SoC 

TA"'2SoC 

TA' 55°C 

~ 

710 20 40 70100 

IOL -Low-Level Output Current-rnA 

FIGURE 2 

SUPPLY CURRENT 

SUPPLY VOLTAGE 

Output low, I # 
No load I ~ 

TA = 26°C ~ 

~ 
,j) I 

fP '\ 
TA1=-S5°C-l-I-

.a~ \ 
i"-TA=12SoC 

I 
I I 

5 6 7 8 9 10 11 12 13 14 15 

Vee-Supply Voltage-V 

FIGURE5 

NORMALIZED OUTPUT PULSE WIDTH 
(MQNOSTABLE OPERATION) 

" FREE-A1R TEMPERATURE 

Vee = 10 V 

r---- r---i-

-75- --50 -25 0 25 50 75 100 125 

T A-free-Air Temperature-Cc 

FIGURES 

toata for temperatures below ooe and above 70°C are applicable for SE555 circuits only_ 
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MINIMUM PULSE WIDTH REQUIRED 
FOR TRIGGERING 
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TRIGGER PULSE 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

monostable operation 
RA=9.1 kn 

Cl = 0.01 j;F 

Rl=1kn 

Vee See Figure 10 

(5 V to 15 VI II II II 
~ u u U 

INPUT VOLTAGE 

RA - t-- r--

VCC 

RESET Rl 

DISCH 

OUT OUTPUT OUTPUT VOlIAGf 

THRES 11 / A1 
INPUT TRIG 

GND I V 'I I / 

~ ':' 
CArACITO~ VOll TAIGE 

Time-O.I ms/div 

FIGURE 10--CIRCUIT FOR MONOSTABlE OPERATION FIGURE I1-TYPICAl MONOSTABlE WAVEFORMS 

For monostable operation, any of these timers may be connected as shown in Figljre 10. If the output 
is low, application of a negative-going pulse to the trigger input sets the flip-flop (Q goes low), drives the 
output high, and turns off a 1 . Capacitor C is then charged through RA until the voltage across the capacitor 
reaches the threshold voltage of the threshold input. If the trigger input has returned to a high level, the 
output of the threshold comparator will reset the flip-flop (Q goes high), drive the output low, and discharge 
C through a 1 . 

Monostable operation is initiated when the 
trigger input voltage falls below the trigger 
threshold. Once initiated, the sequence will 
complete only if the trigger input is high at the 
end of the timing interval. Because of the 
threshold level and saturation voltage of a 1, the 
output pulse duration is approximately 
tw = 1.1 RAC. Figure 12 is a plot of the time 
constant for various values of RA and C. The 
threshold levels and charge rates are both 
directly proportional to the supply voltage, VCC. 
The timing interval is therefore independent of 
the supply voltage, so long as the supply voltage 
is constant during the time interval. 

Applying a negative-going trigger pulse 
simultaneously to the reset and trigger terminals 
during the timing interval will discharge C and 
re-initiate the cycle, commencing on the positive 
edge of the reset pulse. The output is held low 
as long as the reset pulse is low. When the reset 
input is not used, it should be connected to VCC 
to prevent false triggering. 

10r-----r-----,---~n_--~7r----~ 

0.01 0.1 

C-Capacitance-~F 

10 100 

FIGURE 12-0UTPUT PULSE DURATION vs CAPACITANCE 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

astable operation 

RB 

VCC 
(5 V to 15 VI 

0.011lF 

/:iN ;r; 
Note AI 

CONT Vee 

RESET 

DISCH 

THRES 

TRIG 

OUT 

GND 

OUTPUT 

.~ 

~ 

1 
o 
> 

RA -5 kU 
RB=3kU 
C=0.15IlF 
RL=1kU 
See Figure 13 

I-tH· 

foItL - OUTPUT VOLTAGE 

/ '\ / '\ A'\ A'\ 
V 

-
NOTE A: DecOupling the control voltage input to ground with a capacitor 

may improve operation. This should be evaluated for individual 
applications. 

r--I-- CAPA~O! VXT~GE\ I--
I I I I I 
Time-O.5 ms/div 

5-26 

FIGURE 13-CIRCUIT FOR ASTABLE OPERATION FIGURE 14-TYPICAL ASTABLE WAVEFORMS 

Addition of a second resistor, RS. to the circuit of Figure 1 a. as shown in Figure 13. and connection of 
the trigger input to the threshold input will cause the timer to self-trigger and run as a multivibrator. The 
capacitor e will charge through RA and RS then discharge through RS only. The duty cycle may be controlled. 
therefore. by the values of RA and Re. 

This astable connection results in capacitor e charging and discharging between the threshold-voltage 
level (",a.67.Vee) and the trigger-voltage level (",a.33.Vee). As in the monostable circuit. charge and 
discharge times (and therefore the frequency and duty cycle) are independent of the supply voltage. 

Figure 14 shows typical waveforms generated during astable operation. The output high-level duration 
tH and low-level duration tL may be found by: 

tH = 0.693 IRA + RBI C 

tL = 0.693 IRBI C 

100k~----~~---r-----'------~----, 

10k~----~r----P~--~------+-----~ 

Other useful relationships are shown below. 

period = tH + tL = 0.693 IRA + 2RBI C 

f 1.44 
requency = IRA + 2RBI C 

tL 
Output driver duty cycle = tH + tL = 10f------Po.. 

tH RB 
Output waveform duty cycle = tH + tL = 1 - RA + 2RB 

tL RB 
Low-to-high ratio = tH = RA + RB 

0.01 0.1 10 

C-Capacitance-JJF 

FIGURE 15-FREE-RUNNING FREQUENCY 
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missing-pulse detector 

TYPES SE555. SE555C. SA555. NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

VCC=5V 
Vee 15 Vto 15 VI RA= 1 kn 

C-0.1 "F 
Soe Figure 16 

141 RL RA 
INPUT VCC 

131 
121 OUTPUT OUTPUT 

TRIGGER 

I I II I 
L ~NPUT VOLTAGE 

L 

DISCHARGE C7I 

(5) CONTROL 
161 VOLTAGE THRES· 

HOLD 
OUTPUT VOLTAGE 

O.o11'Fl 
A5T3644 

II II 1111111 i//l II 
~ ~ III r 

CAPACITOR VOLTAGE 

Time-0.1 ms/div 

FIGURE 16-CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 17-MISSING-I'ULSE DETECTOR WAVEFORMS 

The circuit shown in Figure 16 may be utilized to detect a missing pulse or abnormally long spacing between 
consecutive pulses in a train of pulses. The timing interval of the monostable circuit is continuously 
retriggered by the input pulse train as long as the pulse spacing is less than the timing interval. A longer 
pulse spacing, missing pulse, or terminated pulse train will permit the timing interval to be completed, 
thereby generating an output pulse as illustrated in Figure 17. 

frequency divider 

By adjusting the length of the timing cycle, the basic circuit of Figure 10 can be made to operate as a 
frequency divider. Figure 18 illustrates a divide-by·3 circuit that makes use of the fact that retriggering 
cannot occur during the timing cycle. 

VCC=5V 
RA = 1250 n 
C= O.o21'F 
RL=1kn 
See Figure 10 

I I 
I I I 

INPUT VOLTAGE 
r-

OUTPUT VOLTAGE 

/' h .,.,n .,.,n 
V 1/1 10 IV 

CAPACITOR VOLTAGE 

TIme-0.1 msldiv 

FIGURE 18-DIVIDE-8Y·THREE CIRCUIT WAVEFORMS 
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TYPES SE555. SE555C. SA555. NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

pUlse-width modulation 

CLOCK (2) 
INPUT 

Vee (5 Vto 15 V) 

(4) (8) RL 
,..-.......... =-_..L..;...;,---, 

TRIGGER 
OUTPUT 1'(,:;;3),-+--+_ OUTPUT 

(7) 
DISCHARGE 

MODULATION (5) CONTROL 
INPUT VOLTAGE THRES· (6) 

(See Note B) HOLD 
GND 

(1) 

NOTE B: The modulating signal may be direct or capacitively coupled to 
the control voltage terminal. Fo!' direct coupling, the effects of 
modulation source voltage and impedance on the bias of the timer 
should be considered. 

FIGURE 19-CIRCUIT FOR PULSE-WIDTH MODULATION 

> 
~ 
> 
N 
I 

J 
~ 

Time-OS ms/div 

FIGURE 20-PULSE-WIDTH MODULATION WAVEFORMS 

The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This 
is accomplished by applying an external voltage (or current) to the control,voltage pin. Figure 19 is a circuit 
for pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the 
threshold voltage is modulated by a control signal. The resultant effect is a modulation of the output pulse 
width, as shown in Figure 20. A sine-wave modulation signal is illustrated, but any wave-shape could be 
used. 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPI~AL APPLICATION DATA 

pUlse-position modulation 

Vee (5 V to 15 V) 

(4) (s) RL RA 

RESET VCC 
(3) 

(2) OUTPUT 
TRIGGER 

DISCHARGE 
(7) 

MODULATION RS (5) CONTROL INPUT 
VOLTAGE THRES- (6) 

(SoeNota B) HOLD 
GND 

JC (1) 

NOTE B: The modulating signal may be direct or capacitively coupled to 
the control voltage terminal. For direct coupling, the effects of 
modulation source voltage and impedance on the bias of the timer 
should be considered. 

OUTPUT 
.i!: 
:!;! 
> 
N 
I 
m ... 
~ 
a 
> 

Time-D.l msJdiv 

FIGURE 21-CIRCUIT FOR PULSE-I'OSITION MODULATION FIGURE 22-PULSE POSITION-MODULATION WAVEFORMS 

Any of these timers may be used as a pulse-position modulator as shown in Figure 21. In this application, 
the threshold voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows 
such a circuit, with a triangular-wave modulation signal, however, any modulating wave-shape could be 
used. 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

sequential timer 

s 

OUTPUTA 

VCC 

RS 33 kn 

OUTPUT t'oI3":')+---4H 

CSc4.7.F 
RS"100kn 

OUTPUT S 

(4) (8) 

(2) 
TRIGGER 

(7) 
OISCHARGE 

(5) CONTROL 
VOLTAGE 

RC 

Cc 

OUTPUTC 

i S closes momentarily at t "" o. 

(') 

sr 
." 
C 
j 
(') .... 
O· 
j 
til 

• 

5-30 

FIGURE 23-SEQUENTIAL TIMER CIRCUIT 

Many applications, such as computers, require signals for initializing conditions during start-up. Other 
applications such as test equipment require activation of test signals in sequence. These timing circuits 
may be connected to provide such sequential control. The timers may be used in various combinations 
of astable or monostable circuit connections, with or without modulation, for extremely flexible waveform 
control. Figure 23 illustrates a sequencer circuit with possible applications in many systems and Figure 24 
shows the output waveforms. 

See Figure 23 

OUTPUT A ~A ~ twA = 1.1 RAbA 

- r- twB 
I 

OUTPUTB II I twB = 1.1 RBCB 

OUTPUTC ~ twC- ~ twC= 1.1 RCCC 

t---t=O 

I 
t-Time-1 sldi. 

FIGURE 24-SEQUENTIAL TIMER WAVEFORMS 
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1083 

LINEAR 
INTEGRATED 
CIRCUITS 

• Two Precision Timing Circuits per Package 

• Astable or Monstable Operation 

• TTL-Compatible Output can Sink or Source up 
to 150 mA 

• Active Pull-Up or Pull-Down 

• Designed to be Interchangeable with Signetics 
SE556. SE556C. SA556. NE556 

APPLICATIONS 

Precision Timer from 
Microseconds to Hours 

Sequential Timer 
Pulse-Shaping Circuit 
Pulse Generator 
Missing-Pulse Detector 
Tone-Burst Generator 
Pulse-Width Modulator 
Time-Delay Circuit 
Frequency Divider 
Pulse-Position Modulator 
Appliance Timer 
Touch-Tone Encoder 
Industrial Controls 

description 

These devices provide two monolithic. 
independent timing circuits of the SE555. 
SE555C. SA555. or NE555 type in each 
package. These circuits can be operated in the 
astable or the monostable mode with external 
resistor-capacitor timing control. The basic 
timing provided by the RC time constant may be 
actively controlled by modulating the bias of the 
control voltage input. 

The threshold and trigger levels are normally 
two-thirds and one-third respectively of Vee. 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 
below trigger level. the flip-flop is set and the 
output goes high, If the trigger input is above the 
trigger level and the threshold input is above the 
threshold level. the flip-flop is reset and the 
output is low. The reset input can override all 
other inputs and can be used to initiate a new 
timing cycle, When the reset input goes low. the 
flip-flop is reset and the output goes low. 
Whenever the output is low. a low-impedance 
path is provided between the discharge terminal 
and ground. 

TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 

02440, APRIL 1978-REVISED OCTOBER 1983 

SE556 ... J 
SE556C, SA556. NE556 ... D, J, OR N 

DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

TIMER{~~~~~ ~~~:S} 
# 1 RESET CaNT TIMER 

OUT RESET #2 
TRIG OUT 
GNDI'-\..:7 __ =r-- TRIG 

SE5S6 ... FH OR FK PACKAGE 

#1 CaNT 4 
NC 5 

# 1 RESET 6 
NC 7 

# 1 OUT 8 

(TOP VIEW) 

ffl15 5 
~~ III 
f- 0 UO 
........ U UN 
~::q:z>=I:t: 

t:10Ut:1f­
-22-:;) 
~t:1 ~o 

NN .. .. .. 
NC - No internal correction 

#2 THRES 
NC 
#2 CaNT 
NC 
#2 RESET 

functional block diagram (each timer) 

VCC RESET 

R 

DISCHARGE 

GNO 

Reset can override Trigger, which can override Threshold. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 

The SE556 and SE556C are characterized for operation over the full military range of - 55 DC to 125 DC. 
The SA556 is characterized for operation from -40 DC to 85 DC, and the NE556 is characterized for 
operation from ODC to 70 DC. 

FUNCTION TABLE 

TRIGGER THRESHOLD DISCHARGE 
RESET 

VOLTAGEt VOLTAGEt 
OUTPUT 

SWITCH 

Low Irrelevant Irrelevant LDw On 

High < 1/3 VDD Irrelevant High Off 

High > 1/3 VDD > 2/3 VDO' Low On 

High > 1/3 VOO < 2/3 VOO As previously established 

tVoltage levels shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input voltage (control voltage, reset, threshold, trigger) .............................. VCC 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 225 mA 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2) . . . . . . .. 600 mW 
Operating free-air temperature range: SE556, SE556C. . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SA556 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 DC to 85°C 
NE556 ............................... ooC to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or J package .... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260 DC 

NOTES: 1. All voltage values are with respeqt to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, SES56 and SE556C chips are 

alloy mounted, SA556 and NE556 chips are glass mounted. 

recommended operating conditions 

SE556 SE556C SA556 NE556 
UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

Supply voltage, Vee 4.5 18 4.5 16 4.5 16 4.5 16 V 
Input voltage (control voltage, reset, threshold, trigger) Vee Vee Vee Vee V 
Output current ±200 ±200 ±200 ±200 rnA 

Operating free-air temperature, T A -55 125 -55 125 -40 85 0 70 °e 
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TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 

electrical characteristics at 25 °e free-air temperature. Vee 5 V to 15 V (unless otherwise noted) 

SE556C, SA556 

PARAMETER TEST CONDITIONS 
SE556 NE556 

MIN TYP MAX MIN TYP MAX 
UNIT 

Threshold voltage level 
Vee - 15V 9.4 10 10.6 8.8 10 11.2 

V 
Vee ~ 5 V 2.7 3.3 4 2.4 3.3 4.2 

Threshold current (see Note 1) 30 250 30 250 nA 

Vee~15V 4.8 5 5.2 4.5 5 5.6 
Trigger voltage level V 

Vee - 5 V 1.45 1.67 1.9 1.1 1.67 2.2 

Trigger current Trigger at 0 V 0.5 0.9 0.5 2 /LA 
Reset voltage level 0.4 0.7 1 0.4 0.7 1 V 

Reset at Vee 0.1 0.4 0.1 0.4 
Reset current mA 

Reset at 0 V -0.4 -1 -0.4 -1 

Discharge switch off-state current 20 100 20 100 nA 

Vee - 15V 9.6 10 10.4 9 10 11 
Control voltage (open-circuit) 

Vee - 5 V 2.9 3.3 3.8 2.6 3.3 
V 

4 

IOL ~ 10 mA 0.1 0.15 0.1 0.25 

IOL ~ 50 mA 0.4 0.5 0.4 0.75 
Vee ~ 15 V 

IOL - 100 mA 2 2.25 2 3.2 
Low-level output voltage V 

IOL - 200 mA 2.5 2.5 

IOL - 5 mA 0.05 0.15 0.05 0.26 
Vee ~ 5 V 

IOL ~ 8 mA 0.1 0.2 0.25 0.3 

IOH - -100 mA 13 13.3 12.75 13.3 

High-level output voltage 
Vee~15V 

IOH - -200 mA 12.5 12.5 V 

Vee ~ 5 V IOH ~ -100 mA 3 3.3 2.75 3.3 

Output low, Vee - 15V 20 24 20 30 

Supply current 
No load Vee ~ 5 V 6 10 6 12 

mA 
Output high, Vee~15V 18 20 18 26 

No load Vee - 5 V 4 8 4 10 

NOTE 1: This parameter influences the maximum value of the timing resistors RA and AB in the circuit of Figure 1. For example, when Vee = 5 V the 
maximum value is R = RA + RB = 3.4 MO and for Vee = 15 V the maximum value for RA + AS = 10 MO. 

operating characteristics. Vee 5 V and 15 V 

SE556C, SA556 
TEST SE556 NE556 

PARAMETER CONDITIONS t UNIT 
MIN TYP MAX MIN TYP MAX 

Each timer. monostable § 0.5 1.6 1 3 
Initial error of 

Each timer, astable' 
timing interval:l: 

TA ~ 25°e 1.5 2.25 % 
Timer 1 - Timer 2 ±0.5 ±1 

Temperature Each timer, monostable§ 
TA ~ MIN 

30 100 50 

coefficient of Each timer, astable' 90 150 ppm/oe 
to MAX 

timing interval Timer 1 - Timer 2 ±10 ±10 

Supply voltage Each timer, monostab;e§ 0.05 0.2 0.1 0.5 

sensitivity of Each timer, astable' TA ~ 25°e 0.15 0.3 %/V 
timing interval Timer 1 - Timer 2 ±0.1 ±0.2 

Output pulse rise time eL-15pF, 100 200 100 300 ns 

Output pulse fall time TA ~ 25°e 100 200 100 300 ns 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
f:Timing interval error is defined as the difference between the measured value and the nominal value computed by the formula: tw = 1.1 RAe. 
§Values specified are for a device in a monostable circuit similar to Figure 2, with component values as follow: RA = 2 kO to 100 kG, C = 0.1 ",F. 
'Values specified are for a device in an astable circuit similar to Figure 1, with component values as follOW: AA = 1 kO to 100 kO, C = 0.1 p.F. 
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TYPES SE556. SE556C. SA556. NE556 
DUAL PRECISION TIMERS 

INPUT 

c 

TYPICAL APPLICATION DATA 

Vcc 
(5 Vto 15 V) 

OPEN 

(See II Note A) 

CONT VCC 

---<l RESET RL 

DISCH 
OUT --< .- OUTPUT 

.r THRES 

TRIG 

~ 
GND 

...L 

NOTE A: Bypassing the control voltage input to ground 
with a capa~itor may improve operation. This 
should be evaluated for individual applications. 

FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 

VCC 
(5 V to 15 V) 

RA 

VCC 

RESET RL 

DISCH 
OUT OUTPUT 

THRES 

TRIG 

GND 

'* '::' 

FIGURE 2-CIRCUIT FOR MONOSTABLE OPERATION 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 90-MHz Bandwidth 

• Adjustable Gain to 400 

• No Frequency Compensation Required 

• Adjustable Passband 

• Designed to be Interchangeable 
with Signetics SE592 and NE592 

description 

TYPES SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

02667. FEBRUARY 1984 

J OR N DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

IN+ IN-
NC NC 

GAIN ADJ 2A GAIN ADJ 2B 
GAIN ADJ 1A GA)N ADJ 1B 

VCC- VCC+ 
NC NC 

OUT + '-1..:_---..::r-' OUT -
NC- No internal connection 

These devices are monolithic two-stage amplifiers with differential inputs and differential outputs. 

Internal series-shunt feedback provides wide bandwidth,low phase distortion, and excellent gain stability. 
Emitter-follower outputs enable the devices to drive capacitive loads, and all stages are current-source 
biased to obtain high common-mode and supply-voltage rejection ratios. 

Fixed differential amplification of 1 00 or 400 may be selected without external components; or amplification 
may be adjusted from 0 to 400 by the use of a single external resistor connected between the gain­
adjustment pins 1 A and 1 B. External frequency-compensating components are not required for any gain 
option. 

The devices are particularly useful in magnetic-tape or disc-file systems using phase or NRZ encoding and 
in high-speed thin-film or plated-wire memories. Other applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, and excellent gain stability are required. 

The SE592 is characterized for operation over the full military temperature range of - 55 °e to 125°e. 
The NE592 and NE592A are characterized for operation from ooe to 70 oe. 

schematic 

2.4 kn 2.4kn 

~_+..:.:(7C!.) DUT+ 

(8) OUT-

~-+ ___ ~ ____ ~ __ ~~_~~(5) Vcc-

All resistor values shown are in ohms and nominal. 
In NE592 or SE592. R1 = 500 D. R2 = 500 O. 
In NE592A. R1 = 600 0. R2 = 600 0. 

symbol 

GAIN{1A 
ADJUST 1B---.., 

IN+ 

IN­

GAIN {2A 
ADJUST 2B ____ ...J 

OUT+ 

OUT-

Copyright © 1983 by Texas Instruments Incorporated 

II) 

c: 
o 

'.j:i 
CJ 
c: 
:::l 

LL 

CO 
'u 

CD 
c. en 

II 

TEXAS 
INSTRUMENTS 

5-35 

POST OFFICE BOX 225012 • DALLAS, tEXAS 75265 



CJ) 
'C 
CD 
(') 

iii' 
"TI c: 
:::I 
(') ... 
0' 
:::I 
til 

II 

TYPES SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage VCC + (see Note 1) ............................................. 8 V 
Supply voltage V CC _ (see Note 1) ............................................ - 8 V 
Differential input voltage .......................•............................ ± 5 V 
Common-mode input voltage ................................................. ± 6 V 
Output current ............................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . 10 mA 
Continuous total power dissipation at (or below) 25 DC free-air temperature (see Note 2) .... 500 mW 
Operating free-air temperature range ..................................... OoC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 'mm (1/16 inch) from case for 60 seconds: J package. . . . . . . . . . . .. 300 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package. . . . . . . . . . . .. 260 DC 

NOTES: 1. AU voltage values except differential input voltages are with respect to the midpoint between Vee + and Vee _. 
2. For operation above 25 DC free~air temperature, refer to Dissipation Derating Curves in Section 2. In the J package, SE592 chips are alloy mounted, 

NE592 and NE592A chips are glass mounted. 

recommended operating conditions 

NE592 
SE592 NE592A UNIT 

MIN NOM MAX MIN NOM MAX 
Supply voltage, Vee + 3 6 8 3 6 8 V 
Supply voltage, Vee- -3 -6 -8 -3 -6 -8 V 
Operating free-air temperature, T A -55 125 0 70 °e 
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TYPE SE592 
DIFFERENTIAL VIDEO AMPLIFIER 

electrical characteristics at 25°C operating free-air temperature. VCC + 
(unless otherwise notedl 

6 V. VCC- -6 V 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

Large-signal differential 
AVO 

voltage amplification 
1 Vopp = 3 V, RL = 2 kll 

BW Bandwidth (- 3 dB) 2 VOPP = 1 V 

110 Input offset current 

liB I nput bias current 

VICR 
Common· mode 

input voltage range 
3 

VOC 
Common-mode 

output voltage 
1 RL = 00 

VOO Output offset voltage 1 VIO = 0, RL = 00 

VOpp 
Maximum peak-ta-peak 

output voltage swing 
1 RL = 2 kll 

r; Input resistance 

ro Output resistance 

Ci Input capacitance 

Common-mode 3 VIC - ±1 V, f - 100 kHz 
CMRR 

rejection ratio 3 VIC-±1V, f - 5 MHz 

kSVR 
Supply-voltage rejection 

4 
<1VCC+ ±0.5 V, 

ratio (<1VCC/<1VIO) <1VCC- = ±0.5 V 

Vn 
. Broadband equivalent 

noise voltage 
4 BW = 1 kHz to 10 MHz 

Propagation 
tpd 2 <1VO = 1 V 

delay time 

tr Rise time 2 <1VO = 1 V 

Isink{max) 
Maximum output 

sink current* 

ICC Supply current No load, No signal 

t The gain option is selected as follows: 
Gain Option 1 .. Gain Adjust pin 1 A is connected to pin 1 a, pins 2A and 2B are open. 
Gain Option 2 .• Gain Adjust pin 2A is connected to pin 28, pins 1 A and 1 B are open. 
Gain Option 3 .. All Gain Adjust pins are open. 

GAIN SE592 

OPTIONt 
UNIT 

MIN TYP MAX 

1 300 400 500 
VIV 

2 90 100 110 

1 40 
MHz 

2 90 

1,2,or3 0.4 3 ~A 

1,2, or3 9 20 ~A 

1,2,or3 ±1 V 

1,2, or3 2.4 2.9 3.4 V 

1 1.5 

2 1 V 

3 0.35 0.75 

1,2, or 3 3 4 V 

1 4 

2 20 30 
kll 

20 Il 

2 pF 

2 60 86 
dB 

2 60 

2 50 70 dB 

1,2, or 3 12 ~V 

1 7.5 

2 6 10 
ns 

1 10.5 

2 4.5 10 
ns 

1,2, or 3 3 4 mA 

1,2, or 3 18 24 mA 

; For interchangeability considerations it should be kept in mind that this parameter is not guaranteed by all major manufacturers of SE592 as of the publication 
of this data sheet. 
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TYPE SE592 
DIFFERENTIAL VIDEO AMPLIFIER 

electrical characteristics over recommended operating free-air temperature range, Vee + 6 V, 

II 

Vee - = - 6 V (unless otherwise notedl 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

Large-signal differential 
AVO 

voltage amplification 
1 Vopp = 3 V 

110 Input offset current 

liB Input bias current 

VICR 
Common~mode 

input voltage range 
3 

VOO Output offset voltage 1 VID = 0, RL = 00 

VOPP 
Maximum output voltage 

1 RL = 2 kll 
peak-to-peak swing 

r; Input resistance 

CMRR 
Common-mode 

rejection ratio 
3 VIC = ±lV, f = 100 kHz 

kSVR 
Supply voltage rejection t.vCC+ = ±0.5 V, 

4 
ratio (AVCC/AVIO) AVCC- = ±0.5 V 

I . lIIfaxlrnurn output 
slnk(max) sink current 

ICC Supply current 1 No load, No signal 

t The gain option is selected as follows: 
Gain Option 1 .. Gain Adjust pin 1 A is connected to pin 18; pins 2A and 28 are open. 
Gain Option 2 .. Gain Adjust pin 2A Is connected to pin 28; pins 1 A and 1 B are open. 
Gain Option 3 .. All Gain Adjust pins are open. 
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GAIN SE592 

OPTIDNt 
UNIT 

MIN TYP MAX 

1 200 600 

80 120 
V/V 

2 

1 or 2 5 pA 

lor 2 40 ~A 

lor 2 ±1 V 

1 1.5 

2 1.2 V· 

3 1 

lor 2 2.5 V 

2 8 kll 

2 50 dB 

2 50 dB 

1,2, or 3 2.5 rnA 

1,2, or 3 27 rnA 
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electrical characteristics at 25 DC operating free-air temperature, Vcc + 
(unless otherwise noted) 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

AVO 
Large signal differential 

voltage amplification 
1 VOPP = 3 V, Rl = 2 kll 

BW Bandwidth (- 3 dB) 2 VOPP = 1 V 

110 Input offset current 

liB Input bias current 

VICR 
Common-mode 

input voltage range 
3 

VOC 
Common-mode 

output voltage 
1 Rl = co 

VOO Output offset voltage 1 VID = 0, Rl = co 

VOPP 
Maximum peak-ta-peak 

1 Rl = 2 kll 
output voltage swing 

r; Input resistance 

ro Output resistance 

Ci Input capacitance 

CMRR 
Common-mode 3 VIC =±1 V, 1= 100kHz 

rejection ratio 3 VIC = ±1 V, I = 5 MHz 

kSVR 
Supply-voltage rejection 

4 
I1VCC+ - ±0.5 V, 

ratio II1VCC/I1VIO) I1VCC- = ±0.5 V 

Vn 
Broadband equivalent 

noise voltage 
4 BW = 1 kHz to 10 MHz 

Propagation 
2 I1VO = 1 V tpd delay time 

tr Rise time 2 I1VO = 1 V 

Isink(max) 
Maximum output 

sink currentt: 

ICC Supply current No load, No signal 

t The gain option is selected as follows: 
Gain Option 1 •• Gain Adjust pin 1 A is connected to pin 1 B. pins 2A and 28 are open. 
Gain Option 2 .. Gain Adjust pin 2A is connected to pin 2B, pins 1 A and 1 B are open. 
Gain Option 3 .. All Gain Adjust pins are open. 

GAIN 
OPTIONt 

1 

2 

1 

2 

1,2,or3 

1,2,or3 

1,2,or3 

1,2,or3 

lor 2 

3 

1,2, or 3 

1 

2 

2 

2 

2 

1,2, or 3 

1 

2 

1 

2 

1,2, or 3 

1,2, or 3 

6 V, Vcc- -6 V 

NE592 NE592A 

MIN TYP MAX MIN TYP MAX 

250 400 600 400 440 600 

80 100 120 80 100 120 

40 40 

90 90 

0.4 5 0.4 5 

9 30 10 30 

±1 ±1 

2.4 2.9 3.4 2.4 2.9 3.4 

1.5 1.5 

0.35 0.75 0.35 0.75 

3 4 3 4 

4 4 

10 30 10 30 

20 20 

2 2 

60 86 60 86 

60 60 

50 70 50 70 

12 12 

7.5 7.5 

6 10 6 10 

10.5 10.5 

4.5 12 4.5 12 

3 4 3 4 

18 24 19 24 

* For interchangeability considerations it should be kept in mind that this parameter i.s not guaranteed by all major manufacturers of NE592 as of the publication of this data sheet. 

II Special Functions 

UNIT 

V/V 

MHz 

p.A 

p.A 

V 

V 

V 

V 

kll 

11 

pF 

dB 

dB 

pV 

ns 

ns 

mA 

mA 
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electrical characteristics over recommended operating free-air temperature range, V cc + 
(unless otherwise noted) 

PARAMETER 
TEST 

TEST CONDITIONS 
GAIN NE592 

FIGURE OPTIONt MIN TVP MAX 
Large-signal differential 

Ava 
voltage amplification 

1 VOpp = 3 V 

110 Input offset current 

liB Input bias current 

VICR 
Common-mode 

input voltage range 
3 

VOO Output ollset voltage 1 Via = 0, RL = 00 

VOpp 
Maximum output voltage 

1 RL = 2 kll 
peak~to-peak swing 

q Input resistance 

CMRR 
Common-mode 

rejection ratio 
3 VIC = ± 1 V, I = 100 kHz 

kSVR 
Supply voltage rejection 

4 
avCC+ = ±0.5 V, 

ratio (aVCC/avIO) avCC- = ±0.5 V 

Isink(rnax) 
Maximum output 

sink current 

ICC Supply current 1 No load, No signal 

t The gain option is selected as follows: 
Gain Option 1 , . Gain Adjust pin 1 A is connected to pin 1 B; pins 2A and 28 are open. 
Gain Option 2. ,Gain Adjust pin 2A is connected to pin 28; pins lA and 18 are open. 
Gain Option 3 .. All Gain Adjust pins are open. 

1 250 600 

2 80 120 

lor 2 6 
1 or 2 40 

lor 2 ±1 

1 or 2 1.5 

3 1 

1 or 2 2.8 

2 8 

2 50 

2 50 

1,2, or 3 

1. 2, or 3 27 

6 V, Vcc-

NE592A 

MIN TVP 

400 

80 

±1 

2.8 

8 

50 

50 

2.8 4 

-6 V 

MAX 
UNIT 

600 

120 
V/V 

6 ~A 

40 ~A 

V 

1.5 
V 

1 

V 

kll 

dB 

dB 

rnA 

27 rnA 

O....f 

~~ mm 
:aU) 
m 2 
2m 
::!UI 
):IoC&:l 
,....!"-' 

:52 
om 
mUi 
QC&:I 
):IoN 

3: 
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TYPES SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

O.2IlF 

~--~--Vo+ 

~~~-e----4-----vo_ 

50n 50n 1 kn 1 kn 

2 

FIGURE 1 
FIGURE2 

O.2l'F 

c:i Vo+ 

1 vIc ~RL=2kn 
Vo_ 

1 kn lk!l 

':' ':' 

FIGURE 3 FIGURE 4 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Accurate Sonar Ranging from 6 Inches to 
35 Feet 

• Drives 50-kHz Electrostatic Transducer with 
No Additional Interface 

• Operates from Single Supply 

• Accurate Clock Output Provided for External 
Use 

• Selective Echo Exclusion 

• TTL-Compatible 

• Multiple Measurement Capability 

• Uses TL851 and TL852 Sonar Ranging 
Integrated Circuits 

description 

TYPE SN28827 
SONAR RANGING MODULE 

02780. OCTOBER 1983· 

The SN28827 is an economical sonar ranging module that can drive a 50-kilohertz, 300-volt electrostatic 
transducer with no additional interface. This module, with· a simple interface, is able to measure distances 
ranging from 6 inches to 35 feet. The typical absolute accuracy is ± 2% at one foot or greater. 

This module has an external blanking input that allows selective echo exclusion for operation in a multiple­
echo mode. The module is able to differentiate echos from objects that are only three inches apart. The 
digitally controlled-gain, variable-bandwidth amplifier minimizes noise and side-lobe detection in sonar 
applications. 

The module has an accurate ceramic-resonator-controlled 420-kilohertz time-base generator. An output 
based on the 420-kilohertz time base is provided for external use. The sonar transmit output is 16 cycles 
at a frequency of 49.4 kilohertz. 
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The SN28827 operates over a supply voltage range of from 4.5 volts to 6.8 volts and is characterized. 
for operation from ooe to 40°C. 

absolute maximum ratings 

Voltage from any pin to ground (see Note 1) ...................................... , 7 V 
Voltage from any pin except XDeR to Vee (see Note 1) ..................... -7 V to 0.5 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 40°C 
Storage temperature range .......................................... - 40°C to 85 °e 

NOTE 1: The XDCR pin may be driven from -1 volt to 300 volts typical with respect to ground. 

ADVANCE INFORMATION 
This document cont8Ins WormatIon on • new product. 
SpecIfIcatlQnl ere MIbjIct to c ...... wfthout notice. TEXAS 

INSTRUMENlS 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPE SN28827 
SONAR RANGING MODULE 

recommended operating conditions 

MIN MAX UNIT 
Supply voltage, VCC 4.5 6.B V 
High-level input voltage, V,H I BLNK. BINH, INIT 2.1 V 
Low-level input voltage. V,L I BLNK. BINH, INIT 0.6 V 
ECHO and OSC output voltage . 6.B V 
Delay time, power up to INIT high 5 ms 
Recycle period 60 ms 
Operating free-air temperature, T A 0 40 °C 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Input current IBLNK, BINH. INIT V, = 2.1 V 1 mA 

High-level output current. IOH I ECHO, OSC VOH = 5.5 V 100 p.A 

Low-level output voltage, VOL I ECHO, OSC IOL = 1.6 rnA 0.4 V 
Transducer bias voltage TA - 25°C 150 V 

Transducer output voltage (peak-to-peak) TA = 25°C 300 V 

Number of cycles for XDCR output to reach 300 V C=500pF 7 
Internal blanking interval 2.3BT ms 

Frequency during 16-pulse OSC output 49.4' 

49.4' 
kHz 

transmit period XMIT output 

Frequency after 16-pulse OSC output 93.3' 
kHz 

transmit period XMIT output 0 

During transmit period 2000 
Supply current, ICC rnA 

After transmit period 100 

tThese typical values apply for a 420-kHz ceramic resonator . 
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operation with Polaroid electrostatic transducer 

TYPE SN28827 
SONAR RANGING MODULE 

There are two basic modes of operation for the SN28827 Sonar ranging module: single-echo mode and 
multiple-echo mode. The application of power (VCC), the activation of the Initiate (lNIT) input, and the 
resulting transmit output, and the use of the Blanking Inhibit (BINH) input are basically the same for either 
mode of operation. After applying power (Vee), a minimum of 5 milliseconds must elapse before the IN IT 
input can be taken high. During this time, all internal circuitry is reset and the internal oscillator stabilizes. 
When INIT is taken high, drive to the Transducer XDCR output occurs. Sixteen pulses at 49.4 kilohertz 
with 300-volt amplitude will excite the transducer as transmission occurs. At the end of the 16 transmit 
pulses, a dc bias of 150 volts will remain on the transducer as recommended for optimum operation by 
the transducer manufacturer. 

In order to eliminate ringing of the transducer from being detected as a return signal, the Receive (REC) 
input of the ranging control Ie is inhibited by internal blanking for 2.38 milliseconds after the initiate signal. 
If a reduced blanking time is desired, then the BINH input can be taken high to end the blanking of the 
Receive input anytime prior to internal blanking. This may be desired to detect objects closer than 1 .. 33 feet 
corresponding to 2.38 milliseconds and may be done if transducer damping is sufficient that ringing is 
not detected as a return signal. 

In the single-echo mode of operation (Figure 1), all that must be done next is to wait for the return of 
the transmitted signal, traveling at approximately 0.9 milliseconds per foot out and back. The returning 
signal is amplified and appears as a high-logic-level echo output. The time between INIT going high and 
the Echo (ECHO) output going high is proportional to the distance of the target from the transducer. If 
desired, the cycle can now be repeated by returning INIT to a low-logic level and then taking it high when 
the next transmission is desired. 

INIT ____ -' I 

TRANSMIT 
(INTERNAL) 

BLNK 

BINH 

~ 111..-'_6_PU_L_S_ES _________________ _ 

LOW 

LOW 

INTERNAL I I BLANKING -----...... 1-2.38 MS-+L..:--_____________________ _ 

ECHO 

------------------------~ 
FIGURE '-EXAMPLE OF ASINGLE-ECHO-MODE CYCLE WITHOUT BLANKING INPUT 

If there is more than one target and multiple echos are to be detected from a single transmission, then 
the cycle is slightly different (Figure 2). After receiving the first return signal, which causes the ECHO 
output to go high, the Blanking (BLNK) input must be taken high then back low to reset the ECHO output 
for the next return signal. The blanking signal must be at least 0.44 milliseconds in duration to account 
for all 16 returning pulses from the first target and allow for internal delay times. This corresponds to the 
two targets being 3 inches apart. 
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TYPE SN2BB27 
SONAR RANGING MODULE 

VCC+ ---.J 

INIT ___ .....J 

16 PULSES TRANSMIT I I I . (lNTERNALI------.....J L _________________________________________________ _ 

BLNK __________________ ~r1L ________ ~r_lL ____________ _ 

BINH _________ ...1 

INTERNAL n BLANKING ___ --I L ___________________________ _ 

ECHO ________________ _...Ir-l~ ________ _...Irl~ ______________ __ 
FIGURE 2-EXAMPLE OF A MULTIPLE-ECHO-MODE CYCLE WITH BLANKING INPUT 

During a cycle starting with INIT going high, the receiver amplifier gain is incremented higher at discrete 
times (Figure 3) since the transmitted signal is attenuated with distance. At approximately 38 milliseconds, 
the maximum gain is attained. For this reason, sufficient gain may not be available for objects greater than 

100 
70 

40 

20 

10 
c 7 .; 

C!1 4 ~ ., 
> 
'iii 2 " ., 
a: 

1 
0.7 

0.4 

0.2 

0.1 

I--

o 

RECEIVER GAIN 
vs 

GAINSTEP NUMBERS 

100-

2 3 4 5 6 7 8 9 10 11 
Gain Steps 

FIGURE 3 
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TYPE SN28827 
SONAR RANGING MODULE 

35 feet away. Although gain can be increased by varying R1 (Figure 4), there is a limit to which the gain 
can be increased for reliable module operation. This will vary from application to application. The modules 
are "kitted" prior to their final test during manufacture. This is necessary because the desired gain 
distribution is much narrower than the module gain distribution if all were kitted with one value resistor. 
As kitted, these modules will perform satisfactorily in most applications. As a rule of thumb, the gain can 
be increased by up to a factor of 4, if required, by increasing R1 correspondingly. Gain is directly proportional 
to R1. 

-
5 1 3 2 6 7 IJl 

Ll 

1.0 ;: ::-. Cl Ul U2 
mH 

1"'0.01 ~F 
TLB52 TLB51 

4 
,LC VCC L r- r!! FIL ECHO ~ 

7 G21N NC ..!1. ~ OSC BINH ~ 
J- 6 Gl0UT ~ 14 16 

NC INIT BLNK 

C2 8 14 5 1 C5 BIAS GCA GCA vee 
0.1 3 13 6 2 TI 0.00221'F 

~F 
GADJ GCB GCB XMIT 2 3 It-

Rlt 1 12 7 

nAU~ ~I. ~ GllN GCC GCC 

U ~ XIN GCD 
15 4 

GCD XTAL2 11 • CRl ~ ~ 
R4 ,.!! 9 8 GND!... 1 4 160~'''' GND 

REC c4.1 

REC 
68kn 

R2 Ql 

5kn 10001' 1',C3 CR2L~ pF 1 ~F 160~~ 

J2 
XDCR 

J3 

tRl IS SELECTED AT THE FACTORY. 
XGND 

r 
48,0 

(1.89) 

1 HOLES 
12 (0.47) DIA 

FIGURE 4-SCHEMATIC 

1'~"I----56'l (2.21)----..... 1 

QI TLB51 I .... 1 _TLB_5_2--l10 I o C2 (0.B8) 

r-----'~ 

I ZENER D~ODE 
NPN TRANSISTOR 

_41,7 (1.64) 

OVERALL HEIGHT IS 15,2 (0.60"') TYP 

NOTE: All dimensions are in millimeters and parenthetically in inches. 

FIGURE 5 - COMPONENT LAYOUT AND DIMENSIONS OF MODULE 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 33 Distinct Input-to-Output Emitter Ratios from 
3:1 to 1:15 

• Wide Input Current Range: 
1 pA to 3 mA 

• 35-Volt Output Capability 

• High Output Impedance 

description 

TYPES n0101, n01 DC 
ADJUSTABLE-RATIO CURRENT MIRRORS 

02738, SEPTEMBER 1983 

P DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

INPUT DB OUTPUT 
11E 2 7 OlE 
12E 3 6 02E 

08E 4 5 04E 

The TLOl 0 is a Wilson current mirror that provides output current in a selectable fixed ratio to the input current. The 
ratio is substantially independent of changes in load, voltages, and temperature. Selecting the ratio consists of connecting 
appropriate input emitter pins and output emitter pins to ground as shown in Figure 1. 

The TL010 is designed to operate with up to 3 milliamperes input current if all three input emitter pins are used. It 
will also operate at voltages up to 35 volts. 

The TL0101 is characterized for operation from -40°C to 85°C, The TL010C is characterized for operation from 
OOG to 70°C. 

typical values of current ratio at T A = 25°C 

EMITTER RATIO CURRENT RATIO EMITTER RATIO CURRENT RATIO EMITTER RATIO CURRENT RATIO 

mont hF = 10111 mont hF = 10111 m:nt hF = 10111 
1:15 14.1 1:6 5.78 3:8 2.61 

1:14 13.2 2:11 5.34 2:5 2.43 

1:13 12.3 1:5 4.82 3:7 2.26 

1:12 11.4 3:14 4.53 1:2 1.98 

1:11 10.5 2:9 4.38 3:5 1.64 

1:10 9.55 3:13 4.21 2:3 1.45 

1:9 8.62 1:4 3.B9 3:4 1.32 

l:B 7.72 3:11 3.57 1:1 0.99 

2:15 7.23 2:7 3:40 3:2 0.663 

1:7 6:71 3:10 3:25 2:1 0.50 

2:13 6.29 1:3 2.90 3:1 0.332 

t m is the number of input emitters used, n is the number of output emitters used. 

schematic 

(S) OUTPUT 

INPUT~{1~) ______________ ~.-________________ ~ ________ ~ 

(2) 
I1E 

(3) 
12E 

(7) 
OlE 

(6) 
02E 

(5) 
04E 

(4) 
OBE 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL0101, TL010C· 
ADJUSTABLE-RATIO CURRENT MIRRORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Output voltage (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 V 
In·put current ..................................................................... 5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . . . . . . . . .. 725 mW 
Operating free-air temperature range: TL0101 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 

TL010C ....................................... OOC to 70°C 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to i 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............................. 260°C 

NOTES: 1. Input and output voltages are with respect to the common terminal. Neither voltage should be more negative than -0.3 V. 

2. For operation above 25°C free-air temperature, derate linearly at the rate of 5.8 mW/oC. 

recommended operating conditions 

TL0101 TL010C 

MIN MAX MIN MAX 

Output voltage, Vo 5 35 5 35 

Input voltage, VI 0.6 1.7 0.65 1.6 

Input current per input emitter, II 0.001 1 0.001 1 

Operating free-air temperature, T A -40 85 0 70 

UNIT 

V 

V 

rnA 

°C 

electrical characteristics over recommended ranges of operating free-air temperature and output voltage 
(unless otherwise noted) 

TEST CONDITIONSt 
TL0101 TL010C 

PARAMETER 
Typl TYpl 

UNIT 
MIN MAX MIN MAX 

II = m x 1 "A 1 1 

I[ = m x 10 "A 1.1 1.1 
VI Input voltage V I, - m x 100~ 1.25 1.25 

I[ - m x 1 rnA 1.4 1.4 

m:n = 1:8 6.97 7.72 8.13 7.05 7.72 8.13 

m:n = 1:4 3.61 3.89 4.05 3.64 3.89 4.05 

hF Current ratio (10/11) II ~ MIN to MAX m:n - 1:2 1.84 1.98 2.07 1.88 1.98 2.07 

m:n = 1:1 0.89 0.99 1.08 0.94 0.99 1.04 

m:n - 2:1 0.46 0.50 0.56 0.475 0.50 0.525 

Temperature coefficient 
'I "'" MIN to MAX ahF 300 300 ppm/oC 

of current ratio 

Output-to-input isolation 'I - MIN to MAX, f - 1 kHz 60 60 dB 

Output threshold TA - MIN 1.1 1.05 
VOlth) voltage§ II ~ MIN to MAX V 

TA ~ 25°C 1 1 

II-mx10p.A 200 min 200 min 

'0 Output resistance' F ~ 1 kHz 'l-mx100~ 20 min 20 min MO 

II - m x 1 mA 2 mIn 2 m!n 

fmax 
Maximum operating 

II"'" m x , rnA, RL~5000 10 10 MHz 
frequency # 

t m is the number of input emitters, n is the number of output emitters. For conditions shown as MIN or MAX, use the appropriate value specified under 
recommended operating conditions. 

iAIl typical va,lues are at TA '"", 25°C. 
§Output threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Vo = 15 V. 

'The output resistance is directly proportional to the number of input emitters divided by the number of output emitters Im!n). 
# Maximum operating frequency is the frequency at which the output current is down 3 dB from its low-frequency value. 
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TYPES no 1 01, no 1 OC 
ADJUSTABLE·RATIO CURRENT MIRRORS 

TYPICAL APPLICATION INFORMATION 

(11 
-+ 
II 

m 

TL010 

ml>n 
I 

See notes 3 and 4 

(81 

+-
10 

FIGURE 1-CURRENT MIRROR SET FOR A CURRENT RATIO OF 2:13 

NOTES: 3. Selected emitters must be grounded as close as possible to the package to avoid unstable device behavior. 
Using the fixed-Beta model. the current ratio for a current mirror of m input emitters and n output emitters may be calculated as 

2Q = ~2n + ~ In+m) 

~2m + IP+l) Im+n) 

Second-order effects. such as on-chip self-heating, may slightly perturb the observed ratio from the calculated value. 
4. At high current levels a small capacitor (270 pF) may be required between the input and output terminals to improve stability. 

RATE OF 
FLOW 

DETECTOR 

t Adjust for a mirror of 11.9 

TL010 

ml>n 
I 

(81 

n 

VCC 
RUN 

1 
I 
I 
I 

In this application of the Tl010, the problem is to measure a precise volume of liquid flowing through a line and shut off the flow with a relay when the 
limit is reached. For the particular volume to be measured and the pressure detector used, a current gain of 11.9 is required. By setting the TL010 for a gain 
of 10 with the emitter selection, the exact gain of 11.9 may be obtained by adjusting the pressure-time product control. 
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LINEAR 
INTEGRATED 
CIRCUITS 

SERIES n011, n012, n014, n021 
FIXED·RATIO N·P·N CURRENT MIRRORS 

02614, NOVEMBER 19B3 

• Wide Input Current Range: 
1p.At01mA 

• 35-Volt Output Capability 

• High Output Impedance 

• Guaranteed Current-Ratio Tolerances over 
Full Temperature Range; 

±8% for I Suffix 
±7% for C Suffix 

• Typically Less Than ± 1 % Error at 25 DC 

TEMPERATURE 
INPUT-TO-OUTPUT CURRENT RATIO 

RANGE 1:1 1:2 1:4 2:1 

-40°C to 85°C TLOlll TL0121 TL0141 TL0211 

OOC to 70°C TLOllC TL012C TL014C TL021C 

description 

LP PACKAGE 
(TOP VIEW) 

OJ': INPUT 
il COMMON 
[l OUTPUT 

The TL011, TL012, TL014, and TL021 are Wilson current mirrors with output currents in fixed proportion to the input 
currents and substantially independent of changes in voltage, load, and temperature, These devices make use of the 
tight matching properties of identical bipolar transistors on a monolithic integrated circuit chip to achieve current-ratio 
accuracy typically better than 98%. 

Current mirrors are used extensively in linear integrated circuit designs as active loads for operational-amplifier stages 
and as current sources for other stages. The TLO 11 family gives the designer this same capability with no sacrifice 
in accuracy or stability. 

The TL011, TL012, and TL014 are designed to .operate with input currents up to 1 milliampere and output voltage 
up to 35 volts. The TL021 is designed for 2 milliamperes and 35 volts. 

schematics 

TL011 TL012 TL014 

,,~o~ ,,~o~ ,,~mn " 
TL021 oJI 

COMC=S COM~ COM~ COM .... ------.J 
symbols 

1-

TL011 

1 C>1 

I 
C 

-0 

TL012 

lC>2 
I 

C 

o 

TL014 

1C>4 
I 

C 

o 1-

TL021 

2C>1 
I 

I 
C 

-0 
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SERIES n011, n012, n014, n021 
FIXED·RATIO N·P~N CURRENT MIRRORS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Output voltage (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 V 
Input current ..................................................................... 5 mA 
Continuous total dissipation at (or below) 25·C free-air temperature (see Note 2) . . . . . . . . . . . . . . .. 775 mW 
Operating free-air temperature range: TL0111, TL0121, TL0141, TL0211 .................. -40·C to 85·C 

TL011C, TL012C, TL014C, TL021C ................. O·C to 70·C 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65·C to 150·C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............................. 260·C 

NOTES: 1. Input and output voltages are with respect to the common terminal. Neither voltage should be more negative than -0.3 V. 

2. For operation above 25°C free·air temperature, derate linearly at the rate of 6.2 mW/oC. 

recommended operating conditions 
TLO __ I TLO __ C 

MIN MAX MIN MAX 

Output voltage, Vo 5 35 5 35 

l TL021 0.002 2 0.002 2 
Input current, 10 I All others 0.001 1 0.001 1 
Operating free-air temperature, T A -40 85 0 70 

UNIT 

V 

mA 

°C 
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electrical characteristics over recommended ranges of operating free-air temperature and output voltage (unless otherwise noted) 

TL011 TL012 
PARAMETER TEST CONDITIONS 

Typt Typt MIN MAX MIN MAX 

== 1 p.A 1 1 

~ 2.A 

- 10.A 1.1 1.1 

~ 20.A 
VI Input voltage 

- 100.A 1.25 1.25 

~ 200.A 

~ 1 mA 1.4 1.4 

== 2 rnA 

Current ratio ~ 
~ MIN to MAX' 

0.92 1 1.08 1.84 2 2.16 
hF 

110/111 TLO C 0.93 1 1.07 1.86 2 2.14 

Temperature coefficient 
II ~ MIN to MAX 50 100 °hF of current ratio 

Output-ta-input isolation II ~ MIN to MAX, I ~ 1 kHz 80 80 

Output 

~ 
TA = -40°C 1.35 1.35 

VOlthl threshold TLO_C II ~ MIN to MAX TA == DoC 1.25 1.25 

voltage§ All TA - 25°C 1.2 1.2 

II ~ 10.A 200 100 

II == 20 IJ,A 

II ~ 100.A 20 10 
ro Output resistance f = 1 kHz 

II - 200 p.A 

II ~ 1 mA 2 1 

II == 2 rnA 

Maximum operating 
I) ~ MAX, f max 

frequency' 
RL~500n 10 10 

t All typical values are at TA == 25°C. 
tFor test conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

§Output threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Va = 15 V. 
1Maximum operating frequency is the frequency at which the output current is down 3 dB from its low frequency value. 

II Special Functions 

TL014 TL021 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

1 

1 

1.1 

1.1 
V 

1.25 

1.25 

1.4 

1.4 

3.68 4 4.32 0.46 0.5 0.54 

3.72 4 4.28 0.465 0.5 0.535 

200 200 ppm/DC 

80 80 dB 

1.35 1.35 

1.25 1.25 V 

1,2 1.2 

50 

200 

5 Mn 

20 

0.5 

2 

10 10 MHz 

..., 
xen 
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SERIES no 11, no 12, no 14, n021 
FIXED-RATIO N-P-N CURRENT MIRRORS 

TYPICAL CHARACTERISTICS 

0 
";; 
a;; ... c 
~ 
~ 
(J 

0 .. .. 
a;; ... c 
~ 
~ 
(J 

1.05 

1.04 

1.03 

1.02 

1.01 

1.00 

0.99 

0.98 

0.97 

0.96 

0.95 
-50 

4.20 

4.16 

4.12 

4.08 

4.04 

4.00 

3.116 

3.92 

3.88 

3.84 

3.80 

-25 

TLOll 
CURRENT RATIO 

vs 
FREE·AIR TEMPERATURE 

't= lp.A 

1 rnA 

o 25 50 

101lA 
...-

,........ 
100p.A 

75 100 

TA-Free-Air Ternperature-·C 

-
:::: 

FIGURE 1 

TL014 
CURRENT RATIO 

vs 
FREE-AIR TEMPERATURE 

I, = 100p.A 

,0uA 
t::::-~ 1 rnA 

l/iA 

-50 -25 o 25 50 75 100 

T A-Free-Air Ternperature-·C 

FIGURE 3 

2.10 

2.08 

2.06 

2.04 

.g 2.02 .. 
a;; 
1: 2.00 
~ a 1.98 

0 

'-= a;; ... 
c 
E 
::I 
(J 

1.96 

1.94 

1.92 

1.90 
-50 

0.52 

0.51 

0.50 

0.49 

0.48 

= 

TL012 
CURRENT RATIO 

vs 
FREE·AIR TEMPERATURE 

" 
11lA 

1 rnA 

10p.A 

100 p.A 

t-

-25 o 25 50 75 100 

-

TA-Free-Air Ternperature-·C 

FIGURE 2 

TL021 
CURRENT RATIO 

vs 
FREE-AIR TEMPERATURE 

11= lp.A ~ 
V 

1001lA 
10p.A 

t-.: 
1 rnA I"--

-50 -25 o 25 50 75 100 

T A-Free-Air Ternperature-·C 

FIGURE 4 
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VCC 

+24 V 

Vs 10kU 

o to 10 V 

183 

SERIES n011, n012, n014, n021 
FIXED-RATIO N-P-N CURRENT MIRRORS 

TYPICAL APPLICATIONS INFORMATION 

VCC 

TLOll 

10=11 

VARIATIONS IN RL DO NOT 
AFFECT II OR 10 WHEN: 

VCC-VOlth) 
II = 10 <--'---':":":':':;" 

RL 

FIGURE 5-BASIC CURRENT BUFFER 

+12 V 

TL014 

1[>4 
I 

250kU 

TOTAL CIRCUIT POWER DISSIPATION 

TLOGS 

Idle condition: PD = 1.5 mW typical 
On condition: PD = 12.5 mW typical 
10 p.A from phototransistor provides a Vo swing of 10 V at 1 mAo 

TL012 

1[>2 
I 

FIGURE 6-PHOTOTRANSISTOR PREAMPLIFIER 

10kU 

2N5447 
52kU 

700U 

10 = 4 mA at Vs = 0 V 
10 = 22 mA at Vs = 10 V 

FIGURE 7-TWO·WIRE LINEAR CURRENT·MODE TRANSMITTER 

10kU 

RECEIVER 

II 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Low Output Common-Mode Sensitivity to AGC 
Voltages 

• Input and Output Impedances Independent of 
AGC Voltage 

• Maximum Gain of 100 Typ 

• Wide AGC Range 

• 3-dB Bandwidth at 60 MHz 

• Other Characteristics Similar to NE592 and 
uA733 

description 

This device is a monolithic two-stage video 
amplifier with differential inputs and outputs. 

Internal feedback provides wide bandwidth, low 
phase distortion, and excellent gain stability. 
Variable gain based on signal summation 
provides large AGe control over a wide 
bandwidth with low harmonic distortion. 

symbol 

TYPE TL026 
AGC VIDEO AMPLIFIER 

02790. OCTOBER 1983 

JG OR P 

DUAL-IN-LINE PACKAGE 

ITOP VIEW) IN+[]B IN-
AGC 2 7 AGC REF 

VCC- 3 6 VCC+ 
OUT+ 4 5 OUT-

IN+ + OUT+ 

IN- - OUT-

AGC¥ 

AGC REF 

Emitter-follower outputs enable the device to drive capacitive loads. All stages are current-source biased 
to obtain high common-mode and supply-voltage rejection ratios. The gain of 100 may "be electronically 
attenuated as much as 50 dB at 60 MHz by applying a control voltage to the AGe pins. No external frequency 
compensation components are required. 

This device is particularly useful in TV and Radio IF and RF AGe circuits, as well as magnetic-tape and 
disc-file systems where AGC is needed. Other applications include video and pulse amplifiers where a large 
AGC range, wide bandwidth, low phase shift, and excellent gain stability are required. 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Operates from ±6-V Supplies or 12-V 
Supply 

• Head Read-Select-Diode Array 

• Dual Write Current Inputs 

• Read Amplifier Gain Adjustable with Single 
External Resistor and Capacitor 

• Wide Bandwidth, Low Phase Distortion, and 
Excellent Gain Stability 

• High Common-Mode Rejection 

description 

The TL030 is a monolithic high-speed disk-memory 
read amplifier fabricated with bipolar Schottky process 
technology. The device consists of a diode selection 
matrix comprised of write, read, and head diodes 
preceding a video amplifier. The head read diode array 
may be externally biased to select one of four-disk 
memory heads. The resultant analog signal is then 
amplified by the read amplifier and presented as 
differential emitter-follower output voltages. The 
TL030 is characterized for operation from ooC to 
70°C. 

functional block diagram 

(1) .. 
"'I 

TYPE n030 
FOUR-HEAD DISK-MEMORY READ AMPLIFIER 

02739, AUGUST 1983 

N DUAL-iN-LINE PACKAGE 

(TOPViEWI 

WRITE A HEAD 1A 
WRITE 8 HEAD 18 

GAIN SELECT GA HEAD 2A 
GAIN SELECT G8 HEAD 2B 

VEE HEAD 3A 
OUTPUT A HEAD 3B 
OUTPUT B HEAD 4A 

VCC HEAD 4B 

Vccl(S) 

DATA {WRITE A 

INPUT WRITE 8 
(2) .. 2.4kn '2.4kn ... 

HEAD 1 { A 

(16) ... 
~ 

B(15) ~ 

"' 

HEAD2{ A 

HEAD3{ A 

HEAD 4 { 

GAIN {GA 

(14) ~ 
..... 

B(13) Loll 

"' 
(12) Loll 

~ 

(11) I..oIl 8 
"' 

A(10) ... 
' ..... 

(9) ~ 
..... 

(3) 

SELECT G B(4) 

VEE 
(5) 

PRODUCT PREVIEW 

READt!IODE 

"' + 
1 kn 
~ -

READoIODE 

~ 
t> 

p2! 

READ} A 
DATA 

OUTPUT 
READ 

8 

Copyright © 1983 by Texas Instruments Incorporated. 
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TYPE nOlO 
FOUR·HEAD DlSK·MEMORY READ AMPLIFIER 

DATA { 
INPUT 

+5V 

(161 

VCC 

{A (151 HEAD 
·SELECT B (141 

2 BCD/DEC 

READ·(131 4 

fA 
__ (121 
ENABLE 8 

'C 
CD 
(') 

ii' 
'T1 
C 
:::s 
(') GND .... 
0' (81 

:::s 
(I) 

II 

5·62 

TYPICAL APPLICATION DATA 

+12V 

(81 

(11 
A }WRITE 

VCC 

(21 B DATA 

SN7445 (161 

'0 Q 

lQ 

2~ 

3~ 

4Q 

5Q 

6~ 

7~ 

(11 

(21 

(31 

(41 

(51 

(61 

(71 

(91 

(151 

(141 

(131 

(121 

2kU (111 

2kU (101 

2kU 
(91 

2kU 

NC (31 

NC (41 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Magnetic·Field·Sensing Hall·Effect Input 

• Activated with Small. Commercially Available 
Permanent Magnets 

• Special Switching Thresholds are Easily 
Programmable at the Factory 

• Voltage Range: 4 V to 30 V 

• Output Compatible with All Digital 
Logic Families 

• This Series will be Available for Pin·for·Pin 
Compatibility with Sprague's UGN3013. 
UGN3019.UGN3020. UGN3030.and 
UGN3040 

description 

The TL 160 series is a complete line of Hall-Effect 
switches, Each device consists of a voltage 
regulator, a Hall sensing element, amplifier, 
Schmitt trigger, and an open-collector output 
stage integrated on a single monolithic silicon 
chip, Operate and release points will be 
independently programmable at the factory, 
These switching points will be in the range of 
o to 50 milliteslas (500 gauss). 

SERIES TL 160 
SILICON HALL·EFFECT SWITCHES 

02820, DECEMBER 1983 

TOP VIEWS 

LPPACKAGE 

0,76 mm (0.030 in) 

OUTPUT 

GROUND 

Vcc 

CHIP FACE 

LU PACKAGE 

ui 
\ :: 
I [J : 
I 'I 

I r": I 

0.48 mm (0.019 in) 

0,43 mm (0.017 in) 

u-! 

OUTPUT 

GROUND 

Vcc 

CHIP FACE 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage. Vee ....................................................... 30 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 rnA 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Magnetic flux density, B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 

PRODUCT PREVIEW Copyright © '983 by Texas Instruments Incorporated 
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LINEAR 
INTEGRATED 
CIRCUITS 

.• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Solid-State Technology 

• Open-Collector Output 

description 

The TL 1 70C is a low-cost magnetically operated 
electronic switch that utilizes the Hall Effect to sense 
steady-state magnetic fields, Each circuit consists of 
a Hall-Effect sensor, signal conditioning and hysteresis 
functions, and an output transistor integrated into a 
monolithic chip. The outputs of these circuits can be 
directly connected to many different types of 
electronic components. 

The TL 1 70C is characterized for operation over the 
temperature range of O°C to 70°C. 

FUNCTION TABLE (TA = 25°C) 

FLUX DENSITY OUTPUT 

,;; 25 mT Off 

- 25 mT < B < 25 mT Undefined 

'" 25 mT On 

functional block diagram 

VCC 

TYPE TL170C 
SILICON HALL-EFFECT SWITCH 

02408, DECEMBER 1977-REVISED NOVEMBER 1983 

TOP VIEWS 

LPPACKAGE 

0,76 mm (0.030 in) 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

LUPACKAGE 

\ 41 , 0' 
In' 
I L~ I 

I r~ I 

0,48 mm (0,019 in) 

0,43 mm (0.017 in) 

V+ 

L}J 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

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

I 
I 
I 
I 
I 
I 

SILICON 
HALL·EFFECT 

SENSOR 

SIGNAL 
CONDITIONING 

AND HYSTERESIS 

I I L ___________________ J 
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TYPE TL170C 
SILICON HALL-E.FFECT SWITCH 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Output voltage .................................................................... 30 V 
Output current .................................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 0 e 
Magnetic flux density ............................................................ unlimited 

NOTE 1, Voltage values are with respect to network ground terminal. 

electrical characteristics at speci.fied free-air temperature, Vee 5 V ± 5% (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Threshold of positive-going 25°e 25 
BT+ magnetic flux density t 

rnB 
ooe to 70 0 e 35 

BT-
Threshold of negative-going 25°e -25~ 

magnetic flux density t -35~ 
rnB 

ooe to 70 0 e 

BT+ -BT- Hysteresis ooe to 70 0 e 20 rnB 

IOH High-level output current VOH = 20 V ooe to 70 0 e 100 p.A 

VOL Low-level output voltage Vee - 4.75 V, IOL - 16 rnA ooe to 70 0 e 0.4 V 

V = 5.25 V I Output low 6 
lee Supply current ooe to 70 0 e rnA 

ee I Output high 4 

tThreshold values are those levels of magnetic flux denisity at which the output changes state. For the TL 170C, a level more positive than BT + causes 
the output to go to a low level and a level more negative than BT _ causes the output to go to a high level. See Figures 1 and 2. 

§The unit of magnetic flux density in the International System of Units lSI) is the tesla IT). The tesla is equal to one weber per square meter. Values expressed 
in milliteslas may be converted to gauss by multiplying by ten. 

'The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold levels only. 

+8 N 
s -8 s 
N 

The north pole of a magnet is the pole that is 
attracted by the geographical north pole. The 

north pole of a magnet repels the north­
seeking pole of a compass. By accepted 

magnetic convention, lines of flux emanate 

from the north pole of a magnet and enter the 

south pole. 

FIGURE 1-DEFINITION OF 

MAGNETIC FLUX POLARITY 

VOH 

MIN BT­
at 25°C 

I Vo Vo 
IBT- BT+ VOH BT- VOH 

I off I 
I 
I 
I it--20 ml'-t 
I 
I 
I on I 

-25 

B{mTl 

off 

.20 mT -----. 

VOL __ ~B~T:::::o:n±:::~:::::VOL 
o 

B {mTl 

Vo 
BT- BT+I 

off I 
I 
I 
I 

_20mT--t I 
I 
I 

on I 
VOL 

25 

B {mTl 

The positive-going threshold (BT +) may be a negative or positive B level at which a positive-going 

(decreasing negative or increasing positive) flux density results in the TL 170 output turning on. The negative­

going threshold is a positive or negative B level at which a negative-going (decreasing positive or increasing 
negative) flux density results in the TL 170 turning off. 

FIGURE 2-REPRESENTATIVE CURVES OF Vo vs B 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Solid-State Technology 

• Open-Collector Output 

• Normally Off Switch 

description 

The TL 172C is a low-cost magnetically operated 
normally off electronic switch that utilizes the Hall 
Effect to sense the presence of a magnetic field. Each 
circuit consists of a Hall-Effect sensor, signal 
conditioning and hysteresis functions, and an output 
transistor integrated into a monolithic chip. A 
magnetic field of sufficient strength in the positive 
direction will cause the TL 1 72C output to be in a low­
impedance state. Otherwise the output will present 
a high impedance. The output of this circuitry 
can be connected to many different types of electronic 
components. 

The TL 1 72C is characterized for operation over the 
temperature range of OOC to 70°C. 

FUNCTION TABLE 

FLUX DENSITY OUTPUT 

:s 10 mT Off 

10 mT < B < 60 mT Undefined 

'" 60 mT On 

functional block diagram 

Vee 

TYPE TL172C 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 

02490. AUGUST 1977 - REVISED NOVEMBER 1983 

TOP VIEWS 

LPPACKAGE 

0,76 mm (0.030 in! 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

LUPACKAGE 

[Ji 
\ :: 
,J q I 

r";l 

0,48 mm (0.019 in! 
0,43 mm (0.017 in! 

LH 

V+ 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

~---------------------I 
I I 
I 
I 
I 
I 
I 
I 

SILICON 
HALL-EFFECT 

SENSOR 

SIGNAL 
CONDITIONING 

AND HYSTERESIS 

I I L ___________________ J 
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TYPE TL172C 
NORMALLY OFF SILICON HALL· EFFECT SWITCH 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) .............................. . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Output voltage .................................................................... 30 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 rnA 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature 'range ...................... , .............. , ......... , ,. - 65 °e to 1 50 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ......... , . . . . . . . . . . . . . . . . . . .. 260 0 e 
,Magnetic flux density ................................................. ,.......... unlimited 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over rated operating free-air temperature range, Vee 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

BT+ 
Threshold of positive-going 

magnetic flux density t 

BT-
Threshold of negative-going 

magnetic flux density t 

BT+ - BT- Hysteresis 

IOH High-level output current VOH - 20 V 

VOL Low-level output voltage Vee ~ 4.75 V, IOL ~ 16 mA 

ICC Supply current Vee - 5.25 V 

5V ± 5% 

MIN TYP MAX UNIT 

60 mT§ 

10 mT§ 

23 mT§ 

100 ~A 

0.4 V 

6 mA 

-n tThreshold values are those levels of magnetic flux density at which ~he output changes state. For the TL 172C, a level more positive than BT + causes the 

C ~utput to go to a low level, and a level more negative than BT _ causes the output to go to a high level. See Figures 1 and 2. 
::s §The unit of magnetic flux density in the International System of Units (51) is the tesla (T). The tesla is equal to one weber per square meter. Values expressed 
n in milliteslas may be converted to gauss by multiplying by ten. 
r+ 
ci' 
j 
(II 

• S 

N 

--l...-+B __ N 

-B s 

0 

Vo 

MIN BT- MAXBT+ 

I 
. 
I 

VOH 
BT- BT+ I 

) I 
I I 

I 23mT I 
I I 

I I 
I I 
I VOLI 

0 10 B(mT) 60 
The north pole of a magnet is the pole that is 

attracted by the geographical north pole. The 
north pole of a magnet repels the north­

seeking pole of a compass. By accepted 
magnetic convention, lines of flux emanate 

from the north pole of a magnet and enter the 

south pole. 

FIGURE 2-REPRESENTATIVE CURVE OF VO.s B 

5-68 

FIGURE 1-DI!:FINITION OF 

MAGNETIC FLUX POLARITY 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Output Voltage Linear with Applied Magnetic 
Field 

• Sensitivity Constant Over Wide Operating 
Temperature Range 

• Solid-State Technology 

• Three-Terminal Device 

• Senses Static or Dynamic Magnetic Fields 

description 

The TL 1731 and TL 1 73C are low-cost magnetic-field 
sensors designed to provide a linear output voltage 
proportional to the magnetic field they sense. These 
monolothic circuits incorporata a Hall element as the 
primary sensor along with a voltage reference and a 
precision amplifier. Temperature stabilization and 
internal trimming circuitry yield a device that features 
high overall sensitivity accuracy with less than 5% 
error over its operating temperature range. 

The TL 1731 is characterized for operation from 
- 20 DC to 85 DC. The TL 173C is characterized for 
operation from ODC to 70 DC. 

functional block diagram 

SILICON 
HALL·EFFECT 

SENSOR 

TYPES TL 1731. TL 173C 
LINEAR HALL-EFFECT SENSORS 
02526. MARCH 1979-REVISEO NOVEMBER 1983 

TOP VIEWS 

LPPACKAGE 

0,76 mm (0.D30 in) 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

LUPACKAGE 

0,43 mm (D.017 in) 

vee 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supplyvoltage, VCC (see Note 1) ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25 V 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2) . . . . . . . . . . . . . . .. 775 mW 
Operating free-air temperature range: TL1731 ..................................... -20DC to 85 DC 

TL173C ....................................... ODC to 70 DC 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............................. 260 DC 
Magnetic flux density ............................................................ unlimited 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature. derate linearly at the rate of 6.2 mW/oC. 

Copyright © '979 by Texas Instruments Incorporated 
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TYPES TL1731, TL173C 
LINEAR HALL·EFFECT SENSORS 

recommended operating conditions 

TL 1731 TL173C 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, Vee 10.8 12 13.2 10.8 12 13.2 V 

Magnetic flux density, B ±50 ±50 mT 

Output current, 10 
I Sink 0.5 0.5 

I Source -2 -2 
mV 

Operating free-air temperature, T A -20 85 a 70 °e 

electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 

Vo Output voltage 10 = -2 rnA to 0.5 rnA, 5.B 

kSVS Supply voltage sensitivity (<l.VIO/<l.VCCI B = D mT§, TA = 25°C 

S Magnetic sensitivity I<l.VO/<l.B) B - -50 to 50 mT§, TA - 25°C 13.5 

<l.S Magnetic sensitivity change with temperature <l.TA - 25°C to MIN or MAX 

lee Supply current B = a mT§, 10 = a 
f max Maximum operating frequency 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tTypical values are at Vee = 12 V and TA = 25°C. 

TYpt MAX UNIT 

6 6.2 V 

1B mV/v 

15 1B V/T§ 

±5 % 

B 12 mA 

100 kHz 

§The unit of magnetic flux density in the International System of Units (SI) is the tesla ITl. The tesla is equal to one weber per square meter. Values expressed 
in milliteslas may be converted to gauss by multiplying by ten, e.g., 50 mitlitesla = 500 gauss. 

+8 N 
s -8 s 
N 

The north pole of a magnet is the pole that is 

attracted by the geographical north pole. The 

north pole of a magnet repels the north~ 
seeking pole of a compass. By accepted 

magnetic convention, lines of flux emanate 

from the north pole of a magnet and enter the 
south pole. 

FIGURE 1-DEFINITION OF 

MAGNETIC FLUX POLARITY 
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TYPES TL1731, TL173C 
LINEAR HALL·EFFECT SENSORS 

TYPICAL APPLICATION DATA 

The circuit in Figure 3 may be used to set the output voltage at zero field strength to exactly 6 V (using R1), and to set 
the sensitivity to exactly -15 V/T (using R2), as depicted in Figure 4. 

12V 
R2 

10 kO 
10kO 

> 
I 

3.9kO 
TL173C f 

> 

R1 
OUTPUT ; 

~ 
2.5kO 0 

"i 
i 

10 kO !. 
E 
.3 

":" 

FIGURE 3-COMPENSATION CIRCUIT 
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MAGNETIC FLUX DENSITY 
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TA~25·C 

i"'--
..... 1'.. 

r'-.... 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 8-Pin Version of NE592 ... Saves Printed 
Circuit Board Space 

• Adjustable Gain to 400 

• No Frequency Compensation Required 

• Adjustable Passband 

description 

This device is a monolithic two-stage video 
amplifier with differential inputs and differential 
outputs. 

Internal series-shunt feedback provides wide 
bandwidth, low phase distortion, and excellent 
gain stability. Emitter-follower outputs enable 
the device to drive capacitive loads. All stages 
are current-source biased to obtain high 
common-mode and supply-voltage rejection 
ratios. 

Fixed differential amplification of nominally 400 
may be selected without external components, 
or amplification may be adjusted from 0 to 
approximately 400 by the use of a single external 
resistor connected between the gain-adjustment 
pins A and B. No external frequency­
compensating components are required for any 
gain option. 

The device is particularly useful in magnetic-tape 
or disc-file systems using phase or NRZ encoding 
and in high-speed thin-film or plated-wire 
memories. Other applications include general­
purpose video and pulse amplifiers where wide 
bandwidth, low phase shift, and excellent gain 
stability are required. 

The TL592 and TL592A are characterized for 
operation from OOC to 70°C. 

symbol 

TEXAS 
INSlRUMENTS 

TYPES TL592. TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

02668. NOVEMBER 1983 

P DUAL·IN-liNE PACKAGE 

(TOPVIEWI 

IN+[]8 IN-
GAIN ADJ A 2 7 GAIN ADJ B 

Vcc- 3 6 Vcc+ 
OUT+ 4 5 OUT-

GAINADJUSTA~ 

IN+ + OUT+ 

IN- - OUT-

GAIN ADJUST B 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL592. TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

schematic 

r-____ -e __________ ~~------_.------~------~----_1~(6) Vcc-

.. ___ --If--.!.(4"-) OUT+ 

(5) OUT-

lOon 
~ ____ -4~ __________ ~ __________ -4 __________ ~ ____ ~~(3~) vcc_ 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, Vee + (see Note 1) ............................................. 8 V 
Supply voltage, Vee _ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 8 V 
Differential input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Voltage range, any input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee + to Vee-
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 mA 
Continuous total power dissipation .......................................... 500 mW 
Operating free-air temperature range ...................................... ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTE 1: All voltage values except differential input voltages are with respect to the midpoint between Vee + and Vee _ . 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee + 3 6 8 V 
Supply voltage, vee- -3 -6 -8 V 
Operating free·air temperature, T A 0 70 °e 

5-74 TEXAS 
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electrical characteristics at specified free-air temperature. Vee + 6V. Vee- - 6 V. RL = 2 kG (unless otherwise noted) 

TEST GAIN TL592 TL592A 
PARAMETER TEST CONDITIONS 

OPTIONt 
UNIT 

FIGURE MIN TYP MAX MIN TYP MAX 

LargeMsignal differential 25°C 250 400 600 400 440 600 
AVO 1 VOpp = 3 V, RL = 2 kO 1 V/V 

voltage amplification ooe to 70°C 250 600 400 600 

BW Bandwidth (- 3 dB) 2 VOPP - 1 V 25°C 1 50 50 MHz 

25°C 0.4 5 0.4 5 
110 Input offset current 1 or 2 ~A 

ooe to 70°C 6 6 

25°C 9 30 10 30 
(IB Input bias current 1 or 2 ~A 

ooe to 70°C 40 40 

Common·mode input 25°C ±1 ±1 
VieR 3 1 or 2 V 

voltage range ooe to 70°C ±1 ±1 

Voe 
Common· mode output 

1 RL = 00 25°C 1 or 2 2.4 2.9 3.4 2.4 2.9 3.4 V 
voltage 

25°C 0.35 0.75 0.35 0.75 
VOO Output offset voltage 1 VID = 0, RL = 00 2 V 

ooe to 70°C 1.5 1.5 

Peak-to-peak output 25°C 3 4 3 4 
VOPP 1 RL = 2 kO 1 V 

voltage swing ooe to 70°C 2.8 2.8 

VOO = 1 V, 25°C 4 3.6 
zi Input impedance 1 kO 

f = 1 kHz to 10 MHz ooe to 70°C 3.6 3.3 

f - 100 kHz 60 86 60 86 
25°C 

60 60 Common·mode f = 5 MHz 
eMRR 3 VIC = ±1 V 1 dB 

rejection ratio f = 100 kHz 50 50 
ooe to 70°C 

f = 5 MHz 60 60 

Supply voltage rejection aVee+ = ±0.5 V, 25°C 50 70 50 70 
kSVR 4 1 dB 

ratio (aVee/avlo) aVee- = ±0.5 V ooe to 70°C 50 50 

Vn 
Broadband equivalent 

4 BW = 1 kHz to 10 MHz 25°C 1 or 2 12 12 ~V 
input noise voltage 

tpd Propagation delay time 2 avO - 1 V 25°C 2 7.5 7.5 ns 

tr Rise time 2 avO - 1 V 25°C 2 10.5 10.5 ns 

Isink(rnax) 
Maximum output 

sink current 
1,2, or 3 3 4 3 4 rna 

25°C 18 24 19 24 
ICC Supply Current No load, Na signal 1 or 2 rnA 

ooe to 70°C 27 27 

tThe gain option is selected as follows: 
Gain Option 1 ... Gain adjust pin A is connected to pin B. 
Gain Option 2 ... Gain adjust pins A and B are open. 

II Special Functions 
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TYPES TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

0.2"F 
I--................ t--Vo+ r-i~------'----vo+ 

D-...&.---4t-- Vo_ ..... ---+---Vo_ 

50n 50n Vo++Vo_ 50n 50n 
0.2 "F 

lkn 1 kn 
VOC= 

2 

FIGURE 1 FIGURE2 

0.2"F 

b){ Vo+ 

1 
VID fRL =2kn 

Vo_ 

VIC 

l lkn lkn 

-=- -=-
FIGURE 3 FIGURE 4 

5-76 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012. OALLAS. TEXAS 75266 . 

11 



083 

LINEAR 
INTEGRATED 
CIRCUITS 

• Adjustable Gain to 400 

• No Frequency Compensation Required 

• Adjustable Passband 

• lower Noise ... less than 3 p.V 

description 

This device is a monolithic two-stage video 
amplifier with differential inputs and differential 
outputs. It features internal series-shunt 
feedback that provides wide bandwidth, low 
phase distortion, and excellent gain stability. 
Emitter-follower outputs enable the device to 
drive capacitive loads. All stages are current­
source biased to obtain high common-mode and 
supply-voltage rejection ratios. 

Fixed differential amplification of 400 may be 
selected without external components, or 
amplification may be adjusted from 0 to 400 by 
the use of a single external resistor connected 
between the gain-adjustment pins A and B. No 
external frequency-compensating components 
are required for any gain option. 

The device is particularly useful in magnetic-tape 
or disc-file systems that use phase or NRZ 
encoding and in high-speed thin-film or plated­
wire memories. Other applications include 
general-purpose video and pulse amplifiers. 

The device achieves lower equivalent noise 
through special processing and a new circuit 
layout incorporating input transistors with low 
base resistance. 

The Tl592B will be characterized for operation 
from aoe to 70°C. 

PRODUCT PREVIEW 

symbol 

TYPE TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 

D2668, OCTOBER 1983 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

IN+ IN-
NC NC 
NC NC 

GAiN ADJ A GAIN ADJ B 

VCC- VCC+ 
NC NC 

OUT+ OUT-

P DUAL-iN-LINE PACKAGE 

iTOP VIEWI 

GAIN ADJ A 2 7 GAIN ADJ B 
IN+[j8 IN-

VCC- 3 6 VCC+ 
OUT+ 4 5 OUT-

NC- No internal connection 

GAIN 

ADJUSTA~ 
IN+ t- OUT+ 

IN- - OUT-

GAIN 
ADJUST B 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Designed for Use with the TL852 in Sonar 
Ranging Modules Like the SN28827 

• Operates with Single Supply 

• Accurate Clock Output for External Use 

• Synchronous 4-Bit Gain Control Output 

• Internal 1.2-V Level Detector for Receive 

• TTL-Compatible 

• Interfaces to Electrostatic or Piezoelectric 
Transducers 

description 

TYPE TLB51 
SONAR RANGING CONTROL 

02760. SEPTEMBER 1983 

N DUAL-IN-LINE PACKAGE 

ITOPVIEW) 

VCC BLNK 
XMIT BINH 
GND 
GCD FILT 
GCA XTAL2 
GCB XTAL1 
GCC OSC 
REC 

The TL851 is an economical digital 12L ranging control integrated circuit designed for use with the Texas Instruments 
TL852 Sonar ranging receiver integrated circuit. 

The TL851 is designed for distance measurement from six inches to 35 feet. The device has an internal oscillator 
that uses a low-cost external ceramic resonator. With a simple interface and a 420-kHz ceramic resonator, the device 
will drive a 50-kHz electrostatic transducer. 

The device cycle begins when Initiate ((NIT) is taken to the high logic level. There must be at least 5 ms from initial 
power up (VCC) to the first initiate signal in order for all the device internal latches to reset and for the ceramic-resonator­

controlled oscillator to stabilize. The device will transmit a burst of 16 pulses each time INIT is taken high. 

The oscillator output (OSC) is enabled by IN IT. The oscillator frequency is the ceramic resonator frequency divided 
by 8.5 for the first 16 cycles (during transmit) and then the oscillator frequency changes to the ceramic resonator 
frequency divided by 4.5 for the remainder of the device cycle. 

When used with an external 420-kilohertz ceramic resonator, the device internal blanking disables the receive input 
IREC) for 2.38 ms after initiate to exclude false receive inputs that may be caused by transducer ringing. The internal 
blanking feature also eliminates echos from objects closer than 1.3 feet from the transducer. If it is necessary to detect 
objects closer than 1.3 feet, then the internal blanking may be shortened by taking the blanking inhibit (BIN H) high, 
enabling the receive input. The blanking input (BLNK) may be used to disable the receive input and reset ECHO to 
a low logic level at any time during the device cycle for selective echo exclusion or for a multiple-echo mode of operation. 

The device provides a synchronous 4-bit gain control output (12 steps) designed to control the gain of the TL852 
sonar ranging receiver integrated circuit. The digital gain control waveforms are shown in Figure 2 with the nominal 
transition times from INIT listed in the Gain Control Output Table. 

The threshold of the internal receive level detector is 1.2 volts. The TL851 operates over a supply voltage range of 
4.5 volts to 6.8 volts and is characterized for operation from OoC to 40°C. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TL851 
SONAR RANGING CONTROL 

GAIN CONTROL OUTPUT TABLE 

STEP 
GCD GCC GCB GCA TIME ImBI FROM INITIATEtt 

NUMBER 

0 L L L L 2.38 mo 

1 L L L H 5.12 ms 

2 L L H L 7.87 mo 

3 L L H H 10.61 ms 

4 L H L L 13.35 ms 

5 L H L H 16.09 mo 

6 L H H L 18.84 ms 

7 L H H H 21.58 mo 

8 H L L L 27.07 ms 

9 H L L H 32.55 ms 

10 H L H L 38.04 mo 

11 H L H H INIT ... 

t This is the time to the end of the indicated step and assumes a nominal 420-kHz ceramic resonator. 

rn 
'C functional block diagram 
(1) 
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Cij' 
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FILT vcc 

.1:..;.13;..:� ____ -t. ____ ...... ll� 
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OSCILLATOR 

G 

XTAL 1 ..:..11;..:1.:..1_---1 

XTAL2 "":";;=':"'--1 

FILTERED SUPPLY 

FREQUENCY 
DIVIDER 

+8.5 

+4.5 

CLR 

GAIN STEP 
COUNTER 

+ 

CT:>0208 
~>-.---+_~-----__iCLR CT>IB 

INTERNAL 
,..-_______ -+-______ ---' BLANKING 

BINH ..:.1.:;15:.:1 ___ + __ --1 

BLANKING 
LATCH 

S 

BLNK ...:1-'-'IB;..:.I ____ -L../>---~ 
ECHO 
LATCH 

1101 
OSC 

121 XMIT 

151 
GCA 

IBI 
GCB 

171 GCC 
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~-----+--------_IR REC ~1=81~ ____________ -+_~ ___ , r_.-:.;19:.:..1 ECHO 
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TYPE TLB51 
SONAR RANGING CONTROL 

schematics of inputs and outputs 

EQUIVALENT OF BLNK, BINH, AND 
INIT INPUTS 

TYPICAL OF ECHO, OSC, GCA, GCB, 
GCC, AND GCD OUTPUTS 

XMITOUTPUT 

VCC 

OUTPUT 

soon 

STEP NO, 012345678 9 10 11 

INIT 

GCA 

GCB ------~~--~ 
GCC 

GCD 

FIGURE 1-DIGITAL GAIN CONTROL WAVEFORMS 

VCC ---.J 
INIT 

XMIT 

16 PULSES _----'1.1.1-1 ______________ _ 
BINH 

(Ll 

(Ll 
BLNK 

INTERNAL 
BLANKING ---... 14.~2.38 ms ..... I----------------------

REC 
__________ ----JI"':.-- ~1.2 V 

(INPUT FROM TL8521 

ECHO 

FIGURE 2-EXAMPLE OF SINGLE·ECHO-MODE CYCLE WHEN USED WITH THE 
TL852 RECEIVER AND 420·kHz CERAMIC RESONATOR 

fIj 

s::: 
o 

'';:; 
(.) 
s::: 
:::s 

u.. 
(ij 
'(3 
Q) 
c. 

CJ) 

II 

TEXAS 
INSTRUMENTS 

5-81 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



en 
"C 
(I) 
(") 

iii' 
." 
C 
~ 
(") ... 
0' 
~ 
CII 

II 

TYPE TLB51 
SONAR RANGING CONTROL 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Voltage at any pin with respect to GND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Voltage at any pin with respect to VCC .......................................... -7 V to 0.5 V 
Continuous power dissipation at (or below) 25·C free-air temperature (see Note 1) . . . . . . . . . . . . .. 1150 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O·C to 70·C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65·C to 1 50·C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260·C 

NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mW/oC. 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VCC 4.5 6.S V 

High-level input voltage, VIH I BLNK, BINH, INIT 2.1 V 

Low-level input voltage, VIL I BLNK, BINH, INIT 0.6 V 
Delay time, power up to INIT high 5 ms 

Operating free-air temperature, T A 0 40 ·C 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Input current BLNK, SINH, INIT VI = 2.1 V 1 mA 

High-level output current, 10H 
ECHO, OSC, GCA, 

GCB, GCC,GCD 
VOH = 5.5 V 100 p.A 

Low-level output voltage, VOL 
ECHO, OSC, GCA, 

GCB, GCC,GCD 
10L = 1.6 mA 0.4 V 

On-state output current XMIT output Vo - 1 V -140 mA 

Internal blanking interval REC input 2.3S t ms 

Frequency during 16-pulse transmit period 
OSC output 49.4 t 

kHz 
XMIT output 49.4 t 

Frequency after 16-pulse transmit period 
OSC output 93.3 t 

kHz 
XMIT output 0 

Supply current, Ie I During transmit period 
C I After transmit period 

260 

55 
mA 

tThese typical values apply for a 420-kHz ceramic resonator. 
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183 

LINEAR 
INTEGRATED 
CIRCUITS 

• Designed for Use with the TL851 in Sonar 
Ranging Modules Like the SN28827 

• Digitally Controlled Variable-Gain 
Variable-Bandwidth Amplifier 

• Operational Frequency Range of 20 kHz to 
90 kHz 

• TTL-Compatible 

• Operates from Power Sources of 4,5 V to 
6.8 V 

• Interfaces to Electrostatic or Piezoelectric 
Transducers 

• Overall Gain Adjustable with One External 
Resistor 

description 

TYPE TLB52 
SONAR RANGING RECEIVER 

02779, NOVEMBER 1983 

N DUAL-IN-LiNE PACKAGE 

ITOP VIEWI 

GllN GND 
XIN GCD 

GADJ GCA 
LC GCB 

VCC GCC 
Gl0UT NC 

G21N NC 
BIAS REC 

NC-No internal connection 

The TL852 is an economical sonar ranging receiver integrated circuit for use with the TL851 control 
integrated circuit. A minimum of external components is required for operation, and this amplifier easily 
interfaces to Polaroid's 50-kilohertz electrostatic transducer. An external 68-kilohm ± 5% resistor from 
pin 8 (Bias) to pin 16 (GND) provides the internal biasing reference. Amplifier gain can be set with a resistor 
from pin 1 (GlIN) to pin 3 (GADJ). Required amplifier gain will vary for different applications. Using the 
detect-level measurement circuit of Figure 1, a nominal peak-to-peak value of 230 millivolts input during 
gain step 2 is recommended for most applications. For reliable operation, a level no lower than 50 millivolts 
should be used. The recommended detect level of 230 millivolts can be obtained for most amplifiers with 
an Rl value between 5 kilohms and 20 kilohms. 

Digital control of amplifier gain is provided with gain control inputs on pins 12 through 15. These inputs 
must be driven synchronously (all inputs stable within 0.1 microsecond) to avoid false receive output signals 
due to invalid logic counts. This can be done easily with the TL851 control IC. A plot showing relative 
gain for the various gain steps versus time can be seen in Figure 2. To dampen ringing of the 50-kilohertz 
electrostatic transducer, a 5-kilohm resistor from pin 1 (GAIN) to pin 2 (XIN) is recommended. 

An external parallel combination of inductance and capacitance between pin 4 (LC) and pin 5 (VCC) provides 
an amplifier with an externally controlled gain and Q. This not only allows control of gain to compensate 
for attenuation of signal with distance, but also maximizes noise and sidelobe rejection, Care must be taken 
to accurately tune the L-C combination at operating frequency or gain and Q will be greatly reduced at 
higher gain steps. 

AC coupling between stages of the amplifier is accomplished with a O.Ol-microfarad capacitor for proper 
biasing. 

The receive output is normally held at a low level by an internal l-microampere current source. When an 
input of sufficient amplitude is received, the output is driven alternately by the l-microampere discharge 
current and a 50-microampere charging current. A 1 OOO-picofarad capacitor is required from the receive 
output (pin 9) to ground (pin 16) to integrate the received signal so that one or two noise pulses will not 
be recognized. 

Pin 2 (XIN) provides clamping for the transformer secondary when used for transducer transmit drive as 
shown in Figure 4 of the SN28827 data sheet, 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TL852 
SONAR RANGING RECEIVER 

functional block diagram 
15) 

VCC 

G21N 
171 

GCA 
114) 

GCB 
(13) 

GCC 
(12) 

GCD 
115) 

BIAS 
(8) 

0.7 V 

GUN 
111 

GADJ 
(3) 

LC 
(4) 

XIN 
(2) 

VCC -2.1 V 

GAIN 
CONTROL 

GND~I~16~)_~ __ --. 

5-84 

~50"A 

..... ___ .....;.19..;..) REC 

>-______ 1:.;;.6;..) G10UT 

schematic of gain control inputs 

GCA, GCB, GCC, AND GCD 

Vce 

INPUT 

GND ----+---.. 
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TYPE TL852 
SONAR RANGING RECEIVER 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Voltage at any pin with respect to GND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Voltage at any pin with respect to VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 7 V to 0.5 V 
XIN input current (50% duty cycle) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 60 mA 
Continuous power dissipation at (or below) 25 DC free-air temperature (see Note 1) ..... 1150 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 DC to 85 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mWtOC. 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VCC 4.5 6.8 V 

High-level input voltage, VIH I 2.1 V 

Low-level input voltage, VIL 
I GCA, GCB,GCC, GCD 

0.6 V 
Bias Pesistor between pins 8 and 16 64 72 kO 

Operation free-air temperature, T A 0 40 °c 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(TA = ODC to 40 DC) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

II = 40 mA 2.5 
Input clamp voltage at XIN V 

II = -40 mA -1.5 

Open-circuit input voltage 
VCC = 5 V, II = 0 2.5 V 

at GCA, GCB, GCC, GCD 

High-level input current, 'IH, 
VCC = 5 V, VIH = 2 V -0.5 mA 

into GCA, GCB, GCC, GCD 

Low-level input current, 'IL, 
VCC = 5 V, VIL = 0 -3 mA 

into GCA, GCB, GCC, GCD 

IG21N = -100 ~A, Va = 0.3 V 1 
Receive output current 

IG21N = 1 00 ~A, Va = 0.1 V -50 
~A 

Supply current, ICC 45 mA 
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TYPE TL852 
SONAR RANGING RECEIVER 

TYPICAL APPLICATION INFORMATION 

detect level vs gain step 

Detect level is measured by applying a 15-cycle burst of 49.4 kilohertz square wave just after the beginning 
of the gain step to be tested. The least burst amplitude that makes the REC pin reach the trip level is defined 
to be the detect level. System gain is then inversely proportional to detect level. See the test circuit in 
Figure 1. 

VCC 

L1 
(S) BIAS 

(7) G21N 

6Skn 

15-CYCLE 0.01 "F (6) G10UT 

~~~~:=LE. .....-i1-_~----(:..;;5"f) VCC 
AMPLITUDE (4) LC 

'"'''~'::::;::~0~22n,,~F~-1~--4-5-:-~-~:;~: ;:~J 

1000 pF 

RECf(~9)~-4-i~-" 
NC (10) 

NC (11) 

GCC (12) 

GCB (13) 

GCA (14) 

GCD (15) 

GND (16) 

TRIP 
LEVEL 

r+ ALL RESISTORS ±1%, 14 WATT 

O' ALL CAPACITORS ±1%, FILM 

; L 1 0 > 60 at 50 kHz II C1 0> 500 at 50kHz 

15 PULSES 

INPUT------,IIII---------

5-86 

SIGNAL 

REC ______________ T_R_IP_L_E_V_E_L-'~I ----- I ... ____________________ _ 
OUTPUT 

I I 
I I 

COMPARATOR _________ ----11 IL.-_________ _ 
OUTPUT 

FIGURE 1-DETECT-LEVEL MEASUREMENT CIRCUIT AND WAVEFORMS 
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TYPE TL852 
SONAR RANGING RECEIVER 

TYPICAL APPLICATION INFORMATION 

GCD 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

100 
70 

40 

20 
c 
·iii 10 
(!I 

7 a; .. 
4 .;; 

" ., 
a: 2 ., .. 
~ 1 
~ 0.7 

0.4 

0.2 

0.1 

GAIN STEP TABLE 

STEP 
GCC GCB GCA 

NUMBER 

L L L 0 

L L H 1 

L H L 2 

L H H 3 

H L L 4 

H L H 5 

H H L 6 

H H H 7 

L L L 8 

L L H 9 

L H L 10 

L H H 11 

RECEIVER GAIN 
vs 

GAIN STEP NUMBERS 

I-

~ 

---' 

o 1 2 3 4 5 6 7 8 9 10 11 
Gain Steps 

FIGURE 2 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Very Low Power Consumption ... 1 mW 
Typ at VDD = 5 V 

• Capable of Very-High-5peed Operation 
Typically 2 MHz in Astable Mode 

• Complementary MOS Output Capable of 
Swinging Rail-to-Rail 

• High Output-Current Capability 
Sink 100 rnA Typ 
Source 10 rnA Typ 

• Output Fully CMOS-, TTL-, and 
MOS-Compatible 

• Low Supply Current Reduces Spikes During 
Output Transitions 

• High Impedance Inputs ... 1012 (} Typ 

• Single-Supply Operation from 1 to 18 Volts 

• Functionally Interchangeable with the 
Signetics NE555; has Same Pinout 

description 

The TLC551 is a monolithic timing circuit fabricated 
using Tl's LinCMOSTM process. Due to its high­
impedance inputs (typically 1012 m, it is capable of 
producing accurate time delays and oscillations while 
using less-expensive, smaller timing capacitors than 
the NE555. Like the NE555 , the TLC551 achieves 
both monostable (using one resistor and one capacitor) 
and astable (using two resistors and one capacitor) 
operation, In addition, 50% duty cycle astable 
operation is possible using only a single resistor and 
one capacitor. The LinCMOSTM process allows the 
TLC551 to operate at frequencies up to 2 MHz and 
be fully compatible with CMOS, TTL, and MOS logic. 
It also provides very low power consumption (typically 
1 mW at VDD = 5 V) over a wide range of supply 
voltages ranging from 1 volt to 18 volts, 

TYPE TLC551C 
LinCMOSTM TIMER 

02791, FEBRUARY 1984 

D. JG. OR P 

DUAL-IN-L1NE PACKAGE 

(TOPVIEWI 

TRIG 2 7 DSCH 
OUT 3 6 THRES 

GNDDB VDD 

RESET 4 5 CO NT 

functional block diagram 

VDD 
(8) CONTROL 

(5) 
R 

(6) 

THRESHOLD 

(2) 

TRIGGER 
R 

(1) ..... ________ ~T DISCH~~GE 
GND 

Reset can override Trigger, which can override Threshold. 

The threshold and trigger levels are normally two-thirds and one-third respectively of VDD, These levels can be altered 
by use of the control voltage terminal. When the trigger input falls below the trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the trigger level and the threshold input is above the threshold level, 
the flip-flop is reset and the output is low. The reset input can override all other inputs and can be used to initiate 
a new timing cycle. When the reset input goes low, the flip-flop is reset and the output goes low. Whenever the output 
is low, a low-impedance path is provided between the discharge terminal and ground. 

While the CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC551 exhibits greatly 
reduced supply current spikes during output transitions. This minimizes the need for the large decoupling capacitors 
required by the NE555. 

The TLC551C is characterized for operation from OOC to 70°C. 

ADVANCE INFORMATION Copyright © 1984 by Texas Instruments Incorporated 
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TYPE TLC551C 
LinCMOSTM TIMER 

RESET 

Low 

High 

High 

High 

TRIGGER 

YOLTAGEt 

Irrelevant 

< 1/3 YOO 

> 1/3 YOO 

> 1/3 VOO 

tVoltages levels shown are nominal. 

FUNCTION TABLE 

THRESHOLD 

YOLTAGEt 

Irrelevant 

Irrelevant 

> 2/3 YOO 

< 2/3 VOO 

OUTPUT 
DISCHARGE 

SWITCH 

Low On 

High Off 

Low On 

As previously established 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . .. 600 mW 
Operating free-air temperature range ...... '.' ............................. , OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds: JG package ............ 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ......... 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

electrical characteristics at 25°C free-air temperature, VOO = 1 V to 15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Threshold voltage level as a 
66.7% 

percentage of supply voltage 

Threshold current YOO ~ 5 V 10 pA 

Trigger voltage level as a 
33.3% 

percentage of supply voltage 

Trigger current YOO - 5 Y 10 pA 

Reset voltage level 0.7 Y 

Reset current YOO - 5 Y ±10 pA 

Control voltage (open-circuit) as a 
66.7% 

percentage of supply voltage 

10L - 10 rnA 0.1 

VOO ~ 15 V 10L ~ 50 rnA 0.5 

Low·level output voltage 10L ~ 100 rnA 1 V 

VOO ~ 5 Y 
10L - 5 rnA 0.1 

10L - 8 rnA 0.16 

10H - -1 rnA 14.8 

YOO ~ 15V IOH ~ -5 rnA 14 

High·level output voltage 10H ~ -10 rnA 12.7 V 

10H - -2 rnA 4 
VOO ~ 5 V 

10H - -1 rnA 4.5 

Supply current 
VOO - 15 Y 360 

YOO ~ 5 Y 170 
~A 
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operating characteristics. VOO 1.2 V. TA 25°C (unless otherwise noted) 

PARAMETER TEST CONOITIONS 

Initial error of timing interval VOO = 1 V to 15 V, 

Supply voltage sensitivity 
RA = RB = 1 kll to 100 kO, 

CT=O.l~F, See Note 1 
of timing interval 

Output pulse rise time 
RL = 10 MO, CL = 10 pF 

Output pulse fall time 

Maximum frequency in RA = 470O, RB = 200O, 

astable mode CT = 200 pF, See Note 1 

NOTE 1: RA. Re. and CT are as defined in Figure 1. 

RB = 3kSl 

CT = 0.15 pF ':J;' 

TYPICAL APPLICATION DATA 

VOO=1.5V 

0.1 "F 

OPEN *' 
(5) (8) 

CONT VOO 

(4) 
RESET 

(7) 
DISCH 

(3) 
OUT F:..-.... -OUTPUT 

(6) 
THRES 

(2) 
TRIG 

GNO 
(1) 

":' 
1.4 

f .. ----
IRA + RB) C 

FIGURE l-CIRCUIT FOR ASTABLE OPERATION 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Very Low Power Consumption 
... 2 mW Typ at VDD = 5 V 

• Capable of Very High-Speed Operation 
. . . Typically 2 MHz in Astable Mode 

• Complementary MOS output Capable of 
Swinging Rail-to-Rail 

• High Output-Current Capability' 
... Sink 100 mA Typ 
... Source 10 mA Typ 

• Output Fully CMOS-. TTL-. and 
MOS-Compatible 

• Low Supply Current Reduces Spikes During 
Output Transitions 

• High Impedance Inputs ... 1012 0 Typ 

• Single-Supply Operation 
TLC552 ... from 1 to 18 Volts 
TLC556 ... from 2 to 18 Volts 

• Functionally Interchangeable with the 
Signetics NE556 and SE556; Has Same 
Pinout 

description 

TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 

D2796, FEBRUARY 1984 

TLC556M •.. J DUAL-IN-LiNE PACKAGE 

TLC552C. TLC556C ••. 0 DR N DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

TIMER {T~;~~ ~!~~s} 
# 1 RESET CO NT TIMER 

OUT RESET #2 
TRIG OUT 
GND """'-' __ '-'""" TRIG 

functional block diagram (each timer) 

VDD RESET 
CONTROL 

R 

THRESHOLD 

TRIGGER 
R 

U) 
I: 
o 
.~ 

CJ 
I: 
j 

LL 

C6 ·u 
Q) 

The TLC552 and TLC556 are dual monolithic timing 
circuits fabricated using TI's LinCMOSTM process. 
Due to their high-impedance inputs (typically 1012 01, 
they are capable of producing accurate time delays 
and oscillations while using less expensive, smaller 
timing capacitors than the NE556. Like the NE556, 
the TLC552 and TLC556 achieve both monostable 

~ ____________ ~T~~~= ~ 
DISCHARGE UJ 

GND 

Reset can override Trigger and Threshold. 

Trigger can override Threshold. 

(using one resistor and one capacitor) and astable 
(using two resistors and one capacitor) operation. In 
addition, 50% duty cycle astable operation is possible 
using only a single resistor and one capacitor. The 
LinCMOSTM process allows the TLC552 and TLC556 
to operate at frequencies up to 2 MHz and be fully compatible with CMOS, TTL, and MOS logic. It also provides very 
low power consumption (typically 2 mW at VDD = 5 V) over a wide range of supply voltages ranging from 1 volt 
to 18 volts for the TLC552 and 2 volts to 18 volts for the TLC556. 

The threshold and trigger levels are normally two-thirds and one-third respectively of VDD. These (evels can be altered 
by use of the control voltage terminal. When the trigger input falls below trigger level, the flip-flop is set and the output 
goes high. If the trigger input is above the trigger level and the threshold input is above the threshold level, the flip-flop 
is reset and the output is low. The reset input can override all other inputs and can be used to initiate a new timing 
cycle. When the reset input goes low, the flip-flop is reset and the output goes low. Whenever the output is low, 
a low impedance path is provided between the discharge terminal and ground. 

While the CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC552 and TLC556 exhibit 
greatly reduced supply current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE556. 

The TLC556M will be characterized for operation over the full military temperature range of - 55°C to 125°C. The 
TLC552CM and TLC556C are characterized for operation from OOC to 70°C. 

PRODUCT PREVIEW Copyright @ 1984, Texas Instruments Incorporated 
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TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 

RESET 
TRIGGER 

VOLTAGEt 

Low Irrelevant 

High < 1/3 VDD 

High > 1/3 VDD 

High > 1/3 VDD 

tVoltages levels shown are nominal. 

FUNCTION TABLE 

THRESHOLD 
OUTPUT 

DISCHARGE 

VOLTAGEt SWITCH 

Irrelevant Low On 

,Irrelevant High Off 

> 2/3 VDD Low On 

< 2/3 VDD As previously established 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 

Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Continuous total dissipation at (or below 25°C free-air temperature (see Note 2). . . . . . . . . . . . . . . .. 950 mW 
Operating free-air temperature range: TLC556M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

TLC552C, TLC556C ............................. OOC to 70°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . . . . . . . . . . . . . . . . . . . . .. 300 ° 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package. . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage value~ are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

electrical characteristics at 25 °C free-air temperature, VOO = 1 V to 15 V for TLC552 or 2 V to 15 V for TLC556 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Threshold voltage level as a 
66.7% 

percentage of supply voltage 

Threshold current VDD - 5 V 10 pA 

Trigger voltage level as a 
33.3% 

percentage of supply voltage 

Trigger current VDD - 5 V 10 pA 

Reset voltage level 0.7 V 

Reset current VDO - 5 V ±10 pA 

Control voltage (open-circuit) as a 
66.7% 

percentage of supply voltage 

IOL = 10 rnA 0.1 

VOO = 15 V IOL - 50 rnA 0.5 
Low-level output voltage IOL - 100 rnA 1 V 

IOL = 5 rnA 0.1 
VDO = 5 V 

IOL = 8 rnA 0.16 

IOH - -1 rnA 14.8 

VOO = 15 V IOH - -5 rnA 14 
High-level output voltage IOH = -10 rnA 12.7 V 

IOH - 2 rnA 4 
VOO = 5 V 

IOH - 1 rnA 4.5 

Supply current 
VOO - 15 V 360 

~ 
VOO - 5 V 170 
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TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 

operating characteristics, Vee = 1.2 V for TLC552 or 2 V for TLC556, T A = 25°C (unless otherwise noted) 

PARAMETER 

Initial error of timing interval 

Supply voltage sensitivity 

of timing interval 

Output pulse rise time 

Output pulse fall time 

Maximum frequency in 

astable mode 

RB 

TEST CONDITIONS 

Voo ~ 1 V to 15 V for TLC552, or 

2 V to 15 V for TLC556 

RA ~ RS ~ 1 kll to 100 kll, 

CT~0,1~F, 

See Figure 1 

VOO ~ 5 V, RL ~ 10 Mil, 

CL = 10 pF 

RA - 470 II, RS - 200 II, 

CT = 200 pF 

TYPICAL APPLICATION DATA 

VDD 

0.1 "F 

OPEN ~ 

CONT VDD 

RESET 

... ----4 DISCH 

OUT~-~~-OUTPUT 

THRES 

"''''---1 TRIG 

GND r 
FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 
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MIN TYP MAX 

1% 

0.1 

20 

20 

2.1 

UNIT 

%!V 

ns 

MHz 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Very Low Power Consumption ... 1 mW 
Typ at VDD = 5 V 

• Capable of Very-High-Speed Operation 
. . . Typically 2 MHz in Astable Mode 

• Complementary CMOS output Capable of 
Swinging Rail-to-Rail 

• High Output-Current Capability 
... Sink 100 mA Typ 
... Source 10 mA Typ 

• Output Fully CMOS-, TTL-, and 
MOS-Compatible 

• Low Supply Current Reduces Spikes During 
Output Transitions 

• High Impedance Inputs ... 1012 {} Typ 

• Single-Supply Operation from 2 to 18 V 

• Functionally Interchangeable with the 
Signetics NE555; has Same Pinout 

description 

The TLC555 is a monolithic timing circuit fabricated 
using Tl's LinCMOSTM process. Due to its high­
impedance inputs (typically 1012 {J), it is capable of 
producing accurate time delays and oscillations while 
using less expensive, smaller timing capacitors than 
the NE555. Like the NE555, the TLC555 achieves 
both monostable (using one resistor and one capacitor) 
and astable (using two resistors and one capacitor) 

TYPES TLC555M, TLC555C 
LinCMOSTM TIMERS 

02784, SEPTEMBER 1983 

TLC555M ••. JG PACKAGE 

TLC555C ..• D, JG, 0' P PACKAGE 

(TOP VIEW) 

TRIG 2 7 DSCH 
OUT 3 6 THRES 

GND[]8 VDD 

RESET 4 5 CONT 

functional block diagram 

vDD 
(8) CONTROL 

R (5) 

(6) 

THRESHOLD 

(2) 

TRIGGER 
R 

.-.,...,.-______ --L:zT (7) 

GND (1) DISCHARGE 

Reset can override Trigger. which can override Threshold. 

operation. In addition, 50% duty cycle astable operation is possible using only a single resistor and one capacitor. 
The LinCMOSTM process allows the TLC555 to operate at frequencies up to 2 MHz and be fully compatible with CMOS, 
TTL, and MOS logic, It also provides very low power consumption (typically 1. mW at VDD = 5 V) over a wide range 
of supply voltages ranging from 2 volts to 18 volts. 

Like the NE555, the threshold and trigger levels are normally two-thirds and one-third respectively of VDD. These 
levels can be altered by use of the control voltage terminal. When the trigger input falls below trigger level, the flip­
flop is set and the output goes high. If the trigger input is above the trigger level and the threshold input is above 
the threshold level, the flip-flop is reset and the output is low. The reset input can override all other inputs and can 
be used to initiate a new timing cycle. When the reset input goes low, the flip-flop is reset and the output goes low. 
Whenever the output is low, a low-impedance path is provided between the discharge terminal and ground. 

While the complementary CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC555 
exhibits greatly reduced supply current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE555. 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltage up to 2000 volts as tested under MIL-STD-8838, Method 3015.1. However, care should be exercised in 
handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

All unused inputs should be tied to an appropriate logic level to prevent false triggering. 

The TLC555M is characterized for operation over the full military temperature range of - 55°C to 125°C; the TLC555C 
is characterized for operation from OOC to 70°C. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPESTLC555M, TLC555C 
LinCMOSTM TIMERS 

RESET 

Low 

High 
High 

High 

TRIGGER 
VOLTAGEt 

Irrelevant 

< 1/3 VOO 

> 1/3 VOO 

> 1/3 VOO 

tVoltages levels shown are nominal. 

FUNCTION TABLE 
THRESHOLO OISCHARGE 

VOLTAGEt 
OUTPUT 

SWITCH 

Jrrelevant Low On 

Irrelevant High Off 

> 2/3 VOO Low On 

< 2/3 VOO As previously established 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 

Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 18 V 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2) . . . . . . . . . . . . . . . .. 600 rnW 

Operating free-air temperature tange: TLC555M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 

TLC555C ...................................... ODC to 70 DC 

Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65 DC to 150 DC 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300 DC 

t./J Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260 DC 
~ 
CD NOTES: 1. All voltage values are with respect to network ground terminal. 
n 2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the JG package, TLC555M chips are alloy-Dr mounted. 

~ electrical characteristics at 25°C free-air temperature, VOO 5 V to 15 V (unless otherwise noted) 

~ 
n ... 
O· 
~ rn 

5-98 

PARAMETER 
Threshold voltage level as a 

percentage of supply voltage 

Threshold current 

Trigger voltage level as a 

percentage of supply voltage 

Trigger current 

Reset voltage level 

Reset current 

Control voltage (open-circuit) as a 

percentage of supply voltage 

Low-level output voltage 

High-level output voltage 

Supply current 

TEST CONOITIONS 

VOO - 5 V 

VOO - 5 V 

VOO - 5 V 

IOL - 10 rnA 

VOD = 15 V IOL - 50 rnA 

tOL - 100 rnA 

IOL - 5 rnA 
VOO = 5 V 

10L - 8 rnA 

10H - -1 rnA 

VOO = 15 V 10H - -5 rnA 

10H = -10 rnA 

IOH - -2 rnA 
VOO = 5 V 

IOH - -1 rnA 

VOO - 15 V 

VOO = 5 V 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012. DALLAS, TEXAS 75265 

MIN TVP MAX 

66.7% 

10 

33.3% 

10 
0.7 

±10 

66.7% 

0.1 

0.5 

1 
0.1 

0.16 

14.8 

14 

12.7 

4 

4.5 

360 

170 

UNIT 

pA 

pA 

V 
pA 

V 

V 

pA 



operating characteristics. VOO 

PARAMETER 

Initial error of timing interval 

Supply voltage sensitivity 

of timing interval 

Output pulse rise time 

Output pulse fall time 

Maximum frequency in 

astable mode 

RB 

CT -::t' 

13 

TYPES TLC555M. TLC555C 
LinCMOSTM TIMERS 

5 V. TA 25°C (unless otherwise noted) 

TEST CONDITIONS MIN TYP MAX UNIT 

VOO = 5 V to 15 V, 

RA = RB = 1 kll to 100 kll, 
1% 

CT = 0.1 ~F, 
0.1 %IV 

See Figure 1 

VOO - 5 V, RL - 10 Mil, 20 

CL = 10 pF 20 
ns 

RA = 470 II, RB = 200 II, 
2.1 MHz 

CT = 200 pF 

TYPICAL APPLICATION DATA 

VOO 

F'--..... -OUTPUT 

GNO 
(1) r 

FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

0922, NOVEMBER 1970-REVISED OCTOBER 1979 

• 200 MHz Bandwidth 

• 
• 

250 kn Input Resistance 

Selectable Nominal Amplification of 
10, 100, or 400 

• No Frequency Compensation Required 

• Designed to be Interchangeable with 
Fairchild I1A733M and I1A733C 

description 

The uA733 is a monolithic two-stage video amplifier 
with differential inputs and differential outputs. 

Internal series-shunt feedback provides wide band­
width, low phase distortion, and excellent gain 
stability. Emitter-follower outputs enable the device 
to drive capacitive loads and all stages are current­
source biased to obtain high common-mode and 
supply-voltage rejection ratios. 

Fixed differential amplification of 10, 100, or 400 
may be selected without external components, or 
amplification may be adjusted from 10 to 400 by the 
use of a single external resistor connected between 
1 A and 18. No external frequency-compensating 
components are required for any gain option. 

The device is particularly useful in magnetic-tape or 
disc-file systems using phase or N RZ encoding and in 
high-speed thin-film or plated-wire memories. Other 
applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, 
and excellent gain stability are required. 

The uA733M is characterized for operation over the 
full military temperature range of _55°C to 125°C; 
the uA733C is characterized for operation from 
O°C to 70°C. 

J OR N DUAL-IN-LiNE PACKAGE 

ITOP VIEWI 

IN­

NC 

IN+ 

NC 

GAIN ADJ 2A 
GAIN ADJ 1A 

VCC­
NC 

OUT+ 

GAIN ADJ 28 
GAIN ADJ 18 

VCC+ 
NC 

-..--~-
OUT-

NC - No internal connection 

uA733M ... U FLAT PACKAGE 

ITOPVIEWI 

IN+ IN-

GAIN ADJ 2A GAIN ADJ 28 
GAIN ADJ 1A GAIN ADJ 18 

VCC- VCC+ 
OUT + -.... __ -r- OUT -

symbol 

GAIN ADJUST lA ------, 

GAIN ADJUST 2A ---.., 

IN+ 

IN-

GAIN ADJUST lB __ -,-..J 

GAIN ADJUST 2B ----~ 

OUT+ 

OUT-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

uA733M uA733C 
Supply voltage V cC+ {See Note 11 8 8 
Supply voltage V cc- (See Note 1) -8 -8 
Differential input voltage ±5 ±5 

Common-mode input voltage >6 >6 

Output current 10 10 

Continuous total power dissipation at (or below) 25°C free..air temperature (see Note 2) 500 500 
Operating free-air temperature range -55 to 125 Ot070 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1,6 mm (1./16 inch) from case for 60 seconds, I J or U package 300 300 

lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, I N package 260 

NOTES: 1. All voltage values, except dIfferentIal mput voltages, are wIth respect to the mldpomt between Vec + and VCC _. 

UNIT 

V 

V 

V 

V 

rnA 

rnW 

°c 
°c 
°c 
°c 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, uA733M chips are alloy mounted; 
uA 733C chips are glass mounted. 

Copyr-ight © 1979 by Texas Instruments Incorporated 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

electrical characteristics, V cc+ = 6 V, V cc- = -6 V, T A = 25° C 

PARAMETER 
TEST 

TEST CONDITIONS 
FIGURE 

AVO 
Large-signal differential 

1 Voo: 1 V 
voltage amplification 

8W Bandwidth 2 RS: 50 n 

110 I nput offset current 

liB I nput bias current 

VICR 
Common-mode 

If:lRut voltage range 
1 

Common-mode 
VOC 1 

output voltage 

VOO Output off.set voltage 1 

VOpp 
Maximum peak-ta-peak 

1 
output voltage swing 

r; Input resistance 3 VO~" 1 V 

'0 Output resistance 

Cj Input capacitance 3 VO~" 1 V 
Common-mode VIC-±l V, f" 100 kHz 

CMRR 4 
rejection ratio VIC - ±1 V, f - 5 MHz 
Supplv voltage 

c.VCC+: ± 0.5 V, 
kSVR rejection ratio 1 c.VCC_: ± 0.5 V 

(c.VCC!C.VIO) 

Vn 
Broadband equivalent 

input noise voltage 
5 BW: 1 kHz to 10 MHz 

RS: 50 n, 
tpd Propagation delay time 2 

Output voltage step = 1 V 

t, Rise time 2 
RS: 50 n, 

Output voltage step = 1 V 

'sink(max) 
Maximum output 

sink current 

ICC Supply current No load, no signal 

tThe gain option is selected as follows: 

GAIN 
OPTIONt 

1 

2 

3 

1 

2 

3 

Any 

Any 

Any 

Any 

1 

2&3 

Any 

1 

2 

3 

2 

2 

2 

2 

Any 

1 

2 

3 

1 

2 

3. 

Any 

Any 

Gain Option 1 .•• Gain-adjust pin 1 A is connected to pin 1 B, and pins 2A and 2B are open. 
Gain Option 2 ... Gain-adjust pin 1 A and pin 1 B are open, pin 2A is connected to pin 2B. 
Gain Option 3 ..• All four gain-adjust pins are open. 

5-102 TEXAS 
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uA733M uA733C 
UNIT 

MIN TYP MAX MI~ TYP MAX 

300 400 500 250 400 600 

90 100 110 80 100 120 

9 10 11 8 10 12 

50 50 

90 90 MHz 

200 200 

0.4 3 0.4 5 ~A 

9 20 9 30 ~A 

±1 ±1 V 

2.4 2.9 3.4 2.4 2.9 3.4 V 

0.6 1.5 0.6 1.5 
V 

0.35 1 0.35 1.5 

3 4.7 3 4.7 V 

4 4 

20 24 10 24 kn 

250 250 

20 20 n 

2 2 pF 

60 86 60 86 
dB 

70 70 

50 70 50 70 dB 

12 12 I'V 

7.5 7.5 

6.0 10 6.0 10 n' 
3.6 3.6 

10.5 10.5 

4.5 10 4.5 12 n' 
2.5 2.5 

2.5 3.6 2.5 3.6 mA 

16 24 16 24 mA 

11 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

electrical characteristics (continued), VCC+ = 6 V, VCC- = -6 V 
TA = _55°C to 125°C for uA733M, O°C to 70°C for uA733C 

TEST 
PARAMETER 

FIGURE 
TEST CONDITIONS 

AvO 
Large·signal differential 

1 VOO= 1 V 
voltage amplification 

110 Input offset current 

liB I "put bias current 

Common~mode 
VICR 

input voltage range 
1 

VOO Output offset voltage 1 

VOpp 
Maximum peak·to-peak 

1 
output voltage swing 

r; I nput resistance 3 VOO,,1 V 

CMRR 
Common-mode VIC=±1 V. f" 100 kHz 

4 
rejection ratio VIC=±1 V. f - 5 MHz 

Supply voltage 

kSVR rejection ratio 1 ..:IVCC+ = ±0.5 V. 

I..:IVCC!..:IVIO) 
..:IVq:_ = ±0.5 V 

Isinklrnax) 
Maximum output 

sink current 

ICC Supply current No load, No signal 

tThe gain option is selected as follows: 

GAIN 

OPTIONt 

1 

2 

3 

Any 

Any 

Any 

1 

2&3 

Any 

2 

2 

2 

2 

Any 

Any 

Gain Option' ... Gain-adjust pin 1 A is connected to pin 1 B, and pins 2A and 28 are open. 
Gain Option 2 ... Gain-adjust pin 1 A and pin 1 Bare apen, pin 2A is connected to pin 28. 
Gain Option 3 ... All four gain-adjust pins are open. 

schematic 

uA733M uA733C 

MIN MAX MIN MAX 

200 600 250 600 

80 120 80 120 

8 12 8 12 

5 6 

40 40 

±1 ±1 

1.5 1.5 

1.2 1.5 

2.5 2.8 

8 8 

50 50 

50 50 

2.2 2.5 

27 27 

;-------~------------~~--------~------~~------~------~--OVCC+ 

2.4kn 2.4kn 10kn 

INPUT 1 INPUT 2 

UNIT 

IlA 

IlA 

V 

V 

V 

kn 

dB 

dB 

rnA 

rnA 

L--------+----""'fV-----+-------+--o OUTPUT 1 

GAIN.DA 
AOJUST12A 

590n 

50 n 50 n 1~lGAIN 
2BfAOJUST 

~----------+_--~vvv_----~------~_oOUTPUT2 

1kn 

400n 

~----------------e_------------~----------~~----_e--OVCC-
Component values shown are nominal. 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

DEFINITION OF TERMS 

Large-Signal Differential Voltage Amplification (AVD) The ratio of the change in voltage between the output terminals 
to the change in voltage between the input terminals producing it_ 

Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more than 3 dB 
below its low-frequency value_ 

Input Offset Current (110) The difference between the currents Into the two input terminals with the inputs grounded_ 

Input Bias Current (lIB) The average of the currents into the two input terminals with the inputs grounded. 

Input Voltage Range (VI) The range of voltage that if exceeded at either input terminal will cause the amplifier to cease 
functioning properly. 

Common-Mode Output Voltage (Vac) The average of the doc voltages at the two output terminals. 

Output Offset Voltage (Voa) The difference between the doc voltages at the two output terminals when the input 
terminals are grounded. 

Maximum Peak-to-Peak Output Voltage Swing (Vapp) The maximum peak·to·peak output voltage swing that can be 
obtained without clipping. This includes,the unbalance caused by output offset voltage. 

Input Resistance (r;) The resist~nce between the input terminals with either input grounded . 

Output Resistance (ro) The resistance between either output terminal and ground. 

Input Capacitlmce (Ci) The capacitance between the input terminals with either input grounded. 

Common-Mode Rejection Ratio (CM R R) The ratio of differential voltage amplification to common-mode voltage 
amplification. This is measured by determining the ratio of a change in input common-mode voltage to the resulting 
change in input offset voltage. 

Supply Voltage Rejection Ratio (L\VCCIL\VIO) The absolute value of the ratio of the chan'ge in power supply voltages 
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically. 

Equivalent Input Noise Voltage (V n) The voltage of an ideal voltage source (having an internal impedance equal to 
zero) in series with the input terminals of the device that represents the part of the internally generated noise that can 
properly be represented by a voltage source_ 

Propagation Delay Time (tpd) The interval between the application of an input voltage step and its arrival at either 
output, measured at 50% of the final value_ 

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

Maximum Output Sink Current (lsink(max)) The maximum available current into either output terminal when that 
output is at its most negative potential. 

Supply Current (ICc) The average of the magnitudes of the two supply currents ICCl and ICC2. 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

test circuits 

0.2 ~F 

2kl1 

50 l1 ~ .. n 

FIGURE 1 FIGURE2 

[t> V!D f2kl1 ~~ J ~lkl1 lkl1 

'=' "=' ":' 

FIGURE 3 FIGURE 4 

28 18 

0.2 ~F 

2kl1 '~ Radj 1 kl1 1 kl1 

.... 
"= ":" 

2A lA 

VOLTAGE AMPLIFICATION ADJUSTMENT 

FIGURE 5 FIGURE 6 
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TYPES uA733M, uA733C 
DIFFERENTI.AL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 

PHASE SHIFT 
vs 

FREQUENCY 

.1 I I 
VCC+=6V _ 

VCC- = -6 V 

"'" 
TA=25°C -

~ 'I' 

r---.. 
'-.... GAIN 2 , 

i'-... 
r--....... 

.::: -150 
~ 
g: -200 
<II 

it -250 

° 

° 

° 

I'-....... 
° -300 

° 

PHASE SHIFT 
vs 

FREQUENCY 

VCC+=6V --....... 
VCC_=-6V 

TA =25°C 
GAIN 2 

1\ 
\ , 

2 3 4 5 6 7 8 9 10 

f-Frequency-MHz 

-400 

_450° 
1 4 10 40 100 400 

!lo 
!! 

1 

FIGURE 7 

VOLTAGE AMPLIFICATION 
(SINGLE·ENDED OR DIFFERENTIAL) 

vs 
TEMPERATURE 

.~l VCC+=6V 

VCC- = -6 V 

'" I--- uA733C ---1 

GAIN 2 ~ i GAIN 3 

~ I"'" I ~ N GAIN 3 
I 

'" GAI0' 

> 
to 

~' 1.4 

tl 
() 

> 
.. 1.2 ., 
::J 
n; 
> 
B 1,0 

~ .;:; 
<II 

~ 0,8 
c: 
o 
'N 
'E 0,6 
0. 
E 

<C 

" g> 0.4 

f-Frequency-MHz 

FIGURES 

VOLTAGE AMPLIFICATION 
(SINGLE·ENDED OR DIFFERENTIAL) 

vs 
SUPPLY VOLTAGE 

I 1o 
TA = 25 C 

V 
./ 

V 

/".: j....-l- f-:. 
~ V j....-l/ 
G~ 

./ 
V 

GAlb 
1./ 

V 
"0 0,8 
> -75 -50 -25 0 25 50 75 100 125 {5 3 

> 
4 5 6 7 8 

5-106 

T A-Free,Air Temperature-°c 

FIGURE 9 
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IVCC±I-Supply Voltage-V 

FIGURE 10 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

RESISTANCE BETWEEN GIA AND G1B 

SINGLE-ENDED VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 

1000 co 50 

c 
0 
.~ 

" '" 0. 
E « 
'" ~ 
"0 
> 
"iii '., c 
'" £ 
i5 
I 
0 
> « 

« 
E 
I 

to 
~ 
" u 
> 
0. 
"-
" CJJ 
I 
u 
~ 

700 

400 

200 

100 

70 

40 

20 

10 
10 

20 

18 

16 

14 

12 

10 

8 

VCC+ 6V 

VCC- - -6V 

VOD = 1 V 

.......... 1"- TA = 25°C 
See Figure 6 

.......... 
...... 

40 100 400 1 k 4 k 10 k 

Radj-Resistance Between GIA and G1B-Q 

FIGURE 11 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

----r 
uA733C --.i, - --..... 

VCC+ = 6 V 
6 - VCC_=-6V 

4 _ No Load 

2 
No Signal 

o 

l' 
c 
o 
.~ 40 

:f: 
0. 
E 
« 30 
'" C> 
;g 
"0 
> 
" 20 . ~ 
c 
% 
g. 10 

'\' 
CJJ 
> « 0 

« 
E 

24 

20 

.!. 16 
c 
~ 
" c;. 12 
Q. 
"-
" '? 8 
u 
u 

4 

o 

GAiN I 
GAIN 2 

GAIN 3 

I I 
-VCC+ = 6 V 

VCC_=-6V I 
- ° TA = 25 C 

1 4 

I I 
No Load 

_ No Signal 

10 40· 
f-Frequency-MHz 

FIGURE 12 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I 

l\ 
1\\ 

\ 
~ 

\ 

100 

TA = 25°C ./ 
./ 

./ 

/' 
./ 

./' 

/./ 
./ 

-75 -50 -25 0 25 50 75 100 125 3 4 5 6 7 

T A-Free-Air Temperature-°c 

FIGURE 13 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
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VCC+=6V 
VCC- = -6 V 
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FIGURE 15 
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FREQUENCY 

VCC+=6V 
VCC- = -6 V 
TA=25°C 
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f-Frequency-MHz 

FIGURE 17 
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FIGURE 16 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Accurate Timing from Microseconds to 
Days 

• Programmable Delays from 1 Time Constant 
to 255 Time Constants 

• Outputs Compatible with TTL and CMOS 

• Wide Supply-Voltage Range 

• External Sync and Modulation Capability 

description 

OUTPUTS 

TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

D2442, JUNE 1978-REVISED FE8RUARY 1984 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

00 Vee 
01 REGULATOR 

} OUTPUTS 
02 TIME BASE 
03 

~C } 04 MODULATION 
05 TRIGGER INPUTS 
06 RESET 
07 GND 

These circuits consist of a time-base oscillator, an eight-bit counter, a control flip-flop, and a voltage regulator. The 
frequency of the time-base oscillator is set by the time constant of an external resistor and capacitor at pin 13 and 
can be synchronized or modulatd by signals applied to the modulation input. The output of the time-base section is 
applied directly to the input of the counter section and also appears at pin 14 (time base). The time-base pin may 
be used to monitor the frequency of the oscillator, to provide an output pulse to other Circuitry, or (with the time-base 
section disabled) to drive the counter input from an external source. The counter input is activated on a negative­
going transition. The reset input stops the time-base oscillator and sets each binary output, 00 through 07, and the 

time-base output to a TTL high level. After resetting, the trigger input starts the oscillator and all 0 outputs go low. 
Once triggered, the uA2240e will ignore any signals at the trigger input until it is reset. 

The uA2240e timer/counter may be operated in the free-running mode or with output-signal feeedback to the reset 
input for automatic reset. Two or more binary outputs may be connected together to generate complex pulse patterns, 
or each output may be used separately to provide eight output frequencies. Using two circuits in cascade can provide 
precise time delays of up to three years. 

The uA2240e is characterized for operation from ooe to 70 oe. 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

functional block diagram 

Vee 
(16) 

TRIGGER..:{..:.ll';':)+-4H 

RESET ...:{~10::.:)+_....;;r~ 

INPUT 

GND~{9~1~ ______ ~ 

o. . . open~collector outputs 

absolute maximum ratings 

I 
I ____ -J 

(14) 

TBO 

REGULATOR 
OUTPUT 

1151 

S 

VOLTAGE 
REGULATOR 

T 0_ P---<lI> T 0--\ ...... -01> T 
'--=<;>"--' 

(1) (2) 

00 01 

(S) 

Q7 

Supply voltage, VCC (see Note 1) .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Output voltage: 00 thru 07. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Output current: 00 thru 07 ......................................................... 10 mA 
Regulator output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 5 mA 
Continuous dissipation at (or below) 25 DC free-air temperature (see Note 2): ................... 650 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............................. 260 DC 

NOTES: 1. Voltage values are with respect to the network ground terminal. 
2. For operation above 25°C, see the I?issipation Derating Curves, Section 2. 

recommended operating conditions 

uA2240C 

MIN NOM MAX 
UNIT 

Supply voltage, VCC (see Note 3) 4 14 V 

Timing resistor 0.001 10 Mil 
Timing capacitor 0.01 1000 ~F 

Counter input frequency (Pin 14) 1.5 MHz 

Pull-up resistor, time-base output 20 kll 

Trigger and reset input pulse voltage 2 3 V 

Trigger and reset input pulse duration 2 ~ 

External clock input pulse voltage 3 V 

External clock input pulse duration 1 ~ 

NOTE 3: For operation with Vee :s 4.5 V, short regulator output to Vee. 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

electrical characteristics at 25°C free-air temperature 

PARAMETER 
TEST 

CIRCUIT 
TEST CONDITIONS MIN TYP 

1 Vee ~ 5 V, Trigger and reset open or grounded 3.9 4.4 
Regulator output voltage 

2 Vee - 15 V, Trigger and reset open or. grounded 5.B 6.3 

Modulation input open 
1 

Vee - 5 V, Trigger and reset open or grounded 2.B 3.5 

circuit voltage Vee - 15 V, Trigger and reset open or grounded 10.5 

Trigger threshold voltage 1 Vee - 5 V, Reset at 0 V 1.4 

High-level trigger current 1 Vee - 5 V, Trigger at 2 V, Reset at 0 V 10 

Reset threshold voltage 1 Vee - 5 V, Trigger at 0 V 1.4 

High-level reset current 1 Vee - 5 V, Trigger at 0 V 10 

Couonter input (time base) 
2 Vee ~ 5 V, Trigger and reset open or grounded 1 1.4 

threshold voltage 

Low-level output current, 
2 

Vee - 5 V, 

00 thru 07 VOL < 0.4 V 

Trigger at 2 V, Reset at 0 V, 
2 4 

High-level output current, 

00 thru 07 
2 VOH ~ 15 V, Reset at 2 V, Trigger at 0 V 0.Q1 

1 Vee ~ 5 V, Trigger at 0 V, Reset at 5 V 4 

Supply current 1 Vee - 15 V, Trigger at 0 V, Reset at 5 V 13 

3 V+ - 4 V 1.5 

operating characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST 

CIRCUIT 
TEST CONDITIONst MIN 

Initial error of time basel 1 Vee ~ 5 V, Trigger at 5 V, Reset at 0 V 

Temperature coefficient I Vee - 5 V 
1 TA ~ ooe to 70 0 e 

of time-base period I Vee - 15V 
Supply voltage sensitivity 

of time-base period 
1 Vee 2: 8 V 

Time-base output frequency 1 Vce - 5 V, R - MIN, e - MIN 

Propagation delay time see Note 4 
From trigger input 

From reset input 

Output rise time 

Output fall time 
2 RL ~ 3 kll, eL ~ 10 pF 00 thru 07 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
fThis is the time-base period error due only to the uA2240C and expressed as a percentage of nominal (1.00 RC). 

TYP 

±0.5 

-200 

80 

-0.08 

130 

1 

0.8 

180 

180 

MAX UNIT 

6.B 
V 

4.2 
V 

2 V 

~A 

2 V 

~A 

V 

mA 

15 ~A 

7 

lB mA 

MAX UNIT 

±5 % 

ppm/oe 

-0.3 %/V 

kHz 

~s 

ns 

NOTE 4: Propagation delay time is measured from the 50% point on the leading edge of an input pulse to the 50% point on the leading edge of the resulting 
change of state at QO. 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

PARAMETER MEASUREMENT INFORMATION 
VCC 

R = 10kn 
(UNLESS OTHERWISE 

SPECIFIED) 

0.01 p.F 

CONNECTED FOR OPERATING 
CHARACTERISTICS TESTS ONL Y 

C=O.l p.F 

(UNLESS OTHERWISE I 
SPECIFIED) 

MOD VCC 
TRIG 

.... 
RESET 

20kn 

REG 
OUT 

EACH 00 THRU Q1 OUTPUT LOAD = 10 kn 

FIGURE l-GENERAL TEST CIRCUIT 

1 kn 
(DISABLES 

OSCILLATOR) TRIG 

RESET 

VCC 

REG (OPEN) 

OUT 

3V--n n 

OV--.J LJ L 
INPUT SIGNAL FOR 

OPERATING CHARACTERISTICS 
TESTS ONLY EACH QO THRU Q1 OUTPUT LOAD = RL 

.. 
.. 

.. 

FIGURE 2-COUNTER TEST CIRCUIT 

.. 

TRIG 

RESET 

.. (OPEN) 

REG 
OUT 

V+=4V 

EACH QO THRU Q1 OUTPUT LOAD = 10 kn 

FIGURE 3-REDUCED·POWER TEST CiRCUIT 
(TIME BASE DISABLED) 

... These connections may be open or grounded for this test. 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

TYPICAL CHARACTERISTICS 

NORMALIZED TIME-BASE PERIOD 

'" " 'E 
i= .., .. 
N 

~ 
E 
(; 
2 
I 

"I~ 

2.5 

2.0 

1.5 

1.0 

0.5 

o 
1 

vs 
MODULATION INPUT VOLTAGE 

/ 

/ 
V 

/ 
/ 

/ 
", 

2 3 4 5 6 
Modulation Voltage-V 

FIGURE4 

TYPICAL APPLICATION INFORMATION 

Figure 5 shows voltage waveforms for typical 
operation of the uA2240C. If both reset and trigger 

inputs are low during power-up, the tim~r/counter will 
be in a reset state with all binary (a) outputs high and 
the oscillator stopped. In this state, a high level on the 
trigger input starts the time-base oscillator. The initial 
negative-going pulse from the oscillator sets the a 
outputs to low logic levels at the beginning of the first 
time-base period. The uA2240C will ignore any further 
signals at the trigger input until after a reset signal is 
applied to the reset input. With the trigger input low, 
a high level at the reset input will set a outputs high 
and stop the time-base oscillator. If the reset signal 
occurs while the trigger input is high, the reset is 
ignored. If the reset input remains high when the 
trigger input goes low, the uA2240C will reset. 

FIGURE 5-TIMING DIAGRAM OF OUTPUT WAVEFORMS 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

TYPICAL APPLICATION INFORMATION 

In monostable applications of the uA2240C one or more of the binary outputs will be connected to the reset terminal 
as shown in Figure 6. The binary outputs are open-collector stages that can be connected together to a common pull­
up resistor to provide a "wired-OR" function. The combined output will be low as long as anyone of the outputs 
is low. This type of arrangemeht can be used for time delays that are· integer multiples of the time-base period. For 
example, if 05 (2 5 = 321 only is connected to the reset input, every trigger pulse will generate a 32-period active-low 
output. Similarly, if 00, 04, and 05 are connected to reset, each trigger pulse creates a 49-period delay. 

In astable operation, the uA2240C will free-run from the time it is triggered until it receives an external reset signal. 

The period of the time-base oscillator is equal to the RC time constant of an external resistor and capacitor connected 
as shown in Figure 6 when the modulation input is open (approximately 3.5 volts internal, see Figure 4). Under conditions 
of high supply voltage (VCC > 7 V) and low value of timing capacitor (C < d.1 I'F), the pulse duration of the time­
base oscillator may be too short to properly trigger the counters. This situation can be corrected by adding a 
300-picofarad capacitor between the time-base output and ground. The time-base output (TBO) is an open-collector 
output that requires a 20-kll pull-up resistor to Pin 15 for proper operation. The time-base pin may also be used as 
an input to the counters for an external time-base or as an active-low inhibit input to interrupt counting without resetting. 

The modulation input varies the ratio of the time-base period to the RC time constant as a function of the dc bias 
voltage (see Figure 4). It can also be used to synchronize the timer/counter to an external clock or sync signal. 

The regulator output is used internally to drive the binary counters and the control logic. This terminal can also be 
used to supply voltage to additional uA2240C devices to minimize power dissipation when several timer circuits are 
cascaded. For circuit operation with an external clock, the regulator output can be used as the VCC input terminal 
to power down the internal time base and reduce power dissipation. When supply voltages less than 4.5 volts are 
used with the internal time base, Pin 15 should be shorted to Pin 16. 

VCC 

(161 

V (151 
REG 

VCC 

20 kl1 

OUTPUT 

__ ...:..;(1.;.1I'i T RIGGER 

_ .. ....:..:(1.::;0!.j1 RESET 

47 kl1 
GND 

(9) 

S1 

FIGURE 6-BASIC CONNECTIONS FOR TIMING APPLICATIONS 
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FIXED-OUTPUT VOLTAGE REGULATORS 

positive-voltage regulators 

DEVICE OUTPUT VOLTAGE MINIMUM DIFFERENTIAL OUTPUT CURRENT 

SERIES TOLERANCE VOLTAGE RATING 

LM2930-0 ±10% 0.6 V 150 rnA 

LM2931-0 ±10% 0.6 V 150 rnA 

LM330-0 ±4% 0.6 V 150 rnA 

LM340-00 +4% 2V 1.5 A 

Tl780-00C ±1% 2V 1.5 A 

uA7800C +4% 2 V - 3 V 1.5 A 

uA78LOOAC +5% 2V 100 rnA 

uA78LOOC ±10% 2 V - 2.5 V 100 rnA 

uA78MOOC ±5% 2 V - 3 V 500 rnA 

uA78MOOM ±5% 2 V - 3 V 500 rnA 

negative-voltage regulators 

DEVICE OUTPUT VOLTAGE MINIMUM DIFFERENTIAL OUTPUT CURRENT 

SERIES TOLERANCE VOLTAGE RATING 

LM320-00 ±4% 2V 1.5 A 

MC79LOOAC ±5% 1.7 V 100 rnA 

MC79LOOC ±10% 1.7 V 100 rnA 

uA7900C ±5% 2 V - 3 V 1.5 A 

uA79MOOC ±5% 2 V - 3 V 1.5 A 

uA79MOOM ±5% 2 V - 3 V 1.5 A 

available output vol.tage for above regulator series 

DEVICE 
SERIES 2.6 5.0 5.2 

LM2930-0 X 
LM2931-0 X 
LM320-00 X 
LM330-0 X 
LM340-00 X 
MC7900AC X 
MC79LOOC X 
Tl780-00C X 
uA7800C X 

uA78LOOAC X X 
UA78LOOC X X 
uA78MOOC X 

uA78MOOM X 

uA7900C X X 
uA7900M X X 
uA79MOOC X 
uA79MOOM X 

6.0 

X 

X 
X 

X 
X 

X 
X 

VOLTAGE SELECTIONS 

6.2 8.0 8.5 

X 

X X 

X X 

X X 

X 

X 
X 
X 

X 
X 

TEXAS 
INSIRUMENTS 

9.0 10.0 

X 

X X 

X X 

X 

X 

POST OFFICE BOX 2250'2 • OALLAS. TEXAS 75265 

12.0 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 
X 

X 
X 

SELECTION GUIDE 

PACKAGES PAGE 

KC 6-45 

KC 6-51 

KC 6-27 

KC 6-33 

KC 6-137 

KC 6-175 

LP 6-183 

LP 6-183 

KC 6-189 

KC 6-189 

PACKAGES PAGE 

KC 6-21 

LP 6-57 

LP 6-57 

KC 6-201 

KC 6-207 

KC 6-207 

15.0 18.0 20.0 24.0 

X 

X 

X 

X 

X 
X X X 

X 

X 

X X X 

X 

X X X 
X X X 

X X X 

X 

U) .. 
o ... 
as 
'3 
en 
Q) 

a: 
Q) 
en as ... 
(5 
> 

6-3 



SELECTION GUIDE 

< o 
::+ 
I» 

CC 
(1) 

:g 
(1) 

CC c 
iii" 
r+ o 

VARIABLE-OUTPUT VOLTAGE REGUL TORS 

positive-voltage series 'regulators 

DEVICE OUTPUT VOLTAGE MAXIMUM DIFFERENTIAL OUTPUT CURRENT 

NUMBER MIN MAX VOLTAGE RATING 

LM217 1.2 V 37 V VI-1.2 V 1.5 A 

LM317 1.2 V 37 V VI-1.2 V 1.5A 

LM350 1.2 V 33 V VI-1.2 V 3A 

, TL317C 1.2 V 32 V VI-1.2 V 100 mA 

TL317M 1.2 V 32 V VI-1.2 V 100 mA 

TL7B3AC 5V 200 V 200 V 700 mA 

TL7B3C 10 V 125 V 37 V 700 mA 

uA723C 3V 3B V 37 V 25 mA 

uA723M 3V 38 V 37 V 25 mA 

negative-voltage series regulators 

DEVICE OUTPUT VOLTAGE MAXIMUM DIFFERENTIAL OUTPUT CURRENT 

NUMBER MIN I MAX VOLTAGE RATING 

LM237 1.2 V J 37 V VI-1.2 V 1.5 A 

LM337 1.2 V I 37 V VI-1.2 V 1.5 A 

positive-shunt regulators 

DEVICE SHUNT VOLTAGE SHUNT CURRENT TEMP COEFFICIENT 

NUMBER MIN MAX MIN MAX RATING 

TL430C 3V 30 V 2 mA 100 mA 200 ppm/DC 

TL4301 3V 30V 2 mA 100 mA 200 ppm/DC 

TL431C 3V 30V 0.5 mA 100 mA 100 ppm/DC 

TL431 I 2.55 V 36 V 1 mA 100 mA 100 ppm/DC 

TL431M 2.55 V 36 V 1 mA 100 mA 100 ppn/oC 

PROTECTION CIRCUITS 

U; undervoltage protection circuits 

II DEVICE 

NUMBER 

TL7700C 

TL77001 

TL7702 

TL7705 

TL7709 

TL7712 

TL7715 

6-4 

FEATURES 

Power-up and voltage reset generator specifically for 

microcomputer control supervision. These devices 

operate over a wide supply voltage range (3 V to 18 VI 

and have externally adjustable pulse duration to ensure 

system reset. 

Power-up and voltage reset generator specifically for 

microcomputer control supervision. These devices 

operate over a wide supply voltage range (3 V to 18 VI 

and have externally adjustable pulse duration to ensure 

system reset. 

TEXAS 
INSlRUMENTS 

TEMP RANGE 

OoC to 70°C 

-25°C to 85°C 

O°C to 70°C 
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overvoltage protection circuit 

DEVICE 

NUMBER 
FEATURES TEMP-RANGE 

Separate outputs for "crowbar" and logic circuitry, 

MC3423 progrmmable time delay, TTL-level activation OOC to 70°C 

isolated from voltage-sensing inputs 

SWITCHING VOLTAGE REGULATOR/CONTROLLERS 

general-purpose switching regulators/controllers 

PAGES 

FEATURES 

General Features 

Fixed On Time 

Fixed Frequency PWM 

Expandable 

Control Features 
On Chip Reference 

Precision On Chip Reference 

Dead Time Adjust 

Current Sense Amplifier 

Error Amplifier 

Operates to 40 V 

Operates above 40 V 

Protection Features 

On Chip Regulator 

Internal Soft Start 

Under Voltage Lockout 

Inhibit Control 

Double Pulse Protection 

Output Features 

Single-ended Output 

Double-ended Outputs 

Totem-Pole Outputs 

Parallelable Outputs 

External Output Trigger 

AVAILABILITY 

Commercial Temp Range 

Plastic (N Packagel 

Ceramic (J Package I 

Industrial Temp Range 

Plastic (N Package I 

Ceramic (J Packagel 

Military Temp Range 

Ceramic (J Packagel 

BASE DEVICE NUMBERS 

MC35060 

MC34060 

6-61 

-
X 

X 

X 

-
X 
-

2 

X 
-

X 

-
-
-
-

X 
-

-

-

-

X 

X 

-
-

X 

SG3524 SG3525A 

SG2524 SG2525A 

SG1524 SG1525A 

6-69 6-81 

- -

X X 

X X 

X X 

- X 
- X 
- -
2 1 

35 V 35 V 

- -

- -

X X 

X X 

X X 

X X 

- -

X X 
- X 
-

- -

X X 

X X 

X X 

X X 

X X 
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SWITCHING VOL TAGE REGULATOR/CONTROLLERS 

general-purpose switching regulators/controllers 

PAGES 

FEATURES 

General Features 

Fixed On time 

Fixed Frequency PWM 

Low Bias Current Requirements 

Expandable 

Control Features 
On Chip Reference 

Precision On Chip Reference 

Dead Time Adjust 

Current Sense Amplifier 

Error Amplifier 

Operates to 40 V 

Operates above 40 V 

Protection Features 

On Chip Regulator 

Internal Soft Start 

Under Voltage Lockout 

Inhibit Control 

Double Pulse Protection 

Output Features 

Single-ended Output 

Double-ended Outputs 

T olem-pole Outputs 

Parallelable Outputs 

External OUlput Trigger 

AVAILABILITY 

Commercial Temp Range 

Plastic (N Package) 

Ceramic (J Package) 

Industrial Temp Range 

Plastic (N Package) 

Ceramic (J Package) 

Military Temp Range 

Ceramic (J Package) 

TL493 

6-107 

-
X 

-
X 

X 

-

X 

1 

1 

X 

-

-
-
-
X 

X 

-

X 

-
X 

-

X 

-

-
-

-

BASE DEVICE NUMBERS 

TL494 TL495 

6-107 6-107 

- -
X X 

- -
X X 

X X 

- -

X X 

- -

2 2 
X X 

- X 

- X 

- -
- -
X X 

X X 

- -
X X 

- -
X X 

- X 

X X 

X -

X -
X -

X -
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SELECTION GUIDE 

special-purpose regulators and controllers 

DEVICE 

NUMBER 

TL580C 

RM4193 

RC4193 

UC3846 

UC3847 

TL499 

TL496 

FUNCTION FEATURES 

Micropower Dual Switching Regulator High-efficiency, low bias current, two control channels. 

High-efficiency, low bias current adjustable output 
Micropower Switching Regulator 

voltage, good for battery-backup circuit. 

Curent-inode PWM Controller 
Pulse-by-pulse programmable current limiting, 

self start, under-voltage lockout, and shutdown. 

Wide-Range Power Supply Controller 
Adjustable regulator that switches over to 

battery-backup when line voltage is low. 

9-Volt Power Supply Controller 
Operates from a variety of sources including 1- and 

2-cell batteries and step-down ae line voltage. 
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GLOSSARY 

SERIES REGULATORS 

Input Regulation 

The change in .output veltage, .often expressed as a percentage .of .output veltage, fer a change in input veltage frem 
.one level te anether level. 
NOTE: Semetimes this characteristic is nermalized with respect to the input veltage change. 

Ripple Rejection 

The ratie .of the peak-te-peak input ripple veltage te the peak-te-peak .output ripple veltage. 
NOTE: This is the reciprecal .of ripple sensitivity. 

Ripple Sensitivity 

The ratie .of the peak-te-peak .output ripple veltage, semetimes expressed as a percentage .of .output veltage, te the 
peak-te-peak input ripple veltage. 
NOTE: This is the reciprecal .of ripple rejectien. 

Output Regulation 

The change in .output veltage, .often expressed as a percentage .of .output veltage, fer a change in lead current frem 
.one level te anether level. 

Output Resistance 

The .output resistance under small-signal cenditiens. 

Temperature Coefficient of Output Voltage (avo I 
The ratie .of the change in .output veltage, usually expressed as a percentage .of .output veltage, te the change in 
temperature. This is the average value fer the tetal temperature change. . 

[
VoatT2-VoatT1] [100%] 

"'VO = ± ---
Va at 25°C T2-T1 

Output Voltage Change with Temperature 

The percentage change in the .output veltageJer a change in temperature. This is the net change ever the tetal 
temperature range. 

Output Voltage Long-Term Drift 

The change in .output veltage ever a leng peried .of time. 

Output Noise Voltage 

The rms value .of the ac compenent .of the .output veltage, semetimes expressed as a percentage .of the dc .output 
veltage, with censtant lead and ne input ripple. 

Current-Limit Sense Voltage 

The current-sense veltage at which current limiting .occurs. 

TEXAS 
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GLOSSARY 

Current-Sense Voltage 

The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry. 

Dropout Voltage 

The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input 
voltage. 

Feedback Sense Voltage 

The voltage that is a function of the output voltage and is used for feedback control of the regulator. 

Reference Voltage 

The voltage that is compared with the feedback sense voltage to control the regulator. 

Bias Current 

The difference between input and output currents. 
NOTE: This is sometimes referred to as quiescent current. 

Standby Current 

The input current drawn by the regulator with no output load and no reference voltage load. 

Short-Circuit Output Current 

The output current of the regulator with the output shorted to ground. 

Peak Output Current 

The maximum output current that can be obtained from the regulator due to limiting circuitry within the regulator. 

Overvoltage Shutdown Voltage 

The input voltage applied to a regulator having overvoltage shutdown protection that will cause the output voltage 
to go nearly to zero. 

Junction Temperature, Virtual Junction Temperature 

A temperature representing the temperature of the junction(sl, field-effect transistor channel(sl, or other internal point(sl 
of heat generation calculated on the basis of a simplified model of the thermal and electrical behavior of the 
semiconductor device. 

SHUNT REGULATORS 

NOTE: These terms and symbols are based on JEDEC and IEC standards for voltage regulator diodes. 

Shunt Regulator 

A device having a voltage-current characteristic similar to that of a voltage-regulator diode; normally biased to operate 
in a region of low differential resistance (corresponding to the breakdown region of a regulator diode I to develop across 
its terminals an essentially constant voltage throughout a specified current range. 
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GLOSSARY 

Anode 

The electrode to which the regulator current flows within the regulator when it is biased for regulation. 

Cathode 

The electrode from which the regulator current flows within the regulator when it is biased for regulation. 

Reference Input Voltage (Vref) (of an adjustable shunt regulator) 

The voltage at the reference input terminal with respect to the anode terminal. 

Temperature Coefficient of Reference Voltge (aVref) 

The ratio of the change in reference voltage to the change in temperature. This is the average value for the total 
temperature change .. 
To obtain a value in ppm! DC: 

aVref 

Regulator Voltage (VZ) 

The dc voltage across the regulator when it is biased for regulation. 

Regulator Current (lZ) 

The dc current through the regulator when it is biased for regulation. 

Regulator Current near Lower Knee of Regulation Range (lZK) 

The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the breakdown 
knee of a regulator diode. 

Regulator Current at Maximum Limit of Regulation Range (lZM) 

The regulator current above which the differential resistance of the regulator significantly increases . 

Differential Regulator Resistance (rz) 

The quotient of a change in voltage across the regulator and the corresponding change in current through the regulator 
when it is biased for regulation. 

Noise Voltage (Vnz) 

The rms value of the ac component of the voltage across the regulator with the regulator biased for regulation and 
with no input ripple. 
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82 

LINEAR 
INTEGRATED 
CIRCUITS 

• Output Voltage Range Adjustable 
from 1.2 V to 37 V 

• Guaranteed Output Current 
Capability of 1.5 A 

• Input Regulation Typically 0.01 % 
Per Input-Volt Change 

• Output Regulation Typically 0.1 % 

terminal assignments 
KCPACKAGE 

(TOPVIEWI 

TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 

02212, SEPTEMBER 1977 - REVISED DECEMBER 1982 

• Peak Output Current Constant Over 
Temperature Range of Regulator 

• Popular 3-Lead TO-220AB Package 

• Ripple Rejection Typically 80 dB 

• Direct Replacement for National 
LM217 and LM317 

() OUTPUT E I ~ INPUT 

:..L_J==== ADJUSTMENT 

description 

THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO·220AB 

The LM217, and LM317 are adjustable 3-terminal positive-voltage regulators capable of supplying 1.5 amperes over 
a differential voltage range of 3 volts to 40 volts. They are exceptionally easy to use and require only two external 
resistors to set the output voltage. Both input and output regulation are better than standard fixed regulators. The 
devices are packaged in a standard transistor package that is easily mounted and handled. 

In addition to higher performance than fixed regulators, these regulators offer full overload protection available only 
in integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. 
All overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, 
no capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass 
is needed. An optional output capacitor can be added to improve transient response, The adjustment terminal can 
be bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators, 

Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications, The primary 
applications of each of these regulators is that of a programmable output regulator, but by connecting a fixed resistor 
between the adjustment terminal and the output terminal, each device can be used as a precision current regulator. 
Even though the regulator is floating and sees only the input-to-output differential voltage, use of these devices to 
regulate output voltages that would cause the maximum-rated differential voltage to be exceeded if the output became 
shorted to ground is not recommended. The TL783 or TL783A is recommended for output voltages exceeding 37 
volts. Supplies with electronic shutdown can be achieved by clamping the adjustment terminal to ground, which 
programs the output to 1.2 volts where most loads draw little current. 

The LM217 and LM317 are characterized for operation from - 25°C to 150°C and from aoc to 125°C, respectively. 

Copyright © 1982 by Texas Instruments Incorporated 
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TYPES LM217, LM317 
3·TERMINAL ADJUSTABLE REGULATORS 

schematic 

L-~---4~--~--~~-4~~~--~~-4~---+----~--~--------------~~~--~OUTPUT 

L--------------------------------oAOJUSTMENT 

absolute maximum ratings over operation temperature range (unless otherwise noted) 

LM217 LM317 UNIT 

Input-to-output differential voltage, VI - Vo 40 40 V 

Continuous total dissipation at 25 0 C free-air temperature (see Note 1) 2000 2000 mW 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 20 20 W 
Operating free-air I case, or virtual junction temperature range 25 to 150 o to 125 °C 
Storage temperature range -65 to 150 65 to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 260 °C 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 16 and 16. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. D'ue to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or .below the rated dissipation. 

recommended operating conditions 

LM217 LM317 
UNIT 

MIN MAX MIN MAX 

Output current, 10 5 1500 10 1500 mA 

Operating virtual junction temperature, T J -25 150 0 125 °C 
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TYPES LM217, LM317 
3·TERMINAL ADJUSTABLE REGULATORS 

electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
LM217 LM317 

MIN TYP MAX MIN TYP 

Input regulation VI - Va - 3Vt040V,ITJ - 25°C 0.01 0.02 0.01 

(See Note 2) See Note 3 1'0 = 10 mA to 1.5 A 0.02 0.05 0.02 

Vo - 10 V, f-120Hz 65 65 

Ripple rejection Vo - 10 V, f - 120 Hz 

10-/LF capacitor between ADJ and ground 
66 80 66 80 

10 - 10 mA to 1.5 A, Vo '" 5 V 5 15 5 

TJ = 25°C, See Note 3 Va> 5 V 0.1 0.3 0.1 
Output regulation 

10-10mAt01.5A, Va", 5 V 20 50 20 

See Note 3 Vo > 5 V 0.3 1 0.3 
Output voltage change 

TJ = MIN to MAX 
with temperature 

1 1 

Output voltage 
After 1000 h at TJ = MAX 

long-term drift 0.3 1 0.3 

(see Note 4) 
and VI - Va = 40 V 

Output noise voltage f - 10 Hz to 10 kHz, TJ _ 25°C 0.003 0.003 

Minimum output current 
VI - Vo = 40 V 

to maintain regulation 
3.5 5 3.5 

VI Va", 15 V 1.5 2.2 1.5 2.2 
Peak output current 

VI Va", 40 V 0.4 0.4 

Adjustment-terminal 
50 100 50 

current 

Change in adjustment- VI Vo - 2.5 V to 40 V, 
0.2 5 0.2 

terminal current 10 = 10 mAto 1.5 A 

Reference voltage VI Vo - 3 V to 40 V, 

(output to ADJ) 10 = 10mAto 1.5A, p", 20W 
1.2 1.25 1.3 1.2 1.25 

MAX 

0.04 

0.07 

25 

0.5 

70 

1.5 

1 

10 

100 

5 

1.3 

t Unless otherwise noted, these specifications apply for the following test conditions; V, - Va = 5 V and 10 = 0.5 A. For conditions shown as MIN 
or MAX, use the appropriate value specified under recommended operating conditions. 

NOTES: 2. Input regulation is expressed here as the percentage change in output voltage per 1 ~volt change at the input. 

UNIT 

%/V 

dB 

mV 

% 

mV 

% 

% 

% 

% 

mA 

A 

~ 

/LA 

V 

3. Input regulation and output regulation are measured using pulse techniques (tw :S lOps, duty cycle :s 5%) to limit changes in average internal 

dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately. 

4. Since Iong~term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 

It is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPES LM217, LM317 
3·TERMINAL ADJUSTABLE REGULATORS 

V, 

V+ 

TYPICAL APPLICATION DATA 

HI--It---0 ~~e Note Cj 

C2 = 11'F 
(see Note B) 

FIGURE 1-ADJUSTABLE 
VOLTAGE REGULATOR 

1.2 
'Iimit"'R1 

FIGURE 4-PRECISION CURRENl 
LIMITER CIRCUIT 

V+ 

V+ 

V+ 

tD1 discharges C2 

if output is shorted to ground. 

FIGURE 2-0-V to 30-V REGULATOR 
CIRCUIT 

FIGURE 5-TRACKING PREREGULATOR 
CIRCUIT 

FIGURE 3-ADJUSTABLE REGULATOR 
CIRCUIT WITH IMPROVED 
RIPPLE REJECTION 

V+ 

FIGURE 6-1.2 to 20-V REGULATOR 
CIRCUIT WITH MINIMUM 
PROGRAM CURRENT 

Vo 

Minimum load current from each output is 10 rnA. 

All output voltages wifl be within 200 mV of each other. 

FIGURE 7-ADJUSTING MULTIPLE ON-CARD REGULATORS WITH A SINGLE CONTROL 

NOTES; A. Use of an input bypass capacitor is recommended if regulator is far from filter capacitors. 

B. Use of an output capacitor improves transient response but is optional. 

C. Output voltage is calculated from the equation: V 0 ~ V ref ( 1 +..;.r ) 
V ref equals the difference between the output and adjustment termlnat voltages. 
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TYPES LM217, LM317 
3·TERMINAL ADJUSTABLE REGULATORS 

TYPICAL APPLICATIONS 

v+ 

tRs controls output impedance of charger 

R2 
ZOUT '=' AS (1+ R'1) 

R2 
2.4ku 

The use of RS allows low charging rates with a fully­

charged battery. 

FIGURE 8-BATTERY CHARGER CIRCUIT 

v+o--+ 

FIGURE 9-50-mA CONSTANT -CURRENT 
BATTERY CHARGER CIRCUIT 

120n 

6Vp-p 
2WAverage 

~ 
480u 

v+ 

v-o-----~~ ____ _J 

en 
~ 

o .... 
:j: This resistor sets peak current (0.6 A for 1 n) ca 

"S 
C) 
II) 

FIGURE 10-SLOW-TURN-ON 1S-V 
REGULATOR CIRCUIT 

v+ 

FIGURE 11-A-C VOLTAGE REGULATOR FIGURE 12-CURRENT -LIMITED 
CIRCUIT 6-V CHARGER 

TIP73 

v+ 

lIMinimum load current Is30 mAo 

§Optional capacitor improves ripple rejection 

FIGURE 13-ADJUSTABLE 4-A REGULATOR FIGURE 14-HIGH-CURRENT ADJUSTABLE REGULATOR 
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TYPES LM217, LM317 
3·TERMINAL ADJUSTABLE REGULATORS 

THERMAL INFORMATION 
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FREE-AIR TEMPERATURE 
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I I I 

Derating factor = 16 mWfC 
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TA-Free-Air Temperature-DC 

FIGURE 15 
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\ 
Derating factor = 250 mWfC i,\ 

above 70DC 
ROJC,,"4DCIW 

50 75 100 125 

Tc-Case Temperature-DC 

FIGURE 16 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Output Voltage Range Adjustable 
from -1.2 V to -37 V 

• Guaranteed 10 Capability of 1.5 A 

• Input Regulation Typically 0.01% per 
Input·Volt Change 

• Output Regulation Typically 0.3% 

• Peak Output Current Constant Over 
Temperature Range of Regulator 

• Ripple Rejection Typically 77 dB 

• Direct Replacement for National 
Semiconduc.tor LM237, LM337 

description 

TYPES LM237, LM337 
3·TERMINAL ADJUSTABLE REGULATORS 

02640, NOVEMBER 1981 

LM237 LM337 ... KC PACKAGE 

ITOPVIEW) 

THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO·220AB 

The LM237 and LM337 are adjustable 3-terminal negative-voltage regulators capable of supplying in excess of -1.5 A 
over an output voltage range of -1.2 V to -37 V. They are exceptionally easy to use, requiring only two external 
resistors to set the output voltage and one output capacitor for frequency compensation. The current design has been 
optimized for excellent regulation and low thermal transients. In addition the LM237.and LM337 feature internal 
current limiting, thermal shutdown, and safe-area compensation, making them virtually immune to blowout by 
overloads. 

The LM237 and LM337 serve a wide variety of applications including local on-card regulation, programmable output 
voltage regulation, or precision current regulation. They are ideal complements to the LM217 and LM317 adjustable 
positive-voltage regulators. 

schematic diagram ~~~-------1~----~~--~~--~~------ ADJUSTMENT 

~----~~-----.------.---~4===~~==+-----+f~~,-~~~----~~-OUTPUT 

L---~-4-4~~~~--~-------4--------~--~~--------~----------~INPUT 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES LM231r LM337 
3·TERMINAL ADJUSTABLE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

I nput-to-output differential voltage, V I - Vo ......................................... -40 V 
Continuous total dissipation at 25°C free-air temperature (see Note 1) ........................... 2 W 
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) . . . . . . . . . . . . . . . . . . . . 20 W 
Operating free-air, case, or virtual junction temperature ·range: LM237 .......... . . . . . . .. _25°C to 150°C 

LM337 .................... O°C to 125°C 
Storage temperature range ................................................ _65°C to 150°C 
Lead temperature 1/16 inch from case for 10 seconds ..................................... 260°C 

NOTE 1: For operation above 25 °c free~air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the buitt~in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 
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TYPES LM237, LM337 
3·TERMINAL ADJUSTABLE REGULATORS 

recommended operating conditions 

LM237 LM337 

MIN MAX MIN MAX 

IVI- VOI';;40V, 
10 1500 10 1500 

P';;15W 
Output current. 10 

IVI - VOl';; 10 V, 
6 1500 6 1500 

P';;15W 

Operating virtual junction temperature. T J -25 150 0 125 

electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 

TEST CONOITIONSt 
LM237 LM337 

PARAMETER 
MIN TYP MAX MIN TYP MAX 

Input regulation+ 
VI-VO = -3 V to -40 V, TJ = 2SoC 0.01 0.02 0.01 0.04 

See Note 2 TJ - MIN to MAX 0.02 0.05 0.02 0.07 

VO=-10V, f = 120 Hz 60 60 

Ripple rejection Vo = -10 V, f= 120Hz 
66 77 66 77 

CADJ = 10/LF 

10= 10mAto 1.5A, IVOI';;5V 25 50 

TJ = 25°C, See Note 2 IVOI> 5V O.S 1 
Output regulation 

10=10mAtol.5A, IVOI';;SV 50 70 

See Note 2 IVOI >SV 1 1.5 

Output voltage 
TJ=MINtoMAX 0.6 0.6 

change with temperature 

Output voltage 

long-term drift After 1000 h at TJ = MAX and VI- Vo = -40 V 0.3 1 0.3 1 

(see Note 3) 

Output noise voltage f= 10Hzto 10kHz, TJ = 2SoC 0.003 0.003 

Minimum output 
IVI- V OI';;40V 2.5 5 2.5 10 

current to maintain 

regulation 
IVI- VOI';;10V 1.2 3 1.5 6 

IV I-VOI';;15V 1.5 2.2 1.5 2.2 
Peak output current 

IVI- V OI';;40V, TJ = 25"C 0.24 0.4 0.15 0.4 

Adjustment-
65 100 65 100 

terminal current 

Change in adjustment VI- VO=-2.5Vto-40V, 
2 5 2 5 

terminal current 10 = 10 mA to MAX, TJ = 25°C 

Reference voltage VI- V O=-3to-40V, TJ = 25°C -1.225 -1.250 -1.275 -1.213 -1.25 -1.287 
10= 10mAto 1.5A, 

(output to ADJ) 
P " rated dissipation 

TJ = MIN to MAX -1.2 -1.25 -1.3 -1.2 -1.25 -1.3 

Thermal regulation Initial TJ = 25°C, 10-ms pulse 0.002 0.02 0.003 0.04 

UNIT 

mA 

°c 

UNIT 

%iV 

dB 

mV 

% 

mV 

% 

% 

% 

% 

rnA 

A 

/LA 

/LA 

V 

%/W 

tUnless otherwise noted, the~ specifications apply for the following test conditions IVI - vOI= 5 V Bnd 10 = 0.5 A. For conditions shown as 
MIN or MAX, use the appropriate value specified under recommended operating conditions. 

:t'nput regulation is expressed here as the percentage change in output voltage per 1 volt change at the Input. 
NOTES: 2. Input regulation and output regulation are measured using pulse techniques {tw '" 10,",5, duty cycle ~ 5%} to limit changes in 

average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken Into account 
separately. 

3. Since long-term drift cannot be measured on the individual devices prior to shipment, this specifIcation is not intended to be a 
guarantee or warrantY. It is an engineering estimate of the averaga drift to be expected from lot to lot. 
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TYPES LM237. LM337 
3·TERMINAL ADJUSTABLE REGULATORS 

Rl 

TYPICAL APPLICATION DATA 

C1 W 
-r;: 

I 

IN 

LM237 

OR 

LM337 

ADJ 

RI is typically 120 .n. 

OlJ..T ~~-----e-------VO 

Rl 

C2 

R2 I 
( -Va ~. 

R2'" R1 -- -1 where Vo is the output in volts. 
-1.25 

C1 is a 1-J,lF solid tantalum required only if the regulator is more than 10 em (4 in.) from the 

power supply filter capacitor. ' 

C2 is a 1-f,LF solid tantalum or 1 O-,uF aluminum electrolytic required for stability. 

FIGURE 3 - ADJUSTABLE NEGATlVE·VOL TAGE REGULATOR 

LM237 

OR 

LM337 

VI I" OO'r 
J 

Vo 

ADJ 

I 
1.2SV 

RS=----
ILiMIT 

FIGURE 4-CURRENT·LlMITING CIRCUIT 
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LINEAR 
INTEGRATED CIRCUITS 

• 3-Terminal Regulators 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current limiting 

• Easily Adjustable to Higher Output Voltage 

• Interchangeable with National 
Semiconductor LM320 Series 

NOMINAL MAXIMUM 

OUTPUT OUTPUT REGULATOR 

VOLTAGE CURRENT 

-5 V 1.5 A LM320-5 

-12 V 1 A LM320-12 

-15 V lA LM320-15 

description 

TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 

KC PACKAGE 

ITOPVIEWI 

THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 

02334, APRIL 1983 

The LM320 series of three-terminal, fixed-negative-voltage monolithic integrated circuit voltage regulators are designed 
to provide a fixed output voltage of - 5 volts, - 12 volts, and - 1 5 volts with up to 1.5 amperes of output current. 
Each is designed for a wide range of applications which includes on-card regulation for elimination of noise and distribution 
problems associated with single-point regulation. 

The internal current limiting and thermal shutdown features of these regulators make them essentially immune to 
overload. The LM320, when used as a fixed-voltage regulator, needs only one external component: a compensation 
capacitor at the output terminal. In addition, these devices can be used with external components to obtain adjustable 
output voltages and currents or as the power-pass element in precision regulators. 

schematic diagram 

LM320·5 

62V 

INPUT~~~~----__ 

LM320·12 
LM320·15 

INPUT~~~~----__ ' 

For LM320-5, R- = 50 U. For LM320-12 and LM320-15, R* = 150!l 
All component values are nominal. 

----~~.---------~~------._------~---COMMON 

OUTPUT 

6.2 v 

20k!2 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPE SERIES LM320 
3·TERMINAL NEGATIVE·VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Input voltage: LM320-5 .......................•.................................. - 25 V 
LM320-12 ......................................................... -35 V 
LM320-15 ......................................................... -35 V 

Input-output voltage differential ....................................................... 25 V 
Continuous total dissipation at 25·C free-air temperature (see Note 1) .......................... 2 W 
Continuous total dissipation at (or below) 25·C case temperature (see Note 1) ................... 1 5 W 
Operating free-air, case, or virtual junction temperature range ....................... - 55·C to 1 50·C 
Storage temperature range ................................................. - 65·C to 150·C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds............................. 260·C 

NOTE 1: For operation above 25°C free-air or case temperature, ren:;r to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 

these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-In thermal overload 

protection may be activated at power levels slightly above or below the rated dissipation. 

FREE·AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

2000 

I" 
1600 

1400 

1200 

1000 

800 

600 

400 

200 

o 
25 

~ 

" " " ~ 
" Derating factor = 16 mW f C 

ROJA "" 62.5·C/W 

50 75 100 

~ 

" 125 

T A-Free·Air Temperature-·C 

FIGURE 1 

recommended operating conditions 

Input voltage, VI 

Output current, 10 

Operating virtual junction temperature, T J 

~ 
c 

.S! 
1;; 
.9-
::; 
0 
; 
0 
::I 

~ c 
0 u 
E 
::I 
E 
'j( .. 
:2: 

~ 
150 

LM320-5 

LM320-12 

LM320-15 
LM320-5 

LM320-12 

LM320-15 

16 

14 

12 

10 

8 

6 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

\ 
\ 

\ 
\ 
\ 

1\ 4 

2 
Derating factor = 0.25 wfc \ 

above 90·C 
ROJC;"4·C/w 

o 
25 50 75 100 125 

Tc-Case Temperature-·C 

FIGURE 2 

MIN MAX 
-7.5 -25 

-14.5 -32 
-17.5 -35 

1.5 

1 

1 

0 125 

\ 
150 

UNIT 

V 

A 

·C 
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TYPE SERIES LM320 
3·TERMINAL NEGATlVE·VOLTAGE REGULATORS 

LM320·5 electrical characteristics at specified virtual junction temperature. 10 5 mAo VI -10 V. 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 
TJ = 25°e -4.S -5.2 

Output voltage VI = -7.5 V to -25 V, 10 = 5 mA to 1.5 A, 
-4.75 -5.25 

V 
P s 15 W, TJ = oOeto 125°e 

Input regulation VI- -7.5Vto -25V, TJ = 25 0 e 10 40 mV 
Ripple rejection I - 120 Hz, TJ = OOeto 125°e 54 64 dB 
Output regulation 10 - 5 mA to 1.5 A, TJ - 25°e 50 100 mV 
Output noise voltage eL = 1 I'F, I = 10 Hz to 100 kHz, TJ = 25°e 150 I'V 
Output voltage long-term 

After 1000 hatTJ = 125°, TJ = 25°e 10 mV 
drilt (see Note 2) 

Bias current VI - -7.5 V to -25 V, TJ - ooe to 125°e 1 2 mA 

Bias current change 
VI- -7.5Vto -25V 

ITJ = 25°e 
0.1 0.4 

mA 
10 5 mA to 1.5 A I 0.1 0.4 

LM320·12 electrical characteristics at specified virtual junction temperature. 10 5 mAo VI - 17 V. 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS t 

TJ - 25°e 
Output voltage VI = -14.5 V to -32 V, 10=5mAtolA, 

P s 15 W, TJ = ooe to 125°e 
Input regulation VI - 14.5 V to 32 V, TJ - 25°e 
Ripple rejection I - 120 Hz, TJ - ooe to 125°e 
Output regulation 10=5mAtolA, TJ - 25°e 
Output noise voltage eL - 11'F,I - 10Hzto 100kHz, TJ = 25°e 
Output voltage long-term 

After 1000hatTJ = 125°e, TJ = 25°e 
drift (see Note 2) 

Bias current VI - -14.5 V to -'32 V, TJ = ooe to 125°e 

Bias current change 
VI = -14.5 Vto -32 V 

I TJ = 25 0 e 
10=5mAtolA I 

LM320·15 electrical characteristics at specified virtual junction temperature. 10 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS t 

TJ = 25°e 
Output voltage VI = -17.5Vto-35V, 10 = 5 mA to 1 A, 

P oS 15 W, TJ = ooe to 125°e 

Input regulation VI - -17.5 V to -35 V, TJ = 25°e 
Ripple rejection 1= 120Hz, TJ = OOeto 125°e 
Output regulation 10-5mAtolA TJ- 25°e 
Output noise voltage eL - 1~, 1= 10 Hz to 100 kHz, TJ = 25°e 
Output voltage long-term 

Alter 1000 h atTJ = 125°e, TJ = 25°e 
drilt (see Note 2) 

Bias current VI - -17.5 V to -35 V, TJ = OOeto 125°e 

Bias current change 
VI = -17.5 V to -35 V, I TJ = 25 0 e 
10 - 5 mA to 1 A I 

MIN TYP MAX UNIT 
-11.6 -12 -12.4 

-11.4 -12.6 
V 

4 20 mV 

56 SO dB 
30 SO mV 

400 I'V 

24 mV 

2 4 mA 
0.1 0.4 

0.1 0.4 
mA 

5mA. VI -20 V. 

MIN TYP ·MAX UNIT 
-14.5 -15 -15.5 

-14.3 -15.7 
V 

5 20 mV 

56 80 dB 
30 80 mV 

400 I'V 

30 mV 

2 4 mA 
0.1 0.4 

0.1 0.4 
mA 

t All characteristics are measured with a 1-p.F capacitor across the input and a 2-,uF solid-tantalum capacitor across the output. All characteristics except ripple 

rejection and output noise voltage are measured using pulse techniques (tw :s 10 ms, duty cycle ::s 5%). Output voltage changes due to changes in internal 

temperature must be taken into account separately. 
NOTE 2: Since long-term drift cannot be measured on the individual devices prior to shipment. this specification is not intended to be a guarantee or warranty. 

It is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE SERIES LM320 
3·TERMINAL NEGATIVE·VOLTAGE REGULATORS 

TYPICAL CHARACTERISTICS 

1.01 

!l. 1.00 
l! 
(5 
> 
; 0.99 
Co ; 
o 
a! 
.~ 1.01 

~ 
is 
2 

1.00 

0.99 

NORMALIZED OUTPUT VOLTAGE 
vs 

VIRTUALJUNCTION TEMPERATURE 

LM320·12 AND LM320·15 

~ -r--r---

LM320-5 --~ -- 1--1""" 

-50 -25 o 25 50 75 100 125 150 

« 
E 
I ... 
c 
f 
!i 
(.) .. .. 
iXi 

TJ~Virtual Junction Temperature-OC 

FIGURE 3 

BIAS CURRENT 
vs 

INPUT VOLTAGE 
1.30 

1.25 

1.20 

1.15 

TJ =_55°C --V 
/~ 

/" TJ=25°C V 
1.10 

/' 
1.05 

1.00 

0.95 
TJ=150oC ../ 

/' 

0.900 -5 -10 -15 -20 -25 -30 -35 -40 

VI-Input Voltage-V 

FIGURE 5 

aI 
"tI 
I 
c 
0 
't ., 
'Qj 
a: ., 
ii 
Co 
ii: 

« 
E 
I 

to 
~ 
::I 
(.) .. 
.!l! 
aI 

100 

80 

60 

40 

20 

1.3 

1.2 

1.1 

1.0 

RIPPLE REJECTION 
vs 

FREQUENCY 

IIIIIII IIII 

VI- VO=5V 
CL = 1 j.lF SOLID TANTALUM tlI--+t+lrtttll 
TJ" 25°C 

V -/' 

.....-

11111 

100 1 k 10 k 

f-Frequency-Hz 

FIGURE 4 

BIAS CURRENT 
vs 

OUTPUT CURRENT 

I, ° 

-----
" TJ= -55 C 

/1 . 

,/ 

I ° 
TJ= 25 C ---f.--~ 

.-

TJ = 150°C 

100 k 

./" 

~ 

~ 

0.9 o 0.25 0.5 0.75 1.25 1.50 

lo-Output Current-A 

FIGURE 6 

6-24 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



<C 
I 
C 
l!! 
:; 
u .. 
:::J 

S 
0 .. 
·S 
l! 
q 
1:: 
0 ..r: 

Ci) 

3 

2 

TYPE SERIES LM320 
3·TERMINAL NEGATlVE·VOLTAGE REGULATORS 

TYPICAL CHARACTERISTICS 

SHORT·CIRCUIT OUTPUT CURRENT 
vs 

INPUT·OUTPUT VOLTAGE DIFFERENTIAL 

- c.... /TJ=-~5°C -
- r-.. l':: ~~25°C 

i'-... 
"':;-~ ~ TJ = 150 

~ 

> 
I .. 
'" :I 

~ ... 
:::J 

8-e 
0 

2.6 

2.4 

2.2 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

DROPOUT VOLTAGE 
vs 

OUTPUT CURRENT 

/ 
/ 

J ~ 

/ 

/ 
1/ 

~ 
V 

_ TJ- 55°C Y ~J=25°C .-' 
./ 

_TJ= 150°C 

00 3 6 9 12 15 18 21 24 
0.6 o 

I 
0.25 0.5 0.75 1.0 1.25 1.5 

10-Output Current-A Input·Output Voltage Differential-V 

FIGURE 7 

1 .. 
u 
C 
IV 
." 

" D-

.E 
= D-

= 0 

10 
VI 
10 

OUTPUT IMPEDANCE 
vs 

FREQUENCY 

VO-5V 
100mA 

4 
TJ = 25~C 

ICL = 1/lF 
~SOLID TANTALUM --

0.4 

0.1 

0.04 

0.01 
100 

..,., 

1 k 

CL = 25/lF -

/ ALUMINUM -

V 

10 k 100 k 1 M 10M 

f-Frequency-Hz 

FIGURE 9 

FIGURE 8 

en .. o ... ca 
'3 
C) 
CD a: 
CD 
C) 
ca ... 
"0 
> 

TEXAS 
INSTRUMENTS 

6-25 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



< o 
;:::r 
I» 

CQ 
CD 

::lJ 
CD 

CQ 
c 
Dr 
pot. 

o ... 
(II 

• 

TYPE SERIES LM320 
3-TERMINAL NEGATIVE;VOLTAGE REGULATORS 

TYPICAL APPLICATION INFORMATION 

Cl = 
ll1F 

LM320 ol---4t--VO 

C 
C2 = 211F 
See Note B 

See Note A 

Cl = ll1F 
See Note A 

R1 

LM320-5 

IL= 1 mA+~ 
Rl 

LM320·12KC 

IL=2mA+ 12V 
Rl 

LM320·15KC 

IL=2mA+ 15V 
Rl 

FIGURE 10 - FIXED·VOLTAGE REGULATOR FIGURE 11 - CURRENT SOURCE REGULATOR 

C1 = ll1F 
See Note A 

1---4t---4t- Vo 
VO=VR2 

C2=211F 
See Note B 

. FIGURE 12 - ADJUSTABLE OUTPUT REGULATOR 

INPUT 

Seo Note. A 
and C 

1N829 

FIGURE 13 - HIGH-STABILITY REGULATOR 

R1 + R2 

R2 

C2= 10l1F 
See Note B 

NOTES: A. Capacitor C1 is required if the regulator is not located within 75 mm (3 inches) of the power supply filter. 
B. Capacitor C2 is required for stability. For the value given, the capacitor must be solid tantalum but a 25MF aluminum electrolytic may be substituted. 

Values given may be increased without limit. 
C. In Figure 13 capacitor C1 is solid tantalum. 
D. This resistor determines zener current. Adjust to minimize thermal drift. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Input-Output Differential Less than 0.6 V 

• Output Current of 150 mA 

• Reverse Polarity Protection 

• Line Transient Protection 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Direct Replacement for National LM330T-5.0 

description 

TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 

02700. APRIL 1983 

KCPACKAGE 

ITOPVIEW) 

~OUTPUT 
COMMON 
INPUT 

THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO·220AB 

~' 
The LM330 3·terminal positive regulator features an ability to source 1 50 milliamperes of output current with an input­
output differential of 0.6 volt or less. Familar regulator features such as current limit and thermal overload protection 
are also provided. 

The LM330 has low dropout voltage making it useful for certain battery applications. For example. since the low dropout 
voltage allows a longer battery discharge before the output falls out of regulation. a battery supplying the regulator 
input voltage may discharge to 5.6 volts and still properly regulate the system and load voltage. The LM330 protects 
both itself and the regulated system from reverse installation of batteries: 

Other protection features include line transient protection above 40 volts, where the output actually shuts down to 
avoid damaging internal and external circuits. The LM330 regulator cannot be harmed by temporary mirror-image 
insertion. 

schematic diagram 
INPUT------._----1-----1---~--_1~--------~----._~--~~--~----_.----_, 

OUTPUT 

~ON-4--~~--4-----__ ~--~----~------------__ ~ __ --~~~ __ ----~------~ 

Copyright © 1983 by Texas Instruments Incorporated 
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II 

TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Continuous input voltage ........................................................... . 
Transient input voltage t =1 s ...................................................... . 

t = 100 ms .................................................. . 

26 V 
50 V 
60 V 

Continuous total dissipation at 25°C free-air temperature (see Note 1) .......................... 2 W 
Continuous total dissipation at (or below) case temperature (see Note 1) ........................ 20 W 
Operating free-air, case, or virtual junction temperature ........................... - 55°C to 150°C 
Storage temperature ..................................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...... ....................... 260°C 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 

these ratings should not be exceeded. Due to variations in individual device electrical cha.racteristics and thennal resistance, the built-in thermal overload 

protection may be activated at power levels slightly above or below the rated dissipation. 

~ 
E 
I 
c 
0 
.~ 

c. 
'iii 
i5 
;; 
0 
:> 
c 
.~ 

0 u 
E 
:> 
E 
'x .. 
:2 

F R EE·AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

2000 

~ Derating factor = 16 mWfC 
1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

o 
25 

"" 
ROJA"" 62.5°C/W 

1""-

"" "" ""- ""-
'" "" 50 75 100 125 

TA-Free-Air Temperature-oC 

FIGURE 1 
"" 150 

recommended operating conditions 

Output current 

Operating virtual junction temperature 

~ 
I c 

.S! 
'ii: c. ': 
Q 
~ 

:> 
0 
:> c 
.~ 

<3 
E 
:> 
E 
'x .. 
:2 

22 

20 

18 

16 

14 
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8 
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4 

2 

o 
25 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

\ 
\ 

\ 

\ 
\ 

\ 

Derating factor = 250 mWfC 
above 70°C 

ROJC"'4°C/W 

\ 

50 75 100 125 
Tc-Case Temperature-° C 

FIGURE 2 

MIN MAX 

5 150 

a 100 

\ 
\ 

150 
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TYPE LM330 
3·TERMINAL POSITIVE REGULATOR 

electrical characteristics at 25°C virtual junction temperature, VI 
(unless otherwise noted) 

14V,IO 

PARAMETERS TEST CONDITIONSt 

VI - 6 V to 26 V, 10 - 5 rnA to 150 rnA, 
Output voltage 

TJ - O°Cto 100°C 

Input regulation 10 = 5 rnA I VI =9Vto16V 

I VI - 6 V to 26 V 

Ripple rejection f = 120 Hz 

Output regulation 10 - 5 rnA to 150 rnA 

Output voltage long-
After 1000 h at TJ = 100°C 

term drift* 
Dropout voltage 10 = 150 rnA 

Output noise voltage f -10Hztol00kHz 

Output voltage with I VI - 30 V, t -100 ms 
RL = 1001l 

input polarity reversed I VI - -12V,DC 

Output voltage with VI = 60 V, t - 100 ms 

input transient VI - 50 V, t - 1 s 

Bias current with input I VI - 40 V, t - 1 s 
RL = 100 Il 

transient I VI - -6 V, t - 1 s 
Overvoltage shutdown 

voltage 
Output impedance 10 = 100 rnA, 10 = 10 rnA (rms). f = 100 Hz to 10 kHz 

10 - 10 rnA 

Bias current 10-50mA 

10 - 150 rnA 

Bias current change VI = 6 V to 26 V 

Peak output current 

150 mA, 

MIN TYP MAX UNIT 

4.8 5 5.2 
V 

4.75 5.25 

7 25 
mV 

30 60 

56 dB 

14 50 mV 

20 mV 

0.32 0.6 V 

50 ",V 

> 0.3 

>-0.3 
V 

<5.5 
V 

<5.5 

14 

-80 
rnA 

26 45 V 

200 mil 

3.5 7 

5 11 rnA 

18 40 

10 % 

150 420 700 rnA 

tUnless otherwise specified, all characteristics except ripple rejection and noise voltage measurements are measured using pulse techniques 
(tw :s 10 ms, duty cycle s 5%) wnh a capacitor of 0.1 p.F across the input and a capacitor of 10 pF across the output. Output voltage changes due to 
changes in internal temperature must be taken into account separately. 

*Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 
is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE LM330 
3·TERMINAL POSITIVE REGULATOR 
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OUTPUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 
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TJ-Virtual Junction Temperature-°C 

FIGURE 3 

PEAK OUTPUT CURRENT 
vs 
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INPUT VOLTAGE 
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VI-InPut Voltage-V 

FIGURE 6 

DROPOUT VOLTAGE 
vs 

VIRTUALJUNCTION TEMPERATURE 
0 .• 

0.5 

V f.--r- IO- romA 

o. ,---10- 10 _LomA 

_t- IO-I,omA 
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T J-Virtual Junction Temperature-OC 

FIGURE 9 

TYPICAL CHARACTERISTICS 
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~ 0.4 

{ 
:> 0.3 

I 
0 0.2 

FIGURE 7 
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OUTPUT VOL TAG E 
vs 

INPUT VOLTAGE 
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1/ 
/ 
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TYPE LM33D 
3·TERMINAL POSITIVE REGULATOR 

TYPICAL CHARACTERISTICS 
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TYPE LM33D 
3·TERMINAL POSITIVE REGULATOR 

TYPICAL APPLICATION DATA 

Vl--..... e-..... ~INPUT 

C1 = 0.1 j.tF 

(See Note A) T 
.,.. 

LM330 

GND 

OUTPUTt-~~-VO 

C2=10j.tF T (See Note B) 

.,.. 

NOTES: A. Use of C1 is required if the regulator is not locsted in close proximity to the supply filter. 

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The 
minimum capacitance that will provide stabilitY is 10 ",F. The capacitor must be rated for operation at _40°C to guarantee 
stability to that extreme. 

FIGURE 20 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 3·Terminal Regulators 

• Output Current up to 1.5 A 

• No External Components 

• Internal Thermal Overload 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Output Load Regulation ... 0.3% Typ 

• Direct Replacements for National LM340 
Series 

description 

This series of fixed-voltage monolithic integrated­
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Any 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. 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. 

schematic 

Resistor values shown are nominal and in ohms. 

TEXAS 
INSTRUMENTS 

SERIES LM340 
POSITIVE·VOLTAGE REGULATORS 

D2332, SEPTEMBER 1977-REVISED MARCH 1983 

NOMINAL 

OUTPUT REGULATOR 

VOLTAGE 

5V LM340·5 

12 V LM340-12 

15 V LM340-15 

KCPACKAGE 

ITOPVIEWI 

THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO·220AB 

0.3 

Copyright © 1983 by Texas Instruments Incorporated 
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SERIES LM340 
POSITIVE· VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature ranga (unless otherwise noted) 

Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35 V 
Continuous total dissipation at 25·C free-air temperature (see Note 1) .......................... 2 W 
Continuous total dissipation at (or below) 25·C case temperature (see Note 1) ................... 15 W 
Operating free-air, case, or virtual junction temperature range....................... -55·C to 150DC 
Storage temperature range ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65·C to 1 50 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260·C 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 

these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 
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FIGURE 2 
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SERIES LM340 
POSITIVE·VOLTAGE REGULATORS 

LM340·5 electrical characteristics at specified virtual junction temperature, VI 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS t 

10 = 5 mA to 1 A 25°e 

Output voltage VI = 7 V to 20 V, 

P s 15 W 

10 = 5 mA to 1 A, 
OOC to 125°e 

VI - 7 V to 25 V 25°e 
10 = 500 mA 

VI = B V to 20 V ooe to 125°C 
Input regulation 

VI = 7.3 V to 20 V 25°e 
10 = 1 A 

VI = 8 V to 12 V OOC to 12SoC 

VI = 8 V to 18 V, 10 s 1 A 2SoC 
Ripple rejection 

f=120Hz 10 s SOO mA ooe to 12SoC 

10 - 250 mA to 7S0 mA 
25°e 

Output regulation 10 - 5 mA to 1.5 A 

10 = S mAto 1 A OOC to 12SoC 

Output noise voltage f = 10 Hz to 100 kHz 25°C 

Dropout voltage 10 = 1 A 25°e 

Temperature coefficient 
10=5mA OOCto 125°e 

of output voltage 

Output impedance f = 1 kHz 2SoC 

Bias current 10:S 1 A 
25°C 

OOC to 12SoC 

VI = 7.S V to 20 V, 10 s 1 A 2SoC 

Bias current change VI - 7 V to 25 V, 10 s SOO mA ooe to 12Soe 

10 - SmA to 1 A 

Peak output current 25°C 

Short-circuit current 2SoC 

10V.IO 1 A 

MIN TYP MAX UNIT 

4.8 5 5.2 

4.75 5.25 
V 

3 50 

50 

50 
mV 

25 

62 

62 

BO 
dB 

25 

10 SO mV 

SO 

40 ~V 

2 V 

-0.6 mV/oC 

B mil 

8 

B.S 
mA 

1 

1 mA 

0.5 

2.4 A 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.22 pF and a capacitor across the output of 0.1 p.F. All characteristics except noise 

voltage rejection ratio are measured using pulse techniques (tw ::s 10 ms, duty cycle s SOJ'o). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 

en ... 
o ... 
C'CI 

"3 
C) 
Q) 

a:: 
Q) 
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'0 
> 
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SERIES LM340 
POSITIVE·VOLTAGE REGULATORS 

LM340·12 electrical characteristics at specified virtual junction temperature. VI 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

10 = 5 rnA to 1 A 25°C 

Output voltage VI - 14.5 Vto 27 V, 

P:s 15 W 

10 - 5 rnA to 1 A, 
OOCto 125°C 

10 = 500 rnA 
VI - 14.5 V to 30 V 25°C 

Input regulation VI 15 V to 27 V DoC to 125°C 

VI - 14.6 V to 27 V 25°C 
10 = 1 A 

VI - 16 V to 22 V DoC to 125°C 

VI- 15Vt025V. 10:S 1 A 25°C 
Ripple rejection 

f = 120 Hz 10 :S 500 rnA DoC to 125°C 

10 250 rnA to 750 rnA 
25°C 

Output regulation 10 - 5 rnA to 1.5 A 

10 = 5 rnA to 1 A DoC to 125°C 

Output noise voltage f - 10 Hz to 100 kHz 25°C 

Dropout voltage 10 = 1 A 25°C 

Temperature coefficient 10 = 5 rnA DoC to 125°C 
of output voltage 

Output impedance f = 1 kHz 25°C 

Bias current 10:S 1 A 
25°C 

DoC to 125°C 

VI- 14.8Vt027V, 10:S 1 A 25°C 
Bias current change VI = 14.5 V to 30 V, 10 :S 500 rnA 

DoC to 125°C 
10 - 5 rnA to 1 A 

Peak output current 25°C 
Short-circuit current 25°C 

19 V.la 1 A 

MIN TYP MAX UNIT 

11.5 12 12.5 

11.4 12.6 V 

4 120 

120 rnV 

120 

120 

55 72 
55 dB 

60 
12 120 rnV 

120 

75 ,.V 
2 V 

-1.5 rnV/oC 

18 rnD 

8 

8.5 
rnA 

1 

1 rnA 

0.5 

2.4 A 

1.5 A 

CD t All characteristics are measured with a capacitor across the input of O.221'F and a capacitor across the output of 0.1 I'F. All characteristics except noise 

:D voltage and ripple rejection ratio are measured using pulse techniques (tw s 10 rns, duty cycle s 5070). Output voltage changes due to changes in internal 

CD temperature must be taken into account separately. 

CQ 
c: 
Dr 
~ ! o .. 
(I) 

11 
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SERIES LM340 
POSITIVE·VOLTAGE REGULATORS 

LM340-15 electrical characteristics at specified virtual junction temperature. VI 
(unless otherwise noted) 

23 V.IO 1 A 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

10 ~ 5 mA to 1 A 25°C 14.4 15 15.6 

Output voltage VI - 17.5 V to 30 V. 10 - 5mAtolA, 

P:s 15 W 
OOC to 125°C 14.25 15.75 

V 

VI - 17.S V to 30 V 2SoC 4 lS0 
10 ~ 500 mA 

VI ~ 18.5Vt030V O°C to 12SoC 150 
Input regulation mV 

10 ~ 1 A 
VI - 17.7 V to 30 V 25°C 150 

VI - 20 V to 26 V OOCto 12SoC 75 

Ripple rejection 
VI -18.S V to 28.S V, 10:S 1 A 25°C 54 70 

dB 
f ~ 120 Hz 10:S SOO mA O°C to 125°C 54 

10 - 250 mA to 750 mA 75 

Output regulation 10 - 5 mA to 1.5 A 
25°C 

12 150 mV 

10 - 5 mA to 1 A OOCto 12SoC 150 

Output noise voltage f - 10Hzto 100kHz 2SoC 90 p.V 

Dropout voltage 10 - 1 A 2SoC 2 V 
Temperature coefficient 

10 ~ 5mA O°C to 125°C -1.8 mV/oC 
of output voltage 

Output impedance f - 1 kHz 2SoC 19 mil 

Bias current 10:S 1 A 
2SoC 

OOCto 125°C 

8 

8.5 
mA 

VI ~ 17.9Vt030V. 10:S 1 A 25°C 1 

Bias current change VI - 17.S V to 30 V, 10 :s 500 mA 1 mA 

10 - 5 mA to 1 A 
OOCto125°C 

0.5 

Peak output current 2SoC 2.4 A 

Short-circuit current 2SoC 1.2 A 

U) ... 
o ... 
CQ 

'3 
t All characteristics are measured with a capacitor across the input of 0.22 pF and a capacitor across the output of 0.1 pF. All characteristics except noise c:n 

voltage and ripple rejection ratio are measured using pulse techniques (tw :s 10 ms, duty cycle :s 5070). Output voltage changes due to changes in internal a::CD 
temperature must be taken into account separately. 
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SERIES LM340 
POSITIVE·VOLTAGE REGULATO.RS 

TYPICAL CHARACTERISTICS 
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SERIES LM340 
POSITIVE·VOLTAGE REGULATORS 

TYPICAL CHARACTERISTICS 
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SERIES LM340 
POSITIVE·VOLTAGE REGULATORS 

RS 

TYPICAL APPLICATION DATA 

lM340-S t--... ----oVO 

Rl 
VO'" (1+ :~)v rei 

Tl430 ]li4-----. Vrel'" 2.75 V 

R2 

FIGURE ll-ADJUSTABLE SUPPLY WITH STABLE 
OUTPUT FROM 8 VOLTS TO 35 VOLTS 

~------~~-oVO 

The boost circuit takes over at 
a level determined by RS. 

R 0.6V 
B"'--

IB 

where 18 is the LM340 operating 
level. 

Maximum current limit ICL is 
determined by RCL-

0.6 V 
RCL"'--

ICl 

Example: If 18 is selected to be 

0.5 A. then 

RS = 1.2n. 

If ICl is 3 A. then 

RCl = 0.2 n. 

FIGURE 12-0UTPUTCURRENT BOOST CIRCUIT 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Adjustable Output ... 1.2 V to 33 V 

• 3-A Output Current Capability 

• Line Regulation ... 0.005%/V Typ 

• load Regulation . .. 0.1% Typ 

• Current limit Constant with Temperature 

• Guaranteed Thermal Regulation 

• Direct Replacement for National 
Semiconductor lM350 

description 

The LM350 is an adjustable 3-terminal positive­
voltage regulator capable of supplying 3 amperes over 
an output voltage range of 1.2 volts to 33 volts. The 
device is easy to use and requires only two external 
resistors to set the output voltage. Both input and 
output regulation are better than standard fixed 
regulators. 

TYPE LM350 
3-AMP ADJUSTABLE REGULATOR 

02716. MARCH 1983-REVISEO NOVEMBER 1983 

KC PACKAGE 

(TOPVIEWI 

~~INPUT o ~OUTPUT 
ADJUSTMENT 

THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO·220AB 

In addition to higher performance than fixed regulators. the LM350 offers full overload protection available only in 
integrated circuits. Included on the chip current limit. thermal overload protection. and safe-area protection. All 
overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally. no 
capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass 
is needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can 
be bypassed to achieve very high ripple rejection. which is difficult to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators. the LM350 is useful in a wide variety of other applications. Even though the regulator 
is floating and sees only the input-to-output differential voltage. use of these devices to regulate voltages that would 
cause the maximum-rated differential voltage to be exceeded if the output became shorted to ground is not 
recommended. The TL783 or TL783A is recommended for output voltages exceeding 33 volts. The primary application 
of the LM350 is that of a programmable output regulator. but by connecting a fixed resistor between the adjustment 
terminal and the output terminal. this device can be used as a precision current regulator. Supplies with electronic 
shutdown can be achieve by clamping the adjustment terminal to ground. which programs the output to 1.2 volts 
where most loads draw little current. 

The LM350 is characterized for operation from O°C to 125°C. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 

II 

This document containslnfonnation on 8 new product. 
Specifications are subject to change without notice. TEXAS 
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TYPE LM350 
3·AMP ADJUSTABLE REGULATOR 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Input-to-output differential voltage ..................................................... 35 V 
Continuous total power dissipation at 25°C free-air temperature (see Note 1) ..................... 2 W 
Continuous total power dissipation at (or below) 25°C case temperature (see Note 1) .............. 30 W 
Operating free-air, case, or virtual junction temperature range ....................... - 55°C to 150°C 
Storage temperature range ................................................. - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. ............................ 260°C 

NOTE 1: For operation above 25°C free-air or case temperature. refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance. the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 

recommended operating conditions 

I MIN 

Output current, 10 I 
Operating virtual junction temperature, T J I 0 

electrical characteristics over recommended ranges of operating virtual junction temperature, 
VI - Vo = 5 V, 10 = 1.5 A (unless otherwise noted) 

PARAMETER TEST CONOITIONS MIN TYP 

Input regulation VI - Va = 3 V to 35 V I TJ = 25°C 0.005 

(see Note 21 See Note 3 I TJ = O°C to 125°C 0.02 

VO-l0V, f - 120 Hz 65 

Ripple rejection VO=10V, f = 120 Hz, 

10-/LF capacitor between ADJ and ground 
66 

10 = 10 mA to 3 A. Vo:s 5 V 5 

TJ = 25°C, See Note 3 Va> 5 V 0.1 
Output regulation 

10 - 10 mA to 3 A. Vo:s 5 V 20 

See Note 3 Va> 5 V 0.3 

Output voltage change 
TJ = OOC to 125°C 1 

with temperature 

Thermal regulation tw =20ms 0.002 
Output voltage long-term 

After 1000 h at TJ = 125°C 0.3 
drift (see Note 4) 

Output noise voltage f - 10Hzto 10 kHz, TJ - 25°C 0.003 

Minimum output current 
VI - Vo = 35 V 3.5 

to maintain regulation 

VI - Vo s 10 V 3 4.5 
Peak output current 

VI - Va - 30 V, TJ - 25°C 0.25 1 

Adjustment-terminal current 50 

Change in adjustment- VI - Vo = 3 V to 35 V. 
0.2 

terminal current 10 = 10mAto3A 

Reference voltage VI - Vo - 3 V to 35 V. 

loutput to ADJ) 10 = 10mAto3A, 
P :s 30 W 1.2 1.25 

NOTES: 2. Input regulation is expressed as the percentage change in output voltage per 1 ~volt change at the input. 

MAX I UNIT I 
3 I A I 

125 I °C I 

MAX UNIT 

0.03 

0.07 
%/V 

dB 

25 mV 

0.5 % 
70 mV 

1.5 % 

% 

0.03 %IW 

1 % 

% 

10 mA 

A 

100 /LA 

5 /LA 

1.3 V 

3. Input regulation and output regulation are measured using pulse techniques (tw s 10 pS, duty cycle :s 5%) to limit changes in average internal 

dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately. 
4. Since long~term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 

It is an engineering estimate of the average drift to be expected from lot to lot. I 
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THERMAL INFORMATION 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

TYPE LM35D 
3·AMP ADJUSTABLE REGULATOR 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

2000 

;s: 1800 
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f"-. 
40 

Derating Factor = 0.25 W! °c 

b 1600 
o 

1 1400 

:~ 1200 c 
~ 1000 

" c 
~ 800 

8 600 
E 
" E 400 
'j( 

:!E 200 

1 
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25 
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"t 
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!l 
g 
; -0.6 
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'" I': 
'" '" f"-. 

f"-. 
Derating Factor = 16 mW! °c ~ 
ROJA'" 625 °C/W 

50 75 100 125 

T A-Free-Air Temperature-oC 

FIGURE 1 

f"-. 
150 

=r 35 I- ROJC '" 4°C/W 
c 
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C ., 
" 0 

" c . ., 
c 
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" E 
'j( 
IV :a 

30 

25 
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15 
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5 

o 
25 
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~ 

I'-
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f'." 
"'-l'-.. 

~ 

50 75 100 

Tc-Case Temperature-oC 

FIGURE 2 

125 '" 150 

TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE DEVIATION 
YS 

VIRTUALJUNCTION TEMPERATURE 

VI = 15 V 

Il-loL-Vo = 10 V 

j--...:: r-~ f::::: ~ 
10 = 1.5 A-' ....... 

10=3~ 

8 

7 

« 6 

.!. 
c 5 I!! 
:; 

C) ... 
" 

4 
S-
" 3 0 
I 

9 
2 

o 

OUTPUT CURRENT 
YS 

INPUT-OUTPUT DIFFERENTIAL VOLTAGE 

....... -- -:1 
- -- -\i 

I \; 
i I" _ 0.-

J TJ = 25°C ~ ~;~C 
TJ = 150°C 

'i I 
-75 -25 25 75 125 175 o 5 10 15 20 25 30 35 40 

T J-Virtual Junction Temperature-OC 

FIGURE 3 
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TYPE LM350 
3·AMP ADJUSTABLE REGULATOR 

TYPICAL CHARACTERISTICS 

« 
T-
1: 
:! 
:; 
0 

1: .. 
E 
1;; 
::I 

~ 

70 

65 

60 

55 

50 

45 

40 

35 

30 
-75 

ADJUSTMENT CURRENT 
vs 

VIRTUAL JUNCTION TEMPERATURE 

v .-V 

./'" 
V 

/ 
I' 

/ 

-25 25 75 125 

T J-Virtual Junction Temperature-OC 

FIGURE5 

175 

1.28 

1.27 

1.26 

~ 
& 1.25 
:I 
~ 1.24 
tl 
c 
:! 1.23 

'* rr 1.22 

1.21 

1.2 
-75 

REFERENCE VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 

."-- -..... .......... 
....... 

"" 

-25 25 75 125 

T J-Virtual Junction Temperature-°c 
FIGURE 6 

TYPICAL APPLICATION DATA 

1 

~F f 
oteA) 

C 
0.1 

(seeN 

IN OUT 

ADJ 

R2 

R1 

Vo = 1.25 V (1 + R2/R1) 

C 2 

1'1 
(see 

.L 

~F 

Note B) 

NOTES: A. Capacitor Cl is required if regulator is not located in close proximity to the power supply amplifier. 

B. Capacitor C2 may be used to improve transient response. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM2930·5, LM2930·8 
3·TERMINAL POSITIVE REGULATORS 

• Input·Output Differential Less than 0.6 V 

• Output Current of 150 mA 

• Reverse Battery Protection 

• Line Transient Protection 

• 40·Volt Load·Dump Protection 

• Intemal Short·Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror·lmage Insertion Protection 

• Direct Replacement for National LM2930 
Series 

description 

KCPACKAGE 

ITOPVIEW) 

THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 

~' 

D2733. APRIL 1983 

The LM2930-5 and LM2930-8 are 3-terminal positive regulators that provide fixed 5-volt and 8-volt regulated outputs. 
Each features the ability to source 150 milliamperes of output current with an input-output differential of 0.6 volt 
or less. Familiar regulator fea,tures such as current limit and thermal overload protection are also provided. 

The LM2930 series has low voltage dropout making it useful for certain battery applications. For example, the low 
voltage dropout feature allows a longer battery discharge before the output falls out of regulation; the battery supplying 
the regulator input voltage may discharge to 5.6 volts and still properly regulate the system and load voltage. Supporting 
this feature, the LM2930 series protects both itself and the regulated system from reverse battery installation or two­
battery jumps. 

Other protection features include line transient protection for load-dump of up to 40 volts. In this case the regulator 
shuts down to avoid damaging internal and external circuits. The LM2930 series regulator cannot be harmed by 
temporary mirror-image insertion. 

schematic diagram 

IN~T----~~--~r---~--~~--~~------~----~~--~~--~----~----, 

COMMON-4--~~--~-----4--~~--~~------------+-~--~~~~----~----~ 

All component values are nominal. 

OUTPUT 

3kD FOR5V 
5.2knFOR8V 

en 
to.. 

o ... 
CCI 
"S 
C) 
CD a: 
CD 
C) 
CCI ... 
'0 
> 

II 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES LM2930·5, LM2930·8 
3·TERMINAL POSITIVE REGULATORS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Continuous input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26 V 
Transient input voltage: t = 1 S ................................................... 40 V 
Continuous reverse input voltage ..................................................... - 6 V 
Transient reverse input voltage: t = 100 ms ........................................... • - 12 V 
Continuous total dissipation at 25 0 C free-air temperature (see Note 1) ................... . . . . . . . . . . . . . . . . . . . 2 W 
Continuous total dissipation at (or below) 25 0 C case-temperature (see Note 1) ............................. " 20 W 
Operating free-air, case, or virtual junction temperature ........................... -40°C to 150°C 
Storage temperature range ................................................. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case to 10 seconds ............................. 260°C 

NOTE 1: For operation above 25°C free~air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variation in individual device elecrical characteristics and thermal resistance, the bult-in thermal overload 

protection may be activated at power levels slightly above or below the rated dissipation. 
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recommended operating conditions 
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MIN MAX 
Output current 150 
Operating virtual junction temperature 
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TYPES LM2930·5, LM2930·8 
3·TERMINAL POSITIVE REGULATORS 

LM2930-5 electrical characteristics at 25 DC virtual junction temperature, VI 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

Output voltage 
VI = 6 V to 26 V, 10 = 5 mA to 150 mA, 

TJ = -40°C to 125°C 

IVI =9Vt016V 
Input regulation 10 = 5 mA 

IVI - 6 V to 26 V 

Ripple rejection 1=120Hz 

Output regulation 10 - 5 mA to 1 50 mA 

Output voltage long-term driftt Alter 1000 h at TJ = 125°C 

Dropout voltage 10 - 150 mA 

Output noise voltage I - 10 Hz to 100 kHz 

Output voltage during 
VI = -12Vt040V. RL = 10011 

line transients 

Output impedance 10 = 100 mAo 10 = 10 mA (rms). 1= 100 Hz to 10 kHz 

10 = 10 mA 
Bias current 

10 = 150 mA 

Peak output current 

LM2930-8 electrical characteristics at 25°C virtual junction temperature, VI 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS T 

Output voltage 
VI = 9.4 V to 26 V, 10 = 5 mA to 150 mA, 

TJ = -40°C to 125°C 

Input regulation 10 = 5 mA I VI - 9.4 V to 16 V 

IVI - 9.4 V to 26 V 

Ripple rejection I = 120 Hz 

Output regulation 10 = 5 mA to 150 mA 

Output voltage long-term driftt Alter 1000 h at TJ = 125°C 

Dropout voltage 10 = 150 mA 

Output noise voltage I - 10Hz to 100 kHz 

Output voltage during 
VI = -12 V to 40 V, RL = 10011 

line transients 

Output impedance 10 = 100 mA, 10 = 10 mA (rms), I = 100 Hz to 10 kHz 

14 V, 10 150 mA, 

MIN TVP MAX UNIT 

4.5 5 5.5 V 

7 25 
mV 

30 80 

56 dB 

14 50 mV 

20 mV 

0.32 0.6 V 

60 /LV 

-0.3 5.5 V 

200 mil 

4 7 

40 
mA 

18 

150 300 700 mA 

14 V,IO 150 rnA, 

MIN TVP MAX UNIT 

7.2 8 8.8 V 

12 50 
V 

50 100 

52 dB 

25 50 mV 

30 mV 

0.32 0.6 V 

90 /LV 

-0.3 8.8 V 

300 mil 

en .. 
o ... 
C'CI 

"3 
C) 
Q) 

a: 
Q) 
C) 
C'CI ... 
'0 
> 

10 - 10mA 4 7 
Bias current mA 

10 = 150 mA 18 40 

Peak output current 150 300 700 mA • t Unless otherwise specified, aU characteristics, except ripple rejection and noise voltage measurements, are measured using pulse techniques (tw :S 10 ms, 

duty cycle :s 5%) with a capacitor of 0.1 pF across the input and a capacitor of 10 pF across the output. Output voltage changes due to changes in internal 

temperature must be taken into account separately. 

:j: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 

is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPES LM2930·5, LM2930·8 
3·TERMINAL POSITIVE REGULATORS 

TYPICAL CHARACTERISTICS 

NORMALIZED OUTPUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 
,.oos 

V r-... 
"'-

I\. 
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'l! 0.9" 

LM2930·5 
OUTPUT VOLTAGE 

vs 
INPUT VOLTAGE 

AL"'l00n 

LM2930·5 
OUTPUT VOLTAGE 

vs 
INPUT VOLTAGE 

,~.,bOJA 

V 
1/ 

/ 

1 
----

z 0.985 

0 .... 
v'i'Y 

-60 -40 -20 0 20 40 eo 80 100 120 140 

TJ-Virtual Junctibn Temperature-°C 

FIGURE 3 

80 

70 

60 

20 

'0 
o 

RIPPLE REJECTION 
vs 

FREOUENCY 

lo"50mA 
Vr- Vo=9V 

............. 

I'\. 
\. 

o 
o 

/ 

,5 30 45 
VI-Input Voftag.,-V 

FIGURE 4 

1 10 100 1k 10k lOOk 1M 
f-Frequency-Hz 

FIGURE 6 

DROPOUT VOLTAGE 
vs 

VIRTUALJUNCTION TEMPERATURE 
u u 

0.5 0.5 

k---- 'O=ro mA 
0.' 

0.3 

> t 0.4 

> 0.3 

i 

V - 'Oio mA 
0.2 

0.1 

d 0.2 

0.1 

V "'10 "'1'0 mA 

o o 
o 25 50 75 100 125 150 

T J-Virtual Junction Temperature-°c 

FIGURE 8 

DROPOUT VOLTAGE 
vs 

OUTPUT CURRENT 

T;'25lC 

./ 
V 

k" 
V 

V 
o 50 100 '" la-Output Current-rnA 

FIGURE 9 

TEXAS 
INSTRUMENTS 

60 

I 
VI-Input Voltage-V 

RIPPLE REJECTION 
vs 

OUTPUT CURRENT 

FIGURE 5 

0~~ __ ~ __ L-~~-L __ ~ 
o 50 100 150 

200 

la-Output Current-rnA 

FIGURE 7 

'0 

o. , 

0.0 I 

OUTPUT IMPEDANCE 
vs 

FREOUENCY 

E~O-50mA 
TJ"'26°C 

,,/ 

I ........... 

10 100 1 k 10 k 100 k 1 M 
'-frequency-Hz 

FIGURE 10 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



50 

-50 

-100 

-150 

-200 

-250 

TYPES LM2930-5, LM2930·8 
3-TERMINAL POSITIVE REGULATORS 

TYPICAL CHARACTERISTICS 
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TYPES LM2930·5, LM2930·8 
3·TERMINAL POSITIVE REGULATORS 

TYPICAL APPLICATION DATA 

LM2930 

VI----e---~INPUT 

C1 =0.1 j.lF 

OUTPUT 1-.-..... - Vo 

(See Note AI T 
"::" 

NOTES: A. Use of C1 is required if the regulator is not located in close proximity to the supply filter. 

C2 = 10j.lF I (See Note BI 

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The minimum value 

required for stability is 10 p.F. The capacitor must be rated for operation at -40°C to guarantee stability to that extreme. 

FIGURE 19 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Input-Output Differential Less than O.S V 

• Output Current of 150 rnA 

• Reverse Battery Protection 

• Very Low Quiescent Current 

• SO-Volt Load-Dump Protection 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Reverse Transient Protection to - 50 V 

• Direct Replacement for National LM2931-5 

description 

The LM2931-5 is a 3-terminal positive voltage 
regulator that provides a 5-volt regulated output. 
It features the ability to source 1 50 milliamperes 
of output current with an input-output 
differential of 0.6 volt or less. Familiar regulator 
features such as current limit and thermal 
overload protection are also provided. 

The LM2931·5 has low voltage dropout making 
it useful for certain battery applications. For 
example, the low-voltage-dropout feature allows 
a longer battery discharge before the output falls 
out of regulation; the battery supplying the 
regulator input voltage may discharge to 
5.6 volts and still properly regulate the system 
and load voltage. Supporting this feature, the 

TYPE LM2931·5 
3·TERMINAL POSITIVE VOLTAGE REGULATOR 

02828, FEBRUARY 1984 

KCPACKAGE 

(TOP VIEW) 

THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO·220AB 

~' 
LP 

SILECT PACKAGE 

(TOP VIEW) 

GJ~l INPUT 

~~ COMMON 

U OUTPUT 

TO·226AA 

, 
OCI 

LM2931-5 protects both itself and the regulated system from reverse battery installation or two-battery 
jumps. The very low quiescent current feature is especially useful in battery powered applications. 

Other protection features include line transient protection for load-dump of up to 60 volts. In this case 
the regulator shuts down to avoid damaging internal and external circuits. The LM2931-5 regulator is virtually 
immune to temporary mirror-image insertion. 

The LM2931-5 is characterized for operation from -40°C to 150°C. 

PRODUCT PREVIEW Copyright © 1984 by Texas Instruments Incorporated 
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TYPE LM2931·5 
3·TERMINAL POSITIVE VOLTAGE REGULATOR 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Continuous input voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 26 V 
Transient input voltage: t = 1 s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60 V 
Continuous reverse input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 15 V 
Transient reverse input voltage: t = 100 ms .. . . . . . . . . . . . . . . . . . . . . . . . . . - 50 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1) 

LP package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 775 mW 
KC package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. 2 W 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 
LP package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.6 W 
KC package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 W 

Operating free-air, case, or virtual junction temperature. . . . . . . . . . . . . . . . . . .. -40°C to 150°C 
Storage temperature range ......................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTE 1: For operation above 25 °C free-air temperature, refer to Figures 1.2. 3, and 4. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variation in individual device electrical characteristics and thermal resistance, the built-in thermal 
overload protection may be activated at power levels slightly above or below the rated dissipation. 

recommended operating conditions 

MIN TYP MAX 

Output current, 10 150 

Operating virtual iunction temperature, T J -40 125 

< electrical characteristics at 25 °C virtual junction temperature, VI 
o (unless otherwise notedl ::+ 
II) 

14 V, 10 = 10 mA, 

CC 
CD 

::zJ 
CD 

CC 
c 
Dr .... o .. 
II) 

II 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

Output voltage 
VI = 6 V to 26 V, 10 :s; 150 mA, 

4.75 5 5.25 V 
TJ = -40°C to 125°C 

Input regulation I = 10 mA IVI = 9 V to 16 V 
o r VI = 6 V to 26 V 

2 10 
mV 

4 30 

Ripple rejection I = 120 Hz 80 dB 

Output regulation 10 = 5 mA to 150 mA 14 50 mV 

Output voltage long-term driftt Alter 100 h at TJ = 125°C 20 mV 

10 = )0 mA 0.05 0.2 
Dropout voltage V 

10 = 150 mA 0.3 0.6 

Output noise voltage 1= 10Hzto 100kHz 500 p.V rms 

VI = 6 V to 26 V, 10 = 10 mA, 
0.4 1 

Bias current TJ = -40°C to 125°C mA 

VI = 14V,10 = 150mA,TJ- 25°C )5 

tUnless otherwise specified, all characteristics, except ripple rejection and noise voltage measurements, are measured using pulse techniques (tw .:S 10 ms, 
duty cycle .:S 5%) with a capacitor of 0.1 iJ.F across the input and a capacitor of 100 I'F across the output. Output voltage changes due to changes in internal 
temperature must be taken into account separately. 

:l:Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 
is an engineering estim.ate of the average drift to be expected from lot to lot. 
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TYPE LM2931·5 
3·TERMINAL POSITIVE VOLTAGE REGULATOR 

THERMAL INFORMATION 
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NOTE 2: This curve for the LP package is based on thermal resistance, R6JA. measured in still air with the device mounted in an Augat socket. The bottom 
of the package was 3/8 inch above the socket. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Separate Outputs for "Crowbar" and Logic 
Circuitry 

• Programmable Time Delay to Eliminate 
Noise Triggering 

TYPE MC3423 
OVERVOLTAGE·SENSING CIRCUIT 

02439, APRIL 1978-REVISED JANUARY 1983 

MC3423 •• , •• JG OR P 
DUAL-IN-LiNE PACKAGE 

(TOPVIEWI 

SENSE 1 2 7 VEE 
SENSE 2 3 6 INO OUT • TTL·Level Activation Isolated from Voltage· 

Sensing Inputs 

VCC[]8 OUT 

CURR SOURCE 4 5 REMOTE ACTIVATE 

• Z,6·Volt Internal Voltage Reference with 
Temperature Coefficient Typically 
O,08%I OC 

description 

The MC3423 overvoltage-sensing circuit is designed to protect sensitive electronic circuitry by monitoring the supply 
rail and triggering an external "crowbar" SCR in the event of a voltage transient or loss of regulation, The protective 
mechanism may be activated by an overvoltage condition at the Sense 2 input or by application of a TTL high level 
to the Remote Activate terminal. Separate outputs are available to trigger-the crowbar circuit and to provide a logic 
pulse to indicator or power supply control circuitry _ The Sense 2 input provides a direct control of the output circuitry. 
The Sense 1 input controls an internal current source that may be utilized to implement a delayed trigger by connecting 
its output to an external capacitor and the Sense 2 input_ This protects against false triggering due to noise at the 
Sense 1 input_ 

The MC3423 is characterized for operation from O°C to 70 oC_ 

functional block' diagram 

~ ____________________________________ +{~4~)_C,URRENT 

SOURCE 

SENSE1~~--4----4~-d 

SENSE2~{3~1---+----+-------------4-----__ 

m (51 

VEE REMOTE 
ACTIVATE 

~ ________ ~~(8"-1 OUTPUT 

(61 

INDICATOR 
OUTPUT 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPE MC3423 
OVERVOLTAGE·SENSING CIRCUIT 

absolute maximum ratings 

Supply voltage. Vcc (see Note 1) ..................................................... 40 V· 

Sense 1 voltage .................................................................. 6.5 V 
Sense 2 voltage ......•.........•................................................. 6.5 V 
Remote activate input voltage .....................•.........•......................... 7 V 
Output current. 10 ...........................•.................................. 300 mA 

Continuous dissipation at (or below) 25°C free-air temperature (see Note 2): JG package ........ , 825 mW 
P package .. . . . . . .. 1000 mW 

Operating free-air temperature range •............................................ ooC to 70°C 

Storage temperature range ................................................. - 65°C to 150°C 

NOTES: 1. Voltage values are measured with respect to the Vee terminal. 
2. For operating above 25 °C fr8e~air temperature, refer to the Dissipation Derating Table. In the JG package, MC3423 chips are glass-mounted. 

DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
PACKAGE 

RATING FACTOR TA 
JG (Glass-Mounted Chip) 825 mW 6.6 mW/oe 25°e 

p 1000mW 8 mW/oe 25°e 

recommended operating conditions 

Supply voltage. VCC ............................................... . 
High-level input voltage. remote activate input ............................. . 

Low-level input voltage. r.emote activate input 

MIN MAX UNIT 
4.5 

2 
40 

0.5 

V 

V 
V 

electrical ,characteristics over operating free-air temperature range. Vee = 5 V to 36 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Output voltage 
Remote Activate at 2 V. 

10 = 100 mA 
Vee- 2.2 Vee- 1.B V 

Indicator low-level output voltage 
Remote Activate at 2 V. 
10 = 1.6 rnA 

0.1 0.4 V 

Threshold vottage of either sense input TA - 25°e 2.45 2.6 2.75 V 
T emparature coefficient of input threshold voltage 0.06 %IOe 

Source current (pin 4) Sense 1 at 3 V. Pin 4 at 1.3 V 0.1 0.22 0.3 mA 
High-level input current. Remote Activate input Vee = 5 V. VI - 2 V 5 40 ~A 

Low-level input current. Remote Activate input Tee = 5 V. VI - 0.8 V -120 -lBO ~ 
Supply current Outputs open 6 10 rnA 
Propagation delay time. Remote Activate input to Output TA - 25°e 0.5 ~s 

Output current rate of r~se TA - 25°e 400 mA/~s 
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LINEAR 
INTEGRATED CIRCUITS 

• 3·Terminal Regulators 

• Output Current up to 100 rnA 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short Circuit Current Limiting 

• Direct Replacement for Motorola 
MC79LOO Series 

• Available in 5% or 10% Selections 

description 

This series of fixed-voltage monolithic integrated­
circuit voltage regulators is designed for a wide range 
of applications. These include on·card regulation for 
elimination of noise and distribution problems 
associated with single'point regulation. In addition, 
they can be used to control series pass elements to 
make high-current voltage-regulator circuits. One of 
these regulators can deliver up to 100 mA of output 
current. The internal current-limiting and thermal­
shutdown features make them essentially immune to 
overload. When used as a replacement for a Zener­
diode and resistor combination, these devices can 
provide an effective improvement in output impedance 
of two orders of magnitude and lower bias current. 

schematic 

NOMINAL 

OUTPUT 

VOLTAGE 

-5V 

-12V 

-15V 

SERIES MC79LOO 
NEGATlVE·VOLTAGE REGULATORS 

02656, OCTOBER 1982 

5% 10% 

OUTPUT VOL TAG E OUTPUT VOLTAGE 

TOLERANCE TOLERANCE 

MC79L05AC MC79L05C 

MC79L12AC MC79L12C 

MC79L15AC MC79L15C 

LP SILECT PACKAGE 

(TOP VIEW) 

OUTPUT 

INPUT 

COMMON 

TO-226AA 

CIO 

r---~---e~~e---~--~~-----e~----------------------------e---OGND 

OUTPUT 

L----e------------__________ -e ______________ ~~--~~~--~----~~--OINPUT 

CI) ... 
o ... ca 
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SERIES MC79LOO 
NEGATIVE·VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

MC79L05 
MC79L12 

MC79L15 

I nput voltage -30 -35 

Continuous total dissipation at 25° C free-ai r temperature (see Note 1) 775 775 

Continuous total dissipation at (or below) 25° C case temperature (see Note 1) 1600 1600 

Operating free-air, case, or virtual junction temperature range Oto 150 o to 150 

Storage temperatu re range -e5to 160 -e5 to 150 

Lead temperature 1/16 inch (1,6 mm) from case for 10 saconds 260 260 

NOTE 1: For operation above 2SDC free-air temperature, refer to DissiPation Daradng Curves, Figure 1 and Figure 2. 

1000 

s: 
E 

900 

I SOO c: 
0 . ., 

700 .. 
c. 

'= 600 i:5 
:l 500 0 
::> 
c: 400 .~ 

8 

b-.. 

FREE·AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

"'" '" "-" 

2000 

s: 1S00 
E 
I 1600 c: 

.2 
:;; 1400 
c. 
.~ 

1200 i:5 
~ 

::> 1000 0 
::> 
c: 

SOO . ., 
c: 
0 

(.) 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

\ 
:\ 
\ 

LP package 
r-Derating factor = 2S.6 mWfC 

\ 
- above 94°C 

UNIT 

V 

mW 

mW 

'C 

'C 

'C 

300 
E 
::> 

200 
LP package '" 

r- Derating factor = 6.2 mW f C "-

600 
E 
::> 

400 E 
RoJC "" 35°CIW \ 

E ·x .. 
:;: 100 

r-ROJA"" 160°C/W I 
See Nor 2 I 

o 
25 50 75 100 

~ 

125 

T A - Free·Air Temperature - °c 

FIGURE 1 

'" 150 

'x .. 
200 :;: \ 

\ o 
25 50 75 100 125 150 

TC - Case Temperature _ °c 

FIGURE 2 

NOTE 2: This curve for the LP Package Is based on thermal resistance, RaJA. measured in stili air with the device mounted in an Augat socket. 
The bottom of the package was 3/8 Inch above the socket. 

recommended operating conditions 

MIN MAX UNIT 

I MC79L05 -7 -20 
I nput voltage, V I I MC79L12 -14.5 -27 V 

I MC79L15 -17.5 -30 
Output current, 10 100 mA 
Operating virtual junction temperature, T J 0 125 ·c 
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82 

SERIES MC79LOO 
NEGATlVE·VOLTAGE REGULATORS 

MC79L05 electrical characteristics at specified virtual junction temperature, 
VI = -10 V, 10 = 40 mA (unless otherwise noted) 

TEST CONDITIONSt 
MC79LOSC 

PARAMETER 
MIN TYP MAX 

25°C -4.6 -5 -5.4 

VI=-7Vto-20V. 
oOe to 12soe -4.5 -5.5 

Output voltage 
10 = 1 rnA to 40 rnA 

VI = -10 V. 
oOeto 125°C -4.5 -5.5 

10= 1 rnA to 70 rnA 

VI=-7Vto-20V 
25°C 

200 
Input regulation 

VI - -S V to -20 V 150 

Ripple rejection 
VI = -S V to -18 V. 

1= 120 Hz 
25°C 40 49 

10 = 1 rnA to 100 rnA 
25°C 

60 
Output regulation 

10 -1 rnA to 40 rnA 30 

Output noise voltage 1= 10 Hz to 100 kHz 25°C 40 

Dropout voltage 10=40rnA 25°C 1.7 

25°C 6 
Bias current 

12Soe 5.5 

VI = -S V to -20 V 
oOe to 125"e 

1.5 
Bias current change 

10 = 1 rnA to 40 rnA 0.2 

MC79L 12 electrical characteristics at specified virtual junction temperature, 
VI = -19, 10 = 40 mA (unless otherwise noted) 

TEST eONDITIONst 
MC79L12C 

PARAMETER 
MIN TYP MAX 

25"e -11.1 -12 -12.9 

VI = -14.5 to -27 V. o°c to 125°C -10.S -13.2 

Output voltage 
10 = 1 rnA to 40 rnA 

VI=-19V. 
oOe to 125°C -10.S -13.2 

10 = 1 rnA to 70 rnA 

VI = -14.5 to -27 V 
25°C 

250 
Input regulation 

VI - -16 V to -27 V 200 

Ripple rejection 
VI=-15Vto-25V. 

1=120Hz 
25°C 36 42 

10=1 rnA to 100 rnA 
25°C 

100 
Output regulation 

10 = 1 rnA to 40 rnA 50 

Output noise voltage 1-10 Hz to 100 kHz 25°C SO 

Dropout voltage 10=40 rnA 25°C 1.7 

25°C 6.5 
Bias current 

125°C 6 

VI=-16Vto-27V 
OOeto 125°C 

1.5 
Bias current change 

10 = 1 mA to 40 rnA 0.2 

MC79L05AC 

MIN TYP MAX 
UNIT 

-4.S -5 -5.2 

-4.75 -S.25 

V 

-4.75 -5.25 

150 

100 
rnV 

41 49 dB 

60 

30 
rnV 

40 JlV 

1.7 V 

6 
rnA 

5.5 

1.5 

0.1 
rnA 

MC79L12Ae 

MIN TYP 
UNIT 

MAX 

-11.5 -12 -12.5 

-11.4 -12.6 

V 

-11.4 -12.6 

2S0 

200 
rnV 

37 42 dB 

100 
rnV 

50 

SO JlV 

1.7 V 

6.5 

6 
rnA 

1.5 
rnA 

0.1 

t All characteristics are measured with 8 O.33~J.LF capacitor across the Input and a O.1-pF capacitor across the output. All characteristics except 
noise voltage and ripple rejection ratio BrB measured using pulse techniques (tw < 10 ms, duty cycle -< 5%). Output voltage changes due to 
changes in Internal temperature must be taken Into account separately. 
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SERIES MC79LOO 
NEGATIVE·VOLTAGE REGULATORS 

MC79L 15 electrical characteristics at specified virtual junction temperature, 
VI = -23 V, 10 = 40 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MIN 

MC79L15C 

TYP MAX 

25°C -13.8 -15 -16.2 

VI = -17.5 V to -30 V, 
O°C to 125°C -13.6 -16.6 

Output voltage 
10 = 1 mA to 40 mA 

VI=-23V, 
O°C to 126°C -13.5 -16.5 

10 = 1 mA to 70 mA 

VI=-17.5Vto-30V 
25°C 

300 
Input regulation 

VI = -20 V to -30 V 250 

Ripple rejection 
VI = -18.5 V to -28.5 V, 

f=120Hz 
25°C 33 39 

10=lmAtol00mA 
25°C 

160 
Output regulation 

10= 1 mAt040mA 75 

Output noise voltage f= 10 Hzto 100 kHz 25°C 90 

Dropout voltage 10=40mA 25°C 1.7 

25~C 6.5 
Bias current 

125°C 6 

VI = -20 V to -30 V 
O°C to 125°C 

1.5 
Bias current change 

10 = 1 mAt040 mA 0.2 

MC79L15AC 

MIN TYP MAX 
UNIT 

-14.4 -15 -15.6 

-14.26 -15.75 

V 

-14.25 -15.75 

300 
mV 

250 

34 39 dB 

150 

75 
mV 

90 !J.V 

1.7 V 

6.5 
mA 

6 

1.5 

0.1 
mA 

t All characteristics are measured. with 8 O.33-p.F capacitor across the input and a O.1-IJF capacitor across the output. All characteristics except 
noise voltage and ripple rejection ratio are measured using pulse techniques (tw '" 1 0 ms, duty cycle .=s;,;; 5%). Output voltage changes due to 
changes In Internal temperature must be taken Into account separately. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Complete PWM Power Control Circuitry 

• Uncommitted Output for 200-mA Sink or 
Source Current 

• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply 

• Circuit Architecture Provides Easy 
Synchronization 

• Direct Replacements for Motorola MC35060 
and MC34060 

description 

TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

J OR N 
DUAL-IN-L1NE PACKAGE 

ITOPVIEWI 

D2714, MARCH 1983 

ERROR {NONINV INPUT NONINV INPUT} ERROR 
AMP 1 INV INPUT INV INPUT AMP 2 

FEEDBACK 3 REF OUT 
DEAD·TIME CONTROL 'NC 

CT Vcc 
RT C 

GND .... 7 __ '-'""'E 

NC-No internal connections 

The MC35060 and MC34060 incorporate on a single monolithic chip all the functions required in the construction 
of a pulse-width-modulation control circuit. Designed primarily for power supply control, each of the devices contains 
an on-chip 5-volt regulator, two error amplifiers, an adjustable oscillator, and a dead-time control comparator, The 
uncommitted output transistor provides either common-emitter or emitter-follower output capability. The internal 
amplifiers exhibit a common-mode voltage range from - 0.3 volt to VCC - 2 volts. The dead-time control comparator 
has a fixed offset that provides approximately 5% dead time unless externally altered. The on-chip oscillator may 
be bypassed by terminating RT (pin 6) to the reference output and providing a sawtooth input to CT (pin 5), or it 
may be used to drive the common MC35060 or MC34060 circuitry and provide a sawtooth input for associated control 
circuitry in multiple rail power supplies. 

The MC35060 is characterized for operation over the full military temperature range of - 55 DC to 125 DC. The MC34060 
is characterized for operation from 0 DC to 70 DC. 

functional block diagram 

1101 
Vcc-----I 

REFERENCE 

REGULATOR 
1-______________ 1_12_1 REFERENCE 

~~16~1----~------1 

CT~15~1~~1-------J 
DEAD-TIME CONTROL ..:.14.;;1;.....-f-____ -i1 ___ +-_-I 

NONINVERTING INPUT ..:.ll~I-_-f~>-... oI-"~~~ 
121 

INVERTING INPUT "'-'-----IV 

NONINVERTING INPUT ,~ll;:.4;;1--r~>--Iw-'" 
INVERTING INPUT ,,-11_3,,-1 ---t;>, 

FEEDBACK ..:.13:..;1 _______ -.J 

All voltage and current values shown are nominal. 

E 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES MC35060, MC34060 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

absolute maximum ratings over operation temperature range (unless otherwise noted) 

MC35060 

Supply voltage, VCC Isee Note 1) , 42 

Amplifier input voltages VCC+0.3 
Collector output voltage 42 

Collector output current 250 

Continuous total dissipation at lor below) 25°C free-air temperature Isee Note 2) 1000 
Operating free~air temperature range 55to125 

Storage temperature range 65 to 150 

Lead temperature 1,6 mm 11/16 inch) from case for 60 seconds: J package 300 

Lead temperature 1,6 mm (1/16 inch I from case for 10 seconds: N package 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

MC34060 UNIT 

42 V 

VCC+0.3 V 

42 V 

250 mA 

1000 mW 
o to 70 °C 

65 to 150 °C 

300 °C 

260 °C 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, MC35060 chips are alloy-mounted and 
MC34060 chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING 

RATING FACTOR 

J IAlloy-Mounted Chip) 1000 mW 11.0 mW/oC 

J IGIass-Mounted Chip) 1000 mW 8.2 mW/oC 

N 1000 mW 9.2mW 

< o recommended operating conditions 
;::;' 
I» 

CQ 
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Supply voltage, VCC 

Amplifier input voltages, V I 
Collector output voltage, Vo 

Collector output current leach transistor) 

Reference output current 

Current into feedback terminal 

Timing capacitor, CT 

Timing resistor, RT 
Oscillator frequency 

Operating free-air temperature, T A 

TEXAS 
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ABOVE 

TA 

59°C 

28°C 

41°C 

MC35060 MC34060 
UNIT 

MIN MAX MIN MAX 

7 40 7 40 V 

-0.3 VCC-2 -0.3 VCC-2 V 
40 40 V 

200 200 mA 

10 10 mA 

0.3 0.3 mA 

0.47 10000 0.47 10000 nF 

1.8 500 1.8 500 k!l 

1 200 1 200 kHz 

-55 125 0 70 °c 
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TYPES MC35060, MC34060 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

electrical characteristics over recommended operating free·air temperature range. Vee 
(unless otherwise notedl 
reference section 

PARAMETER TEST CONDITIONSt 
MC35060 

MIN Typt MAX MIN 

Output voltage (V ref) )0 = 1 mA 4.75 5 5.25 4.75 

Input regulation Vee - 7 V to 40 V, TA - 25°e 2 25 

Output regulation 110 = 1 to 10 mA, TA = 25°e 1 15 

Output voltage change 
aTA = MIN to MAX 0.2 2 

with temperature 

Short-circuit output current § Vref = 0 10 35 50 

oscillator section 

PARAMETER TEST CONDITIONSt 
MC35060 

MIN Typt MAX MIN 

Frequency eT - 0.001 "P, RT - 47 kll 25 

Standard deviation of frequency' eT - 0.001 I'F, RT = 47 kll 3 

Frequency change with voltage Vee = 7 V to 40 V, TA = 25°e 0.1 

Frequency change with eT - 0.001 I'F, RT - 47 kll, 4 

temperature aTA = MIN to MAX 

dead-time control-section (see figure 11 

PARAMETER TEST CONDITIONS MIN 

Input bias current (pin 4) VI = 0 to 5.25 V 

Maximum duty cycle VI (pin 4) = 0 
leT = O.l"F, RT=12kll 90 

leT - 0.1 "F, RT - 47 kll 

Input threshold voltage (pin 4) 
Zero duty cycle 

Maximum duty cycle 0 

error-amplifier sections 

PARAMETER TEST CONDITIONS MIN 

Input offset voltage Vo (pin 3) = 2.5 V 

Input offset current Va (pin 3) - 2.5 V 
Input bias current Va (pin 3) - 2.5 V 

-0.3 

Common-mode input voltage range Vee = 7 V to 40 V to 

15 V. f 

MC34060 
Typt MAX 

5 5.25 

2 25 

1 15 

0.2 2.6 

35 

MC34060 
Typt MAX 

25 

3 

0.1 

2 

TYpt MAX 

-2 -10 

96 100 

92 100 

3 3.3 

Typt MAX 

2 10 

25 250 

0.2 1 

Vee- 2 

Open-loop voltage amplification avO - 3 V, RL - 2 kll, Va - 0.5 V to 3.5 V 70 95 

Unit-gain bandwidth 800 

Common-mode rejection ratio Vee = 40 V 65 80 

Output sink current (pin 3) VID = -15 mV to - 5 V, V(pin 3) - 0.5 V 0.3 0.7 

Output source current (pin 3) VID .: 15 mV to 5 V, V(pin 3) - 3.5 V 2 

output section 

PARAMETER TEST CONDITIONS 
MC35060 MC34060 

TYpt Typt MIN MAX MIN MAX 

Collector off-state current VeE = 40 V, Vee = 40 V 2 100 2 100 

Emitter off-state current Vee - Ve - 40 V, VE = 0 -150 -100 

Collector-emitter l Common-emitter VE - 0, Ie - 200 mA 1.1 1.5 1.1 1.3 

saturation voltage I Emitter follower Ve- 15V, Ie = -200 mA 1.5 2.5 1.5 2.5 
.. " .. 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operation conditions . 

:I: All typical values except for temperature coefficients are at T A = 25°C. 
§Ouration of the short-circuit should not exceed one second. 

'Standard deviation is a measure of. the statistical d.istribution about the mean as derived from the formula (1-
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

electrical characteristics over recommended operating free-air temperature range. Vee 
(unless otherwise noted) 

pwm comparator section (see figure 1) 

PARAMETER TEST CONDITIONS 
Input thr~shold voltage (pin 3) Zero duty cycle 

Input sink current (pin 3) V(pin 3) - 0.7 V 

total device 

PARAMETER TEST CONDITIONS 

Pin 6 at Vref, [Vee = 15 V 
Standby supply current 

All other inputs and outputs open I Vee - 40 V 

Average supply current V(pin 4) 2 V, See Figure 1 

switching characteristics. T A 

PARAMETER TEST CONDITIONS 

Output voltage rise time Common-emitter configuration, 

Output voltage fall time See Figure 3 

Output voltage rise time Emitter-follower configuration, 

Output voltage fall time See Figure 4 

*AII typical values except for temperature coe~icients ~re at T A = 25°C, 

Vee = 15V 

TEST {'--__ c:'4'-j1 DEAD-TIME 
INPUTS (3) 

PARAMETER MEASUREMENT INFORMATION 

150n 
2W 

p-.............. OUTPUT 1 

MIN 

0.3 

MIN 

MIN 

15 V. f 10 kHz 

TYpt MAX UNIT 

4 4.5 V 

0.7 mA 

TYpt MAX UNIT 

6 10 
mA 

9 15 

7.5 mA 

TYpt MAX UNIT 

100 200 ns 

25 100 ns 

100 200 ns 

40 100 ns 

47 kn (61 :EEDBACK 

(5) T CT 
.OOlJ1.F(1) (+I} 

i21 H 

. CAP:EC::::CC:~ /1, 4171747171 
DEAD-TIME CONTROL I , I I I I I I I 

r--+~f.'4::i) \+) ERROR 
11 31(-) 

50'0 

ONO 

I7l 

REF (12) 
OUT 

EMITTER 
OUTPUT 

I I I I I I I I I 
I I I I I I I I I 
r I I I I I I I I 

TEST CIRCUIT TIMING WAVEFORMS 

FIGURE 1 - DEAD-TIME AND FEEDBACK CONTROL 
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TYPES MC35060. MC34060 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

PARAMETER MEASUREMENT INFORMATION 

V ref 0------1 

ERROR AMPLIFIER 

>~ ... -----o FEEDBACK 
TERMINAL 

ERROR 
AMPLIFIER 

FIGURE 2 - ERROR-AMPLIFIER CHARACTERISTICS 

15V 

68n, 
2W 

H-tr 

I _-<>--~"'''--O OUTPUT I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I I 

: I '- ________ J 

TEST CIRCUIT 

CL = 15 pF 
(includes probe and 

jig capacitance) 

OUTPUT VOLTAGE WAVEFORM 

FIGURE 3 - COMMON-EMITTER CONFIGURATION 
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TYPES MC35060, MC34060 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

PARAMETER MEASUREMENT INFORMATION 

ISV 

r--------, 
(OUTPUT CIRCUIT) I 

I 

'---o>--4 .... --~ .. --o OUTPUT 
I 
I ________ J 

CL = 15 pF 
(includes probe and 
jig capacitance) 

TEST CIRCUIT 

68n, 
2W 

OUTPUT VOLTAGE WAVEFORM 

FIGURE 4 - EMITTER-FOLLOWER CONFIGURATION 
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N 10 k 
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C" 1 k " .t 
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10 

TYPICAL CHARACTERISTICS 

OSCI LLATOR FREQUENCY and 
FREQUENCY VARIATIONt vs 

TIMING RESISTANCE 

VCC 15 V 

TA 25°C 
r---2% 

C?oJ,~ ~ 
I 

, --
1% 7",~ 

0%- '-- ..... C?o 
I '",~ 
I C?, k-

:c.<-~ 

C' Af 1%t 
r" .1 I '",~I 

r-.... 
1 k 4 k 10 k 40k 100k 400k 1M 
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AMPLIFIER VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 

r--r-.. 
I 

VCC=15V 

"- AVO = 3V 

\. 
TA = 25°C 

'\. 
I\. 
-~ 

I\. 
'\. 

I\. 
\. 

1 10 100 1 k 10 k 100 k 1 M 
f-Frequency-Hz 

FIGURE 6 

tFrequency variation (41) is the change in oscillator frequency that occurs over the full temperature range. 

6-66 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



:3 

LINEAR 
INTEGRATED 
CIRCUITS 

• High Efficiency ... 80% Typ 

• Low Bias Current . . . 135 p.A 

• Adjustable Output ... 2.5 V to 24 V 

• Output Current ... 150 mA 

• Internal Reference ... 1.3 V ± 5% 

• Remote Shutdown Capabilities 

• Interchangeable with Raytheon RM4193 and 
RC4193 

description 

The RM4193 and RC4193 are monolithic micropower 
switching regulators designed to provide all the 
functions required to make a complete low-power 
switching regulator primarily for battery operated 
instruments. The RM4193 and RC4193 offer the 
system designer the flexibility of tailoring the circuit 
to the application. Typical applications include step­
up switching regulation. step-down switching 
regulation, and inverting switch regulation. The 
devices each contain a 1.3-volt temperature­
compensated band-gap reference. an adjustable free­
running oscillator, voltage comparator, low battery 
detection circuitry. and a 1 50-milliampere output­
switch transistor. 

PIN 

1 

2 

3 
4 
5 

6 

7 

8 

TYPES RM4193. RC4193 
MICROPOWER SWITCHING REGULATOR 

D2718. SEPTEMBER 1983 

RM4193 ... JG 

RC4193 ... JG OR P 

DUAL-IN-LINE PACKAGE 

ITOP VIEWI 

LBR[JS LBO 
CX 2 7 VFB 

LX 3 6 IC 

GND 4 5 VCC 

FUNCTION TABLE 

FUNCTION DESCRIPTION 

LBR Low battery resistor 

ex External capacitor 

LX External inductor 

GND Ground 

Vee Supply voltage 

Ie Reference set control 

VFB Feedback voltage 

LBO Low battery detector 

For most applications, these regulators can achieve up to 80% efficiency while operating over a wide supply voltage 
range from 2.4 volts to 24 volts at an ultra-low bias current drain of 135 microamperes. The RM4193 and RC4193 
have an adjustable 100-hertz to 1 60-kilohertz free-running oscillator that provides the drive circuitry for the on-chip 
150-milliampere output-switch transistor. An external capacitor on pin 2 determines the oscillator frequency. 

The low-battery detection circuitry contains an open-collector output transistor that can be used to activate a liquid 
crystal display whenever the battery voltage drops below a programmed level. This programmed level is determined 
by the selection of external resistors connected to pin 1. 

The regulator will shut off when pin 6 (lC) is below 0.5 volt. The shut-off feature is useful in battery-backup applications 
requiring operation only when the line power is removed. Another use of this feature is connecting a zener diode between 
pin 6 and the battery line to shut down the regulator whenever the battery voltage drops below a predetermined level. 

The RM4193 will be characterized for operation over the full military temperature range of - 55°C to 125°C. The 
RC4193 will be characterized for operation from ooC to 70°C. 

functional block diagram 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for Single·Ended 
or Push·Pull Applications 

• Low Standby Current . .. 8 rnA Typ 

• Interchangeable With Silicon General 
SG1524, SG2524, and SG3524 

description 

The SG 1524, SG2524, and SG3524 incorporate on 
single monolithic chips all the functions required 
in the construction of a regulating power supply, 
inverter, or switching regulator. They can also be 
used as the control element for high·power-output 
applications. The SG 1524 family was designed for 
switching regulators of either polarity, transformer­
coupled dc-to-dc converters, transformerless voltage 
doublers, and polarity converter applications employ­
ing fixed-frequency, pulse-width-modulation tech­
niques. The complementary output allows either 
single-ended or push-pull application. Each device 
includes an on-chip regulator, error amplifier, pro­
grammable oscillator, pulse-steering flip-flop, two 
uncommitted pass transistors, a high-gain comparator, 
and current-limiting and shut-down circuitry. 

functional block diagram 

TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

APRI L 1977 - REVI DECEMBER 1982 

SG1524 ... J 

SG2524, SG3524 ... J OR LN 
OUAL-IN-liNE PACKAGE 

(TOPVIEWI 

IN- REF OUT 
IN+ VCC 

OSC OUT EMIT 2 
CURR LIM + COL 2 
CURR LlM- COL 1 

RT EMIT 1 
CT SHUT DOWN 

GND CaMP 

The SG1524 is characterized for operation over the 
full military temperature range of _55°C to 125°C 
The SG2524 is characterized for operation from 
_25°C to 85°C, and the SG3524 is characterized 
for operation from O°C to 70°C. 

=~=j __ ...... __________ ....!1~1e) REF OUT 

r==-.... ____ \--' ...... ____ .Q!(31 osc OUTPUT 

1"1--...,.-....1 

INVERTING INPUT IN- (11 

NONINVERTING INPUT IN+ 121 

SHUTDOWN {to) , kn 

10kn 

Resistor values shown are nominal 

GROUND ,,<S,-' __ ......... 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply Voltage, VCC (see Notes 1 and 2) ...................................•........... 40 V 
Collector Output Current ....................................................... 100 mA 
Reference Output Current ............................ . . . . . . . . . . . . . . . . . . . . . . • . . . .. 50 mA 
Current Through CT Terminal. .....................................••••............ -5 mA 
Continuous Total Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) .........•....• 1000 mW 
Operating Free·Air Temperature Range: SG1524 ................................. _55°C to 125°C 

SG2524 .................................. _250 C to 85° C 
SG3524 .................................... 0° C to 70° C 

Storage Temperature Range ............................................... _65°C to 150°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 

2. The reference regulator may be bypassed for operation from a fixed 5-volt supply by connecting the Vee and reference output pins both to the 
supply voltage. In this configuration the maximum supply voltage is 6 volts. 

3. For operation above 25°C free-air temperature refer to Figures 16 and 17. In the J package, SG1524 chips ate alloy mounted; SG2524 and 

SG3524 chips are glass mounted. 

recommended operating conditions 

SG1524 SG2524 SG3524 
UNIT 

MIN MAX MIN MAX MIN MAX 

Supply voltage, Vee 8 40 8 40 8 40 V 

Reference output current 0 50 0 50 0 50 rnA 

Current thru CT terminal 0.03 2 0.03 2 0.03 2 rnA 

Timing resistor, RT 1.8 100 1.8 100 1.8 100 kll 

Timing capacitor, CT 0.001 0.1 0.001 0.1 0.001 0.1 I'F 

Operating free·air temperature -55 125 -25 85 0 70 °e 

electrical characteristics over recommended operating free-air temperature range, Vee = 20 V, f = 20 kHz 
(unless otherwise noted) 

reference section 

TEST SG1524 SG2524 
PARAMETER 

CONDITIONSt TYP* TYP* MIN MAX MIN MAX MIN 

Output voltage 4.8 5 5.2 4.8 5 5.2 4.6 

Input regulation Vce=8t040V 10 20 10 20 

Ripple rejection f= 120Hz 66 66 
Output regulation 10 - 0 to 20 rnA 20 • 50 20 50 

Output voltage change 
TA=MINtoMAX 0.6 2 0.3 1 

with temperatu re 

Short·circuit output current § V,e' = 0 100 100 

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+AII typical values except output voltage change with temperature are at T A = 2SoC. 

§ Duration of the short-circuit should not exceed one second. 
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TYP* MAX 
UNIT 

5 5.4 V 

10 30 rnV 

66 dB 

20 50 rnV 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

electrical characteristics over recommended operating free-air temperature range, vee = 20 V, f = 20 kHz 
(unless otherwise noted) 

oscillator section 

PARAMETER TEST CONDITIONSt MIN TYP:j: 

Frequency CT = 0.001 j.lF. RT = 2 kn 450 

Standard deviation of frequency § 
All values of voltage, temperature, 

5 
resistance, and capacitance constant 

Frequency change with voltage VCC-Bt040V. TA = 25°C 

Frequency change with temperature TA - MIN to MAX 

Output amplitude at pin 3 3.5 

Output pulse width at pin 3 CT = 0.Q1 I'F 0.5 

error amplifier section 

SG1524. SG2524 SG3524 
PARAMETER TEST CONDITIONS 

TYP:j: TYP:j: MIN 'MAX MIN 
Input offset voltage VIC =.2.5 V 0.5 5 2 
I nput bias current VIC-2.5V 2 10 2 
OpenRloop voltage amplification 72 BO 60 BO 

1.B 1.B 

Common-mode input voltage range TA = 25°C to to 

3.4 3.4 

Common-mode rejection ratio 70 70 

Unity-gain bandwidth 3 3 
Output swing TA=25°C 0.5 3.B 0.5 

output section 

PARAMETER TEST CONDITIONS MIN TYP:j: 

Collector-emitter breakdown voltage 40 

Collector off-state current VCE = 40 V 0.01 

Collector-emitter saturation voltage IC = 50 mA 1 

Emitter output voltage VC=20V. IE = -250j.lA 17 1B 

Turn~off voltage rise time R" = 2 kn 0.2 
Turn~on voltage fall time R" = 2 kn 0.1 

comparator section 

PARAMETER TEST CONDITIONS MIN TYP:j: 

Maximum duty cycle, each output 45 

Input threshold voltBge at pin 9 
Zero duty cycle 1 

Maximum duty cycle 3.5 

I nput bias cu rrent -1 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+AII typical values except for temperature coefficients are at T A = 25°C. 

MAX 

1 

2 

MAX 

10 

10 

3.B 

MAX 

50 

2 

MAX 

§Standard deviation is a measure of the statistical distribution about the mean as derived from the formula (J = ~ (X"-X)' 
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TYPES SG1524, SG2524, SG3524 
REGULATING' PULSE WIDTH MODULATORS 

electrical characteristics over recommended operating free-air temperature range, Vee = 20 V, f = 20 kHz 
(unless otherwise noted) 

current limiting section 

PARAMETER 
SG1524. SG2524 

TEST CONDITIONS 
MIN TYPt MAX MIN 

-1 

Input voltage range (either input) to 

Sense voltage at T A-25° C 

Temperature coefficient 

of sense voltage 

total device 

PARAMETER 

Standby current 

+1 

V(pin 2) - V(pin 1);> 50 mY, 190 200 210 

V(pin 9) = 2 V 

Vee - 40 V •. 

I Pin2at2V. 

0.2 

TEST CONDITIONS 

Pins 1.4.7,8,9,11,14 grounded. I 
All other inputs and outputs open 

+AIl typical values except for temperature coefficients are at T A = 25°C. 

PARAMETER MEASUREMENT INFORMATION 
Vce=8to40V 

1 
r 2kll 2kll 

15 lW lW 
2kll 

'0-- 10 

eT\i 
7 13 

RT JI OU TPUTS 
6 12 

2kll 

C 
9 3 r--IOPEN) 

1 16 r---
10 kll 2 14 f--

5 11 f---< 
1 kll 4 

2kll 10 kll 
¥O,IIlF .,J. 

FIGURE I-GENERAL TEST CIRCUIT 
VCC 

2kll 

1 

to 

+1 

180 

SG3524 

TYPt MAX 
UNIT 

V 

200 220 mV 

0.2 mvl"e 

TYPt MAX 1 UNIT J 
8 10 I mA I 

/-1-_-0UTPUT 

I-+-tr 
I I 
I 90% --"VCC 

UNDER 
TEST 

TEST CIRCUIT 

I 
I 

VOLTAGE WAVEFORMS 

FIGURE 2-SWITCHING TIMES 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

TYPICAL CHARACTERISTICS 

OPEN·LOOP VOLTAGE AMPLIFICATION 
OF ERROR AMPLIFIER 

vs 
FREQUENCY 

90 __ ~~~~~~~nm~~ 
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40 ~~~~~F*~~~mm~tmffi 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

PRINCIPLES OF OPERATION 

The SG1524t is a fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator operates at a 
fixed frequency that is programmed by one timing resistor RT and one timing capacitor CT. RT establishes a constant 
charging current for CT. This results in a linear voltage ramp at CT, which is fed to the comparator providing linear 
control of the output pulse width by the error amplifier. The SG 1524 contains an on-board 5·volt regulator that serves 
as a reference as well as supplying the SG1524's internal regulator control circuitry. The internal reference voltage is 
divided externally by a resistor ladder network to provide a reference within the common-mode range of the error amp· 
lifier as shown in Figure 6, or an external reference may be used. The output is sensed by a second resistor divider net· 
work and the error signal is amplified. This voltage is then compared to the linear voltage ramp at CT. The resulting 
modulated pulse out of the high-gain comparator is then steered to the appropriate output pass transistor (01 or 02) 
by the pulse-steering flip-flop, which is synchronously toggled by the oscillator output. The oscillator output pulse also 
serves as a blanking pulse to assure both outputs are never on simultaneously during the transition times. The width of 
the blanking pulse is controlled by the value of CT. The outputs may be applied in a push-pull configuration in which 
their frequency is half that of the base oscillator, or paralleled for single-ended applications in which the frequency is 
equal to that of the oscillator. The output of the error amplifier shares a common input to the comparator with the 
current-limiting and shut-down circuitry and can be overridden by signals from either of these inputs. This common 
point is also available externally and may be employed to control the gain of, or to compensate, the error amplifier, or 
to provide additional control to the regulator. 

TYPICAL APPLICATION DATA 

oscillator 

The oscillator controls the frequency of the SG 1524 and is programmed by RT and CT as shown in Figure 4. 

where RT is in kilohms 
CT is in microfarads 
f is in kilohertz 

f~ 

Practical values of CT fall between 0.001 and 0.1 microfarad. Practical values of RT fall between 1.8 and 100 kilohms. 
This results in a frequency range typically from 140 hertz to 500 kilohertz. 

blanking 

The output pulse of the oscillator is used as a blanking pulse at the output. This pulse width is controlled by the value 
of CT as shown in Figure 5. If small values of CT are required, the oscillator output pulse width may still be maintained 
by applying a shunt capacitance from pin 3 to ground. 

synchronous operation 

When an external clock is desired, a clock pulse of approximately 3 volts can be applied directly to the oscillator output 
terminal. The impedance to ground at this point is approximately 2 kilohms. In this configuration RT CT must be 
selected for a clock period slightly greater than that of the external clock. 

If two or more SG1524 regulators are to be operated synchronously, all oscillator output terminals should be tied 
together. The oscillator programmed for the minimum clock period will be the master from which all the other 
SG 1524's operate. In this application, the CT RT values of the slaved regulators must be set for a period approximately 
10% longer than that of the master regulator. In addition, CT (master) = 2 CT (slave) to ensure that the master output 
pulse, which occurs first, has a wider pulse width and will subsequently reset the slave regulators. 

tThrouQh.out these discussions, references to SG1524 aPr?ly also to SG2524 and SG3524. 
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voltage reference 

TYPES SG1524. SG2524. SG3524 
REGULATING PULSE WIDTH MODULATORS 

TYPICAL APPLICATION DATA 

The 5-volt internal reference may be employed by use of an external resistor divider network to establish a reference 
within the error amplifiers common-mode voltage range (l.B to 3.4 volts) as shown in Figure 6. or an external reference 
may be applied directly to the error amplifier. For operation from a fixed 5-volt supply, the internal reference may be 
bypassed by applying the input voltage to both the VCC and VREF terminals. In this configuration, however, the input 
voltage is limited to a maximum of 6 volts. 

error amplifier 

REF 
OUT 

5kfl 

5kfl 

R2 

Rl 

TO POSITIVE 
OUTPUT 
VOLTAGE 

Rl + R2 
Vo = 2.S V--R-1-

REF 
OUT 

5kfl Rl 

Skfl R2 

TO NEGATIVE 
OUTPUT 
VOLTAGE 

Rl R2 ---= 2.5 kfl 
Rl + R2 

FIGURE 6-ERROR AMPLIFIER BIAS CIRCUITS 

The error amplifier is a differential-input transconductance amplifier. The output is available for de gain control or ac 
phase compensation. The compensation node (pin 9) is a high-impedance node (R L = 5 megohms). The gain of the 
amplifier is AV = (0.002 n -1) RL and can easily be reduced from a nominal 10,000 by an external shunt resistance 
from pin 9 to ground. Refer to Figure 3 for data. 

compensation 

U) ... 
o ... 
IV 
"'5 
C» 
Q) 

a: 
Q) 
C) 
IV ... 
'0 
> 

Pin 9, as discussed above, is made available for compensation. Since most output filters will introduce one or more 6 
additional poles at frequencies below 200 hertz, which is the pole of the uncompensated amplifier, introduction of 
a zero to cancel one of the output filter poles is desirable. This can best be accomplished with a series RC 
circuit from pin 9 to ground in the range of 50 kilohms and 0.001 microfarads. Other frequencies can be canceled by 
use of the formula f '" l/RC. 

shut down circuitry 

Pin 9 can also be employed to introduce external control of the SG1524. Any circuit that can sink 200 microamperes 
can pull the compensation terminal to ground and thus disable the SG 1524. 

In addition to constant-current limiting, pins 4 and 5 may also be used in transformer-coupled circuits to sense primary 
current and shorten an output pulse should transformer saturation· occur. Pin 5 may also be grounded to convert pin 4 
into an additional shutdown terminal. 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

TYPICAL APPLICATION DATA 
r 

current limiting 

A current-limiting sense amplifier is provided in the SG1524. The current·limiting sense amplifier exhibits a threshold 
of 200 millivolts and must be applied in the ground line since the voltage range of the inputs is limited to +1 volt to 
-1 volt. Caution should be taken to ensure the -1·volt limit is not exceeded by either input, otherwise damage to 
the device may result. 

Fold-back current limiting can be provided with the network shown in Figure 7. The current-limit schematic is shown 
in Figure B. 

output circuitry 

El 

EJ Rl 

SG1524 
~ r * (-lc.L. R2 

R. 

+VOUT 

(+)C.L. 

1 VoR2 
r.~ 

=- +--10(m,x) (Isen.e) -, 
Rs \. Rl +R~ 

Vlsense) 
lOS = --- where V (sense) = 20 mV 

Rs 

FIGURE 7-FOLDBACK CURRENT LIMITING FOR SHORTED OUTPUT CONDITIONS 

AMPLIFIER 

COMP 

HC.L. 

CONSTANT·CURRENT 
SOURCE 

I+)C.L. 

FIGURE 8-CURRENT-LiMIT SCHEMATI·C 

The SG1524 contains two identical n·p·n transistors the collectors and emitters of which are.uncommitted. Each 
transistor has antisaturation circuitry that limits the current through that transistor to a maximum of 100 milliamperes 
for fast response. 
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TYPES SG1524. SG2524. SG3524 
REGULATING PULSE WIDTH MODULATORS 

TYPICAL APPLICATION DATA 

general 

There are a wide variety of output configurations possible when considering the application of the SG1524 as·a voltage 
regulator control circuit. They can be segregated into three basic categories: 

1. Capacitor-diode-coupled voltage multipliers 

2. Inductor-capacitor-implemented single-ilnded circuits 

3. Transformer-coupled circuits 

Examples of these categories are shown in Figures 9, 10 and 11, respectively. Detailed diagrams of specific applications 
are shown in Figures 12 through 15. 

J\ 01 

w o.\) ~~ 
I( 

f 
.1 f W, 

f 
ryyy., 

! 
+VO 

+VIN 
VIN>VO 

VIN>VO 

01 

1/\ i 1 I( ~ ! w, :?> 
~ 

±,Vo +VIN 

VIN <va VIN<VO 

dj ~ 01 

~ 
I( t 14 rVo 1 

14 f IW:~< I-v, I 
+VIN 

l+vlN I> I-vol 

FIGURE 9-CAPACITOR-DIODE-COUPLED VOLTAGE- FIGURE 10-SINGLE-ENDED INDUCTOR CIRCUIT 
MULTIPLIER OUTPUT STAGES 

PUSH PULL 

FIGURE 11-TRANSFORMER-COUPLED OUTPUTS 
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TYPES SG1524. SG2524. SG3524 
REGULATING PULSE WIDTH MODULATORS 

TYPICAL APPLICATION DATA 

VCC=15V 

15kn 

5,kn VCC lN91!l 
INV El .. 

12~fF 1~6 5knt 5kn 

O.l\~F r NON-INV Cl I--

REF OUT C2 

100 
p.F 

(kn 

O.;?lp.F 

7 

25 5kn 
kn 

5kn 

RT E2 

~ +C.L. 

- SHUT 
-C.L. DOWN 

- OSCOUT COMP I--
GND 

SG1524 

FIGURE 12-CAPACITOR·DIODE OUTPUT CIRCUIT 

VCC=5V 

300n 
lMn 

INV El 

NON·INV Cl 

REF OUT C2 

RT E2 

CT +C.L. 

SHUT· -C.L. DOWN lN916 

0.001 
p. 

SG1524 

FIGURE 13 - FLYBACK CONVERTER CIRCUIT 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

TYPICAL APPLICATION DATA 

VCC = 28V TlPl15 
1 r----:-) 

[ 'H ' I I 

vcc I I 
I I 

:~: INV El 

NON-INV Cl h L ____ J~ 
REF OUT C2 

3 kn 

RT E2 

CT +C.L. 

SHUT -C.L. 
DOWN" 

OSCOUT COMP ~ 
GND .-:j=;O.OOlpF 

1 50kn 

m RETURN 

FIGURE 14-SINGLE-ENDED LC CIRCUIT 
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VCC1 28 V 

T lkn lkn 
5kn VCC lW lW TIP31A 

TlRl01A 
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INV El :~--: 1 mH 
5kn 

OT. NON-INV iR Cl f-- 11~5T I ~ r:l50M-: :-+ 
\lI PF i 5kn 100!l 

>--
REF OUT C2 e-----; 00 !l to 1I~5T: .. I: 

{kn 

Q\91 pF 
J 

20T 

RT E2 
I .. I 
1-_- _" 

CT +C.L. 
ITlP31A SHUT 
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+ 
GND pF ... ,l00IlF 

SG1524 1 20 k!l 

FIGURE lS-PUSH-PULL TRANSFORMER-COUPLED CIRCUIT 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 

THERMAL INFORMATION 

J PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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FIGURE 16 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 

• Complete PWM Power Control Circuitry 

• 8-Volt to 35-Volt Operation 

• 5.1-Volt Reference Trimmed to ± 1 % 

• Frequency Range . . . 100 Hz to 500 Hz 

• Adjustable Deadtime Control 

• Under-Voltage Lockout for Low VCC 
Conditions 

• Latched PWM Prevents Multiple Pulses 

• Dual Sink or Source Output Drivers 

• Direct Replacements for Silicon General 
SG1525A/SG1527A Series 

output logic 

SG1525A. SG2525A. SG3525A . 
SG1527A. SG2572A. SG3527A . 

description 

. NOR 

. OR 

D2806. SEPTEMBER 1983 

SG1525A, SG1527A ... J 

SG2525A, SG2527A ... J OR N 

SG3525A. SG3527A •.• J OR N 

DUAL-IN-liNE PACKAGE 

(TOP VIEWI 

INVERTING INPUT REFERENCE 
NON INVERTING INPUT VCC (VI) 

SYNC OUTPUT B 
OSCILLATOR OUT Vc 

CT GND 

RT OUTPUT A 
DISCHARGE SHUTDOWN 

SOFT-START COMPENSATION 

The SG 1 525A/SG 1 527 A series of pulse-width modulation integrated circuits are designed to offer improved performance 
and lower external parts count when used to implement various types of switching power supplies. Each device includes 
an on-chip 5.1-volt reference, error amplifier, programmable oscillator, pulse-steering flip-flop, a latched comparator 
under-voltage lockout, shutdown circuitry, and complementary source or sink outputs. The on-chip 5.l-volt reference 
is trimmed to ± 1 % initial accuracy, serves as a reference output, and supplies the internal regulator control circuitry. 
The input common-mode range of the error amplifier includes the reference voltage, which eliminates the need for 
external divider resistors. 

The oscillator operates at a fixed frequency determined by one timing resistor RT and one timing capacitor CT. The 
timing resistor establishes the constant charging current for CT, resulting in a linear voltage ramp at CT. which is 
fed to the PWM comparator providing linear control of the output pulse duration by the error amplifier. A Sync input 
to the oscillator allows for external synchronization or for multiple units to be slaved together. A single external resistor 
between the CT pin and the Discharge pin provides a wide range of dead-time adjustment. These devices also feature 
built-in soft-start circuitry that requires only an external timing capacitor. The Shutdown pin controls both the soft­
start and the output drivers, and provides instantaneous turn-Ooff with soft-start recycle for slow turn-on. The soft­
start and output driver circuitry are also controlled by the under-voltage lockout circuit, which, during low-input supply 
voltage of less than that required for normal operation, keeps the soft-start capacitor discharged and the output drivers 
off. 

Another unique feature is the S-R latch following the PWM compa.rator. This feature enables the output drivers to 
be turned off any time the PWM pulse is terminated. The latch is reset with each clock pulse. However, the PWM 
outputs will remain turned off for the duration of the period if the PWM comparator output is in a low-level state. 

The SG1525A, SG2525A. and SG3525A output stages feature NOR logic, resulting in a low output for an off-state. 
The SG1527A, SG2527A, and SG3527A output stages feature OR logic, resulting in a high-level output for an off­
state. The output stages are totem-pole designs capable of sourcing or sinking 200 milliamperes of output current. 

The SG l525A and SG 1527 A are characterized for operation over the full military temperature range of - 55°C to 
125°C. The SG2525A and SG2527A are characterized for operation from -25°C to 85°C. The SG3525A and 
SG3527 A are characterized for operation for ooC to 70°C. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

functional block diagram (positive logic) 
VCC~(1~5~1 ____ ~ ____________ -. ____ --, 

SYNC ~13",1 ______ -I 
RT 161 

CT 151 

DISCHARGE -'1!.l71 __ + ____ .... 

COMPENSATION ,-19;...1 -----r----<H-CI 

SHUTDOWN :.;ll"'OI'"""' .............. ~ 

GND .:.;ll",21,--~~ __ --+ 

1-""'1'+ ______ 1-____________________________ --'1.:.:16:<.1 REFERENCE 

1-..-+ __ ""'1'>-____________ -+ __________________ --:;:14:-;1 OSCILLATOR 

/-~=!--,-,113",-1 ~~TPUT 

9-+-+-...:1.:.;11,,-) OUTPUT A 

I 
IOUTPUT A --1"L-
I 
I OUTPUT B ---IL 
I 
I 

t-----I1--1:.:.14,..1 OUTPUT B 

I SG1526A 

I :~~:~:: I L _________ J 

r----;,Oii,,- --- 1131 Vc 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t-HI--I.:.;11,,-1 OUTPUT A 

I 
I OUTPUT A -u-:--­
I 
:OUTPUTB~ 
I 

~ __ 1--1c:::14:!.1 OUTPUT B 

I SG1527A 

I SG2527A I L".:.35.!'!.. ______ J 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) ...... , ............... , ... , ................ ,......... 40 V 
Collector voltage, Vc ........................................ " . . . . . . . . . . . . . . . . . . . .. 40 V 
Logic input voltage range sync and shutdown ................................... -0.3 V to 5.5 V 
Analog input voltage range error amplifier inputs .................................. -0.3 V to VCC 
Output current, 10 ........ ,..................................................... 500 mA 
Reference output current, IREF ...................................................... 50 mA 
Current through CT terminal .... , .......... " ................ ,..................... - 5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) .............. 1000 mW 
Operating free-air temperature range: SG1525A, SG1527A ,....................... - 55°C to 125°C 

SG2525A, SG2527A ............. :........... -25°C to 85°C 
SG3525A, SG3527A ............................ ooC to 70°C 

Operating virtual junction temperature range .. ,', ........ , ....... ,.,.............. ooC to 1 50°C 
Storage temperature range ..... , .......... , ...... , .. , ........ , ......... ".. - 65°C to 1 50 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J Package ...... , ......... ".. 300 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds:' N Package .............. , .. ,.. 260 DC 

NOTES: 1. All voltage values ere with respect to network ground terminal. 

2. For operating above 25°C free-air temperature, see Dissipation Derating Curves, Figures 1 and 2. In the J package, SG152SA and SG1527A 
chips are alloy-mounted; SG2525A, SG2527A, SG3525A, and SG3527A chips are epoxy mounted. 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

J PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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FIGURE 1 

recommended operating conditions 
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FIGURE 2 

85 

PARAMETER 
SG1525A,SG1527A SG2525A,SG2527A SG3'525A, SG3527A 

UNIT 
MIN MAX MIN MAX MIN MAX 

Supply voltage, VCC 8 35 8 35 8 35 V 

Collector voltage, Vc 4.5 35 4.5 35 4.5 35 V 

I Steady state 0 ±100 0 ±100 0 ±100 
Output current, 10 I Peak 

mA 
0 ±400 0 ±400 0 ±400 

Reference output current, IREF 0 20 a 20 0 20 mA 

Oscillator frequency range 100 500 100 500 100 500 kHz 

Timing resistor, RT 2 150 2 150 2 150 k!l 

Timing capacitor, CT 0.001 0.1 0.001 0.1 0.001 0.1 ~F 

Dead-time resistor, RO 0 500 0 500 0 500 !l 

Operating free-air temperature range, T A -55 125 -25 85 0 70 °c 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 

electrical characteristics over recommended operating free-air temperature range. Vee 
(unless otherwise noted) 

20V 

reference' section 

SG1525A,SG1527A 
SG3525A, SG3527A 

PARAMETER TEST CONDITIONS SG2625A,SG2627A 

MIN TYP MAX MIN TYP MAX 

TJ = 25°e 5.05 5.1 5.15 5 5.1 5.2 

Output voltage Vee - 8 V to 35 V, 

10 = 0 to 20 mA 
5 5.2 4.95 5.25 

Input regulation Vee = 8 V to 35 V 14 20 14 20 

Output regulation 10 - 0 to 20 mA 5 50 5 50 

Output voltage change with 
24 

temperature 
50 24 50 

Output voltage long·term drift 
After 1000 h at TJ = 125°e 25 

(see Note 31 
50 25 50 

Output noise voltage (RMS) f - 10 Hz to 10 kHz, TJ - 25°e 40 200 40 200 

Short-circuit output current Vo - 0 V, TJ - 25°e 80 100 80 100 

oscillator section 

SG1525A,SG1527A 
SG3525A, SG3527A 

PARAMETER TEST CONDITIONS SG2525A,SG2527A 

MIN TYP MAX MIN TYP MAX 

Maximum frequency RT = 2 kO, CT = 1 nF 400 400 

Minimum frequency RT - 150 kO, CT - 0.1 fLF 100 100 

RT = 3.6 kO, RD = 00, 

Initial frequency error CT = 0.1 ~F, f = 40 kHz, ±2% ±6% ±2% ±6% 

TA = 25°C 

Frequency change with 
Vec = 8 V to 35 V ±0.3% ±1% ±1% ±2% 

supply voltage 

Frequency change with 
TA = MIN to MAX ±3% ±6% ±3% ±6% 

temperature 

Output amplitude at Pin 4 
RT = 3.6 kO, RO = 00, 

3 3.5 3 3.5 
CT = 0.1 fLF, f = 40 kHz 

RT - 3.5 kO, RO = 00 

Output pulse duration at Pin 4 CT=O.lfLF, f = 40 kHz, 0.3 0.5 1 0.3 0.6 1 

TJ = 25°C 

Input threshold voltage at Pin 3 1.2 2 2.8 1.2 2 2.8 

Input current at Pin 3 VI(Pin3) = 3.5 V 1.6 2.5 1.6 2.5 

Current through Pin 5 due to 
Current through Pin 6 = 6 mA 

internal current mirror 
1.7 2 2.2 1.7 2 2.2 

UNIT 

V 

mV 

mV 

mV 

mV 

~V 

mA 

UNIT 

kHz 

Hz 

V 

fLs 

V 

mA 

mA 

NOTE 3: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 

electrical characteristics over recommended operating free-air temperature range. Vee 
(unless otherwise noted) 

error amplifier section 

20 V 

SG1525A.SG1527A 
SG3525A.SG3527A 

PARAMETER TEST CONOITIONS SG2525A. SG2527A 

MIN TYP MAX MIN TYP MAX 

High-level output voltage 3.8 5.6 3.8 5.6 

Low-level output voltage 0.2 0.5 0.2 0.5 

Input offset voltage 0.5 5 2 10 

Input bias current 1 10 1 10 

Input offset current 1 1 

Open-loop voltage amplification RL "' 10 M 60 75 60 75 

Common-mode rejection ratio VIC ~ 1.5 V to 5.2 V 60 75 60 75 

Supply voltage rejection ratio VCC - 8 V to 35 V 50 60 50 60 

Gain-bandwidth product AV - 0 dB, TJ - 25°C 1 2 1 2 

comparator section 

PARAMETER TEST CONOITIONS MIN TYP MAX 

RT ~ 3.6 kll, I Duty cycle ~ 0% 0.6 0.9 
Input threshold voltage RD ~ O!l, 

CT ~ 10 nF, f ~ 40kHz !Duty cycle ~ MAX 3.3 3.6 

Input bias current 0.5 1 

soft-start section 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Soft-start voltage VI at Pin 10 ~ 2 V 0.4 0.6 

Soft-start current VI at Pin 10 - 0 V 25 50 80 

Input current, Shutdown VI at Pin 10 ~ 2.5 V 0.4 1 

output section 

PARAMETER TEST CONDITIONS MIN TYP MAX 

IOH ~ -20 rnA 18 19 
High-level output voltage 

IOH - -100 mA 17 18 

IOL ~ 20 mA 0.2 0.4 
Low-level output voltage 

IOL - 100 mA 1 2 

Under-voltage lockout voltage VI at Pins 8 and 9 - high 6 7 8 

Collector cutoff current (see Note 4) Vc - 35 V, 10 - 100 mA 200 

Output pulse rise time CL ~ 1 nF,TJ ~ 25°C 100 600 

Output pulse fall time CL ~ 1 nF, T J ~ 25°C 50 300 

Shutdown delay time 
VI at Pin 10 ~ 3 V, 

capacitance at pin 8 = 0, T J = 25°C 
0.2 0.5 

NOTE 4: Collector cutoff current specifications apply only for the SG1525A, SG2525A. and SG3525A devices. 

total device 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Minimum duty cycle 0% 

Maximum duty cycle 45% 49% 

Standby current VCC ~ 35 V 14 20 

UNIT 

V 

V 

mV 

~A 

~A 

dB 

dB 

dB 

MHz 

UNIT 

V 

~ 

UNIT 

V 

~A 

mA 

UNIT 

V 

V 

V 

~A 

ns 

ns 

~s 

UNIT 

mA 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE·WIDTH MODULATION CONTROLLERS 
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7.4 kO 

RT 16) 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

TYPICAL CHARACTERISTICS 

ERROR AMPLIFIER OPEN· LOOP 
FREQUENCY RESPONSE 

100.---.----.---.----.---.---~ 

80~--+_--~--~----~--+_--~ 

O~--+---+---+---~ ~~~ 

-20 '-----'----'-----'-----'-----""-----' 
10 100 1 k 10 k 100 k 1 M 10 M 

f-Frequency-Hz 

FIGURE 6 

Vcc (15) 

INVERTING ...:(..:.;1 )'----------i 
INPUT 

NON INVERTING ...:(::;,2:...) __________ --J~--~ 
INPUT 

1 

SG1525A OUTPUT SATURATION VOLTAGE 
vs 

OUTPUT CURRENT 

~ 3~--~+_r+++~---+~~~HH~ 
" u 

Output Saturation Voltage-V 

FIGURE 7 

TOPWM 
.----e--·COMPARATOR 

COMPENSATION ...:(;;.;9)'--__ -'\1 ,.knl\r-____ + _____ -.. 

200JJ.A ~ 5.8 V 

GND_(~12~) ______ ~~ ____ ~ ___ -. 

Values shown are nominal 

FIGURE 8 - ERROR AMPLIFIER SCHEMATIC DIAGRAM 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

vcco-------.-----~--------------------~-------.----------~------~---oVC 

r--liiiTERNAL--' 

I CONNECTIONS : 

-t---o 0: 
I A C I 

~ 
I SG1527A,SG2527A, : r"'jNTERNAL' 
I AND SG3527 I : CONNECTIONSII L. ______ .:..-:._J I I 

r---+-~I~A~ ~C~,~~----t-----; 

CLOCK F/F PWM 

shutdown options 

I I 
I B D I 

'l>-+----t 
I SG1525A. : 
I SG2525A, AND I 
I SG3525A I L. ______ J 

FIGURE 9 - OUTPUT CIRCUIT SCHEMATIC DIAGRAM 

TYPICAL APPLICATION DATA 

OUTPUT 

1. Use an external transistor or open-collector comparator to pull down on the Compensation terminal (Pin 9). This 
will set the PWM latch and turn off both driver outputs. If the shutdown signal is momentary. pulse-by-pulse protection 
will be accomplished as the PWM latch is reset with each clock pulse. 

2. The same results may be accomplished by pulling down on the Soft-Start terminal (Pin 8) with the only difference 
being that on this pin shutdown will not affect the amplifier compensation network, but must discharge any soft­
start capacitance. 

3. Application of a positive-going signal to the Shutdown terminal (Pin 10) will provide the most rapid shutdown of 
the driver outputs but will not immediately set the PWM latch if there is a capacitor at the Soft-Start terminal. The 
capacitor will discharge but at a current twice the charging current, The PWM latch can be set on a pulse-by-pulse 
basis by the shutdown terminal if there is no external capacitance on the Soft-start terminal (Pin 8). Slow turn-on 
may still be accomplished by connecting an external capacitor, blocking diode, and charging resistor to the 
Compensation terminal (Pin 9). 
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TYPES SG1525A. SG1527A. SG2525A. SG2527A. SG3525A. SG3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

TYPICAL APPLICATION OAT A 

vee~(1~5~)~----------------------~--~ 

SG1525A 

Vee Ve (13) 

(11) 

OUTPUTS {: (14) 

GNO 
(12) 

GNO------------~------_t 

Rl 

R2 

TO 
OUTPUT FILTER 

For single-ended supplies, the driver outputs are grounded. 
The V C terminal is switched to ground by the totem-pole 
source transistors on the alternate oscillator cycles. 

FIGURE 10 - SINGLE-ENDED CIRCUIT 

Vee----~----------------~--------------~._------_, 

(15) Vee 

GND------------~~----------~--~~----~~------~ 

Low-power transformers can be directly driven by the 
SG1525A. Automatic reset occurs during deadtime when 
both ends of the primary winding are switched to ground. 

FIGURE 11 - TRANSFORMER-COUPLED CIRCUIT 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE· WIDTH MODULATION CONTROLLERS 

TYPICAL APPLICATION OAT A 

VCC---~--------1~------__, 

Rl 
SG1525A 

(15) VCC Vc (13) 

{

A (111 

OUTPUTS B 

r(~14~)_~~~~_~ 
GND 

GND ------. 

Vec 

In conventional push-pull bipolar designs, forward base drive 
is controlled by Rl-Ra. Rapid turn-off times for the power 
devices are achieved with speed-up capacitors Cl and C2. 

FIGURE 12 - BIPOLAR PUSH-PULL CIRCUIT 

SG1525A 

- vcc Vc ~ Iq ~ 
OO~{ 

(11) 

3 

GND 

(14) Iq 
GND 

1 
-b 

The low source impedance of the output drivers provides 
rapid charging of power FET input capacitance while 
minimizing external components. 

FIGURE 13 - LOW-IMPEDANCE BIPOLAR-DRIVE 
PUSH-PULL CIRCUIT 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Output Voltage Range Adjustable 
from 1.2 V to 32 V 

• Guaranteed Output Current Capability of 
100mA 

terminal assignments 

TL317M ... JG PACKAGE 

(TOPVIEWI 

'''~DO"~~ NC 2 7 NC 

NC 3 6 ADJUSTMENT 

NC 4 5 NC 

• 
NC - No internal connection 

description 

TYPE TL317M, TL317C 
3·TERMINAL ADJUSTABLE REGULATOR 

02527. APRIL 1979-REVISEO JANUARY 1983 

• Input Regulation Typically 0.01% 
Per Input·Volt Change 

• Output Regulation Typically 0.5% 

• Ripple Rejection Typically 80 dB 

TL317C ••• LP SILECT PACKAGE 

(TOP VIEW) 

GJ'''~ D OUTPUT 

!] ADJUSTMENT 

, 
AOI 

The TL317 is an adjustable 3·terminal positive·voltage regulator capable of supplying 100 milliamperes over an 
output·voltage range of 1.2 volts to 32 volts. It is exceptionally easy to use and requires only two external resistors to 
set the output voltage. Both input and output regulation are better than standard fixed regulators. The device is pack· 
aged in standard packages that are easily mounted and handled. 

en .. 
o ... 
CO 
'3 
C) 
II) 

a: 
II) 
C) 
CO ... 
"0 
> In addition to higher performance than fixed regulators, this regulator offers full overload protection available only in 

integrated circuits. Included on the chip are current limit and thermal overload protection. All overload protection II 
circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no capacitors are needed • 
unless the device is situated far from the input filter capacitors in which case an input bypass is needed. An optional 
output capacitor can be added to improve transient response. The adjustment terminal can be bypassed to achieve very 
high ripple rejection, which is difficult to achieve with standard 3·terminal regulators. 

Besides replacing fixed regulators, the regulator is useful in a wide variety of other applications. Since the regulator 
is floating and sees only the input·to·output differential voltage, supplies of several hundred volts can be regulated as 
long as the maximum input·to·output differential is not exceeded. Its primary application is that of a programmable 
output regulator, but by connecting a fixed resistor between the adjustment terminal and the output terminal, this 
device can be used as a precision current regulator. Supplies with electronic shutdown can be achieved by clamping the 
adjustment terminal to ground, which programs the output to 1.2 volts where most loads draw little current. 

The TL317M is characterized for operation over the full military temperature range from -55°C to 125°C. The 
TL317C is characterized for operation from O°C to 125°C. 
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TYPE TL317M, TL317C 
3·TERMINAL ADJUSTABLE REGULATOR 

schematic 

r---~----~------~-------,-----,--~------------------------~,---oINPUT 

195n 5.3kn 5.7kn 70n 5.1 kn 

3. 
pF 10.SkU 

~~----~--__ --~---'--~~ __ ~~~~-1~e-----+-------__ -1~~ __ ~--oOUTPUT 
~--"W,,""""-------------oAOJU5TMENT 

40n 
All component values shown are nominal 

absolute maximum ratings over operation temperature range (unless otherwise noted) 

Input-to-output differential voltage, VI - Vo ............................................. 35 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note l):JG package..... 1050 mW 

LP package. . . . .. 775 mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) ............ . . .. 1600 mW 
Operating free-air, case, or virtual junction temperature range:TL317M ................ -55°C to 150°C 

TL317C .................. , OOC to 150°C 
Storage temperature range .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds, JG package ................... 300°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds, LP package 

NOTE 1: For operation above 25°C freeMair or case temperature, refer to Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

PACKAGE 
REFERENCE 

POINT 

Free·air 
JG 

Case 

Free-air 
LP 

Case 

recommended operating conditions 

Output 'current, 10 

Operating virtual junction temperature, T J 

POWER DERATING 

RATING FACTOR 

1050mW S.4 mWfC 

1600mW 3S.4mWfC 

775mW 6.2 mWfC 

1600mW 2S.6mWfC 

TEXAS 
INSTRUMENTS 
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260°C 

ABOVE 

ITA OR TCI 

25'C 

10S'C 

25'C 

94'C 

TL317M TL317C 

MIN MIN 
UNIT 

MAX MAX 

2.5 100 2.5 100 rnA 

-55 125 a 125 ·C 
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TYPE TL317M. TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 

electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TVP MAX UNIT 

VI- VO=3Vt035V, TJ = 25°C 
I nput regulation (see Note 2) 

See Note 3 110 = 2.5 mA to 100 mA 

Vo = 10 V, I-120Hz 

Ripple rejection Vo = 10 V, 1=120Hz, 
66 

10-,uF capacitor between ADJ and ground 

10 = 2.5 mA to 100 mA, 

TJ = 25°C, 
VO,,5V 

Output regulation See Note 3 YO;' 5V 

10 = 2.5 mA to 100 mA, VO,,5V 

See Note 3 VO;'5V 

Output voltage change with temperature TJ = oDe to 125°C 

Output voltage long-term drift (see Note 4) Alter 1000 h at TJ = 125°C and VI - Vo = 35 V 

Output noise voltage 1= 10 Hz to 10 kHz, TJ = 2~C 

Minimum output current to maintain regulation VI- VO=35V 

Peak output current VI- VO" 35 V 100 

Adjustment-terminal current 

Change in adjustment-terminal current VI - Vo = 2.5 V to 35 V, 10 = 2.5 mA to 100 mA 

Reference voltage (output to ADJ) 
VI- V O=3Vt035V, 10 = 2.5 mA to 100 mA, 

1.2 
P ~ rated dissipation 

tUnless otherwise noted, these specifications apply for the following test conditions: VI - Vo = 5 V and 10 = 2.5 rnA. 
NOTES: 2. Input regulation is expressed here as the percentage change in output voltage per 1wvolt change at the input. 

0.Q1 0.02 
%/V 

0.02 0.05 

65 

dB 
80 

25 mV 

0.5 % 

50 mV 

1 % 

1 % 

0.3 1 % 

0.003 % 

1.5 2.5 mA 

200 mA 

50 100 J'A 

0.2 5 J'A 

1.25 1.3 V 

3. Input regulation and output regulation are measured using pulse techniques (tw '" 10 /Js, duty cycle'" 5%) to limit changes in 
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

4. Since longw~erm drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a 
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot. 

TYPICAL APPLICATION DATA 

Ho ........... >--o ~ Note D) 

C2-,#F 
(see Note B) 

FIGURE 1-ADJUSTABLE 
VOLTAGE REGULATOR 

FIGURE 2-Q-V to 30-V REGULATOR 
CIRCUIT 

V+ '~-'--'--D,~t-'-CVO 
lN4002 

C3 + 
1pF _ 

to 1 discharges C2 If output 
Is shorted to ground. 

FIGURE 3-ADJUSTABLE REGULATOR 
CIRCUIT WITH IMPROVED 
RIPPLE REJECTION 

NOTES: A. Use of an input bypass capacitor is recommended if regulator is far from filter capacitors. 
B. Use of an output capacitor improves transient response but Is optional. 
C. Vref equals the difference between the output and adjustment terminal voltages. 

O. Ou<put voltage;. calculated from <he _qua<lon: Vo = Vrof (. + :~) 
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TYPE TL317M, TL317C 
3·TERMINAL ADJUSTABLE REGULATOR 

TYPICAL APPLICATION DATA 

',imit=hl 
V+ 

FIGURE 4-PRECISION CURRENT 
LIMITER CIRCUIT 

FIGURE 6-SLOW-TURN-ON 15-V 
REGULATOR CIRCUIT 

V+ 

V-o-----~~----~ 

:tThfs resistor sets peak current (100 mA for 6 n). 

FIGURE 8-CURRENT-LiMITED 
6-VCHARGER 

V+ 

V+ 

FIGURE 5-TRACKING PREREGULATOR 
CiRCUIT 

V+ 

I 
FIGURE 7-50-mA CONSTANT-CURRENT 

BATTERY CHARGER CIRCUIT 

TlP73 

11 Minimum load current is 30 rnA. 
§ Optional capacitor improves ripple rejection 

FIGURE 9-HIGH-CURRENT ADJUSTABLE REGULATOR 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Temperature Compensated 

• Programmable Output Voltage 

• Low Output Resistance 

• Low Output Noise 

• Sink Capability to 100 mA 

description 

The TL430 is a three-terminal adjustable shunt 
regulator featuring excellent temperature stability, 
wide operating current range, and low output noise. 
The output voltage may be set by two external 
resistors to any desired value between 3 volts and 
30 volts. The TL430 can replace zener diodes in 
many applications providing improved performance. 

The TL4301 is characterized for operation from 
- 25 DC to 85 DC, and the TL430C is characterized 
for operating from 0 DC to 70 DC. 

functional block diagram 

REF 

ANoDE--------~~~L~--------CATHODE 
IA) IK) 

TYPES TL4301. TL430C 
ADJUSTABLE SHUNT REGULATORS 

02165, JUNE 1976-REVISED DECEMBER 1982 

LP 
SILECT PACKAGE 

(TOP VIEW) 

CATHODE 

ANODE 

REF 

RAK 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Regulator voltage (see Note 1) ....................................................... 30 V 
Continuous regulator current ...................................................... 150 mA 
Continuous dissipation at (or below) 25 DC free-air temperature (see Note 2) ...................... 775 mW 
Operating free-air temperature range: TL4301 .................................... - 40 DC to 85 DC 

TL430C ...................................... 0 DC to 70 DC 
Storage temperature range ................................................ - 65 DC to 1 50 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................. 260 DC 

recommended operating conditions 

Regulator Voltage, Vz ............................................... . 
Regulator current, IZ ................................................ . 

NOTES: 1. All voltage values are with respect to the anode terminal. 

2. For operation above 25°C free-air temperature. refer to Dissipation Derating Curves. Figure 5. 

MIN MAX 
Vref 30 

2 100 

UNIT 
V 

mA 

Copyright © 1982 by Texas Instruments Incorporated 
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TYPES TL4301, TL430C 
ADJUSTABLE SHUNT REGULATORS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

TL4301 

MIN TYP 

Vref Reference input voltage 1 Vz = V,el. IZ= 10mA 2.6 2.75 

Temperature coefficient of 
1 

Vz = V,el. IZ= 10mA. 
+120 G:Vref 

reference input voltage TA=0"Ct070"C 

Iz=10mA. R1 10 kn. 
I,el Reference input current 2 3 

R2 = 00 

IZK 
Regulator current near lower 

1 Vz = V,el 0.5 
knee of regulation range 

Regulator current at maximum 1 Vz = V,el 50 
IZM 

limit of regulation range 2 VZ-5Vt030V. See Note 3 100 

Differential regulator resistance 
1 

Vz - V,el. 
1.5 'z (see Note 4) <l.IZ = (52-2) mA 

I VZ= 3 V 50 

Vnz Noise voltage 2 1=0.1 Hz to 10 Hz I Vz - 12 V 200 

I Vz = 30 V 650 

MAX MIN 

TL430C 

TYP MAX 
UNIT 

2.9 2.5 2.75 3 V 

+200 +120 ppmfC 

10 3 10 I'A 

2 0.5 2 mA 

50 
mA 

100 

3 1.5 3 n 

50 

200 I'V 

650 

NOTES: 3. The average power dissipation, Vz ·IZ • duty cycle, must not exceed the maximum continuous rating in any 10~ms interval. 

4. The regulator resistance for Vz > Vref. rz', is given by: 

PARAMETER MEASUREMENT INFORMATION 

INPUT o-~~--~-------oVz 

FIGURE 1-TEST CIRCUIT FOR VZ= Vref 

INPUT 0--""'\,--.... ----0 Vz 

R1 

R2 

R1 
VZ=V,el(1'+ R2)+I,eIOR1 

FIGURE 2-TEST CIRCUIT FOR Vz > Vref 
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TYPES TL4301. TL430C 
ADJUSTABLE SHUNT REGULATORS 

TYPICAL CHARACTERISTICS 

SMALL·SIGNAL REGULATOR IMPEDANCE CURRENT 
vs 

VOLTAGE 
3.0 

I 
Vz = Vref 

2.8 -TA=25°C 

2.6 

2.4 

2.2 

2.0 

1.8 

1.6 

1.4 
10 102 

vs 
FREQUENCY 

J 

/ 
/ 

1/ 

/ 

103 

<t: 
E 
2-
c: 

~ 
:J 
(J 

..!. 

160 I 
Vz = Vref 

140 I---- TA = 25°C 

120 

100 

80 

60 

40 

20 

o 
o 

t IZM 

IZ 

1----

f-Frequency-Hz 

2 
V-Voltage-V 

FIGURE 3 

800 

~ 700 
I 
g 600 . ., 
~ 
'iii 500 
0' 
~ 

5 400 
:J 
c: 
'E 300 
o 
(J 

§ 200 
E 
.~ 100 
:2 

o 

THERMAL INFORMATION 

LP PACKAGE 
DISSIPATION DERATING CURVE 

~ 
............ 

i'--.. 
~ r-.... 

....... 

~ 

25 35 45 55 65 75 

T A-Free-Air Temperature-°c 

FIGURE 5 
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TYPES TL4301, TL430C 
ADJUSTABLE SHUNT REGULATORS 

TYPICAL APPLICATION DATA 

v. o'vvv-..... -~~-..... -o YOU! 

Vr.f 

R2 

---'---
--r-

I 
I 

FIGURE 6-SHUNT REGULATOR 

v. o-~-----, 

VOUI 

FIGURE 7-SERIES REGULATOR 

v. 

Vrel 
10uI=­

RCL 

FIGURE 8-CURRENT LIMITER 

V+O-----, V' O--'\I\fIr-~>--~--1I>---o YOU! 19-.... - ............ -~>-..... -o Vout 

"' 1--11>----0 V out 

Rl 

R2 R2 

MinVOut=Vref+5 

6-98 

FIGURE 9-0UTPUT CONTROL OF A 

THREE-THERMAL 

FIXEO REGULATOR 

Low limit'" Vret (1 + ~~:) + VeE 

High limit'" Vr.f (1 + :~:) 

Vout '" (1 + ~) Vref 

FIGURE 10-HIGHER-CURRENT 

APPLICATIONS 

FIGURE 12-0VER-VOLTAGEJUNDER-VOLTAGE 

PROTECTION CIRCUIT 

i 

TEXAS 
INSTRUMENTS 

FIGURE 1l-CROW BAR 

VccO--1I>_--..... --, 

R1A 

R2A 
R2. 

Low limit '" Vref 11 + :~:) + VSE 

High lim;! ~ Vref (1 T :~:) 

FIGURE 13-VCC MONITOR 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Equivalent Full-Range Temperature 
Coefficient ... 30 ppm/oC Typ 

TYPES TL431 M, TL4311, TL431 C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

02410. JULY 1978-REVISED DECEMBER 1982 

• Fast Turn-On Response 

• Sink Current Capability .. _ 1 rnA to 100 rnA 
• Temperature Compensated for Operation Over 

Full Rated Operating Temperature Range • Low (0.2-n Typ) Dynamic Output Impedance 

• Adjustable Output Voltage • Low Output Noise Voltage 

description 

The TL431 is a three-terminal adjustable regulator series with guaranteed thermal stability over applicable temperature 
ranges. The output voltage may be set to any value between Vref (approximately 2.5 volts) and 36 volts with two 
external resistors (see Figure 16). These devices have a typical dynamic output impedance of 0.2 n. Active output 
circuitry provides a very sharp turn-on characteristic, making these devices excellent replacements for zener diodes in 
many applications. 

The TL431 M is characterized for operation over the full military temperature range of _55°C to 125°C. The TL431 I is 
characterized for operation from _40°C to 85°C. and the TL431 C from O°C to 70°C. 

terminal assignments 
TL431M .. JG 

DUAL IN LINE PACKAGE - -
(TOP VIEW) 

CATHODE [ 1U8 

NcE 2. 7 
NcE 3 6 
Ncr 4 5 

~ 
NC-No internal connection 

schematic 

PREF 
EiNC 
EiANODE 
Fi NC 

TL431I. TL431C •.. LP 

SILECT PACKAGE 

(TOP VIEW) 

CI U CATHODE 

" ANODE .. 
U REF 

, 
RAK 

TL431 I. TL431C ... P 

DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

CMHOD'u'" NC 2 7 NC 
NC 3 6 ANODE 
NC 4 5 NC 

~ 
functional block diagram 
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ANODE-----I~.I-L---- CATHODE 
(A) (K) 
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TYPES TL431 M. TL4311. TL431 C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Cathode voltage (see Note 1 ) 37 V 
Continuous cathode current range 
Reference input current range . • 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 2): JG package 

LP package 

Operating free-air temperature range: TL431 C 
TL431 I 
TL431M 

Storage temperature range . • • . . 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LP or P package 

NOTa;: 1. Voltage values are with respect to the anode terminel unless otherwise noted. 
2. For operation above 2SoC free~air temperature, refer to the Dissipation Derating Table. 

DISSIPATION DERATING TABLE 

PACKAGE 

< recommended operating conditions 
o 
;:;' 
I» Cathode voltage, VKA • • . . . 'i Cathode current, IK, (for regulation) 

::D 
(1) 

CQ 
c:: 
iii .... o .. en 

• 

6-100 

JG 

LP 

P 

POWER DERATING 

RATING FACTOR 

1050mW 8.4 mW('C 

775mW 6.2 mWtC 

1000 mW 8.0mWtC 
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TA 
25°C 

25°C 

25°C 
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P package 

MIN 

Vref 
1 

-100 mA to 150 mA 
-50 J1.A to 10 mA 

.1050mW 
.. 775 mW 

1000mW 
OoC to 700 e 

_40° C to 85° C 
_55°C to 125°C 
_65°C to 150°C 

• 300°C 
. . .. 260°C 

MAX 
36 

100 

UNIT 
V 

mA 
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electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

TEST TL431M TL431 I TL431C 
PARAMETER TEST CONDITIONS UNIT 

CIRCUIT MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vref Reference input voltage 1 VKA = Vrel, IK = 10 mA 2440 2495 2550 2440 2495 2550 2440 2495 2550 mV 

Deviation of reference input voltage 

V ref(dev) over furl temperature range+ 
1 VKA = Vref, IK = 10 rnA, TA = full ran get 22 44 15 30 8 17 rnV 

.6.Vref Ratio of change in reference input I <l.VKA = 10 V - Vrel -1.4 -2.7 -1.4 -2.7 -1.4 -2.7 rnV 

<l.VKA 
2 IK = lOrnA 

voltage to the change in cathode voltage I<l.VKA~36V-l0V -1 -2 -1 -2 -1 -2 V 

Iref Reference input current 2 IK=10rnA, Rl=10kn, R2=~ 2 4 2 4 2 4 JJ,A 

Irefldev) 
Deviation of reference input current 

2 
IK~10rnA, Rl ~10kn, R2~~ 

1 3 0.8 2.5 1.2 I'A 
over full temperature ranget TA = full ran get 

0.4 

lmin Minimum cathode current for regulation 1 VKA - Vref 0.4 1 0.4 1 0.4 1 rnA 

loll Off-state cathode current 3 VKA~36V, Vrel~O 0.1 1 0.1 1 0,1 1 I'A 

IZkal Dynamic impedance§ 1 
VKA ~ Vrel, IK ~ 1 rnA to 100 rnA 

f,,:;.; 1 kHz 
0.2 0.5 0.2 0.5 0.2 0.5 n 

tFutl temperature range is -5Soe to 125°C for the TL431M, _40°C to 8Soe for the TL4311, and aOe to 7aoe for the TL431e. 

+The deviation parameters Vref(dev) and Iref(dev) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The 

. equ iva lent fu II-range temperatu re coefficient of the reference input voltage, frV ref, is defined as: 

I aVrel1 ( P;cm ) 

( 
V,el!deVI) , 

° X 10 
V ref@25 e 

ATA 

I 
Max Vref -r-f 

I Vref(dev) ___ : __ i. 
Min Vref 

where .6. T A is the rated operating freewair temperature range of the device, I.. ATA J 
aVref can be positive or 'negative depending on whether minimum Vref or maximum Vref, respectively, OCcurs at the lower temperature (see Figure 8), 

Example: Max V ref = 2500 mV @ 30°C, Min Vref = 2492 mV @ oOe, V ref = 2495 mV @ 25°C, .:1T A = 7aoe for TL431C 

( 
8 mv) , 
--- X10 
2495 mV 

70°C I avrell = 46 ppm/oC 

Because minimum Vref occurs at the lower temperature, the coefficient is positive, 

§The dynamic impedance is defined as: 

I .6.VKA 

\Zka =~ 
When the device is operated with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 

I z' I = :~ ~ I zka I (1 + ::) iii Voltage Regulators 

> 
C 
c.. 
c: 
en 
-I 
> = I"'" 
m 
.,,-1 
::a < 
m ." nm 
C;;en 
--I 
01"'" 
Z,j:>o 
en"'" :z:-
c:5: 
Z' 
-1-1 

I"'" 
::a,j:>o 
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TYPES TL431 M, TL4311, TL431 C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

PARAMETER MEASUREMENT INFORMATION 

INPUT o-..JIM-.......... -oQ VKA INPUT o--.JVII\ .......... _----o VKA 
INPUT o--,,\M--"'---O 

R1 

R2 

FIGURE 1-TEST CIRCUIT FOR VKA = Vr.f FIGURE 2-TEST CIRCUIT FOR VKA > Vrof FIGURE 3-TEST CIRCUIT FOR loff 

TYPICAL CHARACTERISTICS 

CATHODE CURRENT 

CATHODe VOLTAGE 
150 

12 51-- VKA = ~ref 
TA = 25 C 

100 

5 1.0 
il 
-8 
£ 

t -2 

5 

0 

• 
- -50 

-7 5 

-10 0 

17 
7 

7 
/ 

-2 -1 
VKA-Cathode Vottage-V 

FIGURE4 

OFF-STATE CATHODE CURRENT 

.5 
FREE AIR TEMPERATURE 

VKA'" 36 V 
Vref= 0 

2 

5 

/ 1 
II 

• V 
0 
-76 -60 -25 0 25 50 75 100 125 

TA-free-Air Temperature-°c 

FIGURE6 

CATHODE CURRENT 

CATHODE VOLTAGE 
BOO 

V KA = Vref 

TA= 2SoC 

« 600 
f 
~ a 400 

"8 
8 200 

I 
Imin ..... 

/ 
-\" ..-/ 

-200 
( 

-1 

V KA -Cathode Voltage-V 

NOISE VOLTAGE 

FREQUENCY 

~ 
30 ~ 

I 
!I • :g 20 

.~ 
z 

OLUllliWLUllliWLU~LU~ 
10 40100 4001k 4k 10k 4Okl00k 

f-Ftequency-Hz 

FIGURE 7 
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TYPES TL431M, TL4311, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

TYPICAL CHARACTERISTICS 

REFERENCE INPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
2600 

> 2580 
E 

2560 I ., 
N' 2540 
"0 
> 2520 ~ 

VK~ = V~ef 
IK = 10mA 

Vref= 2550 mVt 

f--10-

V 
::> c. 
E 2500 V ref = 2495 mVt ., 
() 
c: 2480 ~ 

.,.,.. -- -r--
........ 

.2;! ., 2460 a: 
.L 2440 ~ 
> 

2420 

~olvt 
-.......... 

2400 
-75 -50 -25 0 25 50 75 100 125 

> 
E 

o 

! -5 
N' 
~ 
~ 
::> 
c. 

-10 

E -15 
1l 
c: 
~ -20 

.2;! ., 
~ -25 
., 
~ -30 

.<: 
u 
.L -35 
~ 

> 
<1 -40 

T A-Free-Air Temperature-°c 

FIGUREB 

CHANGE IN REFERENCE INPUT VOLTAGE 

\ 
"\ 

vs 
CATHODE VOLTAGE 

IKI= 10~A 
TA=25°C-

"" ~ ~ 
~ 
~ 

o 5 10 15 20 25 30 35 40 

VKA-Cathode Voltage-V 

FIGURE 10 

REFERENCE INPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
5 

Rl~10~n 
« R2=~ 

T 
1: 

4 _IK= 10mA 

~ 
:; 
U 
~ 3 ::> c. 
E ., 
() 
c: 

2 ~ 

-t 
a: 

r----r-- --r---- I--
.L 
~ 

o 
-75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperature-°c 

FIGURE 9 

DYNAMIC IMPEDANCE 
vs 

FREE-AIR TEMPERATURE 
0.3 

VKA = Vref 
I K = 1 mA to 100 mA 

Cl 
0.25 f-f';;lkHz 

I ., 
() 
c: 

0.2 '" " 
',,- f..-----., 

c. 
.§ 
() 0.15 

°E 
'" c: 
>-

0.1 0 
I 

0; 
.>< 
~ 

0.05 

o 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE 11 

tOata is for devices having the indicated value of Vref at I K = 10 mA, T A = 25°C. 
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TYPES TL431 M. TL4311. TL431 C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

TYPICAL CHARACTERISTICS 

DYNAMIC IMPEDANCE 

FREQUENCY 

f-Frequency-Hz 

FIGURE 12 

SMALL-SIGNAL VOLTAGE AMPLIFICATIC)N 

FREQUENCY 
70r>Tn~-n~~TTrrm~~mm 

TA" 2~C 
1 60 H+HlltII---HftttlltII-++H1IK" 10 rnA 

j 50 

- 4oH+HlltII--b~ItII-++Hffi~4t~ 

J 30H+HlltII--bftttlW-++Hffi~4t~ 
~ 20H+HlltII--bftttl~\~~~-H~ 1 10~~~~H*~tfNlli~1+mm 

-10 L.....L..LJ.I.1lJI1.--'-L.lliWL.LLllilllL.J...Ll.1.IlllI 
1k 10k lOOk 1 M '.M 

f-Frequency-Hz 

FIGURE 13 

PULSE RESPONSE 

TA= 2SOC 

INPlT 
5 

3 
OUTPUT 

2 If 

1 

0 

t-Time--j.ls 

FIGURE 14 

1 kn 
r---,---~~--~----,------oOUTPUT 

50 n 

L-~.-------~~---e~----oGND 

TEST CIRCUIT FOR DYNAMIC IMPEDANCE 

r-------~~------~t-----~OUTPUT 

15 kn 230 n 

91'F 

+ 

8.25 kn 

L-------~------~~--~--~~----~GND 

TEST CIRCUIT FOR VOLTAGE AMPLIFICATION 

INPUT 
MONITOR 

220n 
r---~--~~--~~--~t-----oOUTPUT 

son 

~-------e-----1~--~----OGND 

TEST CIRCUIT FOR PULSE RESPONSE 
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TYPES TL431 M, TL4311, Tl431 C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

TYPICAL CHARACTERISTICS 
150n 

150n 

+ + V+ 

TEST CIRCUIT FOR CURVE A BELOW TEST CIRCUIT FOR CURVES B. C. AND D BELOW 

« 
E 
l. 
c: 
~ 
:; 
u 
" "0 
0 
.c 
1iJ 
u 
I 
I<: 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 

STABILITY BOUNDARY CONDITIONS 

A VKA=V,ef 
B VKA=5V@IK=10mA 
C VKA= 10V@IK=10mA 
D VKA = 15V@IK= lOrnA 

A* B* 

c* 
STABLE /\ 

Ii II 
1/ I 

TA=25°C ii 1 D* 
'1// r-=---..\ 

10 pF 100 pF 1000 pF O.OlIlF O.lIlF 

CL -Load Capacitance 

FIGURE 15 

STABLE 

~ 
\\ 

*The areas under the curves represent conditions that may cause the device to oscillate. For curves e, C, and D, R2 and V+ were adjusted 

to establish the initial VKA and I K conditions with CL "" O. V+ and CL were then adjusted to determine the ranges of stability. 

TYPICAL APPLICATIONS 
v+o---t----------------------, 

v+ 
V out 

v+O-~~_.~----_.~----_.~--O 

R2 

I 
I 

-'­
i INPOU_T~\I\po-lf-iil(, 

I 
I V(thl ~ 2.5 V 

OUTPUT 

Von 1'::1 2 V 

Vott= V+ 

GND 

FIGURE 16--SHUNT REGULATOR FIGURE 17-SINGLE-5UPPLY COMPARATOR 
WITH TEMPERATURE· 

COMPENSATED THRESHOLD 

30.n 

"F 

RI 

R2 

FIGURE IS-SERIES 
REGULATOR 

V out 

U) 
~ 

o ... 
CO 

"3 
C) 
Q) 

a: 
Q) 
C) 
CO ... 
'0 
> 

• 
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TYPES TL431 M, TL4311, TL431 C 
ADJUSTABLE PRECISION SHUNT REGULATORS 

TYPICAL APPLICATIONS 

V+o----, V+ 0--'1""'-.... --... --.... ..-<) Vout v+ 19~~-~~-""-<> V out 

1---<,....--0 Vout 

Rl 

R2 

Vout ;' Vref(l +~) 
, R2 

Min V out ;' Vref + 5 V 

FIGURE 19- OUTPUT CONTROL OF A 
THREE-TERMINAL 
FIXED REGULATOR 

R2A 

Low limit R:; V ref ( R1B) 
1 +RiB + VeE 

High limit ~ V ref (l+~) R2A 

Rl 

R2 

FIGURE 20-HIGHER-CURRENT 
SHUNT REGULATOR 

RlA 

R2A 

R2 

Vlimit ~ (, +~) Vref 

FIGURE 21-CROW BAR 

RIB 

R2B 

(
RIB) Low limit"" Vref 1 +-
R2B 

( RIA) 
High limit"" Vref 1 t--

R2A 

LED ON WHEN 

LOW < V+ < HIGH 
LIMIT LIMIT 

FIGURE 22-0VEI;I-VOLTAGE/UNDER-VOL TAGE 
PROTECTION CIRCUIT 

FIGURE 23-VOLTAGE MONITOR 

V+ 
Delay = R·C·ln ---­

IV+I- Vre! 

FIGURE 24-DELAV TIMER 

V+ 

Vref 

lout = RCL 

lout -

FIGURE 25-CURRENT LIMITER OR 
CURRENT SOURCE 

V+ 

Vref 
lout=­

RS 

FIGURE 26-CONSTANT-CURRENT SINK 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for 200-mA Sink or 
Source Current 

• Output Control Selects Single-Ended or 
Push-Pull Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1 % 

• Circuit Architecture Allows Easy 
Synchronization 

• TL493 Has Output Current-Limit Sensing 

• TL495 Has On-Chip 39-V Zener and 
External Control of Output Steering 

description 

The. TL493, TL494, and TL495 each incorporate on 
a single monolithic chip all the functions required in 
the construction of a pulse-width-modulation control 
circuit. Designed primarily for power supply control, 
these devices offer the systems engineer the flexibility 
to tailor the power supply control circuitry to his 
application, 

The TL493 contains an error amplifier, current-limiting 
amplifier, an on-chip adjustable oscillator, a dead-time 
control comparator, pulse-steering control flip-flop, a 
5-volt, 1 %-precision regulator, and output-control 

circuits. 

The error amplifier exhibits a common-mode voltage 

range from -0,3 volts to VCC - 2 volts. The current­
limit amplifier exhibits a common-mode voltage range 
from - 0.3 volts to 3 volts with an offset voltage of 
approximately 80 millivolts in series with the inverting 
input to ease circuit design requirements. The dead­
time control comparator has a fixed offset that 

provides approximately 5% dead time when externally 
altered, The on-chip oscillator may be bypassed by 
terminating RT (pin 6) to the reference output and 
providing a sawtooth input to CT (pin 5), or it may 
be used to drive the common circuits in synchronous 

multiple-rail power supplies, 

TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

02535, JANUARY 1983-REVISED SEPTEMBER 1983 

TL493C ... N 

DUAL·IN-LiNE PACKAGE (TOP VIEW) 

ERROR{NONINV INPUT 1 NONINV INPUT}CURRENT 
AMP 1 INV INPUT INV INPUT LIMIT AMP 

FEEDBACK REF OUT 
DEAD·TIME CONTROL 4 OUTPUT CONTROL 

CT 5 VCC 
RT 6 C2 

GND E2 

Cl~_~J-lEl 

TL494M ... J 

TL4941, TL494C , .. J OR N 

DUAL-IN-LiNE PACKAGE (TOP VIEW) 

ERROR{NONINV INPUT 1 NONINV INPUT}ERROR 
AMP 1 INV INPUT INV INPUT AMP 2 

FEEDBACK 3 REF OUT 
DEAD·TIME CONTROL 4 OUTPUT CONTROL 

CT 5 VCC 
RT 6 C2 

GND E2 

Cl"""'_--". ..... El 

TL495C ... N 

DUAL-IN·LlNE PACKAGE (TOP VIEW) 

ERROR{NONINV INPUT 
AMP 1 INV INPUT 

FEEDBACK 3 

DEAD·TIME CONTROL 4 

CT 
RT 

GND 

NONINV INPUT}ERROR 
INV INPUT AMP 2 
REF OUT 
Vz 
OUTPUT CONTROL 
STEERING INPUT 
VCC 
C2 

'-C'--..."":':J-'E2 

DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 

TL493 TL494 TL495 

TL49-M . J . 
TL49-1 . J,N . 
TL49-C N J,N N 

*These combinations are not defined by this data sheet. 

FUNCTION TABLE 

INPUTS 

OUTPUT 

CONTROL 

STEERING 

INPUT OUTPUT FUNCTION 

(TL495 only) 
VI :5 0.4 V Open Single-ended or parallel output 

VI '" 2.4 V Open Normal push-pull operation 

VI '" 2.4 V VI :5 0.4 V PWM Output at 01 

VI '" 2.4 V VI '" 2.4 V PWM Output at 02 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL493, TL1I94, TL495 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

description (continued) 

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. Each device 
provides for push-pull or single-ended output operation, which may be selected through the output-control function. 
The architecture of these devices prohibits the possibility of either output being pulsed twice during push-pull operation. 

The TL493 and TL494 are similar except that an additional error amplifier is included in the TL494 instead of a current­
limiting amplifier. The TL495 provides the identical functions found in the TL494. In addition, it contains an on-chip 
39-volt zener diode for high-voltage applications where VCC is greater than 40 volts, and an output-steering control 
that overrides the internal control of the pulse-steering flip-flop. 

The TL494M is characterized for operation over the full military temperature range from - 55°C to 125°C. The TL4941 
is oharacterized for operation from - 25°C to 85 °C. The TL493C, TL494C, and TL495C are characterized for operation 
from ooC to 70°C. 

functional block diagram 

RT-----r ___ ---, 

CT--r--L __ ---.J 

DEAD ... 0.1 V 

TIME ---I ,-,----.,...r 
CONTROL 

NON\~~~~TING -------i 

INY~J~NG -------i 

NON\~~~~TING +------11+' 

INY~~J~NG -;------1 

NONINVERTING -;-....;.;;,,:-,:,:,,:.:'-1 

FEEDBACK -----------' 

I
r - ST;E;;;N~ ;;P~T - 'I 

TL495 ONLY 
IISEE FUNCTION TABLE) I 
I I L ________ J 

Cl 

El 

C2 

E2 

.---------7----.--------------------------------VCC 

t---------------VREF 

~~~--~~--.---~--------------------------------GND 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

absolute maximum ratings over operating free-air temperature range 
(unless otherwise noted) 

Supply voltage, VCC (see Note 1) 

Amplifier input voltages 

Collector output voltage 

Collector output current 

Continuous total dissipation at (or below) 

25°C free-air temperature (see Note 2) 

Operating free-air temperature range 

Storage temperature range 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 

TL494M 

41 

VCC+0.31 

41 

250 

1000 

55 to 125 

65 to 150 

300 

N~)TES: 1, All voltage values, except differential voltages, are with respect to the network ground terminal. 

TL493C 

TL4941 TL494C UNIT 

TL495C 

41 41 V 

,vCC+0.3 VCC+0.3 V 

41 41 V 

250 250 mA 

1000 1000 mW 

25 to 85 o to 70 °C 

65 to 150 65 to 150 °C 

300 300 °C 

260 260 °C 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, Tl494M chips are alloy-mounted; TL4941 
and TL494C chips are glass mounted. 

DISSIPATION DERATING TABLE 

POWER DERATING 
PACKAGE 

RATING FACTOR 

J (Alloy-Mounted Chip) 1000mW 11.0 mW/oC 

J (Glass-Mounted Chip) 1000 mW 8.2 mW/oC 

recommended operating conditions 

Supply voltage, VCC 

Amplifier input voltages, V, 
Collector output voltage, Va 

Collector output current (each transistor) 

Current into feedback terminal 

Timing capacitor, CT 

Timing resistor, RT 

Oscillator frequency 

Operating free-air temperature, T A 

N 1000 mW 9.2 mW/oC 

TL494M 

MIN MAX 

7 40 

-0.3 VCC-2 

40 

200 

0.3 

0.47 10000 

1.8 500 

1 300 

-55 125 

TEXAS 
INSTRUMENTS 

MIN 

7 

-0.3 

0.47 

1.8 

1 

-25 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

ABOVE 

TA 

59°C 

28°C 

41°C 

TL493C 

TL4941 TL494C UNIT 
TL495C 

MAX MIN MAX 

40 7 40 V 

VCC-2 -0.3 VCC-2 V 

40 40 V 

200 200 mA 

0.3 0.3 mA 

10000 0.47 10000 nF 

500 1.8 500 k!l 

300 1 300 kHz 

85 0 70 °c 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

electrical characteristics over recommended operating free-air temperature range. Vee 
(unless otherwise noted) 

15 V. f 

reference section 

TL493C 

PARAMETER TEST CONDITIONSt 
Tl494M TL4941. TL494C 

TL495C 

MIN TYP; MAX MIN TYP; MAX 

Output voltage (Vref) 10 = 1 rnA 4.75 5 5.25 4.75 5 5.25 

Input regulation Vee - 7 V to 40 V 2 25 2 25 

Output regulation 10 - 1 to 10 rnA 1 15 1 15 

Output voltage change 
a.TA = MIN to MAX 0.2 1 0.2 1 

with temperature 
Short-circuit output current § Vref - 0 10 35 50 35 

oscillator section (see Figure 1) 

TL493C 

PARAMETER TEST CONDITIONSt 
Tl494M TL4941. TL494C 

TL495C 

MIN TYpt MAX MIN Typt MAX 
Frequency eT - 0.01 ~F. RT - 12 kll 10 10 

Standard deviation of frequency' All values of Vee. eT. RT. T A constant 10 10 

Frequency change with voltage Vee - 7 V to 40 V. TA = 25°e 0.1 0.1 

Frequency change with temperature 
eT - 0.01 ~F. RT - 12 kll. 

12 12 
a.TA = MIN to MAX 

C» amplifier sections (see Figure 2) 
CC 
(1) PARAMETER TEST CONDITIONS MIN TYP; 

::a 
(1) 

CC c 
iii ... o 
til 

I Error 

Input offset voltage current-limit Vo (pin 3) = 2.5 V 

(TL493 only) 

Input offset current Vo (pin 3) = 2.5 V 
Input bias current Vo (pin 3) - 2.5 V 

0.3 

Error to 

Common-mode input 
Vee = 7 V to 40 V 

Vee- 2 

voltage range -0.3 
Current-limit 

(TL493 only) 
to 

3 

Error 70 
Open-loop voltage 

Current-limit a.VO = 3 V. Vo = 0.5 V to 3.5 V 
amplification 

(TL493 only) 

Unity-gain bandwidth 

I Error 65 
Common-mode 

Current-limit Vee = 40 V. TA = 25°e 
rejection ratio 

(TL493 only) 

Output sink current (pin 3) VID = -15rnVto -5V. V(pin 3) - 0.5 V 0.3 

Output source current (pin 3) VID = 15rnVt05V. V(cin 3) = 3.5 V -2 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*AII typical values except for parameter changes with temperature are at TA = 25°C. r N,.,.----

§Ouration of the short-circuit should not exceed one second. E hen - X)2 
'Standard deviation is a measure of the statistical distribution about the mean 8S derived from the formula a = _~_' __ _ 

N-l 
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80 

25 

0.2 

95 

90 

800 

80 

70 

0.7 

MAX 

10 

250 
1 

10 kHz 

UNIT 

V 

rnV 

rnV 

% 

rnA 

UNIT 

kHz 
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TYPES TL493, TL494, TL495 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

electrical characteristics over recommended operating free·air temperature range. Vee 
(unless otherwise noted) 

output section 

15 V. f = 10 kHz 

TL493C 

PARAMETER TEST CONDITIONS 
TL494M TL4941. TL494C 

UNIT 
TL495C 

MIN TYP~ MAX MIN Typt MAX 
Collector off~state current VCE = 40 V, Vee = 40 V 2 100 2 100 ~A 

Emitter off-state current Vee - Ve - 40 V, VE - a -150 -100 ~ 
Collector-emitter I Common-emitter VE - 0, IC - 200 mA 1.1 1.5 1.1 1.3 

V 
saturation voltage I Emitter-follower Ve - 15V, IE - -200 mA 1.5 2.5 1.5 2.5 

Output control input current VI - Vref 3.5 3.5 mA 

dead-time control-section (see Figure 1) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Input bias current (pin 4) VI = a to 5.25 V -2 -10 ~A 

Maximum duty cycle, each output VI (pin 4) - a 45 % 
Zero duty cycle 3 3.3 

V Input threshold voltage (pin 4) 
Maximum duty cycle a 

pwm comparator section (see Figure 1) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Input threshold voltage (pin 3) Zero duty cycle 4 4.5 V 

Input sink current (pin 3) V(pin 3) - 0.7 V 0.3 0.7 mA 

steering control (TL495 only) 

PARAMETER TEST CONDITIONS MIN MAX 

-200 

200 
Input current 

VI = 0.4 V 

VI - 2.4 V 

zener-diode circuit (TL495 only) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

Breakdown voltage Vce - 41 V, IZ - 2 mA 39 

Sink current VI( in 15) = 1 V 0.3 

total device (see Figure 1) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Pin 6 at Vref, IVee=15V 6 10 
Standby supply current mA 

All other inputs and outputs open I Vee - 40 V 9 15 

Average supply current V(pin 4) 2V 7.5 mA 

switching characteristics. T A 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

Output voltage rise time Common-emitter configuration, 100 200 ns 

Output voltage fall time See Figure 3 25 100 ns 

Output voltage rise time Emitter-follower configuration. 100 200 ns 
Output voltage fall time See Figure 4 40 100 ns 

t All typical values except for temperature coefficient are at T A = 25 DC. 
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TYPES Tl493, Tl494, Tl495 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

VOLTAGE 
ATCI 

VOLTAGE 
ATC2 

VOLTAGE 
ATCT 

OEAD-TiME 
CONTROL 
INPUT 

FEEDBACK 

OV 

PARAMETER MEASUREMENT INFORMATION 

VCC = 15 V 

I VCC 

150 II 150 II 
2W 2W 

. TEST {---f DEAD-TIME 

INPUTS 

Cll+---4I- OUTPUT 1 

E1H----, 

-1'""2-kll--I FEEDBACK 

,..-JIN\...--IRT C2 .... --- OUTPUT 2 

.... 41---ICT E2 

I_I CONTROL 
AMPLIFIERS 

I+} STEERING 

...--1-'-'-11 + I Vz 

-= 

50 kll 

1-) . 

OUTPUT 
CONTROL 

GND 

-= 

REF 
OUTPUT 

TEST CIRCUIT 

-= 
IOPEN} TL495 

(OPENI ONLY 

0_7 V ----------t---.!---~....-
I '~MAX 

DUTY 
CYCLE O%-t--\ 

VOLTAGE WAVEFORMS 

FIGURE 1-0PERATIONAL TEST CIRCUIT AND WAVEFORMS 
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TYPES TL493. TL494. TL495 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

PARAMETER MEASUREMENT INFORMATION 

AMPLIFIER 

Vrefo----i 

FIGURE 2 - AMPLIFIER CHARACTERISTICS 

r---------, 
I (EACH OUTPUT I 
I CIRCUIT) I 

15V 

68 n. 
2W 

I ~-4:>--""--OUTPUT 

I 
I 
I 
I 
I 

I 

I I '-- ________ .J 

TEST CIRCUIT 

CL = 15 pF 
(includes probe and 
jig capacitance) 

OUTPUT VOLTAGE WAVEFORM 

FIGURE 3 - COMMON-EMITTER CONFIGURATION 

15V 

[1E;U;;-OUT.;uT- - - i 
I CIRCUIT) I 
I r--<~--J 

I 
I 
I 
I 
I 
I 
I 

'-------4:>-4.---.... -0UTPUT 

I I L _________ J 
CL = 15 pF 

(includes probe and 
jig capacitance) 

TEST CIRCUIT 

68 n. 
2W 

OUTPUT VOLTAGE WAVEFORM 

FIGURE 4 - EMITTER-FOLLOWER CONFIGURATION 
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TYPES TL493, TL494, TL495 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

N 
:I: 
I 
> u 
c: 
Q) 

" C" 
Q) 

U: 
.9 
~ 
'g 
0 

lOOk 

40k 

10 k 

4k 

1 k 

400 

100 

40 

10 

TYPICAL CHARACTERISTICS 

OSCI LLATOR FREQUENCY and 
FREQU ENCY VAR IATION t vs 

TIMING RESISTANCE 

15 V VCC 
TA 25°C 

f--2% 

QoJ,*= ~ 
I 

, --
1% 7",.<:-

0%- - QO 
I 7",.<:-

I Q, 1k- - -
~.<:-

C')'-~ I 
..:lft 1% 

'", I 

1 k 4 k 10 k 40k lOOk 400k 1M 

100 

90 

80 
IJ) 
"0 
I 70 c: 
0 . ., 

60 co 
u 

~ 50 
E « 
Q) 
0> 

~ 30 
0 
> 

20 

o 

RT-Timing Resistance-O 

FIGURE5 

AMPLIFIER VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 
I -., ....... VCC= 15V 

" 
..:lVO = 3 V 

\. 
TA = 25°C 

"-
\. 
"-

\. 
"-

\. 

" 1 10 100 lk 10k 1M 
f-Frequency-Hz 

FIGURE 6 

tFrequencv variation (.:1f1 is the change in oscillator frequency. that occurs over the full temperature range. 
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LINEAR 
INTEGRATED CIRCUITS 

• Internal Step-Up Switching Regulator 

• Fixed 9-Volt Output 

• Charges Battery Source During 
Transformer-Coupled-Input Operation 

• Minimum External Components Required 
(1 Inductor, 1 Capacitor, 1 Diode) 

• 1- or 2-Cell-lnput Operation 

description 

TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 

02486, AUGUST 1978-AEVISEO AUGUST 1983 

P DUAL-IN-UNE PACKAGE 

ITOPVIEWI 

FEEDBACK[]8 OUTPUT 

{
2C 2 7 GND 

INPUT 1C 3 6 SW 
7 4 5 GND 

Pins 5 and 7 are connected together internally. 

The TL496 power supply control" circuit is designed to provide a 9-volt regulated supply from a variety of input 
sources. Operable from a 1- or 2-cell-battery input, the TL496 performs as a switching regulator with the addition of a 
single inductor and filter capacitor. When ac coupled with a step-down transformer, the TL496 operates as a series 
regulator to maintain the regulated output voltage and, with the addition of a single catch diode, time shares to 
recharge the input batteries. 

The design of the TL496 allows minimal supply current drain during stand-by operation (125 IJ.A typical). With most 
battery sources this allows a constant bias to be maintained on the power supply. This makes power instantly available 
to the system thus eliminating power-up sequencing problems. 

functional block diagram 

TINPUT~(4~)~~-~--~~--~---e----... ----~(8)OUTPUT 

... _____ -+ ____ -+ __ -'-(1-'-) FEEDBACK 

(3-V) (2) 
2C INPUT "'-'--,,--/ SWITCHING 

VOLTAGE 
(1.5-V) (3) REGULATOR 

lC INPUT~-~--t~C~O~N~T~R~O~L~ 

(5) 
GND 

See Note 1 (7) 
GND 

(6) 
SWITCH 

N OTE1: Pins 5 and 7, though connected together internallY, must both be terminated to ground to ensure proper circuit operation. 

CopyrIght © 1982 by Texas Instruments Incorporated 
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TYPE TL496C 
9·VOLT POWER·SUPPLY CONTROLLER 

absolute maximum ratings 

Input voltage: 
Pin 2 
Pin 3 
Pin 4 

Output voltage (Pin 6) 
Diode reverse voltage (Pin 8) 

Switch current (Pin 6) . . . 
Diode current (Pin 8) 
Operating free·air temperature range 
Storage temperature range 
Lead temperature 1,6 mm (1/16,inch) from case for 10 seconds 

electrical characteristics at 25° C free·air temperature 

series regulator section (input is pin 4) 

PARAMETER TEST CONDITIONS 

Dropout voltage VI =5 V, 10=-50mA 

VI = 20 V 

Regulated output voltage 
VI =20V, 

Pin 1 shorted to pin 8 

Standby current (pin 4) VI=20V, Pin 8 at 12 V 

Reverse current thru pin 4 VI = -1.5 V, 1 rnA into Pin 8 

output switch 

PARAMETER TEST CONDITIONS 

VCEhat) CollecTor-emitter saturation voltage 800 mA into Pi n 6, Pin 2 at 2.25 V 

diode (pin 6. to pin 8) 

PARAMETER TEST CONDITIONS 

VF Forward voltage IF=1.5A 

IR Reverse current thru pin 6 Pin 6 at 0 V, 1 rnA into Pin 8 

control section 

PARAMETER TEST CONDITIONS 

On~state current (pin 2) Pins 1 and 8 at 0 V, Pin 2 at 3 V 

Standby current (pin 1) Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 

Standby current (pin 2 and 6) Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 

Start~up current (current into 
Pins 1, 2, 6 and 8 at 2.25 V 

pin 6 to initiate cycle) 
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10 =-50;<A 

10 =-80mA 

10 = -50;<A 

10 - -80 mA 

3.5 V 
2.5 V 
20V 
12 V 
12 V 

1.2A 
1.2 A 

OOC to 70°C 
_65°C to 150°C 
.... 260°C 

MIN TYP MAX UNIT 

1.5 2 V 

9.5 10.1 11.2 

9.0 10.0 11.0 

8.5 9.0 
V 

9.7 

6.7 8.6 9.5 

400 ;<A 

-25 ;<A 

MIN TYP MAX UNIT 

1.6 2.5 V 

-20 ;<A 

MIN TYP MAX UNIT 

60 100 mA 

40 ;<A 

400 ;<A 

16 mA 

12 
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TYPE TL496C 
9·VOLT POWER·SUPPLY CONTROLLER 

TYPICAL APPLICATION DATA 

-----

T1 

2C 

Tl496 

T 

CIRCUIT COMPONENT INFORMATION 

01: lN4001 

GF: 330 to 470 "F, 10 V, electrolytic 

L: 40 to 50 "H, Q '" 3, R < 0.15 n 

Tl: V,ec = 6.8 V RMS tyP .. Rooc = 11 n typo 

}-... ------41>-- OUTPUT 

JII~ 
~------------~--~~--------------~ ___ GND 

FIGURE 1-0NE-CELL OPERATION 

-----

T1 

JII 
2C OUTPUT 

TL496 

T 

CIRCUIT COMPONENT INFORMATION 

Dl: lN4001 

GF: 330 to 470l'F, 10 V electrolytic 

L: 40 to 50 "H, Q .. 3, R < 0.15 n 

Tl : V,ec = 6.8 V RMS typ., R,ec = 11 n typo 

}-----... ---- OUTPUT 

~;~--------------~t---"'---------------------GND 

FIGURE 2-TWO-CELL OPERATION 

recommended operating conditions 

MIN MAX UNIT 

Input voltage, one--cell operation (pins 2 and 3 to ground) 1.1 1.5 V 

Input voltage. two-cell operation (pin 2 to ground) 2.3 3 V 

Input voltage, one-eell or two-cell operation (pin 4 to ground) VO+2 20 V 

typical electrical characteristics for circuits above 

PARAMETER ONE·CELL OPERATION IFIGURE 1) TWO-CELL OPERATION (FIGURE 2) 

No load 125 uA 125 uA 
Input current 

RL=120n 525 rnA 405mA 

Without T1 7.2 V 8.6 V 
Output voltage 

WithTl 8.6 V 10 V 

Output current capability 40mA 80 rnA 

Efficiency 66% 66% 

Battery life (AA NiCad) no load 60 day, 166 day, 
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TYPE TL496C 
9·VOLT POWER·SUPPLY CONTROLLER 

functional description 

'The iL496 is designed to operate from either a single-cell or two-cell source. To operate the device from a single cell 
(1.1 V to 1.5 V) the source must be connected to both inputs lC and 2C as shown in Figure 1. For two-cell operation 
(2.3 V to 3.0 Vl, the input is applied to the 2C input only and the lC input is left open (see Figure 2). 

battery operation 

The TL496 operates as a switching regulator from a battery input. The cycle is initiated when a low voltage condition is 
sensed by the internal feedback (the thresholds at pin 1 and pin 8 are approximately 7.2 and 8.6 volts respectively). An 
internal latch is set and the output transistor is turned "on." This causes the current in the external inductor (L) to 
increase linearly until it reaches a peak value of approximately 1 ampere. When the peak current is sensed the internal 
latch is reset and the output transistor ,is turned "off." The energy developed in the inductor is then delivered to the 
output storage capacitor through the blocking diode. The latch remains in the off state until the feedback signal 
indicates the output voltage is again deficient. 

transformer-coupled operation 

The TL496 operates on alternate half cycles of the ac input during transformer-coupled operation to, first, sustain the 
output voltage and, second, recharge the batteries. The TL496 performs like a series regulator to supply charge to the 
output filter/storage capacitor during the first half cycle. The output voltage of the series regulator is slightly higher 
voltage than that created by the switching circuit; this maintains the feedback voltage above the switching regulator 
control circuit threshold. This effectively inhibits the switching control circuitry. During the second half cycle an 
external diode (1 N4001) is used to clamp the negative going end of the transformer secondary to ground thus allowing 
the positive-going end (end connected to V+ side of battery) to pump charge into the stand-by batteries. 
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LINEAR 
INTEGRATED CIRCUITS 

• All Monolithic 

• High Efficiency ... 60% or Greater 

• Output Current ... 500 rnA 

• Input Current Limit Protection 

• TTL Compatible Inhibit 

• Adjustable Output Voltage 

• Input Regulation ... 0.2% Typ 

• Output Regulation ... 0.4% Typ 

• Soft Start-up Capability 

description 

TYPES TL497AM. TL497AI. TL497AC 
SWITCHING VOLTAGE REGULATORS 

D2225, JUNE 1976-REVISED SEPTEMBER 1983 

TL497AM , , . J 

TL497AI, TL497AC ... J OR N 
DUAL-IN-LINE PACKAGE 

(TOP VIEWI 

COMP INPUT VCC 
INHIBIT CUR LIM SENS 

FREQ CONTROL BASE DRIVEt 
SUBSTRATE BASEt 

GND COL OUT 
CATHODE NC 

ANODE EMIT OUT 

NC - No internal connection 

t The Base pin (# 11) and Base Drive pin (# 12) are used for device testing 
only_ They are not normally used in circuit applications of the device. 

The TLC497 A incorporates on a single monolithic chip all the active functions required in the construction of a switching 
voltage regulator. It can also be used as the control element to drive external components for high-power-output 
applications. The TL497 A was designed for ease of use in step-up, step-down, or voltage inversion applications requiring 
high efficiency. 

The TL497 A is a fixed-on·time variable-frequency switching voltage regulator control circuit, The on-time is 
programmed by a single external capacitor connected between the frequency control pin and ground. This capacitor, 
CT, is charged by an internal constant-current generator to a predetermined threshold. The charging current and the 
threshold vary proportionally with VCC, thus the one time remains constant over the specified range of input voltage 
(5 to 12 volts). Typical on-times for various values of CT are as follows: 

TIMING CAPACITOR, CT (pF) 

The output voltage is controlled by an external resistor ladder network (Rl and R2 in Figures 1, 2, and 3) that provides 
a feedback voltage to the comparator input. This feedback voltage is compared to the reference voltage of 1.2 volts 
(relative to the substrate pin) by the high·gain comparator. When the output voltage decays below the value required to 
maintain 1,2 V at the comparator input, the comparator enables the oscillator circuit, which charges and discharges CT 
as described above, The internal pass transistor is driven on during the charging of CT. The internal transistor may be 
used directly for switching currents up to 500 milliamperes. Its collector and emitter are uncommitted and it is current 
driven to allow operation from the positive supply voltage or ground. An internal Schottky diode matched to the 
current characteristics of the internal transistor is also available for blocking or commutating purposes. The TL497A 
also has on-chip current-limit circuitry that senses the peak currents in the switching regulator and protects the inductor 
against saturation and the pass transistor against overstress. The current limit is adjustable and is programmed by a 
single sense resistor, RCL, connected between pin 14 and pin 13, The current-limit circuitry is activated when 0.7 volt 
is developed across RCL. External gating is provided by the inhibit input. When the inhibit input is high, the output is 
turned off. 

Simplicity of design is a primary feature of the TL497 A. With only six external components (three resistors, two 
capacitors, and one inductor), the TL497A will operate in numerous voltage conversion applications (step-up, step· 
down, invert) with as much as 85% of the source power delivered to the load. The TL497 A replaces the TL497 in all 
applications. 

The TL497AM is characterized for operation over the full military temperature range of _55°C to 125°C, the TL497AI 
is characterized for operation from _25°C to 85°C, and the TL497AC from O°C to 70°C. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL497 AM, TL497 AI, TL497 AC 
SWITCHING VOLTAGE REGULATORS 

functional block diagram 

BASE ~1~11~)_t ______________________________________ -, 

BASE DRIVE ..;�..;.12;::):...t ___________________ -. 

FREQCO~T~13~)-------------------------i 
INHIBIT = ______________________ -, 

COMP INPUT ~'--------------_f ....... 

SUBSTRATE 

OSCIL· 
LATOR 

(10) COLOUT 

EMIT OUT 

CATHODE~I~6)'--______________ ~J4I~----------------------------~17~) ANODE 

tThe Base pin (1111 and Base Drive pin (11121 are used for device testing only. They are not normally used in circuit applications of the device. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Input voltage, V CC (see Note 1) 
Output voltage 
Comparator input voltage 
Inhibit input voltage 
Diode reverse voltage 
Power switch current 
Diode forward current 
Continuous total dissipation at (or below) 25°C free·air temperature (see Note 2) 
Operating free·air temperature range: TL497AM 

TL497AI 
TL497AC 

Storage temperature range . . . . . 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 

NOTES: 1. All voltage values except diode voltages are with respect to network ground terminal. 

15V 
35V 
. 5V 
. 5V 
35V 

750mA 
750mA 

1000 mW 
-55°C to 125°C 
-25°C to 85°C 

O°C to 70°C 
_65°C to 150°C 

300°C 
.... 260°C 

2. Above 28°C free-air temperature, derate the N package atthe rate of 9.2 mW/OC. Above 41°C free-air temperature, derate the J glass-mounted 
package at the rate of 8.2 mW/oC. Above 69°C free-air temperature, derate the J alloy-mounted package at the ra.te of 11.0 mW/oC. In the 
J package, TL4974AM chips are alloy mounted, TL4974AC chips are glass mounted. 

recommended operating conditions 

Input voltage, V I ............. . 
Output voltage: step·up configuration (see Figure 1) 

step·down configuration (see Figure 2) 
inverting regulator (see Figure 3) 

Power switch current . 
Diode forward current 

MIN 
4.5 

VI +2 
Vref 

-Vref 

MAX UNIT 
12 V 
30 V 

VI-l V 
-25 V 
500 mA 
500 mA 
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TYPES TL497 AM. TL497 AI. TL497 AC 
SWITCHING VOLTAGE REGULATORS 

electrical characteristics at specified free-air temperature, VI = 6 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TL497AM. TL497AI 

MIN TYPt MAX MIN 
High-level inhibit input voltage 25°C 2.5 2.5 
Low-level inhibit input voltage 25°C 0.8 
High-level inhibit input current VIO)=5V Full range 0.8 1.5 
Low-level inhibit input current VIIIl- 0 V Full range 5 20 
Comparator reference voltage VI 4.5 V to6 V Full range 1.14 1.20 1.26 1.08 
Comparator input bias current VI-6V Full range 40 100 

Switch on-state voltage VI = 4.5 V 
Llo= 100mA 25°C 0.13 0.2 

10 = 500 mA Full range 1 

Switch off-5tate current VI =4.5V, Va = 30 V 
25°C 10 50 

Full range 500 
Current-limit sense voltage VI 6V 25°C 0.45 1 0.45 

10= 10mA Full range 0.75 0.95 
Diode forward voltage 10 -100 mA Full range 0.9 1.1 

10 - 500 mA Full range 1.33 1.75 

Diode reverse voltage 10 - 500 I'A Full range 30 
10 = 200 I'A Full range 30 

On-state supply current 
25 C 11 14 

Full range 16 

Off-state supply current 
25°C 6 9 

Full range 11 

t Full range for TL497AM is _55°C to 125°C. for TL497AI is _25°C to 85°C, and for TL497AC is OOC to 70°C. 

+AII typical values are at T A = 25°C. 

TL497AC 

TYPt MAX 

0.8 
0.8 1.5 

5 10 
1.20 1.32 

40 100 
0.13 0.2 

0.85 
10 50 

200 
1 

0.75 0.85 
0.9 1 

1.33 1.55 

11 14 
15 

6 9 
10 

UNIT 

V 
V 

mA 
I'A 
V 

I'A 

V 

I'A 

V 

V 

V 

mA 

mA 
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TYPES TL497 AM. TL497 AI. TL497 AC. 
SWITCHING VOLTAGE REGULATORS 

v, 

v, 

v, 

TYPICAL APPLICATION DATA 

vo DESIGN EQUATIONS 

I I I ,--
• IPK = 2 10 max t~~ j .. " " 

, 
" 

TO .. " r-----
0, 

, , , . , , , ,,-
VI 

• L (I1H) = IpK t on (l1s) 

1 1"'+ 1 1 I "---- -
1.Zkl! 

Choose L (50 to 500 }lHL calculate 
ton (25 to 150 }lsi 

BASIC CONFIGURATION 

(lPK < 500 mAl 

EXTENDED POWER CONFIGURATION 

(USING EXTERNAL TRANSISTOR) 

-
• CT(pF) "" 12 ton (}ls) 

• R1=(VO-1.2)kr! 

0.5V 
• RCL=--

IPK 

[~ IPK + 10J 
CF (}IF) "" ton(I1S)":::-V_O ___ .::. 

Vripple (PK) 

FIGURE l-POSITIVE REGULATOR, STEP-UP CONFIG'URATIONS 

BASIC CONFIGURATION 
IpK '< 500 mAl 

EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 

DESIGN EQUATIONS 

• IPK = 2 10 max 

Choose L (50 to 500 I1H), calculate 
ton (10 to 150 }lsi 

• CT(pF) "" 12 ton(}ls) 

• R1 = (VO-1.2) kr! 

0.5V 
• RCL=--

IPK 

Vripple (PK) 

FIGURE 2-POSITIVE REGULATOR, STEP.I)OWN CONFIGURATIONS 
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TYPES TL497 AM, TL497 AI, TL497 AC 
SWITCHING VOLTAGE REGULATORS 

TYPICAL APPLICATION DATA 

I I I I -ie' 
• IPK = 2 la max [1+ I~~I] 

VI 

" " " 
Tl497 

, , , , , 

. 
" 

,--
Rl= . 1.h!i 

" 
• L (IIH) = - ton (115) 

IPK 

[ I +"L 1 Choose L (50 to 500 IIHI. calculate 
ton (25 to 150115) 

", 
I 
" 

, 

I 

'" BASIC CONFIGURATION 

(lPK < 500 mAl • CT(pF) ~ 12 ton(IIS) 

l,.~ *' • R2 = (Va - 1.2) Hl 

O,5V 
• RCL=--

IpK 
" " . 

" 
TL497 - I'''' . Rl ~ , , . , 1.2kU 

I +,,1 1 

'" EXTENDED POWER CONFIGURATION 

IUSING EXTERNAL TRANSISTOR) 

*Use external catch-diode. e.g., 1 N4001, when building an 
inverting supply with the TL497 A. 

FIGURE 3-INVERTING APPLICATIONS 

v, o--~------'SWITCHING----O Vo 

C'"r" 
CONTROL 

TL497 

EXTENDED INPUT CONFIGURATION WITHOUT CURRENT LIMIT 

V,o-----..-----<l"'-"'v..--.-------SWITCHING---QVo 

Oil' 
~ 

CURRENT LIMIT FOR EXTENDED INPUT CONFIGURATION 

DESIGN EQUATIONS 

VBE(01) 
RCL 

llimit (PK) 

VI 
R1=-­

IB(02) 

R2=(Vreg -1) 10krl. 

FIGURE 4-EXTENDED INPUT VOLTAGE RANGE (VI> 15 V) 
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'0 
> 

II 

TEXAS 
INSTRUMENTS 6-123 

POST OFFICE BOX 226012 • DALLAS. TEXAS 75265 



< o 
;::;' 
I» 

CC 
(1) 

::D 
(1) 

CC 
c 
i» 
0+ 
o 
; 

• 

LINEAR 
INTEGRATED 
CIRCUITS 

• Internal Step-Up Switching Regulator 

• Adjustable Output Voltage 

• 1.1-Volt to 25-Volt Input Switching 
Operation 

• Thermal Protection During Switching 
Operation 

• Externally Controlled Switching Current 

• No External Rectifier Required 

description 

TYPE TL499C 
WIDE-RANGE POWER SUPPLY CONTROLLER 

02762. JANUARY 1984 

JG OR P 
DUAL-IN-LiNE PACKAGE 

(TOP VIEwl 

LINE INPUT DB OUTPUT 
REF 2 7 EMIT 

BACKUP INPUT 3 6 COL 
CURR CONT 4 5 GND 

The TL499C is a monolithic integrated circuit designed to provide regulated supply voltages. The regulated 
voltage can be set to any value between 2.9 volts and 30 volts by adjusting two external resistors. 

When the TL499C is ac coupled to line power through a step-down transformer. it operates as a series 
dc voltage regulator to maintain the regulated output voltage. With the addition of a backup battery of 
from 1.1 volts to 25 volts. an inductor. a filter capacitor. and two resistors. the TL499C will operate as 
a step-up switching regulator during an ac line failure. 

The adjustable regulated output voltage makes the TL499C useful for a wide range of applications. Providing 
backup power during an ac line failure makes the TL499 extremely useful as backup power in microprocessor 
memory applications. 

The TL499C is characterized for operation from -20°C to 85°C. 

PRODUCT PREVIEW Copyright © 1984 by Texas Instruments Incorporated 

This document containa information on • product under 
6-124 development. Texas Instnunents reuN88 the right to 

change or discontinue this product without notice. 
TEXAS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL580C 
MICRO POWER DUAL SWITCHING REGULATOR 

• High Efficiency ... 80% Typ 

• Low Bias Current ... 140 pA 

• Two Channels. Each with Output Voltage Adjustment 
Channel A: Output Voltage 2.5 V to 24 V 

Output Current 100 mA 
Channel B: Output Voltage 2.5 V to 24 V 

Output Current 1.8 mA 

• Special Multifunctional Operation-Select Pin 

description 

JG OR P 
DUAL-IN-LiNE PACKAGE 

{TOPVIEWI 

02723, MARCH 1983 

INPUT B[]B OUTPUT B 
CT 2 7 INPUT A 

OUTPUT A 3 6 SYNC B 
GND 4 5 VCC 

The TL5BO is a monolithic, micro power, dual-switching regulator designed for use in battery applications. The output 
voltage of each channel is adjustable. Floating the special pin, SYNC B, causes Channel B to be synchronized to the 
oscillator in the same manner as Channel A. Shorting SYNC B to ground blocks the oscillator from Channel B, then 
Channel B becomes a single-input comparator for low-battery indicator detection. 

Both Channel A and Channel B are referenced to a band-gap generator. An external capacitor on the CT input (Pin 2) 
sets the oscillator frequency between 100 hertz and 160 kilohertz. 

The TL5BOC can attain up to BO-percent efficiency while operating over a supply voltage range of 2.4 volts to 30 volts 
at an ultra low bias current of 140 microamperes. 

The TL5BOC is characterized for operation from OoC to 70°C. 

functional block diagram (positive logic) 

VCC 

GNO --'-''-----~ 

{31 OUTPUT A 

INPUT A -'-'{7.!.1 _______ +~ 

SYNCB-{~6~' _______ +-----~~ 

INPUT B _(",1'-.' ---------(l 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 

II 

This document contain. Information on • product WMter 
development. Tax_Instruments reserves the right to 
change or dhCOntlnU8 this product without notic •. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for 200-mA Sink or 
Source Current 

• Output Control Selects Single-Ended or 
Push-Pull Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1 % 

• Circuit Architecture Allows Easy 
Synchronization 

• Under-Voltage Lockout for Low VCC 
Conditions 

• TL593 has Output Current-Limit Sensing 

• TL595 has On-Chip 39-V Zener and External 
Control of Output Steering 

• Improved Direct Replacements for TL493. 
TL494. and TL495 

description 
The TL593. TL594. and TL595 devices. each 
incorporate on a single monolithic chip all the functions 
required in the construction of a pulse-width­
modulation control circuit. Designed primarily for 
power supply control. these devices offer the systems 
engineer the flexibility to tailor the power supply 
control circuitry to his application. The TL593. TL594. 
and TL595 are improved direct replacements for the 
TL493. TL494. and TL495. 

TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

D27'2. APRIL '983-REVISED DECEMBER ,983 

TL593M ... J 
TL593C ... N 

DUAL-IN-LiNE PACKAGE (TOP VIEW) 

ERROR{NONINV INPUT 1 NONINV INPUT}CURRENT 
AMP 1 INV INPUT INV INPUT LIMIT AMP 

FEEDBACK REF OUT 
DEAD·TIME CONTROL OUTPUT CONTROL 

CT VCC 
RT 6 C2 

GND E2 
Cl,-",----,:J-' E 1 

TL594M ... J 

TL5941. TL594C ... J OR N 
DUAL-IN-LINE PACKAGE ITOP VIEW) 

ERROR {NONINV INPUT 1 NONINV INPUT} ERROR 
AMP 1 INV INPUT INV INPUT AMP 2 

FEEDBACK 3 REF OUT 
DEAD·TIME CONTROL OUTPUT CONTROL 

CT VCC 
RT 6 C2 

GND E2 

C 1 '-"'----':..I-' E' 

TL595C ... N 
DUAL-IN-LiNE PACKAGE (TOP VIEW) 

ERROR{NONINV INPUT NONINV INPUT}ERROR 
AMP 1 INV INPUT INV INPUT AMP 2 

FEEDBACK 3 REF OUT 
DEAD·TIME CONTROL 4 Vz 

CT OUTPUT CONTROL 
RT STEERING INPUT 

GND 7 VCC 
Cl C2 
El'-<..:._...;.;;,...E2 

DEVICE TYPES. SUFFIX VERSIONS. AND PACKAGES 

TL593 TL594 TL595 
TL59-M J J . 

en ... 
o .... 
CU 
'3 
C) 
Q) 

a: 
Q) 
C) 
CU .... 
(5 
> 

The TL593 contains an error amplifier. current-limiting 
amplifier. an on-chip adjustable oscillator. a dead-time 

control comparator. pulse-steering control flip-flop. 
5-volt regulator with a precision of 1 %. an under­
voltage lockout control circuit. and output control 
circuitry. 

TL59-1 . J,N . 
TL59-C N J,N N 

-These combinations are not defined by this data sheet. • The error amplifier exhibits a common-mode voltage 

range from - 0.3 volts to Vee - 2 volts. The current­
limit amplifier exhibits a common-mode voltage range 
from -0.3 volts to Vee -6 volts with an offset 
voltage of approximately 80 millivolts in series with 
the inverting input to ease circuit design requirements. 
The dead-time control comparator has a fixed offset 
that provides approximately 5% dead time when 
externally altered. The on-chip oscillator may be 
bypassed by terminating RT (pin 6) to_the reference 

output and providing a sawtooth input to eT 
(pin 5). or it may be used to drive the common circuitry 
in synchronous multiple-rail power supplies. 

OUTPUT 
CONTROL 

VI < 0.4 V 
VI> 2.4 V 
VI> 2.4 V 
VI> 2.4 V 

TEXAS 
INSlRUMENlS 

FUNCTION TABLE 

INPUTS 
STEERING 

INPUT OUTPUT FUNCTION 
ITL595 only) 

Open Single ended or parallel output 
Open Normal push-pull operation 

V, < 0.4 V PWM Output at Q I 

VI > 2.4 V PWM Output at Q2 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL593, TL594, TL595 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

description (continued) 

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. Each device 
provides for push-pull or single-ended output operation with selection by means of the output-control function. The 
architecture of these devices prohibits the possibility of either output being pulsed twice during push-pull operation. 
The under-voltage lockout control circuit locks the outputs off until the internal circuitry is operational. 

The TL593 and TL594 are similar except that an additional error amplifier is included in the TL594 instead of a current­
limiting amplifier. The TL595 provides the identical functions found in the TL594. In addition, the TL595 also contains 
an on-chip 39-volt zener diode for high-voltage applications where Vce is greater than 40 volts, and an output steering 
control that overrides the internal control of the pulse-steering flip-flop. 

The TL593M and TL594M are ch'aracterized for operation over the full military temperature range from - 55 DC to 
125 DC. The TL5941 is characterized for operation from - 25 DC to 85 DC. The TL593C, TL594C, and TL595C are 
characterized for operation from 0 DC to 70 DC. 

functional block diagram 

RT 

CT 

NON INVERTING 
INPUT 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

INVERTING 
INPUT 

NONINVERTING 

FEEDBACK 

j-ST~E;NG ;;;P;T -1, OUTPUT CONTROL 
TL595 ONLY (SEE FUNCTION TABLEI 

I (SEE FUNCTION TABLEI' 

I I L ________ J 

r-------, 

10 

Cl 

PULSE·STEERING 
FLIP-FLOP 

, I,...-.....L_-, , , , , 

Cl 

El 

C2 

E2 

VCC 

, , '---r---' 
I 1 '--------------VREF 

}-~~~~~~~-~------------------------GND 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TL593M 
TL593C 

TL5941 TL594C UNIT 
TL594M 

TL595C 
Supply voltage, VCC (see Note 1) 41 41 41 V 

Amplifier input voltages VCC+ 0 .3 VCC+0.3 VCC+0.3 V 

Collector output voltage 41 41 41 V 

Collector output current 250 250 250 mA 
Continuous total dissipation at (or below) 

1000 1000 1000 mW 
25°C free-air temperature (see Note 2) 

Operating free-air temperature range -55 to 125 -25 to 85 o to 70 °c 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 °c 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 300 °c 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 260 °c 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, the TL593M and TL594M chips are alloy 

mounted; TL5941 and TL594C chips are glass mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 1000 mW 1'.0mW/oC 59°C 

J (Glass-Mounted Chip) 1000 mW 8.2 mW/oC 28°C 

N 1000 mW 9.2 mW 41°C 

recommended operating conditions 

TL593M 
TL593C 

TL594M 
TL5941 TL594C 

UNIT 
TL595C 

MIN MAX MIN MAX MIN MAX 

Supply voltage, VCC 7 40 7 40 7 40 V 

Amplifier input voltages, VI -0.3 VCC-2 -0.3 VCC-2 -0.3 VCC-2 V 

Collector output voltage, Va 40 40 40 V 
Collector output current leach transistor) 200 200 200 mA 

Current into feedback terminal 0.3 0.3 0.3 mA 

Timing capacitor, Cr 0.47 10000 0.47 10000 0.47 10000 nF 

Timing resistor, RT 1.8 500 1.8 500 1.8 500 kll 

Oscillator frequency 1 300 1 300 1 300 kHz 

Operating free-air temperature, T A 55 125 25 85 0 70 °c 

II) 
~ 
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TYPES TL593, TL594, TL595 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

electrical characteristics over recommended operating free· air temperature range, Vee 
(unless otherwise noted) 

15 V, f 10 kHz 

reference section 

TL593C 
TL593M 

TL5941, TL594C 
TEST CONDITIONSt PARAMETER TL594M 

TL595C 

MIN TYP> MAX MIN TYP> MAX 

Output voltage IV ref) 10 = 1 rnA, TA = 25°C 4.95 5 5.05 4.95 5 5.05 

Input regulation Vee = 7 V to 40 V, TA = 25°C 2 25 2 25 

Output regulation 10 = 1 to 10 rnA, TA = 25°C 14 35 14 35 

Output voltage change 

with temperature 
ll.TA = MIN to MAX 0.2 1 0.2 1 

Short-circuit output current§ Vref = 0 10 35 60 10 35 50 

oscillator section (see Figure 2) 

TL593C 
TL593M 

TL5941, TL594C 
TEST CONDITIONS t PARAMETER TL594M 

TL595C 

MIN TYP> MAX MIN Typt 

Frequency 10 10 

Standard deviation of frequency' All values of Vee, eT, RT, TA constant 10 10 

Frequency change with voltage Vee = 7Vt040V,TA = 25°C 0.1 0.1 

Frequency change with temperature ll.TA - MIN to MAX 12 

< o 
;:;' amplifier sections (see Figure 1) 
III 

CC 
CD 

::7J 
CD 

CC 
c 
iii'" 
r+ 
o 
~ en 

II 

PARAMETER TEST CONDITIONS MIN TYP> 

I Error 2 

Input offset voltage current-limit Feedback pin at 2.5 V 
80 

ITL593 only) 

Input offset current Feedback control at 2.5 V 25 

Input bias current Feedback control at 2.5 V 0.2 

-0.3 

Error to 

Common-mode input 
Vee = 7 V to 40 V 

Vee- 2 

voltage range -0.3 
Current-limit 

to 
ITL593 only) Vee- 6 

Error 70 95 
Open-loop voltage 

Current-limit ll.VO = 3 V, Vo = 0.5 V to 3.5 V 
amplification 

ITL593 only) 
90 

Unity-gain bandwidth 800 

Error 65 80 
Common-mode 

Current-limit Vee = 40 V. TA = 25°C 
70 

rejection ratio 
ITL593 only) 

Output sink current (pin 3) VID = -15 mV to -5 V, Feedback control at 0.5 V 0.3 0.7 

Output source current (pin 3) VID = 15 mV to 5 V, Feedback at 3.5 V -2 

tFor conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. r""N----

tAli typical values except for parameter changes with temperature are at TA = 25°C. 1: (x n _ X)2 
§Duration of the short-circuit should not exceed one second. n= 1 

.Standard deviation is a measure of the statistical distribution about the mean as derived from the formula a = N-l 

6·130 
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TYPES TL593, TL594, TL595 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

electrical characteristics over recommended operating free-air temperature range. Vee 
(unless otherwise noted) 

15 V. f 

dead-time control section (see Figure 2) 

PARAMETER TEST CONDITIONS 

Input bias current (pin 4) VI = 0 to 5.25 V 

Maximum duty cycle, each output Dead-time control at 0 V 
Zero duty cycle 

Input threshold voltage (pin 4) 
Maximum duty cycle 

output section 

TL593M 

PARAMETER TEST CONDITIONS TL594M 

MIN TYP* MAX 

VeE - 40 V, Vee - 40 V 2 100 

Collector offMstate current Ve = 15 V, VE - 0 V, 

Vee = 1 to 3 V, 4 200 
Dead-time and output control pins at 0 V 

Emitter off-state current Vee - Ve - 40 V, VE - 0 150 

Collector-emitter I Common-emitter VE - 0, Ie - 200 mA 1.1 1.5 

saturation voltage I Emitter-follower Ve - 15 V, IE - 200 mA 1.5 2.5 

Output control input current VI - Vref 3.5 

pwm comparator section (see Figure 2) 

PARAMETER TEST CONDITIONS 

Input threshold voltage (pin 3) Zero duty cycle 

Input sink current (pin 3) V(pin 3) - 0.5 V 

under-voltage lockout section (see Figure 2) 

TL593M 

PARAMETER TEST CONDITIONSt TL594M 

MIN TYP MAX 

Threshold voltage 
TA = 25°C 6 

.1TA = MIN to MAX 3 6.9 

Hysteresis I 30 

total device (see Figure 2) 

PARAMETER TEST CONDITIONS 

Pin 6 at Vref, I Vce = 15 V 
Standby supply current All other inputs 

and outputs open I Vee = 40 V 

Average supply current 
Dead-time Control at 2 V, 

See Figure 2 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAli typical values except for parameter changes wnh temperature are at TA = 25°C. 

MIN TYP* MAX 

-2 -10 

45 

3 3.3 

0 

TL593C 

TL5941. TL594C 

TL595C 

MIN TYP* MAX 

2 100 

4 200 

100 

1.1 1.3 

1.5 2.5 

3.5 

MIN TYP* MAX 

4 4.5 

0.3 0.7 

TL593C 

TL5941, TL594C 

TL595C 

MIN TYP MAX 

6 

3.5 6.9 

100 

MIN TYP* MAX 

9 15 

11 18 

12.4 

II Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voltage. 

10 kHz 

UNIT 

~A 

% 

V 

UNIT 

p.A 

~A 

V 

mA 

UNIT 

V 

mA 

UNIT 

V 

mV 

UNIT 

mA 

mA 
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TYPES TL593, TL594, TL595 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

switching characteristics. T A = 25°C 

PARAMETER TEST CONDITIONS 

Output voltage rise time Common-emitter configuration, 

Output voltage fall time See Figure 3 

Output voltage rise time Emitter-follower configuration, 

Output voltage fall time See Figure 4 

i All typical value5 are at T A = 25 DC. 

PARAMETER MEASUREMENT INFORMATION 

AMPLIFIER 
UNDER TEST 

MIN TYP* 

100 

30 

200 

45 

~~~ ________ ~~FEEDBACK 
TERMINAL 

< o 
;::;" 
CI) 

CC 
CD 

::a:I 
CD 

CC c: 
Dr 
P+ o 
Ul 

• 
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V ref 0--------1 

AMPLIFIER I 

FIGURE 1 - AMPLIFIER CHARACTERISTICS 
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VOLTAGE 
ATC2 
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DEAD-TIME 
CONTROL 
INPUT 

FEEDBACK 
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TYPES TL593, TL594, TL595 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

PARAMETER MEASUREMENT INFORMATION 

Vce ~ 15 V 

Vee 

DEAD-TIME C1 
TEST { E1 

INPUTS 
FEEDBACK 

12 kQ 
RT C2 

'-~~--~CT E2 

(_I CONTROL 
(+} STEERING 

AMPLIFIERS 
.--t-"'-I( + I Vz 

50 k(! 

(-I 

OUTPUT 
CONTROL 

GND 

REF 
OUTPUT 

TEST CIRCUIT 

150Q 150Q 
2W 2W 

OUTPUT 1 

-= 
OUTPUT 2 

(OPEN} TL595 

(OPENI ONLY 

- - --0 

- - ---Vce 

1!! 
o ... 
CO 
"5 
0) 
Q) 

a: 
Q) 
0) 
CO ... 

15 
> 

II 

0.7 V ----------I--'!---.,.-~ 
I ~MAX 

I 
I 
I 
I !4-0% __ 

DUTY 
CyeLE 0%1--1 

VOLTAGE WAVEFORMS 

FIGURE 2-0PERATIONAL TEST CIRCUIT AND WAVEFORMS 
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TYPES TL593. TL594. TL595 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

PARAMETER MEASUREMENT INFORMATION 

r---------, 
I (EACH OUTPUT I 
I CIRCUIT) I 

15V 

asn. 
2W 

I ~--<>--~ __ ~----()OUTPUT 
I 
I 
I 
I 
I 

I 

I I .... ________ .J 

CL = 15 pF 
(includes probe and 

jig capacitance) 

90% 

H-'r 
I 
I 
I 
I 
I 

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 3-COMMON-EMITTER CONFIGURATION 

15V 

r----- ----, 
(EACH OUTPUT I 

CIRCUITI I 
r--<>------' 

'---()-.. ------.--~J OUTPUT 
I 
I _________ J 

CL = 15pF 
(includes probe and 

jig capacitance) 

S8n. 
2W 

I 
I 
I 
I 
I 
I 

~-U 
14----..!f---'f 

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 4-EMITTER-FOLlOWER CONFIGURATION 
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TYPES TL593, TL594, TL595 
PULSE·WIDTH·MODULATION CONTROL CIRCUITS 

TYPICAL CHARACTERISTICS 

OSCI LLATOR FREQUENCY and 
FREQUENCY VARIATIONt vs 

TIMING RESISTANCE 

VCC 15 V 

TA 25°C 
r--2% 

qoJ.:l= ~ 
I ~ --

1% 74,<:-

I 0%-r- .... qo 
I '4,<:-

I k- -q, 
4,<:-

C' ilft 1% 
r~ .L I 

'4~ 

1 k 4 k 10 k 40k lOOk 400k 1M 

RT-Timing Resistance-Q 

FIGURE 5 

AMPLIFIER VOLTAGE AMPLIFICATION 

- ...... 

1 10 

" 
vs 

FREQUENCY 

i'.. 
'\. 

'" '\. 

I 
VCC~15V 

ilVO~ 3 V 
TA ~ 25°C 

~ 
'\. 

'" ~ 
100 lk 10k 1M 
f-Frequency-Hz 

FIGURE 6 

• 
tFrequency variation (.dfl is the change in oscillator frequency that occurs over the full temperature range. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• ±1% Output tolerance at 25°C 

• ±2% Output Tolerance Over Full Operating 
Range 

• Thermal Shutdown 

• Internal Short-Circuit Current Limiting 

• Pinout Identical to uA7800 Series 

• Improved Version of uA7800 Series 

description 

Each fixed-voltage precIsIon regulator in this series 
is capable of supplying 1_5 amperes of load current_ 
A unique temperature-compensation technique 
coupled with an internally trimmed bandgap reference 
has resulted in improved accuracy when compared 
to other three-terminal regulators_ Advanced layout 
techniques provide excellent line, load, and thermal 
regulation. The internal current limiting and thermal 
shutdown features make the de~ices essentially 
immune to overload. 

schematic 

SERIES TL780 
POSITIVE VOLTAGE REGULATORS 

02643, APRIL 1981 

NOMINAL 

OUTPUT REGULATOR 

VOLTAGE 

5V TL780-05C 

12V TL780-12C 

15V TL780-15C 

KCPACKAGE 

(TOPVIEWI 

~I 
THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 

~' 

INPUT 

OUTPUT 

~~~--~~~----__ ----__ ~--__ ----------~---e~~--------__ ----------oCOMMON 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Input voltage ................................................................. 35 V 
Continuous total dissipation at 25°C free-air temperature (see Note 1) ....................... '.' .. 2 W 
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) " . . . . . . . . . . . . . . . . . . 15 W 
Operating free'air, case, or virtual junction temperature range ............................ 0 to 150°C 
Storage temperature range ................................................. -65 to 150°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds .............................. 260°C 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature; 

these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resi$t8nce, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 
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FIGURE 1 

recommended operating conditions 

Input voltage, V I 

Output current, 10 

Operating virtual junction temperature. T J 
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MIN MAX UNIT 

7 25 

14.5 30 V 

17.5 30 

1.5 A 

0 125 °c 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 

TL780-05C electrical characteristics at specified virtual junction temperature; 
VI = 10 V, 10 = 500 rnA (unless otherwise 'noted) 

PARAMETER TEST CONDITlONSt 

10 = 5 rnA to 1 A, P<: 15W 25°e 
Output voltage 

oDe to 125°C VI=7Vto20V 

Input regulation 
V,-7Vto25V 

25°e 
V,-8VtoI2V 

Ripple rejection V,=8VtoI8V, f=120Hz oOe to 125°e. 

Output regulation 
'a = 5 rnA to 1.5 A 

'a - 250 rnA to 750 rnA 
25°e 

Output resistance f = 1 kHz oOe to 125°e 

Temperature coefficient 
'a = 5 rnA OOeto 125°e 

of output voltage 

Output noise voltage f=10Hztol00kHz 25°e 

Dropout voltage '0-1 A 25°e 

Bias current 25°e 

Bias current change 
V,-7Vt025V 

rf'e to 125°e 
'a 5mAto1A 

Short-circuit output current V,-35 V 25°e 

Peak output current 25°e 

TL780-12C electrical characteristics at specified virtual junction temperature, 
VI = 19 V, 10 = 500 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

Output voltage 
'a - 5 rnA to 1 A, po<; 15W 25°e 
VI = 14.5 V to 27 V aDCto 12SoC 

V,=14.5Vt030V 
25°e Input regulation 

V, - 16 V to 22 V 

Ripple rejection V, = 15 V to 25 V f=120Hz oOe to 125°e 

'a 5 rnA to 1.5 A 
25°e Output regulation 

'a = 250 rnA to 750 rnA 

Output resistance f = 1 kHz oOe to 125°e 

Temperature coefficient 
'a = 5 rnA oOe to 125°e 

of output voltage 

Output noise voltage f = 10 Hz to 100 kHz 25°e 

Oropout voltage '0= 1 A 25°e 

Bias current 25°e 

V,=14.5Vt030V 
oOe to 125°e Bias current change 

'a = 5 rnA to 1 A 

Short-circuit output current V, = 35 V 25°e 

Peak output current 25°e 

MIN TYP MAX UNIT 

4.95 5 5.05 
V 

4.9 5.1 

0.5 5 

0.5 5 
rnV 

70 85 dB 

4 25 
rnV 

1.5 15 

0.0035 n 

0.25 rnV(C 

75 ltV 

2 V 

5 8 rnA 

0.7 1.3 
rnA 

0.03 0.5 

750 rnA 

2.2 A 

M'N TYP MAX UNIT 

11.88 12 12.12 
V 

11.76 12.24 

1.2· 12 
rnV 

1.2 12 

65 80 dB 

6.5 60 
rnV 

2.5 36 

0.0035 n 

0.6 rnV(e 

180 ltV 

2 V 

5.5 8 rnA 

0.4 1.3 
rnA 

0.03 0.5 

350 rnA 

2.2 A 

t All characteristics are measured with a capacitor across the input of 0.33 IJF and a capacitor across the output of O.22IJF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw '" 10 ms, duty cycles'" 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 

TL780-15C electrical characteristics at specified virtual junction temperature, 
VI = 23 V, 10 = 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

10~5mAtol A, P<;15W 25°C 
Output voltage 

VI ~ 17.5 V to 30 V O°C to 125°C 

VI~ 1'7.5Vto30V 
25°C Input regulation 

VI-20Vto26V 

Ripple rejection VI- 18.5 V to 28.5 V f~ 120Hz O°C to 125°C 

10 ~ 5 mA to 1.5 A 
Output regulation 

10 - 250 mA to 750 mA 
25°C 

Output resistance f ~ 1 kHz Oo.C to 125°C 

Temperature coefficient 

of output voltage 
10~ 5mA O°C to 125°C 

Output noise voltage f~10Hztol00kHz 25°C 

Dropout voltage 10~ 1 A 25°C 

Bias current 25°C 

Bias current change 
VI~17.5Vto30V 

O"Cto 125°C 
10 = 5 mA to 1 A 

Short-circuit output current VI- 351V 25°C 

Peak output current 25°C 

MIN TYP MAX UNIT 

14.85 15 15.15 

14.7 15.3 
V 

1.5 15 

1.5 
mV 

15 

60 75 dB 

7 75 
mV 

2.5 45 

0.0035 n 

0.62 mVfC 

225 p.V 

2 V 

5.5 8 mA 

0.4 1.3 
mA 

0.02 0.5 

230 mA 

2.2 A 

t All characteristics are measured with a capacitor across the Input of 0.33 p.F and a capacitor across the output of 0.22 fJF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw ~ 10 ms, duty cycle ~ 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 

TYPICAL APPLICATION DATA 

INPUT OUTPUT§ 
TL 780 Ot---+-O 

Cl = 0.33I'F* 'J 

·C1 required If regulator is far from power supply filter. 
tC2 not required for stability, however transient response is improved 
§ Permanent damage can occur if output Is pulled below ground. 
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183 

LINEAR 
INTEGRATED 
CIRCUITS 

• Output Adjustable From 1.25 V To 
125·Volt 

• 700 rnA Output Current, 

• Full Short-Circuit, Safe·Operating-Area, and 
Thermal Shutdown Protection 

• 0'.001 %N Typical Input Regulation 

• 0.15% Typical Output Regulation 

• 76 dB Typical Ripple Rejection 

• Standard TO-220AB Package 

description 

TYPE TL783C 
HIGH·VOLTAGE ADJUSTABLE REGULATOR 

02659, SEPTEMBER 1981-REVISEO JANUARY 1983 

KC PACKAGE 

(TOPVIEWI 

Ir I ~INPUT 
[e:::: J __ JF======= ~~jG~:::MENT 

THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO·220AB 

The TL783 is an adjustable 3-terminal positive-voltage regulator with an output range of 1.25 volts to 125 volts and a 
DMOS output transistor capable of sourcing more than 700 milliamperes, It is designed for use in high-voltage applica­
tions where standard bipolar regulators cannot be used. Excellent performance specifications , .. superior to those 
of most bipolar regulators ... are achieved through circuit design and advanced layout techniques. 

As a state-of-the-art regulator, the TL783 combines standard bipolar circuitry with high·voltage double-diffused MOS 
transistors on one chip to yield a device capable of withstanding voltages far higher than standard bipolar integrated 
circuits. Because of its lack of secondary breakdown and thermal runaway characteristics usually associated with bipolar 
outputs, the TL7B3 maintains full overload protection while operating at up to 125 volts from input to output. Other 
features of the device include current limiting, safe·operating-area (SOA) protection, and thermal shutdown. Even if 
the adjustment pin is inadvertently disconnected, the protection circuitry remains functional. 

Only two external resistors are required to program the output voltage, An input bypass capacitor is necessary only 
when the regulator is situated far from the input filter. An output capacitor, although not required, will improve 
transient response and protection from instantaneous output short-circuits. Excellent ripple rejection can be achieved 
without a bypass capacitor at the adjustment terminal. 

functional block diagram 

PROTECTION 

CIRCUITRY 
R1 

R2 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TL783C 
HIGH·VOLTAGE ADJUSTABLE REGULATOR 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Input-to-output differential voltage, VI '-- Vo ...• _______ ..... ____ .••.•.. ___ ........ _ _ _ _ 125 V 

Continuous total dissipation at (or below) 25°C free-air temperature' (see Note 1) . . . • . . . . . . . . . . . . . .. 2 W 
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) . . . . . . . . . . . • . . . • . . .. 20 W 
Operating free-air, case, or virtual junction temperature range ..•................••....•. O°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds .......•..................•..• 260°C 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1. and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual dvice electrical characteristics and thermal resistance. the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 
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FIGURE 2 

recommended operating conditions 

MIN MAX UNIT 

Input-to-output voltage differential, VI - Vo .............•......•.......... 125 V 
Output current, 10 ................................................. 15 700 mA 
Operating virtual junction temperature, T J ................................. 0 125°C 
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TYPE TL783C 
HIGH·VOLTAGE ADJUSTABLE REGULATOR 

electrical characteristics at VI - Vo = 25 V, 10 = 0.5 A, T J = ooe to 125°e (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TVP MAX UNIT 

Input regulation+ 
I TJ = 25'C 0.001 0.01 

VI-VO=20Vto 125V I TJ = O'C to 125'C 0.004 0.02 
%IV 

Ripple rejection Il.Vl(p..,) - 10 V, VO=10V, f=120Hz 66 76 dB 

10 = 15 mA to 700 rnA, TJ = 25°C 
VO,,5 V 7.5 25 mV 

VO;>5V 0.15 0.5 % 
Output regulation 

VO,,5V 20 70 mV 
10=15mAt0700mA 

VO .. 5V 0.3 1.5 % 

Output voltage change 
0.4 % 

with temperature 

Output voltage 1000 h at TJ = 125'C, VI-VO= 125V, 
0.2 % 

long-term drift See Note 2 

Output noise voltage f= 10 Hzto 10 kHz, TJ = 25'C 0.003 % 

Minimum output current 
VI-VO= 125V 15 rnA 

to maintain regulation 

VI- VO=25V, t=1 ms 1100 

VI-VO= 15V, t=30m. 715 
Peak output current rnA 

VI- VO-25V, t = 30 ms 700 900 

VI-VO= 125V, t=30m. 100 250 

Adjustment-terminal 
83 110 "A current 

Change in adjustment-
VI-VO= 15Vto 125V, 10 = 15 mA to 700 mA, 

terminal current 
P ~ rated dissipation 0.5 5 "A 

Reference voltage 
VI- VO=10Vt0125V, 10 = 15 rnA to 700 mA, P <: rated dissipation 

(output to ADJ) 
1.2 1.27 1.3 V 

t All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw <; 10 ms, duty cycle <; 5%) to limit changes 

in average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately. 
:t:lnput regulation is expressed here as the percentage change in output voltage per 1-volt change at the input. 
NOTE 2: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification Is not intended to be a 

guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot . 
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TYPE TL183C 
HIGH·VOLTAGE ADJUSTABLE REGULATOR 
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TYPICAL CHARACTERISTICS 
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TYPE TL783C 
HIGH·VOLTAGE ADJUSTABLE REGULATOR 

TYPICAL CHARACTERISTICS 

REFERENCE VOLTAGE 
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TYPE TL783C 
HIGH·VOLTAGE ADJUSTABLE REGULATOR 

DESIGN CONSIDERATIONS 

The internal reference (see functional block diagram) is used to generate 1.25 volts nominal (Vref) between the output 
and adjustment terminals. This voltage is developed across R 1 and causes a constant current to flow through R 1 and 
the programming resistor R2, giving an output voltage of: 

Vo = Vref (1 + R2/Rl) + ladj (R2) 

or 

Vo '" Vref (1 + R2/Rl). 

The TL783 was designed to minimize ladj and maintain consistency over line and load variations, thereby minimizing 
the ladj (R2) error term. 

To maiiltain ladj at a low level, all quiescent operating current is returned to the output terminal. This quiescent 
current must be sunk by the external load and is the minimum load current necessary to prevent the output from 
rising. The recommended R1 value of 82 ohms will provide a minimum load current of 15 milliamperes. Larger values 
may be used if the input·to·output differential voltage is less than 125 volts (see minimum operating current curve) 
or if the load will sink some portion of the minimum current. 

Bypass capacitors 

The TL783 regulator is stable without bypass capacitors; however, any regulator will become unstable with certain 
values of output capacitance if an input capacitor is not used. Therefore, the use of input bypassing. is recommended 
whenever the regulator is located more than four inches from the power-supply filter capacitor. A l·microfarad tantalum 
or electrolytic capacitor is usually sufficient. 

Adjustment·terminal capacitors are not recommended for use on the TL783 because they can seriously degrade load 
transient response as well as create a need for extra protection circuitry. Excellent ripple rejection is presently achieved 
without this added capacitor. 

Due to the relatively low gain of the MOS output stage, output voltage drop·out may occur under large load transient 
conditions. Addition of an output bypass capacitor will greatly enhance load transient response as well as prevent 
drop-out. For most applications it is recommended that an output bypass capacitor be used with a minimum value of: 

Co (Pf) = 15NO 

Larger values will provide proportionally better transient response characteristics . 

Protection circu itry 

The TL783 regulator includes built-in protection circuitry capable of guarding the device against most overload con· 
ditions encountered in normal operation. These protective features are current limiting, safe-operating-area protection, 
and thermal shutdown. These circuits are meant to protect the device under occasional fault conditions only. Con­
tinuous operation in the current limit or thermal shutdown mode is not recommended. 

The internal protection circuits of the TL783 will protect the device up to maximum rated VI as long as certain pre­
cautions are taken. If VI is instantaneously switched on, transients exceeding maximum input ratings may occur, which 
can destroy the regulator. These are usually caused by lead inductance and bypass capacitors causing a ringing voltage 
on the input. In addition, if rise times in excess of 10 V Ins are applied to the input, a parasitic n-p-n transistor in parallel 
with the DMOS output can be turned on causing the device to fail. If the device is operated over 50 volts and the input 
is switched on rather than ramped on, a low-Q capacitor, such as a tantalum or electrolytic should be used rather than 
ceramic, paper, or plastic bypass capacitors. A dissipation factor of 0.015 or greater will usually provide adequate 
damping to suppress ringing. Normally, no problems will occur if the input voltage is allowed to ramp upward through 
the action of an ac line rectifier and filter network. 
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TYPE TL783C 
HIGH·VOLTAGE ADJUSTABLE REGULATOR 

Similarly, if an instantaneous short circuit is applied to the outputs, both ringing and excessive ·fall times can result. A 
tantalum or electrolytic bypass capacitor is recommended to eliminate this problem. However, if a large output capacitor 
is used and the input is shorted, addition of a protection <;iiode may be necessary to prevent capacitor discharge through 
the regulator. The amount of discharge current delivered is dependent on output voltage, size of capacitor, and fall 
time of VI. A protective diode (see Figure 17) is required only for capacitance values greater than 

Care should always be taken to prevent insertion of regulators into a socket with power on. Power should be turned off 
before removing or inserting regulators. 

"" 
" 

TL783C 

INPUT OUTPUT Vo 
ADJUST 

I 
Rl 

I~ 
/. 
~R2 

FIGURE 17- REGULATOR WITH PROTECTIVE DIODE 

Load regulation 

The current set resistor (R1) should be located close to the regulator output terminal rather than near the load. This 
eliminates long line drops from being amplified through the action of R1 and R2 to degrade load regulation. To provide 
remote ground sensing, R2 should be near the load ground. 

TL783C Vo RUne 

1 
INPUT OUTPUT 

ADJUST 

I 
Rl 

1 
~Rload 
~ 

FIGURE 18-REGULATOR WITH CURRENT·S~T RESISTOR 
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TYPE TL183C 
HIGH·VOLTAGE ADJUSTABLE REGUALTOR 

TYPICAL APPLICATION DATA 

TL783C 

o--......--~INPUT OUTPUT t-_ ........ ' ..... V_Oo= V,ef (1 + RR21 ) 

ADJUST 

"NEEDED IF DEVICE IS MORE THAN 4 INCHES FROM 

FILTER CAPACITOR 

100 

FIGURE 19-1.25-V TO 115-V 
ADJUSTABLE REGULATOR 

100 

VI = 145 TO 200 V 

R2 
8.2kO,2W 

~----. 

125V 

10 

FIGURE 20-125 V 
SHORT·CIRCUIT-PROTECTED 

OFF· LINE REGULATOR 

TIPL762 

6 lkO 

rT~L~783~C~~~_, 
INPUT 

TIPL762 TL783C 

INPUT 

OUTPUT 1--''''''---. 

6·148 

OUTPUTI-----4I----. Vo = 50 V @ 0.5 A 

ADJUST 

820 
+ 

3.3 kO, 1 W 

ADJUST 

R2 

Rl 
820 

+ 

FIGURE 22-ADJUSTABLE FIGURE 21-5Q·V 
REGULATOR WITH CURRENT BOOST REGULATOR WITH CURRENT BOOST 
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TYPE TL783C 
HIGH·VOLTAGE ADJUSTABLE REGULATOR 

TYPICAL APPLICATION DATA 

FIGURE 23-CURRENT­
SINKING REGULATOR 

VCC 

, TL783C 

R 

INPUT 
OUTPUT~~t-----O~ 

ADJUST OUTPUT 

82n 

R2 

*VOFFSET = V,ef (1 + ::) 

FIGURE 25-HIGH-VOLTAGE 
UNITY-GAIN OFFSET AMPLIFIER 

VI 

'''1 

FIGURE 24-CURRENT­
SOURCING REGULATOR 

VI = 90 V 

'TL783C 

INPUT 
OUTPUT 

ADJUST 

6.25n 

82n 

3.9kn 

'FIGURE 26-48-V. 200-mA 
FLOAT CHARGER 

R 

48V = 

I 
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o .... 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL1451C 
DUAL PULSE·WIDTH·MODULATION CONTROL CIRCUIT 

• Complete PWM Power Control Circuitry 

• Completely Synchronized Operation 

• Internal Under-Voltage Lockout Protection 

• Wide Supply Voltage Range 

• Internal Short-Circuit Protection 

• Oscillator Frequency . . . 500 kHz Max 

• Variable Dead Time Provides Control Over 
Total Range 

• IntemalRegulator Provides A Stable 2.5-V 
Reference Supply 

description 

02730, FEBRUARY 1983 

J OR N 
DUAL IN-LINE PACKAGE (TOP VIEW) 

CT REF 
RT SCP 

ERROR {IN + IN +} ERROR 
AMPLIFIER 1 IN - IN - AMPLIFIER 2 

1 FEEDBACK 2 FEEDBACK 
1 DEAD-TIME CONTROL 2 DEAD-TIME CONTROL 

1 OUTPUT 2 OUTPUT 

GND '-I.::_....::JI-'VCC 

The TL 1451 incorporates on a single monolithic chip all the functions required in the construction of two pulse-width­
modulation control circuits, Designed primarily for power supply control, the TL 1451 contains an on-chip 2.5-volt 
regulator, two error amplifiers, an adjustable oscillator, two dead-time comparators, under-voltage lockout circuitry, 
and dual common-emitter output transistor circuits. 

The uncommitted output transistors provide common-emitter output capability for each controller. The internal amplifiers 
exhibit a common-mode voltage range from 0,4 volts to 1,5 volts. The dead-time control comparator has no offset 
unless externally altered and may be used to provide 0% to 100% dead time, The on-chip oscillator may be operated 
by terminating RT (pin 2) and CT (pin 1). During low VCC conditions, the under-voltage lockout control circuit feature 
locks the outputs off until the internal circuitry is operational. 

The TL1451 is characterized for operation from -20°C to 85°C, 

recommended operating conditions 

MIN NOM MAX UNIT 
Supply voltage, Vee 3.6 40 V 
High-level output voltage, VOH 40 V 
High-level output current, IOH 20 mA 
Error amplifier common-mode input voltage, VIC 0.4 1.5 V 
Input voltage range at dead-time terminal 1.4 2.05 V 
Input current at feedback terminal -50 ~A 

Timing capacitor, CT 0.15 15 I'F 
Timing resistor, RT 5 50 k!l 
Oscillator frequency, fosc 1 500 kHz 
Operating free-air temperature, T A -20 85 °e 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TL1451C 
DUAL PULSE·W1DTH·MODULATION CONTROL CIRCUIT 

TYPICAL APPLICATION DATA 

VCC--~--------------~~------~'------' 

220kn 470n 

33kn 

33kn 

TLl461 

1 2 3 4 5 6 7 8 

< 470n 
0 
;:::;' 
I» pF 

(,Q 
CD 

::D 
CD 

(,Q 
C 33kH 470n 

iii' 
33kH 

r+ 
0 
~ 
til 

• 
Values for R 1 through R7 I C1 through C4. and L 1 and L2 depend upon Individual application. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 

• Complete PWM Power Control Circuitry 

• a-Volt to 35-Volt Operation 

• 5.1-Volt Reference Trimmed to ± 1 % 

• Frequency Range . . . 100 Hz to 500 Hz 

• Adjustable Deadtime Control 

• Under-Voltage Lockout for Low VCC 
Conditions 

• Latched PWM Prevents Multiple Pulses 

• Dual Sink or Source Output Drivers 

• Improved Direct Replacements for Silicon 
General SG 1525A/SG 1527 A Series 

output logic 

TL 1525A. TL2525A. TL3525A . . . OR 
TL1527A. TL2572A. TL3527A ... NOR 

description 

02724. APRil 1983 

TL1525A. TL1527A ... J 

TL2525A. TL2527A ... J OR N 

TL3525A. TL3527A ... J OR N 

DUAL-IN-LiNE PACKAGE 

(TOPVIEWI 

INVERTING INPUT REFERENCE 
NON INVERTING INPUT VCC (VI) 

SYNC OUTPUT B 
OSCILLATOR OUT Vc 

CT GND 
RT OUTPUT A 

DISCHARGE SHUTDOWN 
SOFT-START "",,,,_....;;..,..... COMPENSATION 

The TL 1525A/TL 1527 A series of pUlse-width modulation integrated circuits are designed to offer improved performance 
and lower external parts count when used to implement various types of switching power supplies. Each device includes 
an on-chip 5.1-volt reference. error amplifier. programmable oscillator, pulse-steering flip-flop. a latched comparator 
under-voltage lockout, shutdown circuitry, and complementary source or sink outputs. The on-chip 5.1-volt reference 
is trimmed to ± 1 % initial accuracy, serves as a reference output. and supplies the internal regulator control circuitry. 
The input common-mode range of the error amplifier includes the reference voltage. which eliminates the need for 
external divider resistors. 

The oscillator operates at a fixed frequency determined by one timing resistor RT and one timing capacitor CT. The 
timing resistor establishes the constant charging current for CT. resulting in a linear voltage ramp at CT, which is 
fed to the PWM comparator providing linear control of the output pulse duration by the error amplifier. A Sync input 
to the oscillator allows for external synchronization or for multiple units to be slaved together. A single external resistor 
between the CT pin and the Discharge pin provides a wide range of dead-time adjustment. These devices also feature 
built-in soft-start circuitry that requires only an external timing capacitor. The Shutdown pin controls both the soft­
start and the output drivers. and provides instantaneous turn-off with soft-start recycle for slow turn-on. The soft­
start and output driver circuitry are also controlled by the under-voltage lockout circuit. which. during low-input supply 
voltage of less than that required for normal operation. keeps the soft-start capacitor discharged and the output drivers 
off. 

Another unique feature is the S-R latch following the PWM comparator. This feature enables the output drivers to 
be turned off any time the PWM pulse is terminated. The latch is reset with each clock pulse. However. the PWM 
outputs will remain turned off for the duration of the period if the PWM comparator output is in a low-level state. 
The TL 1525A. TL2525A, and TL3525A output stages feature NOR logic resulting in a low output for an off-state. 
The TL1527A. TL2527A. and.TL3527A output stages feature OR logic resulting in a high-level output for an off­
state. The output stages are totem-pole designs capable of sourcing or sinking 200 milliamperes of output current. 

The TL 1525A and TL 1527 A are characterized for operation over the full military temperature range of - 55°C to 
125°C. The TL2525A and TL2527 A are characterized for operation from - 25°C to 85 °C. The TL3525A and TL3527 A 
are characterized for operation for ooC to 70°C. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 

functional block diagram (positive logic) 

VCC~11~5LI ____ ~ ____________ -. ____ --, 

1--1+-.,. ____ 1-____________________________ ---"='61 REFERENCE 

SYNC -"3"'1 ______ -1 
RT (61 

CT lSI 

DISCHARGE -,17,-,1 __ + ___ , 

COMPENSATION ::19.:..1 ----+--..... 1-<:1 

INVERTING (1) 
INPUT 

NON INVERTING (21 
INPUT 

SHUTDOWN """"'Ol ___ ...... ~ 

GND .:.;11",21_--4~_-+ 

1-..-1 __ -1 ....... ____________ -+ __________________ --:,:;:'4".' OSCILLATOR 

7-~~---,1!!13,,-1 ~~TPUT 

;-++--,1,.;11.:..1 OUTPUT A 

I 
10UTPUT A -1"1-
I 
10UTPUTS ----IL 
I 
I 

..... ---1f---"""4".1 OUTPUT S 

r----:,oo"---- 1131. VC 

TL1527A. 

+-Ht-',,,,11.:..1 OUTPUT A 

I 
10UTPUTA~ 
I 
: OUTPUT B --"'1.J 
I 

..... --IJ.--."""4:!.1 OUTPUT B 

~~:~;:' I L _________ .J 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) .................................................... . 
Collector voltage, Vc ............................................................. . 

40 V 
40 V 

Logic input voltage range sync and shutdown ................................... -0.3 V to 5.5 V 
Analog input voltage range error amplifier inputs .................................. -0.3 V to VCC 
Output current; 10 .............................................................. 500 mA 
Reference output current, IREF ...................................................... 50 mA 
Current through CT terminal ....................................................... - 5 mA 
Continuous total dissipation at (or below) 25 DC free-air temperature (see Note 2) .............. 1000 mW 
Operating free-air temperature range:TL 1525A, TL 1527 A .......................... - 55 DC to 125 DC 

TL2525A, TL2527A ........................... -25 DC to 85 DC 
TL3525A, TL3527A ............................. ODC to 70 DC 

Operating virtual junction temperature range ...................................... 0 DC to 1 50 DC 
Storage temperature range ................................................. - 65 DC to 1 50 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J Package .................... 300 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N Package .................... 260 DC 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operating above 25"C free-air temperature, see Dissipation Derating Curves, Figures 1, and 2. In the J package, TL1525A and TL1527A 

chips are alloy-mounted: TL2525A, TL2527 A, TL3525A, and_ Tl3527 A chips are epoxy mounted. 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

J PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

1200 
FOR ALLOY MOUNT: 

3: DERATING FACTOR = 11 mwtc 

f 1000 
ABOVE 5S·C 

c 
0 
.~ 

"- 800 ": c 
M 

" 600 0 

" c 
.~ 

0 400 u 
E 
" FOR EPOXY MOUNT: E DERATING FACTOR = S_2 mwtC -j( 200 

ABOVE 2S·C .. 
== R6JA ~ 116°CIW 

OL-____ ~ ______ _L~L_ __ ~ ____ ~ 

25 50 75 100 125 

T A -Free-Air Temperature-· C 

FIGURE 1 

recommended operating conditions 

3: 
E 
I 
c 

_2 
10 
"-': 
i5 
M 

" 0 

" c 
.~ 

8 
E 
" E 
-j( .. 
== 

1200 

1000 

800 

600 

400 

N PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

.... "'-... 
........... 

~ 
-......... 

DERATING FACTOR = 9.2 mWfC 
200 - ABOVE 41·C 

o 
25 

R8JA ~ 10SoCIW 

I I I 
35 45 55 .65 75 

T A-Free-Air Temperature-·C 

FIGURE 2 

85 

PARAMETER 
TL1525A, TL1527A TL2525A, TL2527A TL3525A, TL3527A 

UNIT 
MIN MAX MIN MAX MIN MAX 

Supply voltage, VCC 8 35 8 35 8 35 V 

Collector voltage, Vc 4.5 35 4.5 35 4.5 35 V 

Output current, 10 
I Steady state 0 ±100 0 ±100 0 ±100 

I Peak 
mA 

0 ±400 0 ±400 0 ±400 

Reference output current, IREF 0 20 0 20 0 20 mA 

Oscillator frequency range 100 500 100 500 100 500 kHz 

Timing resistor, Rr 2 150 2 150 2 150 kll 

Timing capacitor, CT 0.001 0.1 0.001 0.1 0.001 0.1 I'F 
Dead-time resistor. RO 0 500 0 500 0 500 Il 
Operating free-air temperature range, T A 55 125 25 85 0 70 ·C 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

electrical characteristics over recommended operating free-air temperature range, Vee 
(unless otherwise noted) 

20 V 

reference section 

TL 1525A. TL 1527 A 
TL3525A. TL3527A 

PARAMETER TEST CONDITIONS TL2525A. TL2527A 

MIN TYP MAX MIN TYP MAX 

TJ - 25 0 e 5.05 5.1 5.15 5 5.1 5.2 
Output voltage Vce - 8 V to 35 V. 

10 - 0 to 20 mA 
5 5.2 4.95 5.25 

Input regulation VCC - 8 V to 35 V 14 20 14 20 

Output regulation 10 - 0 to 20 mA 5 50 5 50 

Output voltage change with 
24 

temperature 
50 24 50 

Output voltage long-term drift 

(see Note 31 
After 1000 h at TJ - 125°C 25 50 25 50 

Output noise voltage (RMS) f - 10 Hz to 10 kHz. TJ - 25°C 40 200 40 200 

Short-circuit output current Vo - 0 V. TJ ~ 25°C 80 100 80 100 

oscillator section 

TL 1525A. TL 1527 A 
TL3525A. TL3527A 

PARAMETER TEST CONDITIONS TL2525A. TL2527 A 

MIN TYP MAX MIN TYP MAX 

Maximum frequency RT-2k11, CT - 1 nF 400 400 

Minimum frequency RT - 150 kll. CT - 0.1 p.F 100 100 

RT - 3.6 kll, RD - O!l, 
Initial frequency error CT-0.1p.F, f - 40 kHz, ±2% ±6% ±2% ±6% 

TA - 25°C 
Frequency change with 

VCC - 8 V to 35 V ±0.3% ±1% ±1% ±2% 
supply voltage 

Frequency change with 
TA - MIN to MAX ±3% ±6% ±3% ±6% 

temperature 

Output amplitude at Pin 4 RT - 3.6 kll. RD - O!l, 
3 3.5 3 3.5 

CT - 0.1 p.F, f - 40 kHz 

RT - 3.5 kll, RD - 0 Il 
Output pulse duration at Pin 4 CT - 0.1 p.F, f - 40 kHz, 0.3 0.5 1 0.3 0.6 1 

TJ - 25°C 
Input threshold voltage at Pin 3 1.2 2 2.8 1.2 2 2.8 

Input current at Pin 3 VI(Pin3) - 3.5 V 1.6 2.5 1.6 2.5 

Current through Pin 5 due to 
Current through Pin 6 - 6 mA 

internal current mirror 
1.7 2 2.2 1.7 2 2.2 

UNIT 

V 

mV 

mV 

mV 

mV 

p.V 

mA 

UNIT 

kHz 

Hz 

V 

p.s 

V 

mA 

mA 

NOTE 3: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
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TYPES TL1525A. TL1527A. TL2525A. TL2527A. TL3525A. TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 

electrical characteristics over recommended operating free-air temperature range. Vee 
(unless otherwise notedl 

error amplifier section 

20 V 

TL 1525A. TL1527 A 
TL3525A. TL3527A 

PARAMETER TEST CONDITIONS TL2525A. TL2527A 

MIN TYP MAX 

High·level output voltage 3.8 5.6 

Low-level output voltage 0.2 

Input offset voltage 0.5 
Input bias current 1 

Input offset current 

Open-loop voltage amplification RL "' 10 M 60 75 

Common-mode rejection ratio VIC - 1.5 V to 5.2 V 60 75 
Supply voltage rejection ratio V CC - 8 V to 35 V 50 60 

Gain-bandwidth product AV - 0 dB. TJ - 25°C 1 2 

comparator section 

PARAMETER TEST CONDITIONS 

RT = 3.6 k(l, louty cycle = 0% 
Input threshold voltage RD = 0 (l, 

CT = 10 nF. f = 40kHz louty cycle = MAX 

Input bias current 

soft-start section 

PARAMETER TEST CONDITIONS 

Soft-start voltage VI at Pin 10 = 2 V 
Soft-start current VI at Pin 10 - 0 V 

Input current, Shutdown VI at Pin 10 = 2.5 V 

output section 

PARAMETER TEST CONDITIONS 

10H = -20 mA 
High-level output voltage 

10H - -100 mA 

10L - 20 mA 
Low-level output voltage 

10L = 100 mA 
Under-voltage lockout voltage VI at Pins 8 and 9 - high 

Collector cutoff current (see Note 4) Vc = 35 V, 10 = 100 mA 

Output pulse rise time CL = 1 nF, TJ = 25°C 

Output pulse fall time CL - 1 nF, T J - 25°C 

Shutdown delay time 
VI at Pin 10 = 3 V, 

capacitance at pin 8 = 0, T J = 25°C 

NOTE 4: Collector cutoff current specifications apply only for the TL 1525A, Tl2525A, and TL3525A devices. 

total device 

PARAMETER TEST CONDITIONS 

Minimum duty cycle 

Maximum duty cycle 

Standby current VCC - 35 V 

0.5 

5 

10 

1 

MIN TYP MAX 

3.8 5.6 

0.2 0.5 

2 10 

1 10 

1 

60 75 

60 75 

50 60 

1 2 

MIN TYP MAX 

0.6 0.9 

3.3 3.6 

0.5 1 

MIN TYP MAX 

0.4 0.6 

25 50 80 

0.4 1 

MIN TYP MAX 

18 19 

17 18 

0.2 0.4 

1 2 

6 7 8 

200 

100 600 

50 300 

0.2 0.5 

MIN TYP MAX 

0% 

45% 49% 

14 20 

UNIT 

V 

V 

mV 

~A 

~A 

dB 

dB 

dB 

MHz 

UNIT 

V 

~A 

UNIT 

V 

pA 

mA 

UNIT 

V 

V 

V 

pA 

ns 

ns 

ps 

UNIT 

mA 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

..--____ -_----_-------...---!.:11.::,:...61 REFERENCE 

7.4 kll 

RT ...l:16~1 ___ ""'--l 

CT lSI 
2 kll 

~--~r----r--+__+~---r_~----+RAMP 
TO PWM 

SYNC~13~1 _______ 2~k~!I--+-~ 25 kll 

DISCHARGE ..:.;17;..:..1_--_---, 

1 k!l 1 k!l 14 k!l 

250!l 141 OSCILLATOR 

OUTPUT 

3 kll 

GND~11~214-_4_---~---~~~ ..... --~~~--4--~ 

FIGURE 3 - OSCILLATOR SCHEMATIC DIAGRAM 

TYPICAL CHARACTERISTICS 

CHARGING TIME DISCHARGE TIME 
VS VS 

TIMING RESISTOR DEAD TIME RESISTOR 
10000 1000 

t .. 
E 
i= 
'" c: 
.~ 
&: 
CJ 

Vcc 20V 
RO 0 

1000 
TYf5~fll 

,~~ 

100 

~~~ 
G· ~ ~/ 

~c.-<' 

10 

1 
1 

I"" 

..". 

A 

./ 

10 

V V 

V~ V 

CT - 0.01 p.F 

CT=5 nF 

CT= 2nF 

CT = 1 ~,~ 

II 1111 
100 

RT-Timing Resistor-kQ 

FIGURE 4 

1000 

100 

t .. 
E 
i= 10 .. 
e> 
co 
"§ 
is 

0.1 

I=Vcc= 20 V 
~TA=25°C 
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/' 
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o 

f-

~ 
"G.o'O\I.~ ~~ C"'i ...... 0' ""f-

""'C~ /" ,--""" 
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FIGURE 5 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

TYPICAL CHARACTERISTICS 

ERROR AMPLIFIER OPEN· LOOP 
FREQUENCY RESPONSE 

S 

4 

TL lS25A OUTPUT SATURATION VOLTAGE 
vs 

OUTPUT CURRENT 

VI =120 ~ 
TA= 2SoC 

60 ~ ''< 
~~ 

« 
1 

40 

20 

0 

-20 
10 

E 
3 !! 

"- ;; 
u 

" )< f-RL = 20kn 

........ 

~~O~ "'-
VCC=20V 

'" '\ TA = 2SoC 

.. 
" a. 

2 .. 
" 0 
1 

9 

L~ 
""'" VV 
VSource Saturat ed, 

VC-VOH 

I I I - l- f.- ..... f-' i i11i saturated'IV~L 
o 

100 1 k 10 k 100 k 1 M 10 M ±0.01 ±0.02 ±0.04 ±0.1 0.2 0.4 0.7 1 

f-Frequency-Hz 

FIGURE 6 

VCC~(~lS~) _____ .-_~ 

INVERTING ""(.;.;1) ____ -1 
INPUT -

NONINVERTING ...;(~2,-) ______ +_--J 
INPUT 

Output Saturation Voltage-V 

FIGURE 7 

TOPWM 
f----1~--... COMPARATOR 

COMPENSATION _(;;,.9;...) __ lyk\l\n,..-__ + ___ ..... 

200p,A ~ S.8V 

GND...;(;;..12~) _____ ~~---4_--..... 
Values shown are nominal 

FIGURE 8 - ERROR AMPLIFIER SCHEMATIC DIAGRAM 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE·WIDTH MODULATION CONTROLLERS . 

vcco-------.-----.---------------------~------_.----------~------~---oVC 

r--INTERNAL- -, 

I CONNECTIONS l 
~ I . I 
I B Ii I 
-t---O---O--+ 
I I 
I TL 1527A, TL2527A, I 

L_ ~N~ ~,=~~ __ J 
r""jN"'i'ERNAL' 
: CONNECTIONS: 
I I 

r---+-~I~A~ ~Crfl~~----t-----1 
I I 

CLOCK F/F PWM 

shutdown options 

I B D I 
'<>-+------1 

I TL1525A, : 
I TL2525A, AN D I 
I TL3525A I I.. ______ J 

FIGURE 9 - OUTPUT CIRCUIT SCHEMATIC DIAGRAM 

TYPICAL APPLICATION DATA 

OUTPUT 

1. Use an external transistor or open-collector comparator to pull down on the Compensation terminal (Pin 9). This 
will set the PWM latch and turn off both driver outputs, If the shutdown signal is momentary, pulse-by-pulse protection 
will be accomplished as the PWM latch is reset with each clock pulse. 

2. The same results may be accomplished by pulling down on the Soft-Start terminal (Pin 8) with the only difference 
being that on this pin shutdown will not affect the amplifier compensation network, but must discharge any soft­
start capacitance. 

3. Application of a positive-going signal to the Shutdown terminal (Pin 10) will provide the most rapid shutdown of 
the driver outputs but will not immediately set the PWM latch if there is a capacitor at the Soft-Start terminal. The 
capacitor will discharge but at a current twice the charging current. The PWM latch can be set on a pulse-by-pulse 
basis by the shutdown terminal if there is no external capacitance on the Soft-start terminal (Pin a). Slow turn-on 
may still be accomplished by connecting an external capacitor, blocking diode, and charging resistor to the 
Compensation terminal (Pin 9). 
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TYPES TL 1525A, TL 1527 A, TL2525A, TL2527 A, TL3525A, TL3527 A 
PULSE-WIDTH MODULATION CONTROLLERS 

TYPICAL APPLICATION DATA 

TO 
OUTPUT FI L TER 

For single-ended supplies, the driver outputs are grounded. 
The Vc terminal is switched to ground by the totem-pole 
source transistors on the alternate oscillator cycles. 

FIGURE 10 - SINGLE-ENDED CIRCUIT 

VCC----~----------------_.--------------~~------_, 

(15) Vee 

GND------------~~----------~~~~----~~------_+ 

Low-power transformers can be directly driven by the 
TL 1525A. Automatic reset occurs during deadtime when 
both ends of the primary winding are switched to ground. 

FIGURE 11 - TRANSFORMER-COUPLED CIRCUIT 

C1 

CZ 

U) ... 
o ... 
CO 
'S 
C) 
Q) 

a: 
Q) 
C) 
CO ... 
'0 
> 

II 

TEXAS 
INSTRUMENTS 

6-161 

POST OFFICE BOX 225012 • DALLAS, TeXAS 75265 



< o 
::+ m 

CO 
CD 

:a 
CD 

CO c 
ii 
~ o 
til 

• 

TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE·WIDTH MODULATION CONTROLLERS 

TYPICAL APPLICATION DATA 

Vee-----.----------------~--------------__, 

Rl 
TL1525A 

(151 Vee Ve (131 

{

A (111 

OUTPUTS B 

~(~14~1~_4~~_4~~ 
GND 

GND-------.. 

In conventional push·pull bipolar designs. forward base drive 
is controlled by R,-R3. Rapid turn-off times for the power 
devices are achieved with speed-up capacitors C, and C2. 

FIGURE 12 - BIPOLAR PUSH·PULL CIRCUIT 

Vee---~-------_1~----__, 

TL1525A 

Vee Ve 
(131 

~{ 
(111 

(141 

GND· 

GND -------.. 

The low source impedance of the output drivers provides 
rapid charging of power FET input capacitance while 
minimizing external components. 

FIGURE 13 - LOW·IMPEDANCE BIPOLAR·DRIVE 
PUSH·PULL CIRCUIT 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Power-On Reset Generator 

• Automatic Reset Generation After Voltage 
Drop 

• Wide Supply Voltage Range. , , 1,8 V to 
40 V 

• Precision Voltage Sensor 

• Temperature-Compensated Voltage 
Reference 

• Externally-Adjustable Pulse Duration 

• Programmable Sense Voltage 

• Programmable Hysteresis 

description 

TYPES TL7700L TL7700C 
SUPPLY VOLTAGE SUPERVISORS 

02812, DECEMBER 1983 

D OR P DUAL·IN·LlNE PACKAGE 

(TOP VIEW) 

CT D8 RESET OUT 
SENSE INPUT 2 7 NC 

NC 3 6 NC 

GND 4 5 VCC 

NC ~ No internal connection 

The TL 7700 is a monolithic integrated circuit supply voltage supervisor specifically designed for use as 
a reset controller in microcomputer and microprocessor systems. During power-up the device tests the 
supply voltage and keeps the RESET output active as long as the supply voltage has not reached its nominal 
voltage value. The device internal time delay is determined by an external capacitor connected to the CT 
input (pin 1). 

td = 105 x CT 
Where: CT is in farads (F). 
td is in seconds (s) 

The TL77001 is characterized for operation from - 25°C to 85 °C; the TL7700C is characterized from 
O°C to 70°C. 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 41 V 
Input voltage at SENSE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to 41 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 5 mA 
Operating free-air temperature range: TL77001 ........................... - 25°C to 85 °C 

TL7700C ............................. ooC to 70°C 
Storage temperature range ......................... . -65°C to 150°C 

NOTE 1: All voltage values are with respect to the network ground terminal. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 1.8 40 V 

Low-level output current, IOL 3 rnA 

I TL77001 -25 85 
Operating free-air temperature, T A °e I TL7700e 0 70 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 

• Power-On Reset Generator 

• Automatic Reset Generation After Voltage 
Drop 

• Wide Supply Voltage Range ... 3 V to 18 V 

• Precision Voltage Sensor 

• Temperature-Compensated Voltage Reference 

• True and Complement Reset Outputs 

• Externally Adjustable Pulse Width 

description 

D2722, APRIL 1983-REVISED FEBRUARY 1984 

D OR P DUAL·IN-LINE PACKAGE 

(TOP VIEWI 

REF[jB VCC 
RESIN 2 7 SENSE INPUT 

CT 3 6 RESET 
GND 4 5 RESET 

The TL7702A series are monolithic integrated circuit supply voltage supervisors specifically designed for 
use as reset controllers in microcomputer and microprocessor systems. During power-up the device tests 
the supply voltage and keeps the RESET and RESET outputs active (high and low, respectively) as long 
as the supply voltage has not reached its nominal voltage value. Taking RESIN low has the same effect. 
To ensure that the microcomputer system has reset, the TL7702A then initiates an internal time delay 
that delays the return of the reset outputs to their inactive states. Since the time delay for most 
microcomputers and microprocessors is in the order of several machine cycles, the device internal time 
delay is determined by an external capacitor connected to the CT input (pin 3). 

td = 1.3- x 104 x CT 
Where: CT is in farads (F) and td is in seconds(s) 

In addition, when the supply voltage drops below the nominal value, the outputs will be active until the 
supply voltage returns to the nominal value. An external capacitor (typically 0.1 /LF) must be connected 
to the REF output (pin 1) to reduce the influence of fast transients in the supply voltage. 

The TL7702AI series is characterized for operation from -25°C to 85°C; the TL7702AC series is 
characterized from OOC to 70 oC. 

functional block diagram 

VCC~(8~1 ____________ -. ________________ ~ ________________ , 

CT~(3~1 ____________ -+ ______ ~ ________ ~ __ ~~~ 
SENSE (71 
INPUT 

Rl 
(See Note Al 

R2 
(See Note Al 

RESIN~(2~1 ____ ~ ______ -+ ______ ~ ____ ~ 
~ ____________ -+ ____________ ~~(~lIREF 

GND~(4~1 __ ~~ ______ ~ ____________________ ~~ __________ ~ 

NOTE A,: TL7702A: R1 = 0 II, R2 = open 
TL7705A: R1 = 7.8 kll, R2 = 10 kD 
TL7709A: R1 = 19.7 kll, R2 = 10 kD 
TL7712A: R1 = 32.7 kll, R2 = 10 kll 
TL7715A: R1 = 43.4 kD, R2 = 10 kO 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL7702A,TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 V 
Input voltage range at RESIN. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 20 V 
Input voltage at SENSE: 

TL7702A (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 6 V 
TL7705A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 10 V 
TL7709A .................................................... -0.3 V to 15 V 
TL7712A .................................................... -0.3 V to 20 V 
TL7715A .................................... , ............ '" -0.3 V to 20 V 

High-level output current at RESET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . .. - 30 mA 
Low-level output current at RESET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 mA 
Operating free-air temperature range: 

TL77_1 ..................................................... -25°Cto85°C 
TL77 -c ....................................................... ooc to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 
2. For the TL7702A, the voltage applied to the SENSE terminal must never exceed Vee· 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC 3.6 18 V 

High-level input voltage at RESIN, VIH 2 V 

Low·level input voltage at RESIN, VIL 0.6 V 

TL7702A 0 See Note 3 

TL7705A 0 10 

Voltage at sense input, VI: TL7709A 0 15 V 

TL7712A 0 20 

TL7715A 0 20 

High-leVel output current at RESET, IOH -16 mA 

Low·level output current at RESET, IOL 16 mA 

I TL77_1 -25 85 
·C Operating free-air temperature range, T A: I TL77 C 0 70 

o NOTE 3: For proper operation of the TL7702A. the voltage applied to the SENSE terminal should not exceed VCC-1 V or 6 V, whichever 

~ is less . 

• 
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TYPES TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 

electrical characteristics over recommended ranges of supply voltage. input voltage. output current. 
and free-air temperat,:,re (unless otherwise noted) 

PARAMETER TEST CONDITIONS t MIN TYP MAX UNIT 

VOH High-level output voltage at RESET IOH - -16 rnA Vee- I .S V 

VOL Low-level output voltage at RESET IOL = 16 rnA 0.4 V 

Vref Reference voltage TA - 25°C 2.48 2.53 2.58 V 

TL7702A 2.48 2.53 2.58 

Threshold voltage 
TL7705A 4.5 4.55 4.6 

VT TL7709A Vee = 3.6 V to 18 V 7.5 7.6 7.7 V 
at SENSE input 

TL7712A TA = 25°C 10.6 10.8 11 

TL7715A 13.2 13.5 13.8 

TL7702A 10 

TL7705A 15 

VT+ - VT- Hysteresis; at SENSE input TL7709A 
Vee = 3.6Vto 18V, 

20 rnV 

TL7712A 
TA = 25°C 

35 

TL7715A 45 

II Input current at RESIN input 
VI = 2.4 V to Vee 20 

VI - 0.4 V -100 
p.A 

II Input current at SENSE input I TL7702A Vref < VI < Vee -1.5 V 0.5 2 p.A 

IOH High-level output current at RESET Vo = 18 V 50 p.A 

IOL Low-level output current at RESET Vo -0 -50 ~A 

ICC Supply current All inputs and outputs open 1.8 3 rnA 

t All characteristics are measured with C = 0.1 J.tF from Pin 1 to GND, and with C = 0.1 JLF from Pin 3 to GND. 
:l:Hvsteresis is the difference between the positive-going input threshold voltage, VT +. and the negative-going input threshold voltage, VT _. 

TYPICAL CHARACTERISTICS 

+5V ----------------.-t_---, 
+12V -~~---, 

22 kO 

RESET (5) RESET 151 
SYSTEM RESET 

131 Cr 111 
REF 10 kg 

131 III 

Cr 0,1/tF Cr 0.1 p.F 

ov -~~e---t_~---~--_+-~~---~--~ 
1.3 X 104 

CrIFI= ---
td(sl 

I7l 

121 RESiN REsET 15) 

131 III 

0.1/lF 

-12V -~~---..... ~----' 

FIGURE I-MULTIPLE POWER SUPPLY SYSTEM RESET GENERATION 
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TYPES TL7702A,TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 

TYPICAL APPLICATION DATA 

VCC=+SV --~~------~~---~~---. 

GND 

Vcc= ISV 

GND 

181 TL770SA 10 kll 1121 TMS9940 

VCC VCC 

171 SENSE REm "'IS..,;I_ ... ...;.12_0,1 iiEsET 
(21 REsiN 

(31 CT 

CT 

1.3 X 104 
CT(FI = --­

td(sl 

(11 

(41 

FIGURE 2-RESET CONTROLLER FOR TMS9940 SYSTEM 

(81 TL771SA (211 TMS1000 

VCC 

(71 SENSE RESET fl...;61 __ ---'"19,1 IN IT 

(21 REsiN 

(31 

CT 

1.3 X 104 
CTIFI=~ 

(11 

FIGURE 3-RESET CONtROLLER FOR TMS1000 

VSS 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 150-mA Load Current Without External Power 
Transistor 

• Typically 0,02% Input Regulation and 
0,03% Load Regulation (uA723M) 

• Adjustable Current Limiting Capability 

• Input Voltages to 40 Volts 

• Output Adjustable from 2 to 37 Volts 

• Direct Replacement for Fairchild tLA723M and 
I'A723C 

description 

The uA723M and uA723C are monolithic integrated 
circuit voltage regulators featuring high ripple 
rejection, excellent input and load regulation, excellent 
temperature stability, and low standby current. The 
circuit consists of a temperature-compensated 
reference voltage amplifier. an error amplifier. a 
1 50-milliampere output transistor. and an adjustable 
output current limiter, 

TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

D1063, AUGUST 1972-REVISED DECEMBER 19B2 

uA723M ... J PACKAGE 
uA723C ... J OR N PACKAGE 

(TOP VIEWI 

NC NC 
CURR LIM FREO CaMP 

CURR,SENS: VCC+ 
IN-: Vc 
IN+ OUTPUT 

V(ref) Vz 

VCC- NC 

uA723M ... U PACKAGE 
(TOP VIEWI 

CURR SENS CURR LIM 
IN - FREO CaMP 

IN+ VCC+ 
V(ref) Vc 

V CC - """,-__ J"" OUTPUT 

NC - No internal connection 

The uA 723M and uA 723C are designed for use in positive or negative power supplies as a series. shunt. switching. 
or floating regulator. For output currents exceeding 1 50 mAo additional pass elements may be connected as shown 
in Figure 4 and 5. 

The uA 723M is characterized for operation over the full military temperature range of - 55°C to 125°C. The uA 723C· 
is characterized for operation from 0 DC to 70 DC. 

functional block diagram 

FREQUENCY 

vCC+ COMPE NSA TION 

Vc 

TEMPERATURE INVERTING 

COMPENSATED INPUT 

REFERENCE 
DIODE SERIES PASS 

v(rell TRANSISTOR 

NON· REGULATED 

INVERTING 
CURRENT OUTPUT 

INPUT 
LIMITER r: ---- ----, 

I I 

I ) 

I J and N I 
I I 

I Vz packages I 

VCC-
CURRENT CURRENT L ______ ~~_J 

LIMIT SENSE 

Copyright © 1982 by Texas Instruments Incorporated 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Peak voltage from VCC+ to VCC- (tw';;; 50 ms) 50V 
40V 
40V 
±5V 

. 8V 

Continuous voltage from VCC+ to VCC-
I nput-to-output voltage p ifferential 
Differential input voltage to error amplifier 
Voltage between non inverting input and VCC-
Current from Vz . . . . . . . . • . . . 
Current from V (ref) ......... . 
Continuous total dissipation at (or below) 25°C free·air temperature (see Note 1): 

J or N package .......•....•. 
U package .....•.. . •....•. 

Operating free·air temperature range: uA723M Circuits 
uA723C Circuits 

Storage temperature range • . . . • . . . 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, J or U package. 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, N package. . . 

25 rnA 
15mA 

1000mW 
. 675mW 

_55°C to 125°C 
O°C to 70°C 

-65°C to 150°C 
300°C 

. ..• 260°C 

NOTE 1: Power dissipation = lI(standby) + '(retl] Vee + IVe - Vol '0' For operation at elevated temperature, refer to Dissipation Derating Table. In 
the J package, uA 723M chips are alloy~mounted: uA 723C chips are glass-mounted. 

recommended operating conditions 

I nput voltage, V I . . . . . . . . • . . 
Output voltage, Vo • . • . . . . . . . 
Input·to·output voltage differential, Vc - Vo 
Output current, 10 . . . . . . . . . . 

electrical characteristics at specified free-air temperature (see Note 2) 

TEST CONDITIONSt 
uA123M 

PARAMETER 
MIN TYP MAX 

VI = 12VtoVI = 15V, 25°C 0.01% 0.1% 

Input regulation VI = 12VtoVI =40V 25°C 0.02% 0.2% 

V, = 12 V to VI - 15 V Full range 0.3% 

! = 50 Hz to 10kHz, C(re!) 0 25°C 74 
Ripple rejection 

! = 50 Hz to 10kHz, C(ref) - 5,..F 25°C 86 
25°C -0.03% -0.15% 

Output regulation '0 = 1 rnA to '0 = 50 rnA 
Full range -0.6% 

Reference voltage, V(ref) 25°C 6.95 7.15 7.35 

Standby current VI- 30 V, 10=0 25°C 2.3 3.5 

Temperature coefficient of 
Full range 0.002 0.Q15 

output voltage 

Short-circuit 
25°C 65 RSC = lOn, Vo=O 

output current 

BW - 100 Hz to 10 kHz, C(ref)- 0 25°C 20 
Output noise voltage, 

BW - 100 Hz to 10 kHz, C(re!) - 5,..F 25"C 2.5 

tFull range for uA723M is _55°C to 125°C and for uA723C is O°C to 70°C. 

MIN MAX UNIT 
9.5 40 V 

2 37 V 
3 38 V 

150 rnA 

uA123C 

MIN TYP MAX 
UNIT 

0.01% 0.1% 

0.1% 0.5% 

0.3% 

74 

86 
dB 

-0.03% -0.2% 

-0.6% 

6.8 7.15 7.5 V 

2.3 4 rnA 

0.003 0.Q15 %/oC 

65 rnA 

20 

2.5 
p.V 

NOTE 2: For all values in. this table the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier 

OS;;; 10 k,{}. Unless otherwise specified, VI ::;; VCC+ = Vc = 12 V, VCC- "" 0, Vo "" 5 V, 10"" 1 mA, RSC "" 0, and C{ref) "" O. 
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schematic 

500n 25kn 

JOkn 

5 
kn 

Vlref) 

1 kn 

20kn 

TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

Vcc+ Vc 

1 kn 

150n 

OUTPUT 

r ------------, 
I 6.2 V J AND N I 
: Vz 6~~~AGES I 
L... __________ ...1 

1------ ~Pr.\\~ENT 

~___________ ~~~:tNT 

NON· VCC- INVERTING 
INVERTING INPUT 

INPUT 

RESISTOR AND CAPACITOR VALUES SHOWN ARE NOMINAL. 

DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
POWER RATING FACTOR TA 

J (Alloy-Mounted Chip) 1000mW 11.0mWfC 59°C 

J (Glass·Mounted Chip) 1000mW 8.2mWfC 28°C 

N 1000 mW 9.2mWfC 41°C 

U 675mW 5.4 mWfC 25°C 

U) ... 
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TVPESuA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

TYPICAL APPLICATION DATA 

TABLE I 

RESISTOR VALUES Iknl FOR STANDARD OUTPUT VOLTAGES 

FIXED OUTPUT FIXED OUTPUT 

OUTPUT APPLICABLE OUTPUT ADJUSTABLE OUTPUT APPLICABLE OUTPUT ADJUSTABLE 

VOLTAGE FIGURES ±5% ±10% ISEE NOTE 4) VOLTAGE FIGURES ± 5% ±10% ISEE NOTE 4) 

IV) ISEE NOTE 3) R1 R2 R1 P1 R2 IV) ISEE NOTE 3) R1 R2 R1 P1 R2 

Ikfl) Iknl Ikfl) Ikfl) Ikfl) Ikfl) (knl (knl Iknl (kfl) 

+3.0 1,5,6,9,11, 4.12 3.01 1.8 0.5 1.2 +100 7 3.57 105 2.2 10 91 

12(4) 

+3.6 1,5,6,9,11, 3.57 3.65 1.5 0.5 1.5 +250 7 3.57 255 2.2 10 240 

12(4) 

+5.0 1,5,6,9,11, 2.15 4.99 0.75 0.5 2.2 -6 INote 5) 3, (10) 3.57 2.43 1.2 0.5 0.75 

12(4) 

+6.0 1,5,6,9,11, 1.15 6.04 0.5 0.5 2.7 -9 3,10 3.48 5.36 1.2 0.5 2.0 

12(4) 

+9.0 2,4,15,6, 1.87 7.15 0.75 1.0 2.7 -12 3,10 3.57 8.45 1.2 0.5 3.3 

9,12) 

+12 2,4,15,6, 4.87 7.15 2.0 1.0 3.0 -15 3,10 3.57 11.5 1.2 0.5 4.3 

9,12) 

+15 2,4,15,6, 7.87 7.15 3.3 1.0 3.0 -28 3,10 3.57 24.3 1.2 0.5 10 

9,12) 

+28 2,4,15,6, 21.0 7.15 5.6 1.0 2.0 -45 8 3.57 41.2 2.2 10 33 

9,12) 

+45 7 3.57 48.7 2.2 10 39 -100 8 3.57 95.3 2.2 10 91 

+75 7 3.57 78.7 2.2 10 68 -250 8 3.57 249 2.2 10 240 

TABLE II 
FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES 

Outputs from +2 to +7 volts Outputs from +4 to +250 volts 
[Figures 1, 5, 6,9,11,12, (4)] [Figure 7J 

Current Limiting 

Vo ~ Vlref) 
R2 x---

Rl + R2 
Vlref) R2 - Rl 

Vo ~ -2- X --Rl-; 
0.65 V 

I (limit) $¥ R;""" 

R3~ R4 

Foldback Current Limiting 
Outputs from +7 to +37 volts Outputs from -6 to -250 volts [Figure 6J 

[Figures 2, 4,15,6,9,11, 12)J [Figures 3. 8, 10J 
VOR3 + (R3 + R4) 0.65 V 

I(knee) ~ RscR4 
Vo ~ V(re!) 

Rl + R2 
X---

R2 

V (re!) Rl+R2 
Vo ~ - -2-X -R-l-; 

R3+ R4 0.65 V 
lOS "'--X 

R4 R3~ R4 Rsc 

NOTES: 3. The R1/R2 divider may be across either Va or V(ref)' If the divider is across V(ref) and 
uses figures without parentheses, use figures with parentheses when the divider is across 
Va· 

4. To make the voltage adjustable, the R 1/R2 divider shown in the figures must be replaced 
by the divider shown at the right. 

5. The device requires a minimum of 9 V between V CC+ and V CC- when Vo is equal to or 
more positive than -9 V. 

Rl 

Pl 

R2 

ADJUSTABLE OUTPUT CIRCUITS 
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TYPES uA723M. uA123C 
PRECISION VOLTAGE REGULATORS 

TYPICAL APPLICATION DATA 

R' 

NOTES. 

V, 

R1 • R2 
A. R3 = R"1+R'2 for minimum aVO· 

B. R3 may be eliminated for minimum 

component count. Use direct con­

nection O.e., A3 = 0). 

FIGURE l-BASIC LOW-VOLTAGE REGULATOR 
(VO = 2 TO 7 VOLTS) 

R4 = 
3kS"l 

R2 Vcc+ Vc 
OUT 

Vz f---<~+l 

CL 

CS REGULATED 
OUTPUT, Va 

FIGURE 3-NEGATIVE-VOLTAGE REGULATOR 

R' 

R2 

Vz 

CL 

CS 

2N5001 

RSC 

INV I-_ .... __ .... -<>~~~~~;,T~~ 

FIGURE 5-POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL P-N-P PASS TRANSISTOR) 

Vcc+ Vc 

V(refl 
OUT 

Vz 
RSC REGULATED 

CL OUTPUT, Va 

R1 . R2 
NOTES: A. R3 = ~ for minimum aVO-

B. R3 may be eliminated for minimum 

component count. Use direct con­
nection (Le., R3 = 0). 

FIGURE 2-BASIC HIGH-VOLTAGE REGULATOR 
(VO = 7 TO 37 VOLTS) 

V, 

Vcc+ 
V(ref) 

Vc 
OUT 

Vz 
CL 

CS 
REGULATED 

R1 OUTPUT, Va 

R2 

FIGURE 4-POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL N-P-N- PASS TRANSISTOR) 

R' 

R2 

V, 

Vcc+ 
V(ref) o~~ 1-_ .... Riii.SCii.-'«~~~~~~:,T~g 

-vz 
CL 

CS 

R3 

Vo 
lOS 

I 
I 

10 

FIGURE 6-FOLDBACK CURRENT LIMITING 

U) 
~ 

o .... 
C'CI 

"3 
C) 
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a: 
Q) 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

TYPICAL APPLICATION DATA 

2kll 

1N1826 VCC+ C 
OUT 2N5241 

V(ref) Vz (See Note 6) 

R4= R1 
3 kll 

RSC=111 

R3= R2 
3kll 500pF 

REGULATED 
OUTPUT,VO 

FIGURE 7-POSITIVE FLOATING REGULATOR 

Rl 

R2 

Rl 

3." 

Vcc+ 
V( ... ) II L=1.2mH 

(See Note 7) 

1-...... M1~-++--4--<> ~~~~f.TVeg 

FIGURE 9-POSITIVE SWITCHING REGULATOR 

Vz 

CL 

I-~~~ ____ --<>REGULATED 
OUTPUT, Vo 

NON· CSI--<l>---' 

INV INV 
VCC- COMP 

INPUT FROM 
SERIES 54n4 LOGIC 

NOTE A: Current limit transistor may be used for shutdown 

if current limiting Is not required. 

FIGURE 11-REMOTE SHUTDOWN REGULATOR WITH 
CURRENT LIMITING 

R2 

R1 

10 kll 

VCC+ Vc 
OUT 2N5241 

V(ref) Vz (See Note 6) 

R3= CL 

3kll CS 
NON· 
INV INV 
VCC-COMP 

R4= 
500pF 3kll REGULATED 

~~i:~====~====i=====j-----~-oOUTPUT,VO 

FIGURE 8-NEGATIVE FLOATING REGULATOR 

Vc 
OUT 

Vz 
CL 

CS 
1kn NON· 

'-...... ~..-l'NV INV 
V c- COMP 

R1 1Mn 
~15pF 

1N4006 

loo.F1 

2N3997 

II L= 1.2mH 
(See Note 7) 

REGULATED 
OUTPUT, Vo 

FIGURE 10-NEGATIVE SWITCHING REGULATOR 

Rl 

V, 

2N3997 

1 kll 
Vzl----"V""1-l 

CL 

cs 

10011 

REGULATED 
OUTPUT,Va 

(See Note 6) 

FIGURE 12-SHUNT REGULATOR 

NOTES: 5. The device requires a minimum of 9 V between VCC+ and VCC_ when Va is equal to or more positive than -9 V. 
6. When H)·lead uA723 devices are used in applications requiring VZ, an externaI6.2-V regulator diode must be connected in series 

with the Va terminal. 
7. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-387 potted core, or equivalent, with O.OQ9·inch air 

gap. 
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32 

LINEAR 
INTEGRATED 
CIRCUITS 

• 3-Terminal Regulators 

• Output Current up to 1.5 A 

• No External Components 

• Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct replacements for Fairchild MA7800 Series 

description 

This series of fixed-voltage monolithic integrated· 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-<:ard 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. 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. 

schematic 

SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 
D2154, MAY 1976-REVISEO DECEMBER 1982 

NOMINAL 

OUTPUT REGULATOR 

VOLTAGE 

5V uA7805C 

6V uA7806C 

8V uA7808C 

8.5 V uA7885C 

10V uA7810C 

12V uA7812C 

15V uA7815C 

18V uA7818C 

24V uA7824C 

KCPACKAGE 

(TOP VIEW) 

THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING 8ASE 

TO-220AB 

~' 

r--4r-------~~--------~----~~----~---OINPUT 

~.-----_+--~----~_.--4---~OUTPUT 

Resistor values shown are nominal and in ohms. 

Copyright © 1982 by Texas Instruments Incorporated 
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SERIES uA7800 
POSITIVE·VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

uA78 __ C UNIT 

luA7824C 40 
Input voltage I All others 

V 
35 

Continuous total dissipation at 25° C free-air temperature (see Note 1) 2 W 
Continuous total.dissipation at (or below) 2SoC case temperature (see Note 1) 15 W 
Operating free-air, case, or virtual junction temperature range o to 150 °c 
Storage temperature range -65 to 150 °c 
Lead temperature 1,6 mm (1/16 inch) frol)"l case for 10 seconds 260 °c 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 

these ratings should not be exceeded. Due to variations in individual device electrical characteristic"S and thermal resistance, the built-in thermal overload 

protection may be activated at power levels slightly above or below the rated dissipation. 

== E 
I 
c: 
0 
.~ 

c. 
'i 
0 
'" ::J 
0 
::J 
c: . ., 
c: 
0 

C) 

E 
::J 
E 
'x 
co 

:;; 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

2000 

1800 ~ 
1600 

1400 

1200 

1000 

800 

600 

400 

200 

o 
25 

'" '" "-~ 
"-

"'-
Derating factor = 16 mWfC .'" ROJA" 62.5°CIW '" 50 75 100 125 

T A~F ree-Air Temperature-°c 

FIGURE 1 

recommended operating conditions 

Input voltage. VI 

Output current, 10 

Operating virtual junction temperature, T J 

== I 
c: 
0 
.~ 

c. 
'~ 

0 
'", 

::J 
0 
::J 
c: . ., 
c: 
0 

C) 

E 
::J 
E 
'x .. 
:;; 

'" 150 

16 

14 

12 

10 

8 

6 

4 

2 

o 
25 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

\ 
\ 

\ 
\ 
\ 
1\ 

Derating factor = 0.25 wf C \ 
above 90°C 

ROJC '" 4°C/W \ 
50 75 100 125 150 

Tc-Case Temperature-OC 

FIGURE 2 

MIN MAX UNIT 

uA7805C 7 25 

uA7806C 8 25 

uA7808C 10.5 25 

uA7885C 10.5 25 

uA7810C 12.5 28 
V 

uA7812C 14.5 30 

uA7815C 17.5 30 

uA7818C 21 33 

uA7824C 27 38 

1.5 A 

0 125 °c 
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TYPES uA7805C, uA7806C 
POSITIVE·VOLTAGE REGULATORS 

uA7805C electrical characteristics at specified virtual junction temperature, 
VI = 10 V, 10 = 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 10 = 5 rnA to 1 A, VI = 7 V to 20 V, aOc to 125°C 
P'; 15W 

Input regulation 
VI=7Vto25V 

VI=8Vto12V 
25°C 

Ripple rejection VI=8Vto18V, f=120Hz aOc to 125°C 

10 - 5 rnA to 1.5 A 
Output regulation 

10 = 250 rnA to 750 rnA 
25°C 

Output resistance f = 1 kHz O°C to 125°C 

Temperature coefficient 

of output. voltage 
10=5rnA O°C to 125°C 

Output noise voltage f= 10 Hz to 100 kHz 25°C 

Dropout voltage 10=1 A 25°C 

Bias current 25°C 

Bias current change 
VI=7Vto25V 

Cfc to 125°C 
10=5rnAto 1 A 

Short-circuit output current 25°C 

Peak output current 25°C 

uA7806C electrical characteristics at specified virtual junction temperature, 
V I = 11 V, 10 = 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 10 5rnAto 1 A, 

P'; 15W 

VI=8Vto21 V, 
O°C to 125°C 

VI- 8V to 25V 
Input regulation 

VI=9Vto13V 
25°C 

Ripple rejection VI = 9 V to 19 V, f=120Hz O°C to 125°C 

10 = 5 mA to 1.5A 
25°C Out.put regulation 

10 = 250 rnA to 750 mA 

Output resistance f-l kHz O°C to 125°C 

Temperature coefficient 
lo=5mA O°C to 125°C 

of output voltage 

Output noise voltage f = 10 Hz to 100 kHz 25°C 

Dropout voltage 10= 1 A 25°C 

Bias current 25°C 

VI =8Vto25V 
O°C to 125°C Bias current change 

10 - 5 rnA to 1 A 

Short-circuit output current 25°C 

Peak output current 25°C 

uA7805C 
UNIT 

MIN TYP MAX 

4.8 5 5.2 

V 
4.75 5.25 

3 100 

1 50 
rnV 

62 78 dB 

15 100 
rnV 

5 50 

0.017 !1 

-1.1 rnVfC 

40 /'V 

2.0 V 

4.2 8 rnA 

1.3 
rnA 

0.5 

750 rnA 

2.2 A 

uA7806C 
UNIT 

MIN TYP MAX 

5.75 6 6.25 

5.7 6.3 
V 

5 120 
mV 

1.5 60 

59 75 dB 

14 120 
mV 

4 60 

0.019 !1 

-0.8 mVfC 

45 /,V 

2.0 V 

4,3 8 mA 

1.3 
rnA 

0.5 

550 mA 

2.2 A 

t All characteristics are measured with a capacitor across the input of 0.33 J.l.F and a capacitor across the output of 0.1 /JF. All character~ 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw <;. 10 ms, dutY cycle <;. 5%). Output voltage 

changes due to changes in internal temperature must be taken into account separately. 
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TYPES uA7808C. uA7885C 
POSITIVE·VOLTAGE REGULATORS 

uA7808C electrical characteristics at specified virtual junction temperature, 
VI = 14 V, 10 = 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 10=5mAtol A. VI=10.5Vt023V. 
O°C to 12SoC 

P,,15W 

VI = 10.5V t025V 
25°C Input regulation 

VI=llVto17V 

Ripple rejection VI = 11.5 V to 21.5 V. 1=120Hz O°C to 125°C 

Output regulation 
10 = 5 mA to 1.5 A 

25°C 
10 = 250 mA to 750 mA 

Output resistance 1= 1 kHz O°C to 125°C 

Temperature coefficient 

of output voltage 
10=5mA O°C to 125°C 

Output noise voltage 1= 10 Hztol00kHz 25°C 

Dropout voltage 10= 1 A 25°C 

Bias current 25°C 

Bias current change 
VI = 10.5 V to 25 V 

O°C to 12SoC 
10=5mAto 1 A 

Short-circuit output current 25°C 

Peak output current 25°C 

< uA7885C electrical characteristics at specified virtual junction temperature, ' 
o VI = 15 V, 10 = 500 mA (unless otherwise noted) 
;::;' 
D) 

(Q 
CD 

:x:J 
CD 

(Q 
c: 
Dr 
r+ o ... 
tn 

II 

PARAMETER 

Output voltage 

Input regulation 

Ripple rejection 

Output regulation 

Output resistance 

Temperature coefficient 

of output voltage 

Output noise voltage 

Dropout voltage 

Bias current 

Bias current change 

Short-circuit output current 

Peak output current 

TEST CONDITIONSt 

10 - 5 mA to 1 A. V I = 11 V to 23.5 V. 

P,,15W 

VI=10.5V'025V 

VI=11Vt017V 

VI = 11.5 V to 21.5 V. 1=120Hz 

10 - 5 mA to 1.5 A 

10 = 250 mA to 750 mA 

1-1 kHz 

lo=5mA 

1= 10 Hz to 100 kHz 

10-1 A 

VI=10.5Vt025V 

10.=5mAto 1 A 

,25°C 

o°c to 125°C 

25°C 

O°C to 125°C 

25°C 

O°C to 125°C 

O°C to 125°C 

25°C 

25°C 

25°C 

O°C to 12SoC 

25°C 

25°C 

uA7808C 

MIN TYP MAX 
UNIT 

7.7 8 8.3 

V 
7.6 8.4 

6 160 
mV 

2 80 

56 72 dB 

12 160 
mV 

4 80 

0.Q16 n 

~0.8 mVfC 

52 "V 
2.0 V 

4.3 8 mA 

1 
mA 

0.5 

450 mA 

2.2 A 

uA7885C 

MIN TVP 
UNIT 

MAX 

8.15 8.5 8.85 

8.1 8.9 
V 

6 170 
mV 

2 85 

54 70 dB 

12 170 

4 85 
mV 

0.Q16 n 

-0.8 mVfC 

55 "V 
2.0 V 

4.3 8 mA 

1 
mA 

0.5 

450 mA 

2.2 A 

t All characteristics are measured with a capacitor across the input of 0.33 ~F and Ii' capacitor across the output of O. 1 ~F. All character­
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw <; 10 ms, duty cycle <; 5%). Output voltage 
changes due to changes In Internal temperature must be taken into account separately. 
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TYPES uA7810C. uA7812C 
POSITIVE·VOLTAGE REGULATORS 

uA7810C electrical characteristics at specified virtual junction temperature, 
VI = 17 V, 10 = 500 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25'C 

Output voltage 10 - 5 rnA to 1 A, 

P'; 15W 

VI-12.5 V to 25 V, 
o°c to 125°C 

VI = 12.5 V to 28 V 
25'C Input regulation 

VI - 14 V to 20 V 

Ripple rejection VI-13 V to 23 V, 1=120Hz 0'Cto'125'C 

10 - 5 rnA to 1.5 A 
25'C Output regulation 

10 = 250 rnA to 750 rnA 

Output resistance 1 - 1 kHz O'C to 125'C 

Temperature coefficient 
10= 5 rnA O°C to 125°C 

of output voltage 

Output noise voltage 1= 10 Hzto 100kHz 2S'C 

Dropout voltage 10= 1 A 25'C 

Bias current 25'C 

VI = 12.5 V to 28 V 
Bias current change O°C to 125°C 

10- 5 rnA to 1 A 

Short-circuit output current 25'C 

Peak output current 25'C 

uA7812C electrical characteristics at specified virtual junction temperature, 
VI = 19 V, 10 = 500 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25'C 

Output voltage 10 = 5 rnA to 1 A, VI = 14.5 V to 27 V, 
O'C to 125'C 

P'; 15W 

VI = 14.5 V to 30 V 
25'C Input regulation 

VI=16Vt022V 

Ripple rejection VI = 15Vt025V, 1-120 Hz O'C to 125'C 

10 - 5 rnA to 1.5 A 
25'C Output regulation 

10 - 250· rnA to 750 rnA 

Output resistance 1 = 1 kHz O°C to 12SoC 

Temperature coefficient 
10=5rnA O'C to 125'C 

of output voltage 

Output noise voltage 1 = 10 Hz to 100 kHz 25'C 

Dropout voltage 10= 1 A 25'C 

Bias current 25'C 

VI=14.5Vt030V 
Bias current change 

10-SrnAto 1 A 
aOc to 125°C 

Short-circuit output current 25 C 

Peak output current 25'C 

uA7810C 

MIN TYP MAX 
UNIT 

9.6 10 10.4 

V 
9.5 10 10.5 

7 200 
rnV 

2 100 

55 71 dB 
12 200 

rnV 
4 100 

0.D18 n 

-1,0 rnVt'C 

70 !'V 

2.0 V 

4.3 8 rnA 

1 
rnA 

0.5 

400 rnA 

2.2 A 

uA7812C 

MIN TYP MAX 
UNIT 

11.5 12 12.5 

V 
11.4 12.6 

10 240 
rnV 

3 120 

55 71 dB 
12 240 

rnV 
4 120 

0.018 n 

-1.0 rnVt'C 

75 !'V 

2.0 V 

4.3 8 rnA 

1 
rnA 

O.S 

350 rnA 

2.2 A 

t All characteristics are measured with a capacitor across the input of 0.33 J,lF and a capacitor across the output of 0.1 IJF. All character­
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw " 10 ms, ~uty cycle" 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 

en ... 
o ... 
C'CI 

"5 
en 
Q) 

a: 
Q) 
en 
C'CI ... 
"0 
> 

• 

TEXAS 
INSTRUMENTS 

6-179 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



TYPES uA7815C, uA7818C 
POSITIVE·VOLTAGE REGULATORS 

uA7815C electrical characteristics at specified virtual junction temperature, 
VI = 23 V, 10 = 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 10 = 5 rnA to 1 A, 

P"15W 

VI=17.5Vt030V, 
O°C to 125°C 

VI = 17.5 V to 30 V 
25°C 1 nput regulation 

VI=20Vt026V 

Ripple rejection VI = 18.5 V to 28.5 V, f= 120 Hz O°C to 125°C 

Output regulation 
10 = 5 rnA to 1.5 A 

25°C 
10 = 250 rnA to 750 rnA 

Output resistance f - 1 kHz aOc to 125°C 

Temperature coefficient 
10 = 5 rnA O°C to 125°C 

of output voltage 

Output noise voltage f = 10Hz to 100 kHz 25°C 

Dropout voltage 10=1 A 25°C 

Bias current 25°C 

VI = 17.5Vt030V 
d'c to 12SoC· Bias current change 

10 - 5 rnA to 1 A 

Short-circuit output current 25°C 

Peak output current 25°C 

< uA7818C electrical characteristics at specified virtual junction temperature, 
o VI = 27 V, 10 = 500 mA (unless otherwise noted) 
::;' 
I» 

CC 
CD 

:%J 
CD 

CC 
c: 
iii' 
r+ 
o 
; 

11 

PARAMETER 

Output voltage 

Input regulation 

Ripple rejection 

Output regulation 

Output resistance 

Temperature coefficient 

of output voltage 

Output noise voltage 

Dropout voltage 

Bias current 

Bias current change 

Short-circuit output current 

Peak output current 

TEST CONDITIONst 

10 = 5 rnA to 1 A, VI = 21 V to 33 V, 

P,,15W 

VI =21 Vt033V 

VI-24Vt030V 

VI = 22 V to 32 V, f= 120Hz 

10 5 rnA to 1.5A 

10 - 250 rnA to 750 rnA 

f = 1 kHz 

10 = 5 rnA 

f = 10Hz to 100 kHz 

10=1 A 

VI=21 Vt033V 

10= 5 rnA to 1 A 

25°C 

O°C to 125°C 

25°C 

O°C to 125°C 

25°C 

O°C to 125°C 

O°C to 125°C 

25°C 

25°C 

25°C 

OoC to 125°C 

25°C 

25°C 

uA7815C 
UNIT 

MIN TYP MAX 

14.4 15 15.6 

14.25 15.75 
V 

11 300 

3 150 
mV 

54 70 dB 

12 300 
rnV 

4 150 

0.019 n 

-1.0 rnVfC 

90 p.V 

2.0 V 

4.4 8 rnA 

1 
rnA 

0.5 

230 rnA 

2.1 A 

uA7818C 

MIN TYP MAX 
UNIT 

17.3 18 18.7 

17.1 18.9 
V 

15 360 
rnV 

5 180 

53 69 dB 

12 360 
mV 

4 180 

0.022 n 

-1.0 mVfC 

110 /LV 

2.0 V 

4.5 8 rnA 

1 
rnA 

0.5 

200 rnA 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 IJF and a capacitor across the output of 0.1 IJF. All character· 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycle" 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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TYPES uA7822C, uA7824C 
POSITIVE·VOLTAGE REGULATORS 

uA7824C electrical characteristics at specified virtual junction temperature, 
VI = 33 V, 10 = 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITlONSt 

25'C 

Output voltage 10-5rnAto 1 A. V,-27Vt038V. 
O°C to 125°C 

P'; ISW 

V, = 27 V to 38 V 
Input regulation 

V, = 30 V to 36 V 
25'C 

Ripple rejection V,- 28 V to 38 V. f - 120 Hz O'C to 12S'C 

10 - 5 rnA to 1.5A 
25'C Output regulation 

10 - 250 rnA to 750 rnA 

Output resistance f - 1 kHz OCto125C 

Temperature coefficient 
10 = 5 rnA O'C to 125'C 

of output voltage 

Output noise voltage j=10Hztol00kHz 25°C 

Dropout voltage 10= 1 A 25°C 

Bias current 25°C 

V,=27Vt038V 
Bias current change O°C to 125°C 

10 = S rnA to 1 A 

Short-circuit output current 25°C 

Peak output current 25°C 

uA7824C 

MIN TYP MAX 
UNIT 

23 24 25 

V 
22.S 25.2 

18 480 
rnV 

6 240 

50 66 dB 

12 480 
rnV 

4 240 

0.028 !1 

-1.5 rnVtC 

170 ~V 

2.0 V 

4.6 8 rnA 

1 
rnA 

0.5 

150 rnA 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 ,uF and a capacitor across the output of 0.' IJF. All character· 
istie5 except noise voltage and ripple rejection ratio are measured using pulse techniques (tw:S;;; 10 ms, duty cycle -s;;; 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 3-Terminal Regulators 

• Output Current up to 100 rnA 

• No External Components 

• Internal Thermal Overload Protection 

• Unusually High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Direct Replacement for Fairchild JiA78LOO 
Series 

description 

This series of fixed-voltage monolithic integrated­
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. In 
addition, they can be used with power-pass elements 
to make high-current voltage regulators. One of these 
regulators can deliver up to 100 mA of output current. 
The internal current limiting and thermal shutdown 
features of these regulators make them essentially 
immune to overload. When used as a replacement for 

a Zener-diode-resistor combination, an effective 
improvement in output impedance of typically two 
orders of magnitude can be obtained together with 

lower-bias current. 

schematic 

SERIES uA78LOO 
POSITIVE·VOLTAGE REGULATORS 

D2203. JANUARY 1976-REVISED AUGUST 1983 

NOMINAL 5% 10% 

OUTPUT OUTPUT VOLTAGE OUTPUT VOLTAGE 

VOLTAGE TOLERANCE 

2.6 V uA78L02AC 
5V uA78L05AC 

6.2 V UA78L06AC 
8V uA78L08AC 
9V uA78L09AC 

10 V uA78L10AC 
12 V uA78L 12AC 
15 V uA78L 15AC 

JG 

DUAL·IN·LINE PACKAGE 

(TOP VIEWI 

'N,",u°"'''"' NC 2 7 NC 
NC 3 6 COMMON 
NC 4 5 NC 

~ 
NC - No Internal connection 

TOLERANCE 

uA78L02C 
uA78L05C 
uA78L06C 
uA78L08C 
uA78L09C 
uA78L10C 
uA78L12C 
uA78L15C 

LP 

SILECT PACKAGE 

ITOP VIEW) CI ,"eo, ~ COMMON ,., 
n OUTPUT '-' 

TO·226AA , 
OCI 

,---~----------------------~------~r---~~--~--oINPUT 

20 kf! 

,----+-----+-+--~--~--~--OOUTPUT 

1 kf! TO 14kf! 

1.4 kf! 

L-------~r-~----~--~--~~--------~--------+_----_oCOMMON 

Resistor values shown are nominal 

Copyright © 1977 by Texas Instruments Incorporated 

U) ... 
o 
+' 
C'O 
:; 
en 
Q) 

a: 
Q) 
en 
C'O 
+' 
"0 
> 

TEXAS 
INSTRUMENTS 

6-183 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



< o 
::+ 
m 

CQ 
CD 

:l:J 
CD 

CQ 
r::: ar 
f+ o 
Cil 

• 

SERIES uA78LOO 
POSITIVE·VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

uA78L02AC.uA78L02C 
uA78L12AC.uA78L12C 

THRU UNIT 
uA78L10AC. uA78L10C 

uA78L15AC.uA78L15C 

Input voltage 30 35 V 
Continuous total dissipation at 25°C free-air I JG package 825 825 
temperature (see Note 1) I LP package 775 

mW 
775 

Continuous total dissipation at (or below) 25 ac case temperature 
1600 1600 mW 

(see Note 1) 

Operating free-air, case, or virtual junction temperature range o to 1?0 o to 150 °C 
Storage temperature range -65 to 150 -65 to 150 °C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 260 260 °C 

NOTE 1: For operation aboye 25°C free-air temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal 
overload protection may be activated at power levels slightly above o~ below the rated dissipation. 

s: 
E 
I 
c 
.2 
'\;; 
a. 

'= 0 
M 

" 0 

" 'S c 
0 u 
E 
" E 
'j( 
IV :a: 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

JGI package 
I I 

Derating factor = 6.6 m~fC -
R8JA"" 151°C/W -

~ I 
'-': 

, 
~ 

~JG 
LP" ~ 
~ 

LP package "-Derating factor = 6.2 mWfC ....... 
~ R8JA"" 160oC/W 

See Note 2 
o 
25 50 75 100 

~ 
125 150 

TA-Free-Air Temperature-oC 

FIGURE 1 

s: 
E 
I 
c 
.g 
'\;; 
a. 

'= 0 
M :s 
0 :s c 
'~ 
0 u 
E :s 
E 
'j( .. :a: 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

"- \ 
JG package '\. i\LP 
Derating factor = 

"- \ 17.2mWfC 
above 57°C JG,\ \ R8JC"" 58·C/W 

I "-
LP package '" \ 400 

200 

Derating factor = 28.6 mWfC '\...\ above 94°C 

R8JC'" 35°C/W 
o 
25 50 75 100 125 

Tc-Case Temperature-oC 

FIGURE 2 

~ 
150 

NOTE 2: This curve for the LP package is based on thermal resistance, A9JA, measured in still air with the device mounted in an. Augat socket. The bottom 
of the package was 3/8 inch above the socket. 

recommended operating conditions 

MIN MAX UNIT 
uA78L02C. uA78L02AC 4.75 20 
uA78L05C. uA78L05AC 7 20 
uA78L06C. uA78L06AC 8.5 20 

Input voltage. VI 
uA78L08C. uA78L08AC 10.5 23 

V 
uA78L09C. uA78L09AC 11.5 24 
uA78L10C. uA78L10AC 12.5 25 
uA78L12C. uA78L12AC 14.5 27 
uA78L15C. uA78L15AC 17.5 30 

Output current, 10 100 mA 
Operating virtual junction temperature, T J 0 125 °C 
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SERIES uA78LDD 
POSITIVE·VOL TAGE REGULATORS 

uA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature, 
VI = 9 V, 10 = 40 mA (unless otherwise noted) 

TEST CONDITIONS t 
uA78L02AC uA78L02C 

PARAMETER 
MIN TYP MAX MIN 

25°C 2.5 2.6 2.7 2.4 

Output voltage VI = 4.75 V to 20 V, 10 = 1 rnA to 40 rnA 2.45 2.75 2.35 
oaCto 125°C 

10 = 1 rnA to 70 rnA 2.45 2.75 2.35 

VI = 4.75 V to 20 V 20 100 
Input regulation 25°C 

VI = 5 V to 20 V 16 75 

Ripple rejection VI = 6Vto16V, I = 120 Hz 25°C 43 51 42 

10 = 1 rnA to 100 rnA 12 50 
Output regulation 25 DC 

'a = 1 rnA to 40 rnA 6 25 

Output noise voltage f = 10 Hz to 100 kHz 25°C 30 

Dropout voltage 25°C 1.7 

25°C 3.6 6 
Bias current 

125°C 5.5 

VI = 5 V to 20 V 2.5 
Bias current change DoC to 125°C 

10 - 1 rnA to 40 rnA 0.1 

uA78L05AC, uA78L05C electrical characteristics at specified virtual junction temperature, 
VI = 10 V, 10 = 40 mA (unless otherwise noted) 

TYP 

2.6 

20 

16 

51 

12 

6 

30 

1.7 

3.6 

TEST CONDITIONS t 
uA78L05AC uA78L05C 

PARAMETER 
MIN TYP MAX MIN TYP 

25°C 4.8 5 5.2 4.6 5 

Output voltage VI = 7 V to 20 V. 10 = 1 rnA to 40 rnA 4.75 5.25 4.5 
ODCto 125°C 

'0 = 1 rnA to 70 rnA 4.75 5.25 ' 4.5 

VI = 7 V to 20 V 32 150 32 
Input regulation 25°C 

VI = 8 V to 20 V 26 100 26 

Ripple rejection VI = 8Vto 18V, I = 120 Hz 25°C 41 49 40 49 

10 = 1 rnA to lOa rnA 15 60 15 
Output regulation 25°C 

'0 = 1 rnA to 40 rnA 8 30 8 

Output noise voltage f = 10 Hz to 100 kHz 25°C 42 42 

Dropout voltage 25°C ·1.7 1.7 

25°C 3.8 6 3.8 
Bias current 

125°C 5.5 

VI = 8 V to 20 V 1.5 
Bias current change OOC to 125°C 

10 - 1 mA to 40 rnA 0.1 

UNIT 
MAX 

2.8 

2.85 V 

2.85 

125 
mV 

100 

dB 

50 
mV 

25 

,V 

V 

6 
rnA 

5.5 

2.5 
rnA 

0.2 

UNIT 
MAX 

5.4 

5.5 V 

5.5 

200 
mV 

150 

dB 

60 
mV 

30 

,V 

V 

6 
rnA 

5.5 

1.5 
mA 

0.2 

t All characteristics are measured with a capacitor across the input of 0.33 ILF and a capacitor across the output of 0.1 ILF. All characteristics except noise 

voltage and ripple rejection ratio are measured using pulse tchniques (tw s 10 ms, duty cycle :s 5%1. Output voltage changes due to changes in internal 

temperature must be taken into account separately. 
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SERIES uA78LOO 
POSITIVE·VOLTAGE REGULATORS 

uA78L06AC, uA78L06C electrical characteristics at specified virtual junction temperature, 
VI = 12 V, 10 =' 40 mA (unless otherwise noted) 

TEST CONOITIONS t 
uA78L06AC uA78L06C 

PARAMETER 
MIN TYP MAX. MIN 

25'C 5.95 6.2 6.45 5.7 

Output voltage VI = 8.5 V to 20 V, 10 = 1 rnA to 40 rnA 5.9 6.5 5.6 

10 = 1 mAto 70 mA 
OOCto 125~C 

5.9 6.5 5.6 

VI = 8.5 V to 20 V 35 175 
Input regulation 25°C 

VI = 9 V to 20 V 29 125 

Ripple rejection VI = 10Vt020V, I = 120Hz 25°C 40 48 39 

'0 = , rnA to 100 rnA 16 80 
Output regulation 25'C 

10 = 1 rnA to 40 rnA 9 40 

Output noise voltage f = 10Hzto 100kHz 25°C 46 

Dropout voltage 25°C 1.7 

25°C 3.9 6 
Bias current 

125'C 5.5 

VI = 9Vt020V 1.5 
Bias current change OOeto 125°C 

10 - 1 mAto40mA 0.1 

uA78L08AC; uA78L08C electrical characteristics at specified virtual junction temperature, 
VI = 14 V, 10 = 40 mA (unless otherwise noted) . 

TYP 

6.2 

35 

29 

48 

16 

9 

46 

1.7 

3.9 

TEST CONDITIONS t 
uA78LOSAC uA78L08C 

PARAMETER 
MIN TYP MAX MIN TYP 

25°C 7.7 8 8.3 7.36 8 

Output voltage VI = 10.5 V to 23 V, 10 = 1 mAto40mA 7.6 8.4 7.2 
OOC to 125°C 

10 = 1 mAto70mA 7.6 8.4 7.2 

VI = 10.5 V to 23 V 42 175 42 
Input regulation 25°C 

VI = 11 V to 23 V 36 125 36 

Ripple rejection VI = 13 V to 23 V, I = 120 Hz 25'C 37 46 36 46 

'o=lmAtol00mA 18 80 18 
Output regulation 25°C 

10 = 1 mAto 40 mA 10 40 10 

Output noise voltage f = 10 Hz to 100kHz 25'C 54 54 

Dropout voltage 25'C 1.7 1.7 

25°C 4 6 4 
Bias current 

125°C 5.5 

VI = 11 V to 23 V 1.5 
Bias curront ch8nge OOCto 125°C 

10 - 1 mAto40mA 0.1 

UNIT 
MAX 

6.7 

6.8 V 

6.8 

200 
mV 

150 

dB 

80 
mV 

40 

.V 

V 

6 
mA 

5.5 

1.5 
mA 

0.2 

UNIT 
MAX 

8.64 

8.8 V 

8.8 

200 
mV 

150 

dB 

80 
mV 

40 

.V 

V 

6 
mA 

5.5 

1.5 
mA 

0.2 

t All characteristics are measured with a capacitor across the input of 0.33 p.F and a capacitor across the output of 0.1 p.F: All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw :s; 10 ms, duty cycle ~ 5%). Output voltage changes due to changes in internal 

temperature must be taken into account separately. 
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SERIES uA78LOO 
POSITIVE·VOLTAGE REGULATORS 

uA78L09AC. uA78L09C electrical characteristics at specified virtual junction temperature. 
VI = 16 V. 10 = 40 mA (unless otherwise noted) 

TEST CONDITIONS t 
uA78L09AC uA78L09C 

PARAMETER 
MIN TYP MAX MIN 

25°C B.6 9 9.4 B.3 

Output voltage VI = 12 V to 24 V, 10 = 1 mAto40mA B.55 9.45 B.l 
DoC to 125°C 

10 = 1 rnA to 70 rnA B.55 9.45 B.l 

VI ~ 12 V to 24 V 45 175 
Input regulation 25"C 

VI ~ 13 V to 24 V 40 125 

Ripple rejection VI ~ 13 V to 24 V, I ~ 120Hz 25°C 37 45 36 

10 = 1 rnA to 100 rnA 19 90 
Output regulation 25°C 

10 = 1 rnA to 40 mA 11 40 

Output noise voltage f - lOHzto 100kHz 25"C 5B 

Dropout voltage 25 DC 1.7 

25°C 4.1 6 
Bias current 

125°C 5.5 

VI ~ 13 V to 24 V 1.5 
Bias current change O°Cto 125 D C 

10 = 1 rnA to 40 rnA 0.1 

uA78L 1 OAC. uA78L 1 OC electrical characteristics at specified virtual junction temperature. 
VI = 17 V. 10 = 40 mA (unless otherwise noted) 

TYP 

9 

45 

40 

45 

19 

11 

5B 

1.7 

4.1 

TEST CONDITIONS t 
uA78L10AC uA78L 10C 

PARAMETER 
MIN TYP MAX MIN TYP 

25"C 9.6 10 10.4 9.2 10 

Output voltage VI ~ 13 V to 25 V, 10 = 1 mAto40mA 
ODGto 125°C 

9.5 10.5 9 

10 = 1 rnA to 70 rnA 9.5 10.5 9 

VI = 13 V to 25 V 51 175 51 
Input regulation 25°C 

VI = 14Vto25V 42 125 42 

Ripple rejection VI ~ 14Vt025V, I ~ 120Hz 25"C 37 44 36 44 

10 -1 mAtol00mA 20 90 20 
Output regulation 25"C 

10 = 1 mAto40mA 11 40 11 

Output noise voltage f - 10 Hz to 100 kHz 25°C 62 62 

Dropout voltage 25°C 1.7 1.7 

25°C 4.2 
Bias current 

6 4.2 

125°C 5.5 

VI = 14 V to 25 V 1.5 
Bias current change ODCto 126 DC 

10 = 1 rnA to 40 mA 0.1 

UNIT 
MAX 

9.7 

9.9 V 

9.9 

225 
mV 

175 

dB 

90 
mV 

40 

.V 

V 

6 
mA 

5.5 

1.5 
mA 

0.2 

UNIT 
MAX 

10.8 

10 V 

10 

225 
mV 

175 

dB 

90 
mV 

40 

.V 

V 

6 
mA 

5.5 

1.5 
mA 

0.2 

t All characteristics are measured with a capacitor across the input of 0.33 I'F and a capacitor across the output of 0.1 I'F. All characteristics except noise 

voltage and ripple rejection ratio are measured using pulse techniques (tw :S 10 rns, duty cycle :s 6%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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SERIES uA78LOO 
POSITIVE-VOLTAGE REGULATORS 

uA78L 12AC, uA78L 12C electrical characteristics at specified virtual junction temperature, 
VI = 19 V, 10 = 40 mA (unless otherwise noted) 

TEST CONDITIONS t 
uA78L12AC uA78L12C 

PARAMETER 
MIN TYP MAX MIN 

25°C 11.5 12 12.5 11.1 

Output voltage VI ~ 14.5 V to 27 V. 10 = 1 rnA to 40 rnA 11.4 12.6 10.8 
O°C to 125°C 

10 = 1 rnA to 70 rnA 11.4 12.6 10.8 

VI = 14.5 V to 27 V 55 250 
Input regulation 25°C 

VI ~ 16 V to 27 V 49 200 

Ripple rejection VI = 15 V to 25 V, f ~ 120 Hz 25°C 37 42 36 

10 = 1 rnA to 100 rnA 22 100 
Output regulation 25°C 

10 = 1 rnA to 40 rnA 13 50 

Output noise voltage f = 10Hztol00kHz 25°C 70 

Dropout voltage 25°C 1.7 

25°C 4.3 6.5 
Bias current 

125°C 6 

VI = 16Vto27V 1.5 
Bias current change aoc to 125°C 

10 = 1 rnA to 40 rnA 0.1 

uA 78L 15AC, uA 78L 15C electrical characteristics at specified virtual junction temperature, 
VI = 23 V, 10 = 40 mA (unless otherwise noted) 

TYP 

12 

55 

49 

42 

22 

13 

70 

1.7 

4.3 

TEST CONDITIONS t 
uA78l15AC uA78L15C 

PARAMETER 
MIN TYP MAX MIN TYP 

25°C 14.4 15 15.6 13.8 15 

Output voltage VI = 17.5 V to 30 V, 10 = 1 rnA to 40 rnA 14.25 15.75 13.5 
aoc to 125°C 

10 = 1 rnA to 70 rnA 14.25 15.75 13.5 

VI~17.5Vt030V 65 300 65 
Input regulation 25°C 

VI = 20 V to 30 V 58 250 58 

Ripple rejection VI - 18.5 to 28.5 V. f - 120 Hz 25°C 34 39 33 39 

10 = 1 mAte lOOmA 25 150 25 
Output regulation 25°C 

10 = 1 rnA to 40 rnA 15 75 15 

Output noise voltage f = 10 Hz to 100 kHz 25°C 82 82 

Dropout voltage 25°C 1.7 1.7 

25°C 4.6 6.5 4.6 
Bias current 

125°C 6 

VI"" 10Vto30V 1.5 
Bias current change O°C to 125°C 

10 = 1 mA to ,40 mA 0.1 

UNIT 
MAX 

12.9 

13.2 V 

13.2 

250 
mV 

200 

dB 

100 
mV 

50 

"V 

V 

6.5 
rnA 

6 

1.5 
rnA 

0.2 

UNIT 
MAX 

16.2 

16.5 V 

16.5 

300 
mV 

250 

dB 

150 
mV 

75 

"V 

V 

6.5 
rnA 

6 

1.5 
rnA 

0.2 

t All characteristics are measured with a capacitor across the input of 0.33 ItF and a capacitor across the output of 0.1 p.F. All characteristics except noise 

voltage and ripple rejection ratio are measured using pulse techniques (tw ;5; 10 ms, duty cycle ;5; 5%). Output voltage changes due to changes in internal 

temperature must be taken into account separately. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 3-Terminal Regulators 

• Output Current up to 500 mA 

• No External Components 

• Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct ,Replacements for Fairchild I'A78MOO 
Series and National LM78MXX and LM341 
Series 

description 

This series of fixed-voltage monolithic integrated­
circuit voltage regulators is designed for a wide range 
of applications, These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. 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. 

terminal assignments 

uA78M_M .•• JG PACKAGE 

(TOP VIEWI 

COMMOND8 NC 
NC 2 7 NC 

NC 3 6 OUTPUT 

INPUT 4 5 NC 

NC - No internal connection. 

NOMINAL 

OUTPUT 

VOLTAGE 

5V 

6V 

BV 

10V 

12 V 

15 V 

20 V 

24 V 

PACKAGES 

SERIES uA78MOO 
POSITIVE-VOLTAGE REGULATORS 

02214, JUNE 1976-REVISED SEPTEMBER 1983 

-55°C to l5DoC DOC to 125°C 

OPERATING OPERATING 

TEMPERATURE RANGE TEMPERATURE RANGE 

uA7BM05M uA7BM05C 

uA7BM06M uA7BM06C 

uA7BMOBM uA78MOBC 

uA7BM10M uA7BM10C 

uA7BM12M, uA7BM12C 

uA7BM15M uA7BM15C 

uA7BM20C 

uA78M24C 

JG KC 

schematic 

140 INPUT 
k 

Resistor values shown are nominal and in ohms. 

uA78M_C ••. KC PACKAGE 

(TOPVIEWI 

THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 

~' 

0.6 

OUTPUT 

COMMON 

Copyright © 1983 by Texas Instruments Incorporated 
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SERIES uA78MOO 
POSITIVE·VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

uA78M05M 

THRU 

uA78M24M 

uA78M20 thru uA78M24 
Input voltage 

All others 35 

Continuous total dissipation at 25°C free-air temperature JG package 1.05 

(see Note 1) KC (TO-220AB) package 

Continuous total dissipation at (or below) 25 ac case temperature 
KC package 

(see Note 1) 
Operating free-air, case, or virtual junction temperature range -55 to 150 

Storage temperature range 65 to 150 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds KC package 

uA78M05C 

THRU UNIT 

uA78M24C 

40 
35 

V 

2 
W. 

7.5 W 

o to 150 °C 

65 to 150 °C 

°C 

260 °C 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 through 3. To avoid exceeding the design maximum virtual junction temperature. 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 

recommended operating conditions 

MIN MAX UNIT 

uA78M05M, uA78M05C 7 25 

uA78M06M, uA78M06C 8 25 

uA78M08M, uA78M08C 10.5 25 

uA78Ml0M, uA78Ml0C 12.5 28 

Input voltage, VI uA78M12M, uA78M12C 14.5 30 V 

uA 78M 15M, uA 78M 15C 17.5 30 

uA78M20C 23 35 

uA78M24C 27 38 

Output current, 10 All devices 500 mA 

uA78M05M thru uA78M15M 55 150 
Operating virtual junction temperature, T J °C 

uA78M05C thru uA78M24C 0 125 

6-190 TEXAS 
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uA78M05M, uA78M05C electrical characteristics at specified virtual junction temperature, 
VI = 10 V, 10 = 350 rnA (unless otherwise noted) 

TEST CONDITIONS t 
uA78M05M 

PARAMETER 
MIN TYP MAX 

25 DC 4.8 5 5.2 

Output voltage 
la ~ 5 mA to 350 mA 

VI - 8 V to 20 V - 55 DC to 150 DC 4.7 5.3 

VI ~ 7 V to 20 V oDe to 125 De 

VI ~ 7 V to 25 V 3 50 

Input regulation la ~ 200 mA VI ~ 8 V to 20 V 25 De 1 25 

VI ~ 8 V to 25 V 

- 55 De to 150 De 62 

Ripple rejection 
VI ~ 8 V to 18 V, la ~ 100mA 

oDe to 125 De 
f ~ 120 Hz 

la - 300 mA 25 De 62 80 

la - 5 mA to 500 mA 20 50 
Output regulation 25 De 

la - 5 mA to 200 mA 10 25 

'.'" -55°C to 25°C -2 
Temperature coefficient 

la ~ 5 mA 25 DC to 150 DC -1.5 
of output voltage 

oDe to 125 De 

Output noise voltage f ~ 10Hz to 100 kHz 25 De 40 200 

Dropout voltage 25 De 2 2.5 

Bias current 25 De 4.5 7 
55 DC to 150 DC 0.8 

la ~ 200 mA, VI ~ 8 V to 25 V 
ODeto125 De 

Bias current change 
- 55 De to 150 De 0.5 

la ~ 5 mA to 350 mA 
oDe to 125 De 

Short-circuit 
VI ~ 35 V 25 De 300 600 

output current 

Peak output current 25 De 0,5 0.7 1,4 
----- -_. 

uA78M05C 

MIN TYP 
UNIT 

MAX 

4.8 5 5.2 

V 

4.75 5.25 

3 100 

mV 

1 50 

62 dB 

62 80 

20 100 
mV 

10 50 

mV/De 

-1 

40 200 ~V 

2 2.5 V 

4.5 6 mA 

0.8 
mA 

0.5 

300 mA 

0.7 A 

t All characteristics are measured with a capacitor across the input of 0.33 flF and a capacitor across the output of 0.1 IlF. All characteristics except noise voltage and ripple 

rejection ratio are measured using pulse techniques (tw :"'",; 1 a ms, duty cycle :0:; 5%). Output voltage changes due to changes in internal temperature must be taken into account 

separately. 
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uA78M06M, uA78M06C electrical characteristics at specified virtual junction temperature, 
VI = 11 V, 10 = 350 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA7!1M06M 

MIN TYP MAX 

25°C 5.75 6 6.25 

Output voltage 
10 = 5 rnA to 350 rnA 

VI - 9 V to 21 V 55°C to 150°C 5.7 6.3 

VI - 8 V to 21 V O°C to 125°C 

VI - 8 V to 25 V 5 60 

Input regulation 10 = 200 rnA VI - 9 V to 20 V 25°C 1.5 30 

VI = 9 V to 25 V 

-55°C to 150°C 59 

Ripple rejection 
VI = 9 V to 19 V, 10 = 100 rnA 

O°C to 125°C 
f = 120 Hz 

10 - 300 rnA 25°C 59 80 

10 - 5 rnA to 500 rnA 20 60 
OutpLlt regulation 25°C 

10 = 5 rnA to 200 rnA 10 30 

-55°C to 25°C -2.4 
Temperature coefficient 

10 = 5 rnA 
, 

25°C to 150°C -1.8 
of output voltage 

O°C to 125°C 

Output noise voltage f = 10Hz to 100 kHz 25°C 45 240 

Dropout voltage 25°C 2 2.5 

Bias current 25°C 4.5 7 

- 55°C to 150°C 0.8 
10 = 200 rnA, VI = 9 V to 25 V 

O°C to 125°C 
Bias current change 

- 55°C to 150°C 0.5 
10 = 5 rnA to 350 rnA 

O°C to 125°C 

Short-circuit 
VI = 35 V 25°C 270 600 

output current 

Peak output current 25°C 0.5 0.7 1.4 

uA78M06C 

MIN TYP MAX 
UNIT 

5.75 6 6.25 

V 

5.7 6.3 

5 100 

mV 

1.5 50 

59 dB 

59 80 

20 120 
mV 

10 60 

mV/oC 

-1 

45 ~V 

2 V 

4.5 6 rnA 

0.8 
rnA 

0.5 

270 rnA 

0.7 A 

t All characteristics are measured with a capacitor across the input of 0.33 JlF and a capacitor across the output of 0.1 ,.F. All characteristics except noise voltage and ripple 

rejection ratio are measured using pulse techniques Itw :::; 10 ms, duty cycle :$ 5%). Output voltage changes due to changes in internal temperature must be taken into account 

separately. 
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uA78M08M, uA78M08C electrical characteristics at specified virtual junction temperature, 
VI = 14 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
uA7BMOBM 

MIN TYP MAX 

25'C 7.7 8 8.3 

Output voltage 
10 ~ 5 mA to 350 mA 

VI ~ 11.5 V to 23 V - 55'C to 150'C 7.6 8.4 

VI - 10.5 V to 23 V O'C to 125'C 

VI - 10.5 V to 25 V 6 60 

Input regulation 10 ~ 200 mA VI - 11 V to 20 V 25°C 2 30 

VI - 11 V to 25 V 

VI ~ 11.5Vto21.5V, 10 ~ 100 mA 
Ripple rejection 

f ~ 120 Hz 

-55°C to 150°C 56 

0°Cto125°C 

10 ~ 300 mA 25°C 56 80 

Output regulation 
10 ~ 5 mA to 500 mA 25 80 

10 ~ 5 mA to 200 mA 
25°C 

10 40 

Temperature coefficient 
-55°C to 25°C -3.2 

10 ~ 5 mA 25°C to 150°C -2.4 
of output voltage 

ooe to 125°C 

Output noise voltage f ~ 10Hz to 100 kHz 25°C 52 320 

Dropout voltage 25°C 2 2.5 

Bias current 25°C 4.6 7 

VI - 11.5 V to 25 V -55°Cto150°C 0.8 
10 ~ 200 mA, 

VI ~ 10.5 V to 25 V O°C to 125°C 
Bias current change 

- 55°C to 150°C 0.5 
10 ~ 5 mA to 350 mA 

O°C to 125°C 

Short-circuit 
VI ~ 35 V 25°C 250 600 

output current 

Peak output current 25°C 0.5 0.7 1.4 

uA7BMOBC 
UNIT 

MIN TYP MAX 

7.7 8 8.3 

V 

7.6 8.4 

6 100 

mV 

2 50 

56 dB 

56 80 

25 160 
mV 

10 80 

mV/oC 

-1 

52 ~V 

2 V 

4.6 6 mA 

0.8 
mA 

0.5 

250 mA 

0.7 A 
---- --

t All characteristics are measured with a capacitor across the input of 0.33 p.F and a capacitor across the output of 0.1 JLF. All characteristics except noise voltage and ripple 

rejection ratio are measured using pulse techniques (tw ::S 10 ms, duty cycle ::s 5%). Output voltage changes due to changes in internal temperature must be taken into account 

separately. 
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uA78M10M, uA78M10C electrical characteristics at specified virtual junction temperature, 
VI = 17 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONOITIONst 
uA7BM10M 

MIN TYP MAX 

25°C 9.6 10 10.4 

Output voltage 
10 ~ 5 mA to 350 mA 

VI ~ 13.5 V to 25 V -55°C to 150°C 9.5 10.5 

VI - 12.5 V to 25 V O°C to 125°C 

VI - 12.5 V to 28 V 7 60 

Input regulation 10 ~ 200 mA VI - 14 V to 20 V 25°C 2 30 

VI - 14 V to 28 V 

VI ~ 15 V to 25 V, 10 ~ 100 mA 
55°C to 150°C 55 

Ripple rejection OOC to 125°C 
f ~ 120 Hz 

10 - 300 mA 25°C 55 80 

10 - 5mAt0500mA 25 100 
Output regulation 25°C 

10 - 5mAt0200mA 10 50 

55°C to 25°C .4 
Temperature coefficient 

10 ~ 5 mA 25°C to 150°C 3 
of output voltage 

OOCto 125°C 

Output noise voltage f - 10 Hz to 100 kHz 25°C 64 

Dropout voltage 25°C 2 2.5 

Bias current 25°C 4.7 6 

VI - 13.5 V to 28 V - 55°C to 150°C 0.8 
10 ~ 200 mA, 

VI - 12.5 V to 28 V OOCto 125°C 
Bias current change 

55°C to 150°C 0.5 
10 ~ 5 mA to 350 mA 

OOCto 125°C 

uA7BM10C 

MIN TYP MAX 
UNIT 

9.6 10 10.4 

V 
9.5 10.5 

7 100 

mV 

2 50 

55 dB 

55 80 

25 200 
mV 

10 100 

" 
mV/oC 

-1 

64 ~V 

2 V 

4.7 6 mA 

0.8 
mA 

0.5 

Short-circuit 
VI ~ 35 V 25°C 245 600 245 mA I output current 

~_output current 25°C 0.5 0.7 1.4 0.7 A 

tAli characteristics are measured with a capacitor across the input of 0.33 IlF and a capacitor across the output of 0.1 Jl-F. All characteristics except noise voltage and ripple 

rejection ratio are measured using pulse techniques (tw S 10 ms, duty cycle s 5%). Output voltage chan'l8s due to changes in internal temperature must be taken into account 

separately. 
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uA78M12M. uA78M12C electrical characteristics at specified virtual junction temperature. 
VI = 19 V. 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA78M12M 

MIN TYP MAX 

25°C 11.5 12 12.5 

Output voltage VI - 15.5 V to 27 V -55°C to 150°C 11.4 12.6 
10 = 5 rnA to 350 rnA 

VI - 14.5 V to 27 V OOC to 125°C 

VI - 14.5 V to 30 V 8 60 

Input regulation 10 = 200 rnA VI- 16Vt025V 25°C 2 30 

VI - 16 V to 30' V 

VI = 15 V to 25 V. 10 = 100 rnA 
55°C to 150°C 55 

Ripple rejection OOCto 125°C 
f = 120 Hz 

10 - 300 rnA 25°C 55 80 

10 - 5 rnA to 500 rnA 25 120 
Output regulation 25°C 

10 - 5 rnA to 200 rnA 10 60 

55°C to 25°C 4.8 
Temperature coefficient 

10 = 5 rnA 25°C to 150°C -3.6 
of output voltage 

OOCt0125°C 

Output noise voltage f - 10 Hz to 100 kHz 25°C 75 480 

Dropout voltage 25°C 2 2.5 

Bias current 25°C 4.8 7 

VI - 15 V to 30 V - 55°C to 150°C 0.8 
10 = 200 rnA. I VI = 14.5 V to 30 V O°C to 125°C 

Bias current change 

10 = 5 rnA to 350 rnA 
55°C to 150°C 0.5 

OOC to 125°C 

Short-circuit 
VI = 35 V 25°C 240 600 

output current 

Peak output current 25°C 0.5 0.7 1.4 

uA78M12C 

MIN TYP MAX 
UNIT 

11.5 12 12.5 

V 

11.4 12.6 

8 100 

rnV 

2 50 

55 dB 

55 80 

25 240 

10 120 
rnV 

rnV/oC 

-1 

75 ~V 

2 V 

4.8 6 rnA 

0.8 
rnA 

0.5 

240 rnA 

0.7 A 

tAli characteristics are measured with a capacitor across the input of 0.33 J.'F and a capacitor across the output of 0.1 p.F. All characteristics except noise voltage and ripple 

rejection ratio are measured using pulse techniques (tw ~ 10 ms, duty cycle ~ 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 

II Voltage Regulators 
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uA78M15M. uA78M15C electrical characteristics at specified virtual junction temperature. 
VI = 23 V. 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
uA'78M15M 

MIN TYP MAX 

25°C 14.4 15 15.6 

Output voltage 
10 = 5 mA to 350 mA 

VI = 18.5Vt030V -55°C to 150°C 14.25 15.75 

VI - 17.5 V to 30 V OOCto 125°C 

Input regulation 10 = 200 mA 
VI - 17.5Vt030V 10 60 

VI = 20 V to 30 V 25°C 3 30 

10 = 100 mA 
- 55.oC to 150°C 54 

Ripple rejection 
VI = 18.5 V to 28.5 V, 

OOCto 125°C 
1 = 120 Hz 

10 - 300 mA 25°C 54 70 

Output regulation 
10 - 5 mA to 500 mA 25 150 

25°C 
10 - 5mAt0200mA 10 75 

55°C to 25°C -6 
Temperature coefficient 

10 = 5mA 25°C to 150°C -4.5 
01 output voltage 

OOCto 125°C 

Output noise voltage 1 - 10Hzto 100kHz 25°C 90 600 

Dropout voltage 25°C 2 2.5 

Bias current 25°C 4.8 7 

10 = 200 mA, 
I VI - 18.5 V to 30 V - 55°C to 150°C 0.8 

IVI- 17.5Vt030V OOC to 125°C 
Bias current change 

- 55°C to 150°C 0.5 
10 = 5 mA to 350 mA 

OOCto 125°C 

Short-circuit 
VI = 35 V 25°C 240 600 

output current 

Peak output current 25°C 0.5 0.7 1.4 

uA78M15C 
UNIT 

MIN TYP MAX 

14.4 15 15.6 

V 

14.25 15.75 

10 100 

3 
mV 

50 

54 d8 

54 70 

25 300 
mV 

10 150 

rnV/oC 

-1 

90 pV 

2 V 

4.8 6 mA 

0.8 

0.5 
mA I 

240 rnA I 
0.7 A l 

tAli characteristics are measured vyith a capacitor across the input of O.33/LF and a capacitor across the output of 0.1 JlF. All characteristics except noise voltage and ripple 

rejection ratio are measured using pulse techniques (tw :S 10 ms, duty cycle s 5%). Output voltage changes due to changes in internal temperature must be taken into account 

separately. 

"'V::c! = "'V ~rn 
-len 
<= .,,:za 
<....,. = eo 
!:is: :za­
I:)CI'I 

rn~ 
::a = rn:za 
1:)...., 
Ceo I"'"s: :za_ 
-ICI'I 

~n 
en 



Cl 
~ 

~ 
ii_ 
:::z 
;~d 
;:;c:~ 
~~ 
"", :=z 
~crl 
x 
/:, 
m 
~ 
m 
m 

'?' 
(0 
-..J 

uA 78M20C electrical characteristics at specified virtual junction temperature, 
VI = 29 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

Output voltage 
10 ~ 5 mA to 350 mA, VI ~ 23 V to 35 V 

25°C 

OOC to 125°C 

Input regulation 10 ~ 200 mA 
VI ~ 23 V to 35 V 

VI ~ 24 V to 35 V 
25°C 

Ripple rejection 
VI - 24 V to 34 V, 10 ~ 100 mA o °e to 125°C 

f ~ 120 Hz 25°C 10 ~ 300 rnA 

Output regulation 
10 ~ 5 rnA to 500 rnA 

10 - 5 mA to 200 mA 
25°C 

Temperature coefficient 

of output voltage 
10 ~ 5 mA ooe to 125°C 

Output noise voltage f ~ 10Hz to 100 kHz 25°C 

Dropout voltage 25°C 

Bias current 25°C 

Bias current change 
10 ~ 200 rnA, VI ~ 23 V to 35 V ooe to 125°C 

10 - 5 mA to 350 rnA ooe to 125°C 

Short-circuit 
VI ~ 35 V 25°C 

output current 

Peak output current 25°C 

uA78M20C 

MIN TYP MAX 
UNIT 

19.2 20 20.8 
V 

19 21 

10 100 

5 50 
mV 

53 

53 70 
dB 

30 400 
mV 

10 200 

-1.1 rnv/oe 

110 ~V 

2 V 

4.9 6 mA 

0.8 

0.5 
mA 

240 mA 

0.7 A 

tAU characteristics are measured with a capacitor across the input of O.33J.(F and a capacitor across the output of 0.1 JLF. All characteristics except noise voltage and ripple 

rejection ratio are measured using pulse techniques (tw s 10 ms, duty cycle:::;:; 5%). Output voltage changes due to changes in internal temperature must be taken into account 

separately. 

iii Voltage Regulators 
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uA78M24C electrical characteristics at specified virtual junction temperature. 
V, = 33 V. 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 
Output voltage 

VI = 27 V to 38 V 10 = 5 rnA to 350 rnA, ooe to 125°C 

VI - 27 V to 38 V 
Input regulation 10 = 200 rnA 

VI = 28 V to 38 V 

VI = 28 V to 38 V, 10 = 100 rnA 
-55°C to 150°C 

Ripple rejection 
1=120Hz 

OOeto 125°C 

10 - 300 rnA 25°C 
10 - 5 rnA to 500 rnA 

Output regulation 25°C 
10 - 5 rnA to 200 rnA 

Temperature coefficient 
10 = 5 rnA ooe to 125°C 

01 output voltage 

Output noise voltage 1 - 10 Hz to 100 kHz 25°C 
Dropout voltage 25°C 
Bias current 25°C 

10 - 200 rnA, VI - 27 V to 36 V ooe to 125°C 
Bias current change 

10 - 5 rnA to 350 rnA ooe to 125°C 

Short-circuit 
VI = 35 V 25°C 

output current 

Peak output current 25°C 

uA78M24C 

MIN TYP MAX 
UNIT 

23 24 25 

22.8 25.2 
V 

10 100 

5 50 
rnV 

50 dB 

50 70 

30 480 

10 240 
rnV 

-1.2 rnv/oe 

170 ~V 

2 V 

5 6 rnA 

0.8 

0.5 
rnA 

240 rnA 

0.7 A 

tAli characteristics are measured wltn a capacitor across the input of 0.33 pF and a capacitor across the output of 0.' I'F. All characteristics except noise voltage and ripple 

rejection ratio are measured using pulse techniques (tw :S 10 ms, duty cycle :s 5%1. Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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SERIES uA78MOO 
POSITIVE·VOL TAGE REGULATORS 

THERMAL INFORMATION 

KC PACKAGE 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 3-Terminal Regulators 

• Output Current up to 1.5 A 

• No External Components 

• Internal Thermal Overload Protection 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Essentially Equivalent to National LM320 Series 

• Direct Replacements for Fairchild IlA7900 Series 
and National LM79XX Series 

description 

This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA7800 in a wide range of 
applications. These applications include on-card regu­
lation for elimination of noise and distribution 
problems associated with single-point regulation, Each 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload, I n addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adiustable 
output voltages and currents and also as the power 
pass element in precision regulators. 

schematic 
12Vto18V 

SERIES uA7900 
NEGATlVE·VOLTAGE REGULATORS 

02215, JUNE 1976-REVISED AUGUST 1983 

NOMINAL 

OUTPUT REGULATOR 

VOLTAGE 

-5 V uA7905C 

-5.2 V uA 7952C 

-6 V uA7906C 

-8 V uA7908C 

-12 V uA7912C 

-15 V uA7915C 

-18 V uA7918C 

-24 V uA7924C 

KCPACKAGE 

ITOPVIEW) 

~OUTPUT 
INPUT 
COMMON 

THE INPUT TERMINAL IS IN 
E LECTR ICA L CONTACT WITH 
THE MOUNTING BASE 

TO·220AB 

-----.-.---------.------~----~~COMMON 

INPUT ..... ~ ..... --__l .... --INPUT .... ~ ..... --__l .... 

All component values are nominal. 

OUTPUT 
6.2V 

20 k!1 

Copyright © 1983 by Texas Instruments Incorporated 
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SERIES uA7900 
NEGATIVE-VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Input vo1tage I uA7924C 

I All others 
Continuous total dissipation at 2ffc free--air temperature (see Note 1) 

Continuous total dissipation at (or below) 2EfC case temperature (see Note 1) 

Operating free-air, case, or virtual junction temperature range 

Storage temperature range 

Lead temperature 3,2 mm (1/8 inch) from case for 10 seconds 

uA7905C 

THRU UNIT 

uA7924C 

-40 
V 

....;J5 

2 W 

15 W 

o to 150 °c 
~5to 150 °c 

260 °c 
NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature. 

these r.atings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the builNn thermal overloa~ 
protection may be activated at power levels slightly above or below the rated dissipation. 
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FIGURE 1 

recommended operating conditions 

Input voltage, VI 

Output current, 10 

Operating virtual junction temperature, TJ 
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CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

\ 

\ 

1\ 
\ 

\ 
\ 

2 
Derating factor = 0.25 wfc \ 

above 90°C 

o 
25 

ROJC ""4°CIW 

50 75 100 125 

Tc-Case Temperature-OC 

FIGURE 2 

MIN MAX 

-7 -25 

-7.2 -25 

--8 -25 

-10.5 -25 

-14.5 -30 

-17.5 -30 

-21 -33 

-27 -38 

1.5 

0 125 

\ 
150 

UNIT 

V 

A 

°c 
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TYPES uA79D5C, uA7952C 
NEGATIVE-VOLTAGE REGULATORS 

uA7905C electrical characteristics at specified virtual junction temperature, 
VI = -10 V, 10 = 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONst 

2S"C 

Output voltage 10 - 5 rnA to 1 A. 

p .. 15W 

VI~-7Vto-20V, 
O"Cto 125"C 

VI- -7 V to -25 V 
Input regulation 

VI~-8Vto-12V 
2S"C 

Ripple rejection VI~-8Vto-18V. I~ 120Hz O"Cto 125"C 

10 ~ 5 rnA to 1.5 A 
Output regulation 

10 - 250 rnA to 750 rnA 
2S"C 

Temperature coefficient 
10 ~ 5 rnA oOe to 125°C 

of output voltage 

Output noise voltage I ~ 10 Hz to 100 kHz 2S"C 

Dropout voltage 10-1 A 25"C 

Bias current 2S"C 

VI ~ -7 V to -25 V 
O"C to 125"C Bias current change 

10 ~ 5 rnA to 1 A 

Peak output current 25"C 

uA7952C electrical characteristics at specified virtual junction temperature, 
VI = -10 V, 10 = 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONst 

2S"C 

Output voltage 10 ~ 5 rnA to 1 A, VI ~ -7.2 V to -20 V, 
O"Cto 125"C 

P .. 15W 

VI--7.2Vto-25V 
25"C Input regulation 

VI- -8.2 V to -12 V 

Ripple rejection VI ~ -8.2 V to -18 V, I-120Hz oOe to 125°C 

10 - 5 rnA to 1.5 A 
25"C' Output regulation 

10 ~ 250 rnA to 750 rnA 

Temperature coefficient 

of output voltage 
10 ~ 5 rnA O"C to 125"C 

Output noise voltage I ~ 10Hz to 100 kHz 25"C 

Dropout voltage 10~ 1 A 25"C 

Bias current 25"C 

VI~-7.2Vto-25V 
O"C to 125"C Bias current change 

10~5rnAto 1 A 

Peak output current 25"C 

uA790SC 

MIN TYP MAX 
UNIT 

-4.8 -S -5.2 

-4.75 -5.25 
V 

12.5 50 
rnV 

4 15 

54 60 dB 

15 100 
rnV 

5 50 

-0.4 rnVtC 

125 IlV 

1.1 V 

1.5 2 rnA 

0.15 O.S 
rnA 

0.08 0.5 

2.1 A 

uA79S2C 
UNIT 

MIN TYP MAX 

-5 -5.2 -5.4 

V 
-4.95 -5.45 

12.5 100 
rnV 

4 50 

54 60 dB 

15 100 
rnV 

5 50 

-0.4 rnVtC 

125 IlV 

1.1 V 

1.5 2 rnA 

0.15 1.3 
rnA 

0.08 0.5 

2.1 A 

t All characteristics are measured with a solid-tantalum capacitor across the input of 2 ~F and a solid-tantalum capacitor across the output of 1 ~F. All 

characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques hw :5 10 ms, duty cycle ::s; 5% J. Output voltage changes 

due to changes in internal temperature must be taken into account separately. 
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TYPES uA7906C, uA7908C 
NEGA TlVE·VOL TAGEREGULATORS 

uA7906C electrical characteristics at specified virtual junction temperature, 
VI = -11 V, 10 = 500 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 10 ~ 5 rnA to 1 A. VI ~-8 V to -21 V. aOc to 12S"C 
P'; 15W 

VI~-8Vto-25V 
Input regulation 

VI~-9Vto-13V 
25°C 

.R ipple rejection VI--9Vto-19V. f~ 120Hz O°C to 125°C 

10 - 5 rnA to 1.5 A 
Output regulation 

10 ~ 250 rnA to 750 rnA 
25°C 

Temperature coefficient 
10 = 5 rnA aOc to 125°C 

of output voltage 

Output noise voltage f~10Hzto100kHz 25°C 

Dropout vol,age 10-1 A 25°C 

Bias current 25°C 

V - -S V to -25 V 
OoC to 125°C Bias current change 

10 = 5 rnA to 1 A 

Peak output current 25°C 

uA7908C electrical characteristics at specified virtual junction temperature, 
VI = -14 V, 10 = 500 rnA (unless otherwise noted) . 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 16 ~ 5 rnA to 1 A. VI ~ -10.5 V to -23 V. 
O°Cto 125°C 

P'; 15W 

VI- -10.5 V to -25 V 
25°C Input regulation 

VI~-11Vto-17V 

Ripple rejection VI~-11.5Vto-21.5V. f ~ 120Hz O°C to 125°C 

10 ~ 5 rnA to 1.5 A 
Output regulation 

10 = 250 rnA to 750 rnA 
25°C 

Temperature coefficient 
10=5rnA aOc to 125°C 

of output voltage 

Output noise voltage f~10Hzto100kHz 25°C 

Dropout voltage 10~.1 A 25°C 

Bias current 25°C 

VI = -10.5 V to -25 V aOc to 125°C Bias current change 
10= 5 rnA to 1 A 

Peak output current 25°C 

uA7906C 
UNIT 

MIN TYP MAX 

-5.75 -6 -6.25 

V 
-5.7 -6.3 

12.5 120 

4 60 
rnV 

54 60 dB 
15 120 

rnV 
5 60 

-0.4 rnVtC 

150 ~V 

1.1 V 

1.5 2 rnA 

0.15 1.3 
rnA 

O.OS 0.5 

2.1 A 

uA790SC 
UNIT 

MIN TYP MAX 

-7.7 -S -S.3 

V 
-7.6 -S.4 

12.5 160 
rnV 

4 SO 

54 60 dB 

15 160 
rnV 

5 80 

-0.6 rnVtC 

200 ~V 

1.1 V 

1.5 2 rnA 

0.15 1 
rnA 

0.08 0.5 

2.1 A 

t All characteristics are measured with a solid-tantalum capacitor across the input of 2 ,..:F and a solid-tantalum capacitor across the output of 1 p.F. All 

characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw ~ 10 ms, duty cycle ~ 5%). Output voltage changes 

due to changes in internal temperature must be taken into account separately. 
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TYPES uA7912C. uA7915C 
NEGATIVE·VOLTAGE REGULATORS 

uA7912C electrical characteristics at specified virtual junction temperature, 
VI = -19 V, 10 = 500 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 10 = 5 rnA to 1 A, 

PoE; 15W 

VI = -14.5 V to -27 V, 
oOeto 125°C 

VI = -14.5 V to -30 V 
I nput regulation 

VI--16Vto-22V 
25°C 

Ripple rejection VI--15Vto-25V, 1=120Hz oOe to 125°C 

Output regulation 
10 - 5 rnA to 1.5 A 

10 - 250 rnA to 750 rnA 
25°C 

Temperature coefficient 
10= 5 rnA oDe to 125°C 

of output voltage 

Output noise voltage I = 10Hz to 100 kHz 25°C 

Dropout voltage 10= 1 A 25°C 

Bias current 25°C 

VI- -14.5 V to -30 V oDe to 125°C Bias current change 
10=5rnAto 1 A 

Peak output current 25"e 

uA7915C electrical characteristics at specified virtual junction temperature, 
VI = -23 V, 10 = 500 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 10 = 5 rnA to 1 A, 

PoE; 15W 

VI = -17.5 V to -30 V, 
oOe to 125°C 

VI = -17.~ V to -30 V 
I "put regulation 

VI--20Vto-26V 
25°C 

Ripple rejection VI - -18.5 V to -28.5 V, I-120Hz OC eta 125°C 

Output regulation 
10 - 5 rnA to 1.5 A 

10 - 250 rnA to 750 rnA 
25°C 

Temperature coefficient 
10= 5 rnA oOe to 125°C 

of output voltage 

Output noise voltage f = 10Hz to 100kHz 25"e 

Dropout voltage 10= 1 A 25°C 

Bias current 25°C 

VI- -17.5 V to -30 V 
Bias current change 

10=5rnAto 1 A 
oOe to 125'C 

Peak output current 25"C 

uA7912C 

MIN TVP MAX 
UNIT 

-11.5 -12 -12.5 

-11.4 -12.6 
V 

5 80 

3 30 
rnV 

54 60 dB 

15 200 
rnV 

5 75 

-0.8 rnVre 

300 ~V 

1.1 V 

2 3 rnA 

0.04 0.5 
rnA 

0.06 0.5 

2.1 A 

uA7915C 
UNIT 

MIN TVP MAX 

-14.4 -15 -15.6 

V 
-14.25 -15.75 

5 100 
rnV 

3 50 

54 60 dB 

15 200 
rnV 

5 75 

-1 rnVrC 

375 ~V 

1.1 V 

,2 3 rnA 

0.04 0.5 
rnA 

0.06 0.5 

2.1 A 

t AU characteristics are measured with a solid-tantalum capacitor across the input of 2 /LF and a solid-tantalum capacitor across the output of 1 JA-F. All 

characteristics except noise voltage and ripple rejection ratio are measured using pulse techniQues (tw =s 10 ms, duty cycle =s 5%). Output voltage changes 

due to changes in internal temperature must be taken into account separately. 
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TYPES uA7918C, uA7924C 
NEGATIVE·VOLTAGE REGULATORS 

uA 7918C electrical characteristics at specified virtual junction temperature, 
VI = -27 V, 10 = 500 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

25°C 

Output voltage 10 - 5 mA to 1 A. 

P'; 15W 

VI--21 V to-33V. 
o°c to 125°C 

VI = -21 V to -33 V 
25°C Input regulation 

VI = -24 V to -30 V 

Ripple rejection VI = -22 V to -32 V, 1= 120Hz O°C to.125°C 

10-5mAto1.5A 
25°C Output regulation 

10 - 250 mA to 750 mA 

Temperature coefficient 
10 = 5 mA O°C to 125°C 

of output voltage 

Output noise voltage 1= 10 Hzto 100 kHz 25°C 

Dropout voltage 10-1 A 25°C 

Bias current 25°C 

VI = -21 V to -33 V 
Bias current change O°C to 125°C 

10=5mAtolA 

Peak output current 25°C 

uA7924C electrical characteristics at specified virtual junction temperature, 

MIN 

-17.3 

-17.1 

54 

uA7918C 
UNIT 

TYP MAX 

-18 -18.7 

-18.9 
V 

5 360 
mV 

3 180 

60 dB 

30 360 
mV 

10 180 

-1 mVf'C 

450 IN 

1.1 V 

2 3 mA 

0.04 1 
mA 

0.06 0.5 

2.1 A 

< VI = -33 V, 10 = 500 rnA (unless otherwise noted) 

o 
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TEST CONDITIONSt 
uA7924C 

PARAMETER UNIT 
MIN TYP MAX 

2SoC -23 -24 -25 

Output voltage 10 - 5 mA to 1 A. VI--27Vto-38V. 
O°C to 125°C 

V 
-22.8 -25.2 

P'; 15W 

VI = -27 V to -38 V 
25°C 

5 480 
Input regulation mV 

VI--30Vto-36V 3 240 

Ripple rejection VI - -28 V to -38 V. I-120Hz aOe to 12SoC 54 60 dB 

10-5mAto1.5A 
25°C 

85 480 
Output regulation mV 

10 - 250 mA to 750 mA 25 240 

Temperature coefficient 
10=5mA 

of output voltage 
O°C to 12SoC -1 mVf'C 

Output noise voltage I = 10Hz to 100 kHz 25°C 600 JlV 

Dropout voltage 10= 1 A 25°C 1.1 V 

Bias current 25°C 2 3 mA 

VI = -27 V to -38 V 
O°C to 125°C 

0.04 1 
Bias current change mA 

10=5mAto 1 A 0.06 0.5 

Peak output current 25°C 2.1 A 

t All characteristics are measured with a solid-tantalum capacitor across the input of 2 J.'F and a solid-tantalum capacitor across the output of 1 J.'F. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw ::s: 10 ms, duty cycle ::s: 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 3-Terminal Regulators 

• Output Current up to 500 rnA 

• No External Components 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Direct Replacements for Fairchild IlA79MOO 
Series 

description 

This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA78MOO in a wide range of 
applications. These applications include on-card regu­
lation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. 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. 

NOMINAL 

OUTPUT 

VOLTAGE 

-SV 

~V 

~V 

-12V 

-lSV 

-20 V 

-24 V 

PACKAGE 

schematic 

SERIES uA79MOO 
NEGATIVE-VOLTAGE REGULATORS 

02216, JUNE 1976 - REVISED AUGUST 1983 

-5SoC TO lS0°C O°C TO 125"C 

OPERATING OPERATING 

TEMPERATURE RANGE TEMPERATURE RANGE 

uA79M05M uA79M05C 

uA79M06M uA79M06C 

uA79MOBM uA79MOBC 

uA79M12M uA79M12C 

uA79M15M uA79M15C 

uA79M20C 

uA79M24C 

JG KC 

COMMON 

terminal assignments Resistor values shown are nominal and in ohms. INPUT 

uA79M_M •.. JG PACKAGE uA79M_C .. ,KC PACKAGE 

(TOP VIEW) (TOP VIEW) 

COMMONDS NC 
NC 2 7 NC 

NC 3 6 INPUT 

OUTPUT 4 5 NC 

NC-No internal connection 

~OUTPUT 
INPUT 
COMMON 

THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING SASE 

TO·220AB 

Copyright © 1983 by Texas Instruments Incorporated 
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SERIES uA79MOO 
NEGATIVE·VOLTAGE REGULATORS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

uA79M05M 

THRU 

uA79M15M 

uA79M20, uA79M24 , 
Input voltage 

All others -35 

Continuous total dissipation at 25°C free~ajr temperature (see Note 1) 
JG package 1.05 

KC (TO-220AB) package 

Continuous total dissipation at (or below) 25°C case temperature 
KC package 

(see Note 1) 

Operating freeMair, case or virtual junction temperature range -55 to 150 

Storage temperature range -65 to 150 

Lead temperature 1,6 mrn (1/16 inch) from case for 60 seconds I JG package 300 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I KC package 

uA79M05C 

THRU UNIT 

uA79M24C 

-40 
V 

-35 

W 
2 

7.5 W 

Oto 150 'c 
-65 to 150 'c 

'c 
260 'c 

NOTE 1: For operation above 25°C free·air or case temperature, refer to Figures 1 through 3. To avoid exceeding the design maximum virtual junction temperature, 

these ratings should not be exceeded. Due to variations in individual dvice electrical characteris:tics and thermal resistance, the builHn thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 

recommended operating conditions 

MIN MAX UNIT 

uA79M05M, uA79M05C -7 -25 

uA79M06M, uA79M06C -8 -25 

uA 79M08M, uA 79M08C -10.5 -25 

Input voltage, VI uA79M12M, uA79M12C -14.5 -30 V 

uA79M15M, uA79M15C -17.5 -30 

uA79M20C -23 -35 

uA79M24C -27 -38 

Out~ut current, 10 500 rnA 

I uA79M05M thru uA79M15M -55 150 
~C Operating virtual junction temperature, T J I uA79MOSC thru uA79M24C 0 125 
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TYPES uA79M05M, uA79M05C 
NEGATIVE·VOLTAGE REGULATORS 

uA79M05M, uA79M05C electrical characteristics at specified virtual junction temperature, 
VI = -10 V, 10 :' 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA79M05M uA79M05C 

UNIT 
MIN TYP MAX MIN TYP MAX 

25'C -4.8 -5 -5.2 -4.8 -5 -5.2 
Output voltage 10 = 5 mA to 350 mA, VI = -7 V to -25 V -65"c to 160'C -4.75 ·-5.25 V 

O'C to 125'C -4.75 -5.25 

VI=-7Vto-25V 
25'C 

7 50 7 50 
I "put regu latian mV 

VI = -8 V to -18 V 3 30 3 30 

VI=-8Vto-18V,IIO=100mA 
-55'C to 150'C 50 

Ripple rejection O·C to 125'C 50 dB 
f = 120 Hz 110 = 300 mA 25'C 54 60 54 ad 
10=5mAt0500mA 

25'C 
75 100 75 100 

Output regulation mV 
10 - 5mA to 350 mA 50 50 

Temperature coefficient -55'C to 150'C -1.5 
mV/'C 

of output voltage 
10=5rnA 

O'C to 125'C -0.4 

Output noise voltage f = 10Hz to 100 kHz 25'C 125 400 125 I'V 

Dropout voltage 25'C 1.1 2.3 1.1 V 

Bias current 25'C 1 2 1 2 rnA 

55'C to 150'C 0.4 
VI = -8 V to -25 V 

O·C to 12S'C 0 .. 4 
Bias current change 

-55'C to 150'C 
mA 

OA 
10=5mAt0350rnA 

O'C to 125'C 0.4 

Short-circuit 
VI = -30V 25'C 600 140 mA 

output current 

Peak output current 25'C 0.5 0.65 1.4 0.65 A 

t All characteristics are measured with a 2-,uF capacitor across the input and a 1-,uF capacitor across the output. All characteristics except noise 
voltage and ripple re~ection ratio are measured using pulse techniques (tw EO;; 10 ms, duty cycle'" 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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TYPES uA79M06M, uA79M06C 
NEGATIVE·VOLTAGE REGULATORS 

uA79M06M, uA79M06C electrical characteristics at specified virtual junction temperature, 
VI = -11 V, 10 = 350 rnA (unless otherwise noted) 

TEST CONDITlONSt 
uA79M06M uA79M06C 

PARAMETER 
MIN TYP MAX MIN TYP MAX 

2~C -5.75 -£ -£.25 -5.75 -£ -£.25 

Output voltage -55·C to 150'C -5.7 -£.3 
10 = 5 rnA to 350 rnA. VI = -8 V to -25 V 

O·C.to 125·C -S.7 -£.3 

VI--8Vto-25V 
25·C 

7 60 7 60 
I nput regulation 

V =-8Vto-19V 3 40 3 40 

VI=-9Vto-19V·lI0=100rnA 
-55·C to 150·C 50 

Ripple rejection O·C to 125·C SO 
f=120Hz 110-300rnA 25·C 54 60 54 60 

10 = 5 rnA to 500 rnA 
2S·C 

80 120 80 120 
Output regulation 

10 = S rnA to 3S0 rnA 5S 55 

Temperature coefficient -55·C to 150·C -1.5 

of output voltage 
10=5rnA 

O'C to 12S'C -0.4 

Output noise voltage f = 10 Hzto 100 kHz 25·C 150 480 150 

Dropout voltage 25·C 1.1 2.3 1.1 

Bias CU Trent 25·C 1 2 1 2 

VI = -9 V to -25 V 
-55·C to 150·C 0.4 

O·C to 125·C 0.4 
Bias current change 

-55·C to 150·C 0.4 
10 = 5 rnA to 350 rnA 

O·C to 125·C 0.4 

Shortooeircuit 
25·C VI =-30V 600 140 

output current 

Peak.output current 25·C 0.5 0.65 1.4 0.65 

UNIT 

V 

rnV 

d8 

rnV 

rnVfC 

/LV 

V 

rnA 

rnA 

rnA 

A 

CD t All characteristics are measured with a 2·MF capacitor across the input and a 1-MF capacitor across the output. All characteristics except noise 
::tJ voltage and ripple rejection ratio are measured using pulse techniques (tw ~ 10 ms, duty cycle ~ 5%). Output voltage changes due to changes 
CD in internal temperature must be taken into account separately. 
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TYPES uA79M08M, uA79M08C 
NEGATIVE·VOLTAGE REGULATORS 

uA79M08M, uA79M08C electrical characteristics at specified virtual junction temperature, 
VI = -19 V, 10 = 350 mA (unless noted) 

TEST CONDITIONSt 
uA79M08M uA79M08C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

2SOC -7.7 -8 -8.3 7.7 -8 -8.3 
Output voltage 

10 = 5 mA to 350 rnA, VI = -10.5 V to -25 V 
-SSoc to 1S0°C -7.6 -8.4 V 

O°C to 125"C -7.6 -8.4 
VI ~ -10.S V to -2S V 

2S"C 
8 80 8 80 

Input regulation mV 
VI~-11Vto-21V 4 SO 4 SO 

VI ~ -11.S V to -21.S v.IIO ~ 100 mA 
-S5°C to 150°C 50 

Ripple rejection O°C to 125°C 50 dB 
f ~ 120 Hz 110 ~ 300 mA 25°C 54 59 54 59 

10 - 5 mA to 500 mA 
25°C 

90 160 90 160 
Output regulation mV 

10~ 5 mA to 350 mA 60 60 
Temperature coefficient -55°C to 150°C -2.4 

mVfC 
of output voltage 

10~5mA 
O°C to 125°C -0.6 

Output noise voltage f ~ 10Hz to 100 kHz 25°C 200 640 200 JiV 
'Dropout voltage 25°C 1.1 2.3 1.1 V 
Bias current 25°C 1 2 1 2 mA 

-55°C to 150°C 0.4 
VI ~ -10.5 V to -25 V 

O°C to 125"C 0.4 
Bias current change 

-55°C to 150°C 
mA 

0.4 
10~ 5 mA to 350 mA 

O°C to 125"C 0.4 

Short-circuit 
25°C VI~-30V 600 140 mA 

output current 

Peak output current 25°C 0.5 0.65 1.4 0.65 A 

tAli characteristics are measured with a 2-~F capacitor across the input and a 1-~F capacitor across the output, All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw <; 10 ms, duty cycle"" 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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TYPES uA79M12M, uA79M12C 
NEGATlVE·VOLTAGE REGULATORS 

uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature, 
VI = -19 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITlONSt 
uA79M12M uA79M12C 

MIN TVP MAX MIN TYP MAX 

25°C -11.5 -12 -12.5 -11.5 -12 -12.5 

Output voltage -55'C to 150°C -11.4 -12.6 
10 = 5 mA to 350 mA, VI "" -14.5 V to -30 V 

O°C to 125'C -11,4 -12.6 

VI = -14.5 V to -30 V 
25°C 

9 80 9 80 
Input regu lation 

V =-15Vto-25V 5 50 5 50 

VI=-15Vto-25V·IIO=I00mA 
_55°C to 150°C 50 

Ripple rejection O°C to 125°C 50 
f=120Hz Ilo=300mA 25'C 54 60 54 60 

'1utput regulation 
10 = 5 mA to 500 mA 

25'C 
65 240 65 240 

10 = 5 mA to 350 mA r- 45 45 

Tempe,'ature coefficient _55°C to 150°C -3.6 

of output voltage 
10=5mA 

O°C to 125'C -0.8 
Output noise voltage f = 10Hz to 100 kHz 25°C 300 960 300 
Dropout voltage 25°C 1.1 2~ 1.1 

Bias current 2SoC I.S 3 1.5 3 

VI = -14.5 V to -30 V 
-5SoC to 15o"C 0.4 

O°C to 125°C 0.4 
Bias current change 

-55°C to 150'C 
10 = 5 mA to 350 mA 

0.4 

O°C to 125°C 0.4 
Short-circuit 

25°C VI = -30 V 600 140 
output current 

Peak output current 25°C 0.5 0.65 1.4 0.65 

UNIT 

V 

mV 

dB 

mV 

mVI'C 

IlV 

V 

mA 

mA 

mA 

A 

t All characteristics are measured with a 2R,uF capacitor across the input and a 1-.uF capacitor across the output. All characteristics except noise 

voltage and ripple rejection ratio are measured using pulse techniques (tw <; 10 ms, duty cycle,r;;; 6%), Output voltage changes due to changes 

in internal temperature must be taken into account separately. 
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TYPES uA79M15M, uA79M15C 
NEGATIVE·VOLTAGE REGULATORS 

uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature, 
VI = -23 V, 10 = 350 rnA (unless otherwise noted) 

TEST CONDlTlDNSt 
uA79M15M uA79M15C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C -14.4 -15 -15.6 -14.4 -15 -15.6 

Output voltage 10 = 5 mA to 350 mAo VI = -17.5 V to -30 V 
-55°C to 150°C -14.25 -15.75 V 

O°C to 125°C 14.25 -1S.75 

VI = -17.5 V to -30 V 
25°C 

9 80 9 80 
Input regu lation 

VI=-18Vto-28V 
mV 

7 50 7 50 

VI = -18.5 V to -28.5 v,IIO = 100 mA 
_55°C to 150°C 50 

Ripple rejection O°C to 125°C 50 dB 
f = 120 Hz lin = 300 mA 25°C 54 59 54 59 

10 = 5 mA to 500 mA 
25°C 

65 240 65 240 
Output regulation 

10=5mAt0350mA 
mV 

- 45 45 

Temperature coefficient -55°C to 150°C -4.5 
mVtC 

of output voltage 
10=SmA 

O°C to 125°C -1 

Output noise voltage f=10Hzto1ookHz 25°C 375 1200 375 ~V 

Dropout voltage 25°C 1.1 2.3 1.1 V 

Bias current 2SoC 1.S 3 1.S 3 mA 

-S5°C to 150°C 0.4 
VI =-17.SVto -30V 

O°C to 125°C 0.4 
Bias current change 

-55°C to 1S0°C 
mA 

0.4 
10=SmAt0350mA 

O°C to 125°C 0.4 

Short-circuit 
25°C VI =-30V 600 140 mA 

output current 

Peak output current 25°C 0.5 0.65 0.65 A 

t All characteristics are measured with a 2~,uF capacitor across the input and a 1-,uF capacitor across the output. All characteristics except noise 

voltage and ripple rejection ratio are measured using pulse techniques (tw ~ 10 ms, duty cycle ~ 5%), Output voltage changes due to changes 

in Internal temperature must be taken into account separately. 
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TYPE uA79M20C 
NEGATIVE-VOLTAGE REGULATORS 

uA79M20C electrical characteristics at specified virtual junction temperature 
VI = -29 V. 10 = 350 rnA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

Output voltage 10= 5 mA to 350 rnA, VI = -23 V to -35 V 
25°C 

O°Cto 125°C 

VI = -23 V to -35 V 
Input regulation 

VI=-24Vto-34V 
25°C 

VI=-24Vto-34V,llo=100rnA O°Cto 125°C 
Ripple rejection 

I 10 =300 rnA 25°C f= 120 Hz 

Output regulation 
10= 5 mA to 500 rnA 

10 = 5 rnA to 350 rnA 
25°C 

Temperature coefficient 
of output voltage 

10= SmA O°Cto 125°C 

Output noise voltage f-l0Hzto 100kHz 25°C 

Dropout voltage 25°C 

Bias cu rrent 25°C 

~i as cu rrent cha nge 
VI = -23 Vto -35V 

10 = 5 mA to 350 rnA 
O°C to 125°C 

Short-circuit 
VI = -30 V 25°C 

output current 

Peak output current 25°C 

uA79M20C 
UNIT 

MIN TYP MAX 

-19.2 -20 -20.8 
V 

-19 -21 

12 80 
mV 

10 70 

50 
dB 

54 58 

75 300 
mV 

50 

-1 rnVfC 

500 IlV 

1.1 V 

1.5 3.5 rnA 

0.4 
mA 

0.4 

140 rnA 

650 A 

< tAli characteristics are measured with a 2-J.tF capacitor across the input and a 1-J,tF capacitor across the output. ~II characteristics except noise 
o voltage and ripple rejection ratio are measured using pulse techniques {tw" 10 ms, duty cycle" 5%}. Output voltage changes due to changes 
;::;- in internal temperature must be taken into account separately. 
£» 
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TYPE uA79M24C 
NEGATlVE·VOLTAGE REGULATORS 

uA79M24C electrical characteristics at specified virtual junction temperature. 
VI = -33 V. 10 = 350 rnA (unless otherwise noted) 

TEST CONDITIONSt 
uA79M24C 

PARAMETER UNIT 
MIN TYP MAX 

25"C -23 -24 -25 
Output voltage 10 = 5 rnA to 350 mAo V, = -27 V to -38 V 

O"C to 125"C 
V 

-22.8 -25.2 

V,- -27 V to -38 V 
25"C 

12 80 
Input regulation mV 

V -28Vto -38 V 12 70 

V, = -28 Vto -38V. 110 = 100 mA O"C to 125"C 50 
Ripple rejection 

L'o=300 mA 25"C 
dB 

f= 120 Hz 54 58 

10 - 5 mA to 500 mA 
25"C 

75 300 
Output regulation mV 

10 = 5 mA to 350 mA 50 

Temperature coefficient 
10=5mA 

of output voltage 
O"Cto 125"C -1 mVfC 

Output noise voltage f=10Hztol00kHz 25"C 600 "V 
Dropout voltage 25"C 1.1 V 

Bias cu rrent 25"C 1.5 3.5 mA 

V, -27 Vto -38 V 
OoC to 125"C 

0.4 
Bias current change mA 

10 5 mA to 350 rnA 0.4 
Short-circuit 

25"C V, = -30 V 140 mA 
output current 

Peak output current 25°C 650 A 

t All characteristics are measured with a 2~J.lF capacitor across the input and a 1-,uF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw ~ 10 ms, duty cycle'" 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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SERIES uA79MOO 
NEGATIVE·VOLTAGE REGULATORS 

THERMAL INFORMATION 

KC PACKAGE 
FREE·AIR TEMPERATURE 

DISSIPATION DERATING CURVE 

KCPACKAGE 
CASE TEMPERATURE 

DISSIPATION DERATING CURVE 

2000 

"'- Derating factor; 16 mW/C 
10 

~ 
Derating factor; 250 mWI"C 

s: 1800 
E 
I 
<: 1600 ,0 

';::; .. 1400 0. 
.~ 

i5 1200 
~ 

:J 
0 1000 :J 
<: 

';::; 
800 <: 

0 
U 

E 600 
:J 
E 400 'x 
~ 200 

""- RIIJA '" 62,5°C/W 

"'-
'" '" '" ~ 

'" "'-
'" 50 75 100 125 150 

<: 
0 

';::; .. 
0. 

'&i 
i5 
~ 

:J 
0 
:J 
<: 

';::; 
<: 
0 
u 
E 
:J 
E 
'x .. 
;a: 

9 

8 

7 

6 

5 

4 

3 

2 

o 
25 

above 120°C 
R8JC "" 4°C/W 

\ 

1\ 
\ 
\ 

50 75 100 125 
TA-Free-Air Temperature-OC Tc-Case Temperature-OC 

FIGURE 1 

1200 

~1000 
I 

<: o 
';::; 
~ 800 
.~ 

i5 
~ 600 
:J 
<: 

';::; 
<: 

8 
E 
:J 
E 
.~ 

::;; 

400 

200 

i'-. 

o 
25 

JG PACKAGE 
FREE·AIR TEMPERATURE 

DISSIPATION DERATING CURVE 

Derating factor 8.4 mW/C 
RIIJA'" 119°C/W 

~ 
~ 
~ 
~ 
~ 

50 75 100 125 150 

TA-Free·Air Temperature-OC 

FIGURE 3 

FIGURE 2 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES UC3846, UC3847 
CURRENT·MODE PULSE·WIDTH·MODULATION CONTROLLERS 

• Automatic Feed·Forward Compensation 

• Programmable Pulse·by·Pulse Current 
Limiting 

• Automatic Symmetry Correction in 
Push-Pull Configuration 

• Parallel Operation Capability for Modular 
Power Systems 

• Differential Current Sense Amplifier with 
Wide Common-Mode Voltage Rarige 

• Double-Pulse Suppression 

• 200-mA Totem-Pole Outputs 

• ± 1 % Bandgap Reference 

• Under-Voltage Lockout 

• Soft-Start Capability 

• Shutdown Function 

• 500-kHz Operation 

• Direct Replacements for Unitrode 
UC3846 and UC3847 

Output Logic: 
UC3846 ... NOR 
UC3847 ... OR 

description 

02823. OCTOBER 1983 

J OR N 

DUAL-IN-LiNE PACKAGE 

(TOP VIEWI 

CLIM ADJ SHTDWN 

Vref Vce 
eURR LIM {IN- BOUT 

AMPL IN+ Vc 

ERROR{IN+ GND 
AMPL IN- A OUT 

COMP SYNC 

CT RT 

The UC3846 and UC3847 pulse-width-modulation controller integrated circuits are designed to offer 
improved performance and lower external parts count in fixed-frequency current-mode control systems. 
These devices provide improved line regulation, enhanced load response characteristics, and a simpler, 
easer-to-design control loop. Other advantages include inherent pulse-by-pulse current-limiting capability, 
automatic symmetry correction for push-pull converters, and the ability to parallel power modules while 
maintaining equal current sharing. 

Protection circuitry includes a latched comparator under-voltage lockout, programmable current limiting, 
and self-start capability. A shutdown function is also available; this can either initiate a complete shutdown 
with automatic restart, or latch the supply off. 

Other features include fully latched operation, double-pulse suppression, deadtime adjust capability, and 
a ± 1 % trimmed bandgap reference. 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 

tI) ... 
o 
~ 
CO 
'3 
C) 
Q) 

a: 
Q) 
C) 
CO 
~ 

'0 
> 

ThiI doc:umart contains infcJrrMtIon on • product under 
deveI~pment. Texulnstrumente rnervee the right to 
change or dlKontlnue this product without notice. 

TEXAS 
INSTRUMENTS 

6-217 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



< o 
;:;' 
II) 

CO 
CD 

:a 
CD 

CO 
C 
g;-
r+ o ... 
til 

II 

6-218 



Linear Circuits 

Data Acquisition 

7-1 



C 
I» ... 
I» 

l> 
(') 
.c 
r::: 
(ii" 
;::;." 
c)" 
~ 

• 
7-2 



384 

single- and dual-slope AID converters 

OEVICE RECOMMENDED 
FUNCTION RESOLUTION 

NUMBER COMPLEMENT 

TL500 13 Bits TL502, TL505 

TL501 
Dual-slope 

10-12 Bits or 

TL505 
analog pr~cesors 

8-10 Bits Microprocessor 

TL502 
Digital processors with 

4112 Digits Microprocessor 
seven-segment outputs 

TL503 
Digital processors with 

4112 Digits Microprocessor 
BCD outputs 

TL507 
Pulse-width modulator for 

7 Bit~ Microprocessor 
single-slope converter 

TLC7126 
Dual-slope AID converter 

3 1/2 Digits Microprocessor 
and LCD driver 

successive-approximation AID converters 

SIGNAL INPUTS ADDRESS CONVERSION UNADJUSTED 
DEVICE 

SPEED§ DEDICATED ANALOGI AND DATA ERROR 
NUMBER 

DIGITALt ANALOG 110 FORMAT (~sl ±LSB 

ADC0801 1 0 Parallel 100 -
ADC0802 1 0 Parallel 100 0.5 

ADC0803 1 0 Parallel 100 -
ADC0805 1 0 Parallel 100 0.5 

ADC0804C 1 0 Parallel 100 1 

ADC0808 8 0 Parallel 100 0.75 

ADC0809 8 0 Parallel 100 1.25 

ADC0831 1 0 Serial 84 0.5 

ADC0832 2 0 Serial 84 0.5 

ADC0834 4 0 Serial 84 0.5 

ADC0838 8 0 Serial 84 0.5 

TL520 8 0 Parallel 70 0.75 

TL521 8 0 Parallel 100 1 

TL522 8 0 Parallel 208 0.5 

TL530t 8 6 Parallel 300 0.5 
TL531 , 8 6 Parallel 300 1 

TL532 5 6 Parallel 300 0.5 

TLC532A 5 6 Parallel 15 0.5 

TL533 5 6 Parallel 300 1 

TLC533A 5 6 Parallel 15 1 

TLC540 11 0 Serial 12 0.5 

TLC541 11 0 Serial 34 1 

TLC549 1 0 Serial 19 0.5 

TEMPt 

RANGE 

C 

C 

C 

C 

C 

C 

C 

POWER 

DISSIPATION 

(mWI 

29 

29 

29 

29 

29 

12 

12 

15 

15 

15 

15 

2 

2 

0.3 

15 

15 

15 

6 

15 

6 

6 

6 

6 

SELECTION GUIDE 

PACKAGE PAGE 

N 7-43 

N 7-43 

N 7-57 

N 7-43 

N 7-43 

N 7-63 

N 7-119 

TEMpt 

RANGE 
PACKAGE PAGE 

I N 7-5 

I N 7-5 

I N 7-5 

I N 7-5 

C N 7-11 

I N 7-17 

I N 7-17 

I N 7-23 

I N 7-23 

I N 7-23 

I N 7-23 

I N 7-67 

I N 7-67 

I N 7-67 

I N 7-77 

I N 7-77 

I N 7-87 

M,I FH,J,N 7-101 

I N 7-87 

M,I FH,J,N 7-101 

M,I FK,FN,J,N 7-109 

M,I FK,FN,J,N 7-109 

M,I JG,P 7-115 

c 
o 

"+=i 
:~ 
::::I 
C" 
CJ « 
ca ... 
ca o 

tM = -55°C to 125°C, I = -40°C to 85°C, C = OOC to 70°C. 7 
:I: Analog/digital signal inputs can be used either as digital inputs for limiting sensing or digital data, or they can be used as analog inputs. 

For example: the TL530 can have 15 analog inputs and 6 digital outputs, 9 analog inputs and 12 digital inputs, or any combination in between. 
§Includes access time. 
hhe Tl530 and TL531 devices also have 6 dedicated digital inputs. 
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SELECTION GUIDE 

analog switches 

TYPICAL VOLTAGE POWER 
DEVICE 

FUNCTION IMPEDANCE RANGE SUPPLIES 
NUMBER 

(OHM) (V) (V) 

Tl182 Twin SPOT 100 ±10 ± 15,5 

TL185 Twin DPST 150 ±10 ±15,5 

TL188 Dual SPST 100 ±10 ± 15,5 

TL191 Twin dual SPST 150 ±10 ± 15,5 

TL601 SPOT 

TL604 Dual SPST 

TL607 SPOT with enable 
Not recommended for new designs 

TL610 SPST with logic inputs 

tM", -55·C to 125·C. I '" -40·C to 85·C, C .. O·C to 70·C. 
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TEMpt 

RANGE 
PACKAGE PAGE 

M,I,C J,N 7-37 

M,I,C J,N 7-37 

M,I,C J,N 7-37 

M,I,C J,N 7-37 

M,I,C JG,P 7-95 

M,I,C JG,P 7-95 

M,I,C JG,P 7-95 

M,I,C JG,P 7-95 

38 



1183 

DATA 
ACQUISITION 
CIRCUITS 

• a·Bit Resolution 

• Ratiometric Conversion 

• 100 p's Conversion Time 

• 135 ns Access Time 

• Guaranteed Monotonicity 

• High Reference Ladder Impedance 
a kg Typical 

• No Zero Adjust Requirement 

• On·Chip Clock Generator 

• Single 5·Volt Power Supply 

• Operates With Microprocessor or as 
Stand· Alone 

• Designed to be Interchangeable with 
National Semiconductor ADCOa01, 
ADCOa02,ADCOa03,ADCOa05 

description 

TYPES ADC0801. ADC0802. ADC0803. ADC0805 
8·BIT ANALOG·TO·DIGITAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 
D2754, NOVEMBER 1983 

N DUAL-IN-LINE PACKAGE 

(TOP VIEWI 

cs Vee (OR REF) 
RD elK OUT 

WR DBO (lSB) 
elK IN DB1 

INTR DB2 
IN+ DB3 DATA 
IN- DB4 OUTPUTS 

ANlG GND DB5 
REF/2 DB6 

DGTl GND DB7 (MSB) 

The ADC0801, ADC0802, ADC0803, and ADC0805 are CMOS 8-bit successive-approximation analog­
to-digital converters that use a modified potentiometric (256R) ladder, These devices are designed to operate 
from common microprocessor control buses, with the three-state output latches driving the data bus, The 
devices can be made to appear to the microprocessor as a memory location or an I/O port, 

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value, Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open, Without an external reference, the conversion takes place over a span from VCC to 
analog ground (ANLG GND), The devices can operate with an external clock Signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 

The ADC08011, ADC08021, ADC08031, and ADC08051 will be characterized for operation from -40°C 
to 85°C, 

PRODUCT PREVIEW 

ThIs dOClM'l'lltnt contains Information on 8 product .....:fer 
development. Taxas InstRiments res.rves the right to 
change or d'-contlnue this product wjthout notte •. 
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TYPES ADCD8D1, ADCD8D2, ADCD8D3,ADCD805 
8·BIT ANALOG·TO·DIGITAL CONVERTERS . 
WITH DIFFERENTIAL INPUTS 

functional block diagram (positive logic) 

"STARr' 
FLlp·FLOP 

10 

eLK Cl 

CLKA 
elK 
elKS 

""---.... ----1 LADOER !-+---.... H-+--4-J SAR 
LATCH 

lE 

elKS 

...---.... -1,0 

IN+ C"'.,'--__ ~ 

IN- ,,(7.:..' __ -1_'" 

'-------; ~;~~ 
LATCH 

TEXAS 
INSTRUMENTS 

eLK A Cl 

'1a) DBO elSa) 

1111 DBl 

1161 DB2 

1151 DB3 

1141DB4 

(13) DB5 

1t2J DB6 

1111 DB7 (MSB) 
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"INTERRUPT" 
FLlp·FLOP 
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TYPES AOC0801. AOC0802, AOC0803, AOC0805 
8-BIT ANALOG-TO-DiGITAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ............................................. 6.5 V 
Inpu, voltage range es, RD, WR ................................ - 0.3 V to 18 V 

Other inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to Vee +0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to Vee +0.3 V 
eontinuous total power dissipation at 25°e free-air temperature (see Note 2) ......... 875 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 °e to 85°e 
Storage temperature range ......................................... - 65 °e to 1 50 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 

NOTES: 1. All voltage values are with respect to digital ground (DGTl GND! with DGTL GND and ANLG GND connected together (unless otherwise noted). 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, section 2. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 6.3 V 

VREF/2 Voltage at REF/2 (see Note 31 0.25 2.5 V 

VIH High-level input voltage at CS, RD, or WR 2 15 V 

VIL Low-level input voltage at CS, RD, or WR 0.8 V 

Analog ground voltage (see Note 41 -0.05 0 1 V 

Analog input voltage (see Note 51 GND-0.05 VCC+0.05 V 

fclock Clock input frequency (see Note 61 100 640 1460 kHz 

Duty cycle above 640 kHz (see Note 61 40 60 % 

twJCLKJ Pulse duration clock input (high or lowl 275 781 ns 

tw(WRI Pulse duration, WR input low 100 ns 

TA Operating free-air temperature -40 85 °c 

NOTES: 3. Proper operation is achieved over a differential input range of 0 V to Vee when the REF/2 input is open. 
4. These values are with respect to digital ground (pin 10). 
5. When the positive analog input with respect to the negative analog input (Vin + - Vin _) is zero or negative, the output code is 0000 0000. 
6. Total unadjusted error is guaranteed only at an fclock of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns to 937 ns). For frequencies 

above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should be observed for an fclock greater than 640 kHz. 
Below 640 kHz. this duty cycle limit can be exceeded provided tw(CLK) remains within limits. 
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TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DlGlTAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 

electrical characteristics over recommended operating free-air temperature range, Vee 
fclock = 640 kHz, VREF/2 = 2 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt 

High-level All outputs VCC = 4.75 V. IOH = -360 ~A 2.4 
VOH output voltage DB and INTR VCC = 4.75 V. IOH = -10 ~A 4.5 

Low-level Data outputs VCC = 4.75 V. IOl = 1.6 mA 

VOL output INTR output VCC = 4.75 V. IOl = 1 mA 
voltage ClK OUT VCC - 4.75 V, IOl - 360 ~A 

VT+ 
Clock positive-going 

threshold voltage 
2.7 3.1 

VT-
Clock negative-going 

1.5 1.8 
threshold voltage 

VT + - VT _ Clock input hysteresis 0.6 1.3 

IIH High-level input current 0.005 

III Low-level input current -0.005 

Vo - 0 
IOZ Off-state output current 

Vo - 5 V 

Short-current 
Output high Vo = O. TA = 25°C -4.5 -6 IOHS 

output current 

Short-circuit 
IOlS Output low Vo = 5 V. TA = 25°C 9 16 

output current 

ICC 
Supply current plus VREF/2 = open. TA = 25°C, 

1.1 
reference current CSat5V 

RREF/2 
Input resistance to 

reference ladder 
See Note 7 2.5 8 

Ci Input capacitance (control) 5 

Co Output capacitance IDB) 5 

NOTE 7: Resistance is calculated from the current drawn from a 5-volt supply applied to pins 8 and 9. 

5 V. 

MAX UNIT 

V 

0.4 

0.4 V 

0.4 

3.5 V 

2.1 V 

2 V 

1 ~A 

-1 ~A 

-3 

3 
~A 

mA 

mA 

1.8 mA 

kll 

7.5 pF 

7.5 pF 

operating characteristics over recommended operating free-air temperature. Vee 
VREF/2 = 2.5 V. fclock = 640 kHz (unless otherwise noted) 

5V. 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Supply-voltage-variation error VCC - 4.5 V to 5.5 V, See Note B ± 1/16 ±l/B LSB 

Total adjusted error 
ADCOBOl 

With full-scale adjust. See Notes Band 9 
±1/4 

lSB 
ADCOB03 ±1/2 

ADC0802 VREF/2 = 2.5 V, See Notes 8. and 9 , ±1/2 
Total unadjusted error lSB 

ADC0805 VREF/2 open, See Notes 8 and 9 ±1 

DC common-mode error See Note 8 and 9 ±1/16 ±1/8 LSB 

ten Output enable time CL = 100 pF 135 200 ns 

tdis Output disable time CL - 10 pF, Rl - 10 kll 125 200 ns 

tdIiNTR) Delay time to reset INTR 300 450 ns 

Conversion cycle time 
fclock - 100 kHz to 1.46 MHz, 

tconv 
See Note 10 

66 73 
clock 

cycles 

CR Free-running conversion rate I NTR connected to WR, CS at 0 V 8770 conv/s 

t All typical values are at T A = 25°C. 
NOTES: 8. These parameters are guaranteed over the recommended analog input voltage range. 

9. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
10. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock periods before 

conversion starts. After conversion is completed, part of another clock period is required before a high-to-Iow transition of TNTR completes the cycle. 
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RD 

TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8·BIT ANALOG·TO·DlGITAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 

PARAMETER MEASUREMENT INFORMATION 

, ...... _---- _--,._-J! 
1414----:8 CLOCK PERIODS (MINI----+l.1 
1 1 

I ~~~~% ______ -J~O% 
I I I I ~

t,J(lNTRI 14.' ••••••• __ +1 ______________ _ 

INTR SOli I 50% 1 
I I 

ten-+! ~ -+I !4-tdis 

---------<(:>0% ....... ~\;;%- - - -:~H~M~~~C~S~~~E 
OUTPUTS 

10% ___________ VOL 

DATA 

READ OPERATION TIMING DIAGRAM 

cs \I......-.. ___ -..JI 
WR 

INTR 

~O% /0% 

t,J(lNTRI~ 1 
1 14-- 1T08 l. 64~ ~ 
i4----- tw(WRI--.i CLOCK PERIODS-... • .... FI---CLOCK PERIODS -I 

1 I I 
I I I 

JfsO%: ,+50% 

_____ ....J1 ~ ,. teONV ~""--
WRITE OPERATION TIMING OIAGRAM 
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TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8·BIT ANALOG·TO·DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 

PRINCIPLES OF OPERATION 

The ADC0801, ADC0802, ADC0803, and ADC0805 each contain a circuit equivalent to a 256·resistor 
network. Analog switches are sequenced by successive approximation logic to match an analog differential 
input voltage (Vin + - Vin - ) to a corresponding tap on the 256R network. The most-significant bit (MSB) 
is tested first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full 
scale) is transferred to an output latch and the interrupt (lNTR) output goes low. The device can be operated 
in a free-running mode by connecting the INTR output to the write (WR) input and holding the conversion 
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required 
during the power-up cycle. Taking CS low anytime after that will interrupt a conversion in process. 

When the WR input goes low, the internal successive approximation register (SAR) and eight-bit shift register 
are reset. As long as both CS and WR remain low, the analog-to-digital converter will remain in a reset 
state. One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is placed on the 0 input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 

When the logic high input has been clocked through the eight-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the 0 input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. . 

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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DATA 
ACQUISITION 
CIRCUITS 

• S·Sit Resolution 

• Ratiometric Conversion 

• 100 I-'s Conversion Time 

• 135 ns Access Time 

• No Zero Adjust Requirement 

• On·Chip Clock Generator 

• Single 5-Volt Power Supply 

• Operates With Microprocessor or as 
Stand-Alone 

• Designed to be Interchangeable with 
National Semiconductor ADCOS04LCN 

description 

TYPE ADC0804C 
8·BIT ANALOG·TO·DlGITAL CONVERTER 

WITH DIFFERENTIAL INPUTS 

N DUAL-IN-LiNE ·PACKAGE 

!TOP VIEW) 

CS Vcc (OR REF) 
RD ClK OUT 

WR DBO (lSB) 
ClK IN DB1 

INTR DB2 
IN+ DB3 
IN- DB4 

ANlG GND DB5 
REF/2 DB6 

DGTl GND DB7 (MSB) 

OCTOBER 1983 

DATA 
OUTPUTS 

The ADC0804C is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified 
potentiometric (256R) ladder. The ADC0804 is designed to operate from common microprocessor control 
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear 
to the microprocessor as a memory location or im 1/0 port. 

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from VCC to 
analog ground (ANLG GND). The ADC0804 can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 

The ADC0804C is characterized for operation from ooC to 70 oC. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 

1.1 

ThI8 document conraIns information on a new product. 
Specfficatlons are tubject to change wtthout notice. 
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TYPE ADC0804C 
8·BIT ANALOG·lO·DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

functional block diagram (positive logic) 

IN+ ",6,-' __ ~ 

IN- ,,'7:...' ___ ~ ..... 

lD 

SAR 
LATCH 

LE 

elKB -
a-8IT 

SHIFT 
REGISTER 

r---.... -I tD 

CLKA C1 

UBI DBO (lSB) 

(171 DB1 

(161 DB2 

(15) DB3 

(14) DB4 
L-------I :~~~ 

LATCH 
(13) DB5 

1121 DBS 

1111 DB71MSBI 
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TYPE ADC0804C 
8·BIT ANALOG·TO·DIGITAL CONVERTER 

WITH DIFFERENTIAL INPUTS 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) ............................................. 6.5 V 
Input voltage range CS, RD, WR ................................ - 0.3 V to 18 V 

other inputs .................... , ........... -0.3 V to VCC+ 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VCC + 0.3 V 
Continuous total power dissipation at 25°C free-air temperature (see Note 2) .......... 875 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OoC to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values are with respect to digital ground fDGTL GNDI with OGTL GND and ANLG GND connected together (unless otherwise noted). 
2. For operation above 25 °C free~air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 6.3 V 

VREF!2 Voltage at REF!2 (see Note 3) 0.25 2.5 V 

VIH High-level input voltage at es, RD, or WR 2 15 V 

VIL Low-level input voltage at es, RD, or WR 0.8 V 
Analog ground voltage (see Note 4) -0.05 0 1 V 

Analog input voltage (see Note 5) GND 0.05 Vee+ 0 .05 V 

fclock Clock input frequency (see Note 6) 100 640 1460 kHz 

Duty cycle above 640 kHz (see Note 6) , 40 60 % 

tw(eLK) Pulse duration clock input (high or low) (see Note 6) 275 781 ns 

tw(WR) Pulse duration, WR input low 100 ns 

TA Operating free-air temperature 0 70 DC 

NOTES: 3. Proper operation is achieved over a differential input range of 0 V to Vee when the REF/2 input is open. 
4. These values are with respect to digital ground (pin 10). 
5. When the positive analog input with respect to the negative analog input (Vin + - Vin _) is zero or negative, the output code is 0000 0000. 
6. Total unadjusted error is guaranteed only at an fclock of 640 kHz this with a duty cycle of 40% to 60% (pulse duration 625 ns to 937 nsl. 

For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should be observed for an fclock greater 
than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLK) remains within limits. 
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TYPE ADC0804C 
8·BIT ANALOG·TO·DlGlTAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

electrical characteristics over recommended operating free-air temperature range. 
Vee = 5 V. fclock = 640 kHz. REF/2 = 2.5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

All outputs VCC - 4.75 V, IOH - -360 pA 2.4 
VOH High-level output voltage 

DB and TNTR VCC - 4.75 V, 10H - -10 pA 4.5 

Data outputs VCC - 4.75 V, 10L - 1.6 mA 

VOL Low-level output voltage INTR output VCC - 4.75 V, 10L - 1 mA 

CLK OUT VCC - 4.75 V, 10L - 360 ~A 

VT+ 
Clock positive-going 

threshold voltage 
2.7 

VT-
Clock negative-going 

threshold voltage 
1.5 

VT+ VT- Clock input hysteresis 0.6 

IIH High-level input current 

IlL Low-level input current 

10Z Off-state output current 
Va = 0 

Va = 5 V 

10HS Short-circuit output current I Output high Va - 0, TA - 25°C -4.5 

10LS Short-circuit output current I Output low Va - 5 V, TA - 25°C 9 

ICC Supply current plus reference current 
REF/2 open, CS at 5 V, 

TA = 25°C 

RREF/2 Input resistance to reference ladder See Note 7 1 

Ci Input capacitance (control) 

Co Output capacitance (DB) 

tAil typical values are at T A = 25°e. 
NOTE 7: The resistance is calculated from the current drawn from a 5-volt supply applied to pins 8 and 9. 

operating characteristics over recommended operating free-air temperature. 
Vee = 5 V. VREF/2 = 2,5 V. fclock = 640 kHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

Supply-voltage-variation error 
VCC = 4.5 V to 5.5 V, 

See Note 8 

Total unadjusted error See Notes Band 9 

DC common-mode error See Note 9 

ten Output enable time CL - 100 pF 

tdis Output disable time CL - 10 pF, RL - 10 kll 

tdIlNTR) Delay time to reset INTR 

Conversion cycle time 
fclock - 100 kHz to 1.46 MHz, 

tconv 66 
See Note 10 

CR Free-running conversion rate 
INTR connected to WR, 

Cs at 0 V 

tAil typical values are at T A = 25°C. 
NOTES: 8. These parameters are guaranteed over the recommended analog input voltage range . 

Typt 

3.1 

1.8 

1.3 

0.005 

-0.005 

-6 

16 

1.9 

1.3 

5 

5 

Typt 

± 1/16 

± 1/16 

135 

125 

300 

MAX UNIT 

V 

0.4 

0.4 V 

0.4 

3.5 V 

2.1 V 

2 V 

1 ~A 

-1 ~A 

-3 

3 
~A 

mA 

mA 

2.5 mA 

kll 

7.5 pF 

7.5 pF 

MAX UNIT 

±l/B LSB 

±1 LSB 

±1/8 LSB 

200 ns 

200 ns 

450 ns 

73 
clock 

cycles 

8770 conv/s 

9. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
10. Although internal conversion is completed in 64 clock periods, a Cs or WR low-to-high transition is followed by 1 to 8 clock periods before 

conversion starts. After conversion is completed, part of another clock period is required before a high-to-low transition ofi'i\ffR completes the cycle. 
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TYPE ADC0804C 
8·BIT ANALOG·TO·DlGITAL CONVERTER 

WITH DIFFERENTIAL INPUTS 

timing diagrams 
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1414----8 CLOCK PERIODS (MIN)----~~I 
1 1 

! ~~O_%-------..J~O% 
~

tclIINTR) (4.1 ....... __ -1-1 _______________ _ 

1 I 1 I 
INTR 50'll' I 50% 1 

1 1 

RD 

ten-+! (4- -+I I4-tclis cI

1 90% ........L V 
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OUTPUTS 
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DATA 

READ OPERATION TiMING DIAGRAM 
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TYPE ADC0804C 
8·BIT ANALOG·TO·DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

PRINCIPLES OF OPERATION 

The ADC0804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced 
by successive approximation logic to match an analog differential input voltage (Vin + - Vin _) to a 
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight 
comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is transferred to an 
output latch and the interrupt (lNTR) output goes low. The device can be operated in a free-running mode 
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a 
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up 
cycle. Taking CS low anytime after that will interrupt a conversion in process. 

When the WR input goes low, the ADC0804 successive approximation register (SAR) and eight-bit shift 
register are reset. As long as both CS and WR remain low, the ADC0804C will remain in a reset state. 
One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse placing a.logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 

When the logic high input has been clocked through the eight-bit shift register, completing the SAR'search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion. 
and low when the conversion is completed. 

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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DATA 
ACQUISITION 
CIRCUITS 

• Total Unadjusted Error ... ±% LSB Max for 
ADC0808 and ± 1 LSB Max for ADC0809 

• Resolution of 8 Bits 

• 100 IlS Conversion Time 

• Ratiometric Conversion 

• 

TYPES ADC0808. ADC0809 
CMOS ANALOG-TO-DiGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 
02642. JUNE 1981-REVISED OCT08ER 1983 

N 

DUAL-IN-liNE PACKAGE 

ITOPVIEW) 

'''"T{ ~}INPUTS 
Guaranteed Monotonicity 

START OF CONVERSION 
~}ADDRESS 

• No Missing Codes END OF CONVERSION ADDRESS lOAD CONTROL 

• Easy Interface with Microprocessors 2- 5 2- 1 (MSB) 

OUTPUT ENABLE 2-2 

• Latched 3-State Outputs ClK 2- 3 

• Latched Address Inputs VCC 2- 4 

REF+ 2- 8 (lSB) 

• Single 5·Volt Supply GND REF-

• Low Power Consumption 2- 7 2- 6 

• Designed to be Interchangeable with 
National Semiconductor ADC0808, ADC0809 

description 

The ADC0808 and ADC0809 are monolithic CMOS devices with an 8-channel multiplexer, an 8-bit analog-to-digital 
(AID) converter, and microprocessor-compatible control logic. The 8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder with address load to select anyone of eight single-ended analog switches 
connected directly to the comparator. The 8-bit AID converter uses the successive-approximation conversion technique 
featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, and a successive­

approximation register (SAR). 

The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, and the 
need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR and latched inputs to 
the multiplexer address decoder. The single 5-volt supply and low power requirements make the ADC0808 and 
ADC0809 especially useful for a wide variety of applications. Ratiometric. conversion is made possible by access to 
the reference voltage input terminals. 

The ADC0808 and ADC0809 are characterized for operation from _40°C to 85°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) .................................................... 6.5 V 
Input voltage range: control inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 

all other inputs ..................................... -0.3 V to VCC + 0.3 V 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . . . . . . . . . .. 875 mW 
Operating free-air temperature range .......................................... -40°C to 85°C 
Storage temperature range ........................................... '. . . . .. - 65°C to 1 50°C 
lead temperature 1,6 mm (1/16 inch) from case of 10 seconds ............................. 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operations above 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES ADC0808, ADC0809 
CMOS ANALOG·TO·DlGITAL CONVERTERS 
WITH 8·CHANNEL. MULTIPLEXERS 

functional block diagram (positive logic) MULTIPLEXER FUNCTION TABLE 

INPUTS SELECTED 

ADDRESS ADDRESS ANALOG 

C A STROBE CHANNEL 

REF+ ~ll~2;') ____ -I 
REF_!ll~6~) ____ ~ 

BINARY-WEIGHTED 
CAPACITORS 

SWITCH 
MATRIX. 

o 
L H 

H 

H H 

H 4 

H H 5 
H H L 

H H H 

H = high level, L = low level 

t '" low-to-high transition 

0 (26) 

1 (27) 

2 (28) 

ANALOG 
3 III 

INPUTS 
4 

(2) 

5 (3) 

ANALOG 
MULTI-

PLEXER 

OUTPUT 
LATCHES (18) 2-4 OUTPUTS 

(191 2-3 

(201 2-2 

:~~I: ;~ ILSBIJDIGITAL 

L--=E;::N_..r1211 2-1 IMSBI 
6 (4) ~ _______ 4-__ ~17~) ENOOF 

'--"T"'-..J CONVERSION 7 lSI 

CLOCK!ll~O~) __ ~_~ 

START CONVERSION ..:1~6!..1 --1-----.--1 
OUTPUTENABLE..:I~9!..)--t--------_-------~ 

(25)r-.....J1........, 

~~~:~: : 1241 
ADOR ESS C 1231 

ADDRESS LOAD 1221 
CONTROL 

operating sequence 

ADDRESS~ 

DECODER 

START .n~r-s.",,~ . 
CONVERSION~ ~I-I _______________ _ 

1---+-"'IS) 

ADDRESS lOAD &:::50niIL%·~' I~ 5011L 
CONTROL ~ : _~'I-______________ _ 

gAD~RESS s~i1.:t~1 
ADDRESS 5~50% : 

tsu~'" 
,ANALOG INPUT ]: 

, 
I 

I 
MULTIPLEX OUTPUT '=:IX: 

(INTERNAL) 

ENDOF 
CONVERSION 

ANALOG VALUE 

INPUT STABLE 

ANALOG VALUE;:==x: __________ _ 

\50% 150% 
l---'cIIEOC)--I I 
I tconv---------II 

~~!~~~ ______________ ~~-----~50~%t ~ 
-1 t- ten -t to- 'dis 

LATCHOUTPUTS _________ ~~~~-_<,--------~9~0%~tr'---~~ HI·ZSTATE 10%.,.,. ____ f10% 
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TYPES ADC0808, ADC0809 
CMOS ANALOG-TO-DlGlTAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 

recommended operating conditions 

MIN 

Supply voltage, VCC 4.5 

Positive reference voltage, V ref + (see Note 3) 

Negative reference voltage, V ref-

Differential reference voltage, Vref+ - Vref-

Start pulse duration tw(S) 200 

Address load control pulse width, tw(ALC) 200 

Address setup time, tsu 50 

Address hold time, th 50 

Clock frequency, f clock 10 

NOTE 3: Care must be taken that this rating is observed even during power-up. 

electrical characteristics over recommended operating free-air temperature range, Vee 
(unless otherwise noted) 

total device 

PARAMETER TEST CONDITIONS MIN 

VIH High-level input voltage, control inputs VCC - 5 V VCC- 1.5 

VIL Low-level input voltage, control inputs VCC ~ 5 V 

VOH High-level output voltage 10 - -360 ~A VCC-O.4 

I Data outputs 10 ~ 1.6 rnA 
VOL Low-level output voltage I End of conversion 10 ~ 1.2 rnA 

Off-state (high-impedance-state) Va - 5 V 
10Z 

output current Va - 0 

II Control input current at maximum input voltage VI ~ 15 V 

IlL Low-level control input current VI - 0 

ICC Supply Current I clock ~ 640 kHz 

Cj Input capacitance, control inputs TA ~ 25°C 

Co Output capacitance, data outputs TA - 25°C 

Resistance from pin 12 to pin 16 1 

analog multiplexer 

NOM MAX UNIT 

5 6 V 

VCC Vce+ O. 1 V 

0 -0.1 V 

5 V 

ns 

ns 

ns 

ns 

640 1280 kHz 

4,75 V to 5,25 V 

Typt MAX UNIT 

V 

1.5 V 

V 

0.45 
V 

0.45 

3 

-3 "A 

1 "A 
1 ~A 

0.3 3 rnA 

10 15 pF 

10 15 pF 

1000 kll 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VI ~ 5 V, Iclock ~ 640 kHz 2 
Ion Channel on-state current (see Note 4) 

VI ~ 0 V, I clock ~ 640 kHz -2 
~A 

Vee ~ 5 V, VI ~ 5 V 10 200 
nA 

TA ~ 25°C VI - 0 -10 -200 
loff Channel off-state current 

VI - 5 V 1 
VCC ~ 5V 

VI ~ 0 -1 "A 

tTypical values are at VCC = 5 V and,TA = 25°C. 

NOTE 4: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock frequency. • 
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TYPES ADCUBUB. ADCUOU9 
CMOS ANALOG·TO·DIGITAL CONVERTERS 
WiTH B·CHANNEL MULTIPLEXERS 

operating characteristics. T A 
(unless otherwise noted) 

25 oe. Vee VREF-t 

PARAMETER TEST CONDITIONS 

kSVS 
Supply voltage Vee - Vref+ - 4.75 V to 5.25 V, 

sensitivity TA = -40 oe to 85°e, See Note 5 

Linearity error 

(see Note 6) 

Zero error (see Note 7) 

TA = 25°e 

5 V. VREF- o V. fclock 640 kHz 

ADC0808 ADC0809 
UNIT 

MIN Typt MAX MIN Typt MAX 

±0.05 ±0.05 %/V 

±0.25 ±0.5 lS8 

+0.25 ±0.25 lSB 

±0.25 ±0.5 ±0.5 
Tota) unadjusted 

TA - -40 oe to 85°e ±0.75 ±1.25 lSB 
error (See Note 8) 

TA - ooe to 70 0 e ±1 

ten Output enable time el - 50 pF, Rl - 10 kll 80 250 80 250 ns 

tdis Output disable time el - 10 pF, Rl - 10 kll 105 250 105 250 ns 

tconv Conversion time See Note 10 90 100 116 90 100 116 ~s 

Delay time, 

td(EOe) end of conversion See Notes 9 and 10 0 14.5 0 14.5 ~s 

output 

tTvpical values for all except supply voltage sensitivity are at Vee = 5 V, and all are at TA 25°C. 
NOTES: 5. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage varies. The supply 

and V ref + are varied together and the change in accuracy is measured with respect to full-scale. 
6. Linearity error is the maximum deviation from a straight line through the end points of the AID transfer characteristic. 

7. Zero error is the difference between the output of an ideal converter and the actual AID converter for zero input voltage. 

S. Total unadjusted error is the maximum sum of linearity error, zero error, afld full-scale error. 

9. For clock frequencies other than 640 kHz, td(EOC} maximum is 8 clock periods plus 2 p.s. 

10. Refer to the operat,ing sequence diagram. 
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TYPES ADC0808. ADC0809 
CMOS ANALOG·TO·DlGITAL CONVERTERS 

WITH 8·CHANNEL MULTIPLEXERS 

The AOC0808 and AOC0809 each consists of an analog signal multiplexer, an 8-bit successive-approximation converter, 
and related control and output circuitry. 

multiplexer 

The analog mutiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. Address 
load control loads the address code into the decoder on a low-to-high transition. 

converter 

The CMOS threshold detector in the successive-approximation conversion system determines each bit by examining 
the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the conversion process, the analog 
input is sampled by closing switch Sc and all ST switches, and by simultaneously charging all the capacitors to the 
input voltage. 

In the next phase of the conversion process, all ST and Sc switches are opened and the threshold detector begins 
identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. In the switching 
sequence, all eight capacitors are examined separately until all 8 bits are identified, and then the charge-convert sequence 
is repeated. In the first step of the conversion phase, the threshold detector looks at the first capacitor (weight ~ 128). 
Node 128 of this capacitor is switched to the reference voltage, and the equivalent nodes of all the other capacitors 
on the ladder are switched to REF - . If the voltage at the summing node is greater than the trip-point of the threshold 
detector (approximately one-halfthe VCC voltage). a bit is placed in the output register, and the 128-weight capacitor 
is switched to REF -. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-counting) 
process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line, 
until all bits are counted. 

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. The conversion 
process is successive approximation, but relies on charge redistribution rather than a successive-approximation register 
(and reference 01 AI to count and weigh the bits from MSB to LSB. 

'OO:;~t:;~t:;~t:;~t:;'~t:;'~t:~~t:;'~t:) 

Sc 

THRESHOLD 
DETECTOR 

REF_:!~TREF_:i~TREF_~~TREF_~~TREF-~~TREF_:t~TREF-~~TREF_:t~TREF-:i~ 
~i f f i f i j i i 

FIGURE 1-SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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DATA 
ACQUISITION 
CIRCUITS 

TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2·, 4·, 8·CHANNEL AID PERIPHERALS WITH 

SERIAL CONTROL AND MULTIPLEXER OPTIONS 

• Easy Interface to Microprocessors or 
Stand· Alone Operation 

• Operates Ratiometrically or With 5·V Reference 

• No Full Scale or Zero Adjust 

• 2·, 4·, or 8·Channel Multiplexer Options With 
Address Logic 

• Shunt Regulator Allows Operation With High· 
Voltage Supplies 

• O·V to 5·V Input Range With Single 5·V Power 
Supply 

• Remote Operation With Serial Data Link 

• TTL/MOS Input/Output Compatible 

• 8·, 14·, or 20·Pin DIP Package 

• Designed to be Interchangeable with National 
Semiconductor ADC0831BC, ADC0832BC, 
ADC0834BC, and ADC0838BC Over 
Operating Temperature Range of -40°C to 
85°C 

description 

The ADC0831, ADC0832, ADC0834, and 
ADC0838 are 8-bit successive-approximation 
analog-to-digital converters each with a serial 
input/output and configurable input mUltiplexers 
with up to 8 channels. The serial input/output 
is configured to interface with standard shift 
registers or micropro'cessors. 

The 2-, 4-, or 8-channel multiplexers are 
software configured for single-ended or 
differential inputs as well as channel assignment. 

02995, OCTOBER 1983 

P DUAL-iN-LINE PACKAGE 
tTOP ViEW) 

ADC0831 

CSDB VCC 
IN+ 2 7 ClK 
IN- 3 6 DO 
GND 4 5 REF 

ADC0832 

CS DB. VcctREF) 
CHO 2 7 ClK 
CHl 3 6 DO 
GND 4 5 DI 

N DUAL-iN-LINE PACKAGE 
tTOPViEW) 

ADC0834 

V+ VCC 
CS DI 

CHO ClK 
CH1 SARS 
CH2 DO 
CH3 REF 

DGTl GND ANlG GND 

ADC0838 

CHO VCC 
CH1 V+ 
CH2 CS 
CH3 DI 
CH4 ClK 
CH5 SARS 
CH6 DO 
CH7 SE 

COM REF 

DGTl GND ANlG GND 

The differential analog voltage input allows increasing of the common-mode rejection and offsetting the 
analog zero input voltage value, In addition, the voltage reference input can be adjusted to allow encoding 
any smaller analog voltage span to the full 8 bits of resolution, 

The ADC08311, ADC08321, ADC08341, and ADC08381 are characterized for operation from -40 oC to 
85°C. 

PRODUCT PREViEW Copyright © 1983 by Texas Instruments Incorporated 
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TO INTERNAL 
CIRCUITS 
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eH1 -------~ 
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DECODER 
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COMPARATOR 
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+ -- lelK 

BIT 1 

cs 

elK 

9-8fT 

SHIFT 
REGISTER 

cs 

cs 

elK 

EDC 

cs 

SARS 
eNOTEe) 

cs 
.b. 

DO 

NOTES: 8. For the ADC0834, 01 is input directly to the 0 input of SELECT " SELECT 0 is forced to a high. For the ADC0832, 01 is input directly to the 0 input of ODD/SIGN. SELECT 0 
is forced to a low and SELECT 1 is forced to a high. (See multiplexer addressing tables.) 

b. ADC0832, ADC0834, and ADC0838 only. 
e. ADC0834 and ADC0838 only. 
d. ADC0838 only. 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 

SERIAL CONTROL AND MULTIPLEXER OPTIONS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) ............................................. 6.5 V 
Logic input voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 15 V 
Analog input voltage range .................................... -0.3 V to VCC +0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 

P package ......... 725 mW 
N package . . . . . . . .. 800 mW 

Operating free-air temperature range ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTES: 1. All voltage values. except differential voltages, are with respect to the network ground terminal. 
2. For operation above 25°C free·air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 6.3 V 

VIH High-level input voltage 2 15 V 

VIL Low-level input voltage 0.8 V 

tw(CSH) Pulse duration, CS high 120 ns 

tsu Setup time. CS or SE low, or data valid before clock t 250 ns 

th Hold time, data input valid atter clock t 90 ns 

fclock Clock frequency 10 400 kHz 

Clock duty cycle (see Note 3) 40 60 % 

TA Operating free-air temperature -40 85 ·C 

NOTE 3: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outisde the recommended duty cycle 
range, the minimum pulse duration thigh or low) is 1 p.s. 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 

electrical characteristics over recommended operating free-air temperature range, 
Vcc = V + = 5 V (V + applies to ADC0834 and ADC0838 only), fclock = 250 kHz 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS t MIN TYpt 

VCC - 4.75 V, 10H - -360 pA 2.4 
VOH High-level output voltage 

VCC = 4.75 V, 10H = -10 pA 4.5 

VOL Low-level output voltage VCC - 4.75 V, 10L - 1.6 mA 

IIH High-level input Current VI - VCC 0.005 

IlL lowRJevel input current VI - 0 -0.005 

High-impedance output Va - 0.4 V, TA _ 25°C -0.1 
10Z current IDa, SARS) Va = 5 V, TA = 25°C 0.1 

10HS Source current Va = 0, TA = 25°C -14 

IOLS Sink current Va - VCC, TA ~ 25°C 16 
-0.05 

VICR 
Common-mode input 

to 
range Isee Note 4) 

VCC+O.05 

On-channel input at 0 V 

Ion 
On-channel leakage current Off-channel inputs at 5 V, TA = 25°C 
Isee Note 8) On-channel input at 0 V 

Off-channel inputs at 5 V 

On-channel input at 0 V 

Off-channel leakage current Off-channel inputs at 5 V, T A - 25°C 
loff Isee Note 8) On-channel input at 0 V 

Off-channel inputs at 5 V 

RREF Input resistance to reference ladder 1.9 2.4 

Ci Input capacitance (logic inputs) TA _ 25°C 5 

Co Output capacitance TA = 25°C 5 

I ADC0832§ 3 

ICC Supply current I AOC0831, ADC0834, 
Isee Note 5) ADC0838 1 

1+ Current into V + Isee Note 5) 

t All parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified). 
tAli typical values are at TA = 25°C. 
§Includes ladder current. 

MAX UNIT 

V 

0.4 V 

1 pA 

-1 pA 

-3 

3 
pA 

mA 

mA 

V 

1 pA 

-200 nA 

1 pA 

200 nA 

-1 pA 

-50 riA 

1 pA 

50 nA 

kll 

pF 

pF 

5.2 

2.5 
mA 

, 10 mA 

NOTES: 4. For IN - more positive than IN +, the digital output code will be 0000 0000. Connected to each analog input are two·on·chip diodes that will 
conduct forward current for analog input voltages one diode drop below ground or one diode drop above Vee. Care must be taken during testing 
at low Vec levels (4.5 V) because high·level analog input (5 VI can, especially at high temperatures, cause this input diode to conduct and cause 
errors for analog inputs that are near full~scale. As long as the analog Input voltage does not exceed the supply voltage by more than 50 mV, 
the output code will be correct. To achieve an absolute O-V to 5-V input voltage range requires a minimum Vce of 4.950 volts for all variations 
of temperature and load. 

5. An internal zener diode is connected from the Vee input to ground and from V + to ground. The breakdown voltage of each diode is approximately 
7 V. The V + diode is a shunt regulator and connects to Vce via a diode. When the voltage regulator powers the converter, this diode ensures 
that the Vee input is less than the zener breakdown voltage (6.4 VI. A series resistor is recommended to limit the maximum current into the V + input. 

7-26 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 





C 
I» 
r+ 
I» 

» 
(') 
.c 
c 
fir 
::;" 
0' 
:::J 

I 

TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 

ClK 

I I 
~tsu I 

cs~ ! ~BIT7~ , '\.4.- I (MSB) I 
) START I I 
I CONVERSION I I 

DO------~~~ ______ _J;t ~~ ____ __ 
FIGURE 3-CONVERSION TIMING (ADC0831I 

-.I '--t, 
I I 

~~90""%""'--- VCC 
50% 

10% -----"' 1------ GND 

~tPHZ 
DO AND 90%"1(---- VOH 

SARS OUTPUT _______ ~ GND 

FIGURE 4-tpHZ VOLTAGE WAVEFORMS 

2 3 4 5 6 

ClK 

I 

~ If-tsu 

cs 1 

DO 

tLSB first output not available on ADC0831. 

7 8 9 

-tj ~tr 
_~90% VCC 
CS 50%1 

10~ ____ GND 

~tPlZ 
DO AND ---.LI -VCC 

SARSOUTPUT 
---- GND 

FIGURE 5-tplZ VOLTAGE WAVEFORMS 

10 11 

HI-Z 

FIGURE 6-ADC0831 TIMING DIAGRAM 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 

SERIAL CONTROL AND MULTIPLEXER OPTIONS 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

ClK 

..., k-tsu ItlOll------
I I 

cs 1 ADDRESS MUX : 
I 
I 

DATA IN (On 

DATA OUT (DO) --H-,--.Z---. 

ClK 

76543210 

(MSB) (lSB) 

234567 

(MSB) 

FIGURE 7-ADC0832 TIMING DIAGRAM 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

~ !.-'su jIII~f---------OUTPUT DATA-------~ 
cs ! ADDRESS MUX : 

START 0001 I 
BIT SIGN I 

01 

14-A/D CONVERSION IN PROCESS..... I 
I I I 

HI·Z 

SAR STATUS L. __ B_'T_1 __ .,,1 I 
(SARS) -,. L.. ---------... l---....If""Hi:z 

V, SETTlING-*""*"-­ ---t .... --lSB FIRST DATA--toI 
TIME I 

00 ______ -; 

FIGURE 8-ADC0834 TIMING DIAGRAM 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH . 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 

TYPICAL CHARACTERISTICS 

1 2 3 4 5 6 7 8 9 ·10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

ClK 

01 

SAR STATUS (SARS) !-___________ --+_---'HI-Z 

I 
I 

L... ____ Ir.-_..J HI-Z 
I 

Sf OR DO -----:H':":I.-=Z,....---, 

I 
I 
I 

I I I USING Sf {Sf 
TO CONTROL 

lSB FIRST 

OUTPUT 00------., 

I4--MSB FIRST DATA---fi4-DATA HElD"*"-lSB FIRST DATA.....-j 
I I I , 

I 

tMake sure clock edge of 18th clock, clocks in the LSB before SE is taken low. 

FIGURE 9-ADC0838 TIMING DIAGRAM 

III 
en 
oJ 

L e 
W 
i 
:t: 
0 

16 

UNADJUSTED OFFSET ERROR 
vs 

REFERENCE VOLTAGE 

_ VU+1 = VU-l = 0 V 

14 _Vos=2mV 

12 

10 

8 

6 

4 

2 

o 
0.01 

\ 
\. 

" 
I'---

0.1 1.0 
Vref-Reference Voltage-V 

FIGURE 10 

5 

1.5 

1.25 

III 
~ 1.0 
I e 
w 0.75 

·E .. 
.~ 0.5 
oJ 

0.25 

o 

LINEARITY ERROR 
vs 

REFERENCE VOLTAGE 

Vcc=15V 
I 

fclock = 250 kHz 
r-TA = 25°C 

o 2 3 
Vref-Reference Voltage-V 

FIGURE 11 

4 5 
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TYPES ADC0831, ADC0832, ADC083' ADC0838 
2·, 4·, 8·CHANNEL AID PERIPHERALS WITH 

SERIAL CONTROL AND MULTIPLEXER OPTIONS 

TYPICAL CHARACTERISTICS 

III 
Ul ... 
I e 

0_50 

w 0_25 
~ -;: ., .. 
I: 

:.::i 

o 
-100 

LINEARITY ERROR 
vs 

FREE-AIR TEMPERATURE 

~ 
_,- ! 
Vref= 5 V 
fclock = 250 kHz 

~ I'---. 
~ 

-50 o 50 100 

T A -F ree-Air Temperature-° e 

FIGURE 12 

SUPPLY CURRENTt 
vs 

FREE-AIR TEMPERATURE 

150 

1_5 r----r---,--,---,----.,.----.---,-----, 

1 
.!. 1_0 
I: 

~ 
:J 

U 
> -a a. 
:J 

Vee = 4_5 V 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL ·AND MULTIPLEXER OPTIONS 
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TYPICAL CHARACTERISTICS 
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FIGURE 16 

TYPICAL APPLICATION INFORMATION 

8 Single-Ended 8 Pseudo~Differential 

+ 0 + 
+ + 
+ 2 + 
+ 3 + 
+ 4 + 
+ 5 + 
+ 6 + 
+ 7 + 
COM I-) + COM I-) 

VSIAS -=-

~ 
4 Differential Mixed Mode 

+(-1 O.l{ + 
-(+1 
+(-1 

2.3{ 
-(+) + 

+(-1 + 
+ 

-(+1 + 
+(-) + 
-(+1 + COM(-) 

VSIAS-=-

~ 
FIGURE 17-ANALOG INPUT MULTIPLEXER OPTIONS FOR THE ADC0838 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 

SERIAL CONTROL AND MULTIPLEXER OPTIONS 

ACD0832 MUX ADDRESSING 15-BIT SHIFT REGISTER) ISee Note 9) 

TABLE 1 SINGLE ENDED MUX MODE 
MUX ADDRESS CHANNEL NO. 

SGLJDIF I ODD/SIGN 0 1 

1 I 0 + 
1 1 + 

TABLE 2. DIFFERENTIAL MUX MODE 
MUX ADDRESS CHANNEL NO. 

SGL/DIF I ODD/SIGN 0 1 

0 

I 
0 + -

0 1 - + 

NOTE 9: Internally, Select 0 is low, Select 1 is high. COMMON is internally connected to ANLG GND. 

ADC0834 MUX ADDRESSING 15-BIT SHIFT REGISTER)ISee Note 10) 

TABLE 3. SINGLE-ENDED MUX MODE 

MUX ADDRESS CHANNEL NO. 

SGL/DIF ODD/SIGN SELECT 1 0 1 2 3 
1 0 0 + 
1 0 1 + 
1 1 0 + 
1 1 1 + 

TABLE 4. DIFFERENTIAL MUX MODE 

MUX ADDRESS CHANNEL NO. 

SGL/DIF ODD/SIGN SELECT 1 0 1 2 3 
0 0 0 + -

0 0 1 + -
0 1 0 - + 
0 1 1 - + 

NOTE 10: Internally, Select 0 is high. COMMON is internally connected to ANLG GND. 

ADC0838 MUX ADDRESSING 15-BIT SHIFT REGISTER) 

TABLE 5. SINGLE-ENDED MUX MODE 

MUX ADDRESS ANALOG SINGLE-ENDED CHANNEL NO. 

SGL/DIF 
SELECT 

ODD/SIGN 0 1 
1 0 

2 3 4 5 6 7 COM 

1 0 0 0 + -

1 0 0 1 + -

1 0 1 0 + -

1 0 1 1 + -

1 1 0 0 + -

1 1 0 1 + -

1 1 1 0 + -
1 1 1 1 + -
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 

TABLE 6. DIFI=ERENTIAL IIIIUX MODE 

MUX ADDRESS ANALOG DIFFERENTIAL CHANNEL-PAIR NO. 

SGL/Dii' 
SELECT 0 1 2 3 

ODD/SIGN 
1 0 0 1 2 3 4 5 6 7 

0 0 0 0 + -

0 0 0 1 + -
0 0 1 0 + -

0 0 1 1 + -

0 1 0 0 - + 
0 1 0 1 - + 
0 1 1 0 - + 
0 1 1 1 - + 

PRINCIPLES OF OPERATION 

The ADC0831, ADC0832, ADC0834, and ADC0838 use a sample data comparator structure that converts 
differential analog inputs by a successive-approximation routine. The input voltage to be converted is applied 
to a channel terminal and is compared to ground (single-ended)' to an adjacent channel (differential), or 
to a common terminal (pseudo-differential) that can be an arbitrary voltage. The input terminals are assigned 
a positive ( +) or negative ( -) polarity. If the signal input applied to the assigned positive terminal is less 
than the signal on the negative terminal, the converter output is all zeroes. 

Channel selection and input configuration are under software control using a serial data link from the 
controlling processor. A serial communication format allows more functions to be included in a converter 
package with no increase in size. In addition, it eliminates the transmission of low-level analog signals 
by locating the converter at the analog sensor. This process returns noise-free digital data to the processor. 

A particular input configuration is assigned during the multiplexer addressing sequence. The multiplexer 
address is shifted into the converter through the data input (01) line. The ADC0831 contains only one 
differential input ctlannel having a fixed polarity assignment and not requiring addressing. The multiplexer 
address selects the analog inputs to be enabled and determines whether the input is single-ended or 
differential. When the input is differential, the polarity of the channel input is assigned. Differential inputs 
are assigned to adjacent channel pairs. For example, channel 0 and channel 1 may be selected as a 
differential pair. These channels can not act differentially with any other channel. In addition to selecting 
the differential mode, the polarity may also be selected. Either channel of the channel pair may be designated 
as negative or positive. 

The common input on the ADC0838 can be used for a pseudo-differential input. In this mode, the voltage 
on the input is negative to any other channel. This voltage can be any reference potential common to all 
channel inputs. This feature is useful in single-supply applications where all analog circuits are biased to 
a potential other than ground. 

Operation of the ADC0831, ADC0832, ADC0834, and ADC0838 is similar with the exception of multiplexer 
addressing. The ADC0838 has all the features of the other converts and is used for the functional block 
diagram. 

A conversion is initiated by setting the chip select (CS) input low. This enables all logic circuits. The CS 
input must be held low for the complete conversion process. A clock input is received from the processor. 
On each low-to-high transition of the clock input, the data on the 01 input is clocked into the multiplexer 
address shift register. The first logic high on the input is the start bit. A 2- to 4-bit assignment word follows 
the start bit. On each successive low-to-high transition of the clock input, the start bit and assignment 
word are shifted through the shift register. When the start bit has been shifted into the start location of 
the multiplexer register, the input channel has been selected and conversion starts. The SAR status output 
(SARS) goes high to indicate that a conversion is in progress and the 01 input to the multiplexer shift register 
is disabled for the duration of the conversion. 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 

SERIAL CONTROL AND MULTIPLEXER OPTIONS 

An interval of one clock period is automatically inserted to allow for the selected multiplexer channel to 
settle. The data output DO comes out of the high-impedance state and provides a leading low for this 
one clock period of multiplexer settling time. The SAR comparator compares successive outputs from the 
resistive ladder with the incoming analog signal. The comparator output indicates whether the analog input 
is greater than or less than resistive ladder output. This data is parallel loaded into a 9-bit shift register 
which immediately outputs an 8-bit serial data word. This output is sent to the DO output with the most­
significant bit (MSB) first. After eight clock periods the conversion is complete and the SAR status (SARS) 
output goes low. When CS goes high, all internal registers are cleared. At this time the output circuits 
go to three-state. If another conversion is desired, the CS line must make a high-to-Iow transition followed 
by address information. 

In the ADC0831, only the MSB data is output first. The ADC0832 and ADC0834 output the LSB data 
first after the MSB first data stream is output. In the ADC0838, the programmer has the option of selecting 
MSB first or LSB first. To output LSB first, the shift enable (SE) control input must go low. Data stored 
in the 9-bit shift register is now output with LSB first. The ADC0831 data is only output in MSB-first format. 

The DI and DO pins can be tied together and controlled by a bi-directional processor I/O bit received on 
a single wire. This is possible because the DI input is only examined during the multiplexer addressing 
interval and the DO output is still in a high-impedance state. 
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DATA 
ACQUISITION 
CIRCUITS 

• Functionally Interchangeble with Siliconix 
OG182. OG185. OG188. and OG191 with 
Same Terminal Assignments 

• Monolithic Construction 

• Adjustable Reference Voltage 

• JFET Inputs 

description 

The TL 182. TL185. TL188. and TL 191 are 
monolithic high-speed analog switches using BI­
MaS technology. They comprise JFET-input 
buffers. level translators. and output JFET 
switches. The TL 182 switches are SPST; the 
TL 185 switches are SPOT. The TL 188 is a pair 
of complementary SPST switches as is each half 
of the TL 1 91 . 

A high level at a control input of the TL 182 turns 
the associated switch off. A high level at a 
control input of the TL 185 turns the associated 
switch on. For the TL 188. a high level at the 
control input turns the associated switches S 1 
on and S2 off. 

The threshold of the input buffer is determined 
by the voltage applied to the reference input 
(V ref). The input threshold is related to 
the reference input by the equation 
Vth = Vref + 1.4 V. Thus. for TTL compati­
bility. the Vref input is connected to ground. The 
JFET input makes the device compatible with 
bipolar. MaS and CMOS logic families. 
Threshold compatibility may. again. be 
determined by Vth = Vref + 1.4 V. 

The output switches are junction field-effect 
transistors featuring low on-state resistance and 
high off-state resistance. The monolithic 
structure ensures uniform matching. 

BI-MOS technology is a major breakthrough in 
linear integrated circuit processing. BI-MOS can 
have ion-implanted JFETs. p-channel MOS-FETs. 
plus the usual bipolar components all on the 
same chip. BI-MOS allows circuit designs that 
previously have been available only as expensive 
hybrids to be monolithic. 

Devices with an "M" suffix are characterized for 
operation over the full military temperature range 
of -55°C to 125°C. those.with an "I" suffix 
are characterized for operation from - 25°C to 
85 DC. and those with a "C" suffix are 
characterized for operation from 0 °C to 70°C. 

TYPES TL182, TL185, TL188, TL191 
BI·MOS SWITCHES 

02234. JUNE 1976-REVISED OCTOBER 19B3 

• Uniform On-State Resistance for Minimum 
Signal Distortion 

• ± 10-V Analog Voltage Range 

• TTL. MOS. and CMOS Logic Control 
Compatibility 

TL182 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

15 25 
10 20 
NC NC 
NC NC 
1A 2A 

VCC VEE 
VLL Vref 

TL185 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

101 151 
NC 1A 

102 VEE 
152 Vref 
251 VLL 
201 VCC 

NC 2A 
202 252 

TL188 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

TL191 

J OR N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

101 151 
NC 1A 

102 VEE 
152 Vref 
252 VLL 
202 VCC 

NC 2A 
201 251 

NC-No internal connection 
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TYPES TL182, TL185 
BI·MOS SWITCHES 

schematic (each channell 

A 

schematic (each channell 

VLL Vcc 

TL 182 TWIN SPST SWITCH 

0 

S 

TL 185 TWIN DPST SWITCH 

01 

SI 
l> 
n .c 
c 
;;' 
::+ 
0' 
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A-,~-4--~------t-----~------~ 
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IS 

2A 

2S 

(5) 

(1) ---t.. (2) 

(10) 

(14) --t.. (13) 

FUNCTION TABLE 

(EACH HALF) 

10 

20 

INPUT SWITCH 

A S 

L ON (CLOSED) 

H OFF (OPEN) 

lA 
(15) 

lSI 
(16) --- (I) 

101 

152 
(4) 

............... - (3) 
102 

(10) 
2A 

2S1 
(5) ----- (6) 

201 

252 
(9) 

-----
(8) 

202 

FUNCTION TABLE 

(EACH HALF) 

INPUT SWITCHES 

A SWI ANDSW2 

L OFF (OPEN) 

H ON (CLOSED) 

128 
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TYPES TL188, TL191 
BI·MOS SWITCHES 

TL 188 DUAL COMPLEMENTARY SPST SWITCH 

schematic 

VLL VCC 

01 

A 
(51 

Sl 
(41 ....,/- (31 

01 
Sl (111 --t.. (121 

S2 02 

A--~--*-~-------+-------r----~~I 
02 

>"-----...... - S2 
FUNCTION TABLE 

INPUT SWITCHES 

A 8Wl SW2 

L OFF (OPEN) ON (CLOSEDI 

H ON (CLOSEDI OFF (OPENI 

Vref 

TL 191 TWIN DUAL COMPLEMENTARY SPST SWITCH 

schematic (each chllnnel) 

lA 
(151 

01 (161 ....,/-
(11 

181 101 

1S2 
(41 -...-t... (3) 

102 

81 

2A 
(101 

A (91 ....,/ .... (81 
02 281 201 

(51 ---t. (61 
282 202 

S2 
FUNCTION TABLE 

INPUT SWITCHES 

A SWl SW2 

L OFF (OPEN) ON (CLOSED) 

H ON (CLOSED) OFF (OPENI 

VEE Vref 
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TYPES TL182, TL185, TL188, TL191 
BI·MOS SWITCHES 

functional block diagram 

OOR 01 02 

A-D-1>--r--r 
SORS1 S2 

See the preceding two pages for operation of the switches. 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Positive supply to negative supply voltage, VCC - VEE ............................. 36 V 
Positive supply voltage to either drain, VCC - VD ................................. 33 V 
Drain to negative supply voltage, VD - VEE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 V 
Drain to source voltage, VD - VS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±22 V 
Logic supply to negative supply voltage, VLL - VEE. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. 36 V 
Logic supply to logic input voltage, VLL - V, ..................................... 33 V 
Logic supply to reference voltage, VLL - Vref .................................... 33 V 
Logic input to reference voltage, V, - Vref ....................................... 33 V 
Reference to negative supply voltage, Vref - VEE .................................. 27 V 
Reference to logic input voltage, Vref - V, .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 V 
Current (any terminal) .................................... ,................ 30 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1): 

TL182MJ, TL185MJ, TL188MJ, TL191MJ .................................. 1375 mW 
TL1821J, TL182CJ, TL1851J, TL185CJ, TL1881J, TL188CJ, TL1911J, TL191CJ ....... 1025 mW 
N package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 

Operating free-air temperature range: TL 182M, TL 185M, TL 188M, TL 191 M .. .. - 55°C to 125°C 
TL1821, TL1851, TL1881, TL1911 ......... -25°C to 85°C 
TL182C, TL185C, TL188C, TL191C ......... ooC to 70°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package. . . . . . . . . . . .. 260°C 

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2. In the J package,·"M'· suffix chips are alloy mounted. 
"I" and "e" suffix chips are glass mounted . 
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electrical characteristics; Vee 15 V, VEE = -15 V, VLL = 5 V, Vref = 0 V (unless otherwisenotedl 

TLl_M TLl_1 
PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX 

VIH 
High-level control 

input voltage 
TA = MIN TO MAX Vref+ 2 Vref+ 2 

Low-level control 
VIL 

input voltage 
TA = MIN to MAX Vref+ O.8 Vref+ O.8 

High-level control TA - 25"C 10 10 
IIH 

input current 
VI = 5 V 

TA = MAX 20 20 

Low-level control 
IlL VI = 0 TA = MIN to MAX -250 -250 

input current 

VD-l0V, Vs - 10V, TA - 25"C 5 
IDloffi Off-state drain current 

VIH = 2 V, VIL = 0.8 V TA - MAX 100 100 

VD--l0V, Vs - 10 V, TA - 25°C 5 
ISloff) Off-state source current 

VIH = 2 V, VIL = 0.8 V TA = MAX 100 100 

On-state channel VD - 10 V, Vs - 10 V, TA - 25"C 10 
'O(on) + 'S(on) leakage current VIH = 2 V, VIL = 0.8 V TA - MAX 200 -200 

TL182, TA - MIN to 25"C 75 100 

Drain-to-source VD=-10V, IS = 1 rnA, TL188 TA - MAX 100 150 
rOS(on) on-state resistance VIH = 2 V, VIL = 0.8 V TL185, TA = MIN to 25°C 125 150 

TL191 TA = MAX 250 300 

ICC Supply current from Vee 1.5 1.5 

lEE Supply current from VEe -5 -5 
Both control inputs at 0 V TA "'" 25°C 

ILL Supply current from Vll 4.5 4.5 

'ref Reference current -2 -2 

ICC Supply current from Vee 1.5 1.5 

lEE Supply current from Vee -5 -5 
Both control inputs at 5 V TA = 25"C 

ILL Supply current from VLL 4.5 4.5 

'ref Reference current -2 -2 

switching characteristics, Vee 10 V, VEE -20 V, VLL 5 V, Vref OV, TA 25°C 

PARAMETER TEST CONDITIONS TL1_M TL1_1 TL1_C 
UNIT 

TYP TYP TYP 

ton Turn-on time 175 175 175 
RL = 300!l, CL = 30 pF, Figure 1 ns 

toff Turn-off time 350 350 350 

• Data Acquisition 

TL1_C 

MIN MAX 

Vret+ 2 

Vref+ O.8 

20 

20 

-250 

5 

100 

5 

100 

10 

-200 

100 

150 

150 

300 

1.5 

-5 

4.5 

-2 

1.5 

-5 

4.5 

-2 

UNIT 

V 

V 

,.A 

,.A 

nA 

nA 

nA 

II 

rnA 

rnA 
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< 
." 
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TYPES TL 182, TL 185, TL 188, TL 191 
BI·MOS SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

VLL = 5 V Vcc = 15 V 

VS--~-----------o~o-~--~~--e--

VEE =-15V 

CL includes probe and jig capacitance. 

Vs = 3 V fo, ton and -3 V for toff· 

RL 
VO=VS ---=---

RL + 'OSlon) 

TEST CIRCUIT 

:1- S:x=t,<1;.::O:'-----3v 
INPUT A 

1\ ,I 
I '-----1r-" I OV 

~n~ I -----+----"..,.-t------ 3V 

0.9 VOT -I VO~I toff 

OUTPUT / 1--1 -------10.1VO OV 

-------~~---------~V 

NOTE: A. The solid waveform applies for TL 185 and SW 1 of TL 185 and Tl191; the dashed waveform applies for TL 182 and SW2 of TL 185 and TL 191. 
B. Va is the steady~sta'tfJ output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and" 

trailing edges of the output waveform. 

FIGURE 1-VOLTAGE WAVEFORMS 
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TYPES TL500C THRU TL503C 
ANALOG·TO·DlGITAL·CONVERTER BUILDING BLOCKS 

02477. DECEMBER 1979-REVISED OCTOBER 19B3 

TL500C/TL501C 
ANALOG PROCESSORS 

• True Differential Inputs 
• Automatic Zero 
• Automatic Polarity 
• High Input Impedance ... 109 Ohms Typically 

TL500C CAPABILITIES 

• Resolution ... 14 Bits (with TL502C) 
• Linearity Error ... 0.001% 
• 4 1/2·Digit Readout Accuracy with 

External Precision Reference 

T L502C/T L503C 
DIGITAL PROCESSORS 

• Fast Display Scan Rates 
• Internal Oscillator May Be Driven 

or Free·Running 
• Interdigit Blanking 
• Over-Range Blanking 
• Display Test 
• 4 1/2-Digit Display Circuitry 
• High-Sink-Current Digit Driver for 

Large Displays 

TL501C CAPABILITIES 

• Resolution ... 10-13 Bits (with TL502C) 
• Linearity Error ... 0.01% 
• 3 1/2-Digit Readout Accuracy 

TL502C CAPABILITIES 

• Compatible with Popular Seven-Segment 
Common-Anode Displays 

• High-Sink-Current Segment Driver For 
Large Displays 

TL503C CAPABILITIES 

• Multiplexed BCD Outputs 
• High-Sink-Current BCD Outputs 

Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 

The TL500C and TL501 C analog processors and TL502C and TL503C digital processors provide the basic functions for 
a dual-slope-integrating analog-to-digital converter. 

The TL500C and TL501C contain the necessary analog switches and decoding circuits, reference voltage generator, 
buffer, integrator, and comparator. These devices may be controlled by the TL502C, TL503C, by discrete logic, or by a 

c:: 
o 
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:1!! 
j 
C" 
CJ 
<t 

CO ... 
CO 
C 

software routine in a microprocessor. 

The TL502C and TL503C each includes oscillator, counter, control logic, and digit enable circuits. The TL502C • 
provides multiplexed outputs for seven-segment displays, while the TL503C has multiplexed BCD outputs. 

When used in complementary fashion, these devices form a system that features automatic zero-offset compensation, 
true differential inputs, high input impedance, and capability for 4 1/2-digit accuracy. Applications include the 
conversion of analog data from high-impedance sensors of pressure, temperature, light, moisture, and position. 
Analog-to-digital-Iogic conversion provides display and control signals for weight scales, industrial controllers, 
thermometers, light-level indicators, and many other applications. 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TL500C THRU TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 

principles of operation 

The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, CX, is charged through the 
integrator from VCT for a fixed period of time at a rate determined by the value of the unknown voltage input. Then 
the capacitor is discharged at a fixed rate (determined by the reference voltage) back to VCT where the discharge time 
is measured precisely. The relationship of the charge and discharge values are shown below (see Figure 1). 

VI t1 
VCX= VCT--­

RXCX 

Vrett2 
VCT = Vcx --­

RXCx 

Combining equations 1 and 2 results in: 

where: 

V CT = Comparator (offset) threshold voltage 

Charge 

Discharge 

VCX = Voltage change across Cx during t1 and during t2 (equal in magnitude) 

VI = Average value of input voltage during t1 

t1 = Time period over which unknown voltage is integrated 

t2 = Unknown time period over which a known reference voltage is integrated. 

Equation (3) illustrates the major advantages of a dual-slop converter: 

(1) 

(2) 

(3) 

a. Accuracy is not dependent on absolute values of t1 and t2, but is dependent on their ratios. Long-term clock 
frequency variations will not affect the accuracy. 

b. Offset values, VCT, are not important. 

The BCD counter in the digital processor (see Figure 2) and the control logic divide each measurement cycle into three 
phases. The BCD counter changes at a rate equal to one-half the oscillator frequency. 

auto-zero phase 

The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels to inputs A 
and B of the analog processor. If the trigger input is at a high level, a free-running condition exists and continuous 
conversions are made. However, if the trigger input is low, the digital processor stops the counter at 20,000, entering a 
hold mode. In this mode, the processor samples the trigger input every 4000 oscillator pulses until a high level is detected. 
When this occurs, the counter is started again and is carried to completion at 30,000. The reference voltage is stored on 
reference capacitor Cref, comparator offset voltage is stored on integration capacitor CX, and the sum of the buffer and 
integrator offset voltages is stored on zero capacitor CZ. During the auto-zero phase, the comparator output is 
characterized by an oscillation (limit cycle) of indeterminate waveform and frequency that is filtered and d-c shifted by 
the level sh ifter. 

integrate-input phase 

The auto-zero phase is ,completed at a BCD count of 30,000, and high levels are applied to both control inputs to 
initiate the integrate-input phase. The integrator charges Cx for a fixed time of 10,000 BCD counts at a rate determined 
by the input voltage. Note that during this phase, the analog inputs see only the high impedance of the non inverting 
operational amplifier input. Therefore, the integrator responds only to the difference between the analog input terminals, 
thus providing true differential inputs. 
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TYPES TL500C THRU TL503C 
ANALOG· TO·DIGITAL·CONVERTER BUILDING BLOCKS 

integrate-reference phase 

At a BCD count of 39,999 + 1 = 40,000 or 0, the integrate-input phase is terminated and the integrate-reference phase 
is begun by sampling the comparator output_ If the comparator output is low corresponding to a negative average 
analog input voltage, the digital processor applies a low and a high to inputs A and B, respectively, to apply the 
reference voltage stored on Cref to the buffer. If the comparator output is high corresponding to a positive input, 
inputs A and B are made high and low, respectively, and the negative of the stored reference voltage is applied to the 
buffer_ In either case, the processor automatically selects the proper logic state to cause the integrator to ramp back 
toward zero at a rate proportional to the reference voltage_ The time required to return to zero is measured by the 
counter in the digital processor_ The phase is terminated when the integrator output crosses zero and the counter 
contents are transferred to the register, or when the BCD counter reaches 20,000 and the over-range indication is 
activated_ When activated, the over-range indication blands all but the most significant digit and sign_ 

Seventeen parallel bits (4-1/2 digits) of information are strobed into the buffer register at the end of the integration 
phase_ Information for each digit is multiplexed out to the BCD outputs (TL503C) or the seven-segment drivers 
(TL502C) at a rate equal to the oscillator frequency divided by 400_ 

BCD COUNTER VALUES 

20,000 30,000 o 20,000 30,000 0 20,000 

:AUTOZERO: INTEGRATE: INTEGRATE:: II AUTO ZERO 1 INTEGRATEi INTEGRATE I 
I 1 INPUT REFERENCE I I I INPUT I REFERENCE I 
: 1 I I 1 1 I 1 
1 1 I HOLD 1 I I I 
: I: I I 1 : I I 
I 1 I: 1 1 1 I 

~NJi~A_T_O_R __ ..Io! I 1 __ 1-__ 1 1 V(pinl»V(pin2) 1 ______ oVI 

1 Iii 1 (POSITIVE ,ANALOG VOLTAGE) 1 
1 V(pinl)<V(pin2) I 1 1 I I 
: (NEGATIVE ~NALOG VOLTAGE) I I - - I- - - - - - - V(pin 2) 

1 I I 1 I I I 
I I 1 I I I I 
1 1 : I I I I i 

I : I ! I I 1 I 

-.~ __ -r: ______ "r-----i---------~ ___ ,.! 
I I I I I i' I 
I I I I I I 

CONTR~L A I '-~---i---~ L _____ J 
I I I 1 I I 
I I I I ~: 

CONTROI:LB i U ___ .l ___ --! i ______ 0) 
I I I I: 1 1 
I I I 1 I I. I 1 1 

TRIGGER ~QS8882 i 1 .. ----.~t"7'n~....,....,DO~N .. ~t"7'C~ .. A-,R ... E..,...,.,-.,...".......: \ 

H .... J, I --oJ 
*This step is the voltage at pin 2 with respect to analog ground. 

FIGURE 1-VOLTAGE WAVEFORMS AND TIMING DIAGRAM 
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ANALOG PROCESSOR 
TL500 OR TL50' 

RX 
Cx 

DIGITAL PROCESSOR 
TL502 OR TL503 {See Note AI 

r - ------- - - --~ -;;;+1 
, , r------oi ij ~ I 

BUFFER 
OUTPUT 

INTEGRATOR 
OUTPUT ------, 

OSCILLATOR 
INPUT I wu .... n I • <;> TRIGGER 

i i INPUT 

Cz 

Cre, 

LEVEL 
SHIFTER 

ANALOG SWITCH 
LOGIC CONTROL 

I 
I 

I 
I 
I 
I 

fi ' ----ANALOG - - - _J 
GROUND DIGITAL 

COMMON 

NOTES: A. Pin 18 of the TL502 provides an output of fosc (oscillator frequency) -;- 20,000. 

8. The trigger input assumes a high level if not externally connected. 

I 

: 
I 
L U -LAND DRIVERS I -

__ I 

DiGiT-ENABLE __ __ I oo_m ___.J 
(01 THRU 05) - -

COMMON 

FIGURE 2- BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER 

USING TL500C OR TL501C AND TL502C OR TL503C 

ANALOG CONTROLS ANALOG SWITCHES 
MODE COMPARATOR INPUT AANDB CLOSED 

Auto Zero 

Hold t 
X Oscillation l L 53,54,57,59,510 

Integrate Positive H 
H H 51,52 

Input Negative L 

Integrate HI H l 53,56,57 
X 

II H 53,55,S8 ___ Reference l 
--

H == High, L == Low, X == Irrelevant 

t If the trigger input is low at the beginning of the auto-zero cycle, the system will enter the hold mode. A high level (or open circuit) will signal the digital 

processor to continue or resume normal operation. 

:t'-This is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase. 

(See Note BI 
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descri ption of analog processors 

The TL500C and TL501 C analog processors are 
designed to automatically compensate for internal 
zero offsets, integrate a differential voltage at the 
analog inputs, integrate a voltage at the reference 
input in the opposite direction, and provide an 
indication of zero-voltage crossing. The external con­
trol mechanism may be a microcomputer and soft­
ware routine, discrete logic, or a TL502C or TL503C 
controller. The TL500C and TL501 C are designed 
primarily for simple, cost-effective, dual-slope analog­
to.digital converters. Both devices feature true 
differential analog inputs, high input impedance, 
and an internal reference-voltage source. The TL500C 
provides 4-1/2·digit readout accuracy when used with 
a precision external reference voltage. The TL501C 
provides 100-ppm linearity error and 3-1/2-digit 
accuracy capability. These devices are manufactured 
using Tl's advanced technology to produce JFET, 
MOSFET, and bipolar devices on the same chip. The 
TL500C and TL501C are intended for operation over 
the temperature range of 0° C to 700 C. 

schematics of inputs and outputs 

CONTROL A AND CONTROL B INPUTS 

INPUT 

TYPES TL500C, TL501C 
ANALOG PROCESSORS 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

ANALOG INPUT 1 }cz 
ANALOG INPUT 2 

REF OUTPUT VCC + 
REF INPUT BUFFER OUTPUT 

ANALOG GND INTEGRATOR INPUT 
Cref+ INTEGRATOR OUTPUT 

Cref- VCC-
CONTROL B INPUT DIGITAL COMMON 
CONTROL A INPUT '-C_"":":'I-' COMPARATOR OUTPUT 

COMPARATOR OUTPUT 

OUTPUT 

DIGITAL 
COMMON 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Positive supply voltage, VCC + (see Note 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 1 B V 
Negative supply voltage, VCC _ .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 1 B V 
Input voltage, VI .................................................................. ±VCC 
Comparator output voltage range (see Note 21 ...................... . ........... 0 V to VCC + 
Comparator output sink current (see Note 21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
Buffer, reference, or integrator output source current (see Note 21 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 'mA 
Total dissipation at (or belowl 25 DC free-air temperature (see Note 31,. . . . . . . . . . . . . . . . . . . . . . . .. 875 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0 DC to 70 DC 
Storage temperature range .................................................. -65 DC to 125 DC 

NOTES: 1. Voltage values. except differential voltages, are with respect to the. analog ground common pin tied together. 
2. Buffer. integrator. and comparator outputs are not short-circuit protected. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TL500C. TL501C 
ANALOG PROCESSORS 

recommended operating conditions 

Positive supply voltage, Vcc + 

Negative supply voltage, VCC-

Reference input voltage, Vre!1I1 

Analog input voltage, VI 

Differential analog input voltage, VID 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Peak positive integrator output voltage, YOM + 

Peak negative integrator output voltage, VOM-

Full scale input voltage 

Autozero and reference capacitors, Cz and eref 

Integrator capacitor, Cx 

Integrator resistor, RX 

Integrator time constant, RXCX 

Free-air operating temperature, T A 

Maximum conversion rate with TL502 or TL503 

I Control inputs 

I Control inputs 

system electrical characteristics at Vee 
(unless otherwise noted) (see Figure 3) 

±12 V, Vref 

PARAMETER TEST CONDITIONS 

Zero efror 

Linearity error relative to full scale VI = -2'Vt02V 

Full scale temperature coefficient TA = ooC to 70°C 

Temperature coefficient of zero error TA = OoC to 70°C 

Rollover error t 
Equivalent peak-ta-peak input noise voltage 

Analog input resistance Pin 1 or 2 

Common-mode rejection ratio VIC = - 1 V to + 1 V 

Current into analog input VI = ±5 V 

Supply voltage rejection ratio 

MIN NOM MAX 

7 12 15 

-9 -12 -15 

0.1 5 

±5 

10 

2 

0.8 

+9 

-5 

2 Vre! 
0.2 

0.2 

15 100 

See 

Note 4 

0 70 

3 12.5 

1,000 ± 0.03 mY, TA 

TL501C TL500C 

MIN TYP MAX MIN TYP MAX 

50 300 10 30 

0.005 0.05 0.001 0.005 

6 6 

4 1 

200 500 30 100 

20 20 

109 109 

86 90 

50 50 

90 90 

t Rollover error is the voltage difference between the conversion res~lts of the full-scale positive 2 volts and the full-scale negative 2 volts. 

NOTE 4. The minimum integrator time constant may be found by use of the following formula: 

where 

VIO "ull scaleJ t1 
Minimum RXCX = 1 VOM _I - Vllpin 2J 

VID = voltage at pin with respect to pin 2 

VI(pln 2J = voltage at pin 2 with respect to analog ground 

t 1 = input integration time seconds 
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electrical characteristics at Vee = ±12 V, Vref = 1 V, T A = 25°C (see Figure 3) 

integrator and buffer operational amplifiers 

PARAMETER 

VIO Input offset voltage 

liB Input bias current 

VOM+ Positive output voltage swing 

VOM- Negative output voltage swing 

AVD Voltage amplification 

B1 Unity-gain bandwidth 

CMRR Common mode rejection 

SR Output slew rate 

comparator 
PARAMETER 

VIO Input offset voltage 

liB Input bias current 

AVD Voltage amplification 

VOL Low-level output voltage 

IOH High-level output current 

voltage reference output 

PARAMETER 

V,ef(O) Reference voltage 

aVref 
Reference-voltage temperature 

coefficient 

'0 Reference output resistance 

logic control section 

PARAMETER 

IIH High-level input current 

IlL Low-level input current 

total device 

PARAMETER 

ICC+ Positive supply current 

.ICC- Negative supply current 

TEST CONDITIONS 

VIC=-1Vto+1V 

TEST CONDITIONS 

IOL -1.6 rnA 

VOH=3V' 

TEST CONDITIONS 

TA=0°Ct070'C , 

TEST CONDITIONS 

VIH=2V 

VIL=0.8V 

TEST CONDITIONS 
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-5 

MIN 

MIN 

1.12 

MIN 

MIN 

TYPES TL500C, TL501C 
ANALOG PROCESSORS 

TYP MAX UNITS 

15 rnV 

50 pA 

11 V 

-7 V 

110 dB 

3 MHZ 

100 dB 

5 V/!"s 

TYP MAX UNITS 

15 rnV 

50 pA 

100 dB 

200 400 rnV 

5 20 nA 

TYP MAX UNITS 

1.22 1.32 V 

80 pprni'C 

3 n 

TYP MAX 

1 10 

-40 -300 

TYP MAX 

15 20 

12 18 
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TYPES TLSOOC, TLS01C 
ANALOG PROCESSORS. 

PARAMETER MEASUREMENT INFORMATION 

12V -12V 5V 

(16) 

lOOkO VCC+ VCC-
(I) COMPARATOR 

PRECISION }ANALOG OUTPUT MPU 

VOLTAGE 100 kO (2) INPUTS (9) LOGIC 

SOURCE CONTROL A CONTROLLER 
Vref = (See Note C) 
1,000 ±0.03 mV REF CONTROLB 

(8) 

-= (4) INPUT 
(7) 

Cref+ Cref= IIlF BUFFER (15) 0 
(See Note 0) (6) OUTPUT 

Cref-
(18) 

Cz 
INTEGRATOR 

Cz = IIlF INPUT 
(see Note 0) INTEGRATOR Cx = IIlF 

Cz 
(13) 

(see Note 0) 

(II) 

NOTES: C. Tests are started approximately 5 seconds after power-on. 

tl = lOOms 
from 

VID(full scale) tl 
RXCX= 

VOM-VIIPIN 2) 

D. Capacitors used are TRW's X363UW poly propylene or eqivalent for eX. Cref, and CZ; however for eref and eZ. film-dielectric capacitors may 

be substituted. 

FIGURE 3-TEST CIRCUIT CONFIGURATION 

external-component selection guide 

The autozero capacitor Cz and reference capacitor Cref should be within the recommended range of operating 
conditions and should have low leakage characteristics. Most film-dielectric capacitors and some tantalum capacitors 
provide acceptable results. Ceramic and aluminum capacitors are not recommended because of their relatively high 
leakage characteristics. 

The integrator capacitor Cx should also be within the recommended range and must have good voltage linearity and 
low dielectric absorbtion. A polypropylene-dielectric capacitor similar to TRW's X363UW is recommended for 
4-1/2-digit accuracy. For 3-112-digit applications, polyster, polycarbonate, and other film dielectrics are usul\lIy suitable. 
Ceramic and electrolylic capacitors are not recommended. 

Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14,7,6,13,1,2,15) 
must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed at the package, for 
example, by a O.Ol-IlF ceramic capacitor. 

Analog and digital common are internally isolated and may be a different potentials. Digital common can be within 
4 volts of positive or negative supply with the logic decode still functioning properly. 

The time constant RXCX should be kept as near the minimum value as possible and is given by the formula: 

where: 

. . VID (full scale) !J 
Mmlmum RXCx=,V , . 

OM- - V,(pm 2) 

VID(full scale) = Voltage on pin 1 with respect to pin 2 

q = I "put integration time in seconds 

Vl(pin 2) = Voltage on pin 2 with respect to analog ground 
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description of digital processors 

The TL502C and TL503C are control logic devices 
designed to complement the TL500C and TL501C 
analog processors. They feature interdigit blanking, 
over-range blanking, an internal oscillator, and a fast 
display scan rate. The internal-oscillator input is a 
Schmitt trigger circuit that can be driven by an 
external clock pulse or provide its own time base 
with the addition of a capacitor. The typical oscillator 
frequency is 120 kHz with a 470-picofarad capacitor 
connected between the oscillator input and ground. 

The TL502C provides seven-segment·display output 
drivers capable of sinking 100 milliamperes and 
compatible with popular common-anode displays. 
The TL503C has four BCD output drivers capable of 
100-milliampere sink currents. The code (see next 
page and Figure 4) for each digit is multiplexed to the 
output drivers in phase with a pulse on the appropriate 
digit-enable line at a digit rate equal to fosc_divided 
by 200. Each digit-enable output is capable of sinking 
20 milliamperes. 

TYPES TL502C. TL503C 
DIGITAL PROCESSORS 

TL502 ... N DUAL-IN-LINE PACKAGE 

(TOPVIEWI 

E;;;;~{OL B ~1UT~sil ~~'~~~!~:R ~~:~~T 
OUTPUTS 04 TRIGGER 

05 (MSB)* COMPARATOR INPUT 

7-SEGMENT{A G} DRIVER B F 7-SEGMENT 
OUTPUTS C E DRIVER 

DIGITAL COMMON '-L~_:..:J-- 0 OUTPUTS 

TL503 ... N DUAL-IN-L1NE PACKAGE 

(TOPVIEWI 

CONTROL B OUTPUT VCC 

{ 

01 (LSB) CONTROL A OUTPUT 
DIGIT 02 OSCILLATOR INPUT 

ENABLE 03 TRIGGER 
OUTPUTS 04 COMPARATOR INPUT 

05 (MSB)* 03 

00 02 
DIGITAL COMMON Y.:::....----'~01 

t Pin 18 of TL502 provides, an output of fosc (oscillator frequencies) 

+20,000. 

The comparator input of each device, in addition to 
monitoring the output of the zero-crossing detector 
in the analog processor, may be used in the display 
test mode to check for wiring and display faults. A 
high logic level (2 to 6.5 volts) at the trigger input 
with the comparator input at or below 6.5 volts 
starts the integrate-input phase. Voltage levels equal 
to or greater than 7.9 volts on both the trigger and 
comparator inputs clear the system and set the BCD 
counter to 20,000. When normal operation resumes, 
the conversion cycle is restarted at the auto zero 
phase. 

i 05. the most significant bit, is also the sign bit. 

These devices are manufactured using 12L and bipolar 
techniques. The TL502C and TL503C are intended 
for operation from O°C to 70°C. 

TABLE OF SPECIAL FUNCTIONS 

VCC =5V .10% 

TRIGGER COMPARATOR 
FUNCTION 

INPUT INPUT 
VI';; 0.8 V VI';; 6.5 V Hold at auto-zero cycle after completion of conversion 

2 V.;; VI .;; 6.5 V VI';; 6.5 V Normal operation (continuous conversion) 

VI';; 6.5 V VI" 7.9 V Display Test: All BCD outputs high 

VI" 7.9V VI';; 6.5 V Internal Test 

Both inputs go to VI ~ 7.9 V System clear: Sets BCD counter to 20,000. 

-

simultaneously When normal operation is resumed. cycle begins with Auto Zero. 

s::: 
o 
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'W 
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TYPES TL502C, TL503C 
DIGITAL PROCESSORS 

DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES 

TL502C SEVEN-SEGMENT LINES ' TL503C BCD OUTPUT LINES 

CHARACTER a3 a2 a1 ao 
A B C D E F G 

8 4 2 1 

+ H H H H L L L H L H L 

+1 H L L H L L L H H H L 

- L H H L H H L H L H H 

-1 L L L L H H L H H H H 

DIGITS 1 THRU 4 NUMERIC CODE (Soe Figure 4) 

TL502C SEVEN-SEGMENT LINES 

NUMBER 
A B 

0 L L 

1 H L 

2 L L 

3 L L 

4 H L 

5 L H 

6 L H 

7 L L 

8 L L 

9 L L 

H = high level, L = low level 

schematics of inputs and outputs 

C D 

L L 

L H 

H L 

L L 

L H 

L L 

L L 

L H 

L L 

L L 

COMPARATOR AND TRIGGER INPUT 

~ 
-vee 

2.5kn 

--DISPLAY 
TEST OR 
SYSTEM 

2.5kn 'kG CLEAR 

E F 

L L 

H H 

L H 

H H 

H L 

H L 

L L 

H H 

L L 

H L 

TL603C BCD OUTPUT LINES 
Q3 Q2 a1 ao 

G 8 4 2 1 

H L L L L 

H L L L H 

L L L H L 

L L L H H 

L L H L L 

L L H L H 

L L H H L 

H L H H H 

L H L L L 

L H L L H 

SEGMENT DRIVERS-TL502C 
BCD DRIVERS-TL503C 

vcc- --

750n 

--- 0/ OUTPUT 

~k~l 
..., 

J" 
INPUT '1 

SkU 1 kn 

COMMON 

,!, COMMON-
J, 

CONTROL A AND B OUTPUTS DIGIT-ENABLE OUTPUTS 

vcc---
vcc- -

1 kU 

16.8kn 
10kn 

1kn 
~UT 

~UT 
1100· 

-- --- I"" 
0/ .. 

4.4kn SkU 
1kG 

COMMON 

th COMMON---

'" -snorted on TL503C 
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absolute maximum ratings 

Supply voltage, Vee Isee Note 5) 

Oscillator 
Input voltage, VI 

Comparator or Trigger 

BCD or Segment drivers 

Output current Digit-enable outputs 

Pin 18 ITLe502 only) 

Total power dissipation at (or below) 30°C free-air temperature (see Note 6) 

Operating free-air temperature range 

Storage temperature range 

NOTES: 5. Voltage values are with respect to the network ground terminal. 
6. For operation above 30°C free-air temperature, derate linearly at the rate of 9.2 mW/oC. 

recommended operating conditions 

Supply voltage, Vee 

High~level input voltage, VIH 

Low-level input voltage, VIL 

Operating free-air temperature 

I Comparator and trigger inputs 

I Comparator and trigger inputs 

TEXAS 
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TYPES TL502C. TL503C 
DIGITAL PROCESSORS 

7 V 

5.5 

9 
V 

120 

40 rnA 

20 

875 rnW 

o to 70 'e 

- 65 to 150 'e 

MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

0 70 'e 
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electrical characteristics at 25°C free-air temperature 

PARAMETER TERMINAL 

VIK Input damp voltage All inputs 

VT+ 
Positive-going input 

threshold voltage 
Oscillator 

VT-
Negative-going input 

threshold voltage 
Oscillator 

VT+ - VT- Hysteresis Oscillator 

Input current at 

IT+ positive-going input Oscillator 

threshold voltage 

Input current at 

IT- negative-going input Oscillator 

threshold voltage 

Digit enable 

VOH - High-level output voltage Pin 18 (Tl502e only) 

Control A and B 

Digit enable 

Pin 18 (TL502e only) 

VOL Low-level output voltage Control A and B 

Segment drivers 

BCD drivers 

Comparator, Trigger 
II Input current 

Oscillator 

Comparator, -Trigger 
IIH High-level input current 

Oscillator 

Oscillator 
IlL Low-level input voltage 

Comparator, Trigger 

Digit enable 

Pin 18 (TL502e only) 

IOH 
High-level output current 

Control A and B 
(Output transistor off) 

Segment drivers 

BCD drivers 

IOL 
Low-level output current 

Digit enable 
(Output transistor on) 

lec Supply current Vee 

TEST CONDITIONS 
MIN 

Vee ~ 4.5 V, II ~ -12mA 

Vee ~ 5 V 

Vee ~ 5 V 

Vee ~ 5 V 0.4 

Vee ~ 5 V -40 

Vee ~ 5 V 40 

4.15 

Vee ~ 4.5 V, IOH ~ 0 4.25 

4.25 

IOL ~ 20 mA 

IOL ~ 10 mA 

Vee ~ 4.5 V IOL ~ 2 mA 

IOL ~ 100 mA 

IOL - 100 mA 

Vee ~ 5.5 V, VI ~ 5.5 V 

Vee ~ 5.5 V, VI ~ 2.4 V 

Vee ~ 5.5 V, VI ~ 0.4 V 

Vo - 0.5 V, - 2.5 

Vo ~ 0.5 V -0.5 

Vee ~ 4.5 V Vo ~ 0.5 V -0.25 

Vo ~ 5.5 V 

Vo ~ 5.5 V 

Vee ~ 4.5 V, Vo ~ 3.55 V 18 

Vee - 5.5 V 

Tl502C 

TYP MAX MIN 

-0.8 -1.5 

1.5 

0.9 

0.6 0.8 0.4 

-94 -170 -40 

117 170 40 

4.4 4.15 

4.4 

4.4 4.25 

0.15 0.4 

0.088 0.4 

0.17 0.3 

65 100 

1 

-0.6 -1 

0.5 

-0.1 -0.17 

-1 -1.6 

-4 - 2.5 

-0.9 

-0.4 -0.25 

0.25 

23 

73 110 

Tl503C 

TYP MAX 

-0.8 - 1.5 

1.5 

0.9 

0.6 0.8 

-94 -170 

117 170 

4.4 

4.4 

0.2 0.5 

0.088 0.4 

0.17 0.3 

65 100 

1 

-0.6 -1 

0.5 

-0.1 -0.17 

-1 -1.6 

-4 

-0.4 

0.25 

73 110 

UNIT 

V 

V 

V 

~A 

~A 

V 

V 

~A 

mA 

mA 

mA 

mA 

mA 

mA 
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TYPES TL502C, TL503C 
DIGITAL PROCESSORS 

special functions t operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONOITIONS MIN TYP MAX 

Input current into 

comparator or trigger inputs 
Vee = 5.5 V, 
Vee - 5.5 V, 

VI = 8.55 V 1.2 
VI - 6.25 V 

tThe comparator and trigger inputs may be used in the normal mode or to perform special functions. See the Table of Special Functions. 

TYPICAL APPLICATION DATA 

1.8 

0.5 

01 -------, ~~--~~~~~~----------------------------------------I --f :--- 16.7 lIS (see Note E) 

t---316.7 IIS----t I 

I 

02----------------------; 

03--------------------------------, 

04----------------------------------------------~ 

05----------------------------------------------------------------, r--
,--------,I 

NOTE E. The BCD or seven-segment driver outputs are present for a particular digit slightly before the falling edge of that digit enable. 

FIGURE 4-TL502C, TL503C DIGIT TIMING WITH 120-kHz CLOCK SIGNAL AT OSCILLATOR INPUT 
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1083 

DATA 
ACQUISITION 
CIRCUITS 

TYPE TL505C 
ANALOG-TO-DiGITAL CONVERTER 

02366, OCTOBER 1977-REVISEO OCTOBER 1983 

• 3-Digit Accuracy (0,1%) N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 
• 10-Bit Resolution 

• Automatic Zero 

• Internal Reference Voltage 

• Single-Supply Operation 

• High-Impedance MOS Input 

• Designed for use with TMS 1000 Type 
Microprocessors for Cost-Effective 
High-Volume Applications 

• BI-II1IOS Technology 

• Only 40 mW Typical Power Consumption 

VCC ZERO CAP 2 
ANALOG IN ZERO CAP 1 

REF OUT INTEG RES 
REF IN INTEG IN 

GND INTEG OUT 
B IN GND 
AIN CaMP OUT 

• ~ Caution, This device has limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostic damage to the MaS gates. 

description 

The TL505C is an analog-to-digital converter building block designed for use with TMS 1000 type microprocessors. It 
contains the analog elements (operational amplifier, comparator, voltage reference, analog switches, and switch drivers) 
necessary for a unipolar automatic-zeroing dual-slope converter. The logic for the dual·slope conversion can be 

performed by the associated MPU as a software routine or it can be implemented with other components such as the 
TL502 logic-control device. 

The high-impedance MOS inputs permit the use of less expensive, lower value capacitors for the integration and offset 

capacitors and permit conversion speeds from 20 per second to 0.05 per second. 

The TL505C is a product of TI's BI-MOS process, which incorporates bipolar and MOSFET transistors on the same 
monolithic integrated circuit. The TL505C is characterized for operation from DoC to 70°C. 

functional block diagram RX Cx 

Cz 

1-----
1 
I 
1 
1 
1 

(4)1 

I 
1 

1 
I 

(1311 

(12) 

RZ 

(11) (10) VCC(l) ------1'---- -: 
1 
I 
1 
1(8) 

~-'------~COMP 
OUT 

(2): S3A B 

ANALOG ~ 1 (7J 

INPUT I A 
I 1 

(3)1 1 

~----------------------~---e-J FULL-SCALE (5) (9) 
= ADJUST GND GND 

NOTE: Analog and digital GNO are internally connected together. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TL505C 
ANALOG·TO·DIGITAL CONVERTER 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) ............................................ " 18 V 
Input voltage, pins 2, 4, 6, and 7 .............................................. VCC 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . .. 875 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 

NOTES: 1. Voltage values are with respect to the two ground terminals connected together. 
2. For operation above 25 °C free~air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, V CC 7 9 15 v 
Analog input voltage, VI 0 4 V 

Reference input voltage, Vref(l) 0.5 3 V 

High·level input voltage at A or B, VIH 3.6 VCC+1 V 

Low-level input voltage at A or B, VIL 0.2 1.8 V 

Integrator capacitor, eX See "component selection" 
Integrator resistor, RX 0.5 2 Mil 

Integration time, t1 16.6 500 ms 

Operating free-air temperature, T A 0 70 °C 

electrical characteristics, Vee 
(unless otherwise noted) 

9 V, Vref(l) 1 V, TA 25 oe, connected as shown in Figure 1 

PARAMETER TEST CONDITIONS 

VOH High·level output voltage at pin 8 IOH - 0 

IOH High-level output current at pin 8 VOH - 7.5 V 

VOL Low-level output voltage at pin 8 IOL ~ 1.6 mA 

YOM 
Maximum peak output voltage 

RX ;;: 500 kll 
swing at integrator output 

Vref(O) Reference output voltage Iref - -100 ~A 
Temperature coefficient of 

TA ~ ooC to 70°C aVref 
reference output voltage 

IIH High~level input current into A or B VI - 9 V 

IlL LOW-level input current into A or B VI - 1 V 

II Current into analog input VI - 0 to 4 V, A input at 0 V 

liB Total integrator input bias current 

ICC Supply current No load 

system electrical characteristics. Vee 
Figure 1 (unless otherwise noted) 

9 V. Vref(l) 1 V. TA 

PARAMETER TEST CONDITIONS 
Zero error VI - 0 
Linearity error VI ~ 0 to 4 V 

Ratiometric reading VI - Vref(1I ~ 1 V, 

Temperature coefficient of V ref(l) constant and :== 1 V, 
ratiometric reading TA ~ O°C to 70°C 

MIN TVP MAX UNIT 

7.5 8.5 V 

-100 ~A 

200 400 mV 

VCC-2 VCC-1 V 

1.15 1.22 1.35 v 

±100 ppm/DC 

1 10 ~A 

10 200 ~A 

±10 ±200 pA 

±10 pA 

4.5 8 mA 

25°e. connected as shown in 

MIN TVP MAX UNIT 

0.1 0.4 mV 

0.02 0.1 %FS 

0.998 1.000 1.002 

±10 ppm/DC 
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TYPE TL505C 
ANALOG·TO·DIGITAL CONVERTER 

DEFINITION OF TERMS 

Zero Error 

The intercept (b) of the analog-to-digital converter system transfer function y = mx + b, where y is the digital output, x 
is the analog input, and m is the slope Of the transfer function, which is approximated by the ratiometric reading_ 

Linearity Error 

The maximum magnitude of the deviation from a straight line between the end points of the transfer function_ 

Ratiometric Reading 

The ratio of negative integration time (12) to positive integration time (11). 

PRINCIPLES OF OPERATION 

A block diagram of an MPU system utilizing the TL505C is shown in Figure 1. The TL505C operates in a modified 
positive-integration three-step dual-slope conversion mode. The AID converter waveforms during the conversion process 
are illustrated in Figure 2. 

1 Mil 

(12) 

0_011'F 
(lij----- (10) 

VCC 

(If---: 
I 
I 
I 
1(8) 

~~----~,----~1IN 
I 
I 
I 
I 
I 
I 
I 

MPU 
CONTROLLER 

Cz 
11'F 

(14): S3A 

110kll 

r-------, rLOGK~~nn~A~'(~7L)--L-UA 
ANALOG ~ B '(6) 10 kll 

INPUT (2): I 

(3), I 

B 

L ________________________ ~(5T-.f;J 

FIGURE 1-FUNCTIONAL BLOCK DIAGRAM OF TL505C INTERFACE WITH A MICROPROCESSOR SYSTEM 

FUNCTION TABLE 

A-------f I CONTROLS ANALOG I 

I A B SWITCHES CLOSED 
I I L L 51,52 
I 
I I H H 53 
-V2 I L H 51,54 

B-------------~ 

-

INTEGRATOR . ___ uV",l .. -,.IrVO(Ofs) 
OUTPUT _ .. - IT 

COMPARATOR _i'1lll!ll11\l\'l'IIIIlmiif.l _____ -.l __ ..IlIDl •• iI 
OUTPUT illllll~IUIM\\1L11nlli I I 

---to---...,."I'I.o----tl .1. t2-+t.I ... ---to--
V1 = V2 - V3 = VI + VO(ots) 

FIGURE 2-CONVERSION PROCESS TIMING DIAGRAMS 
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TYPE TL505C 
ANALOG·TO·DlGITAL CONVERTER 

PRINCIPLES OF OPERATION 

The first step of the conversion cycle is the auto-zero period to during which the integrator offset is stored in the 
auto-zero capacitor and the offset of the comparator is stored in the integrator capacitor. To accomplish this, the MPU 
takes the A and 8 inputs both low. This is decoded by the switch drivers, which close S1 and S2 .. The output of the 
comparator is connected to the input of the integrator through the low-pass filter consisting of RZ and CZ. The closed 
loop of A1 and A2 will seek a null condition where the offsets of the integrator and comparator are stored in Cz and 
CX, respectively. This null condition is characterized by a high-frequency oscillation at the output of the comparator. 
The purpose of S2B is to shorten the amount of time required to reach the null condition. 

At the conclusion of to, the MPU takes the A and 8 inputs both high. This closes S3 and turns all other switches off. 
The input signal V I is applied to the non inverting input of A 1 through CZ. V I is then positively integrated by A 1. Since 
the offset of A1 is stored in CZ,the change in voltage across Cx will be due to only the input voltage. It should be 
noted that since the input is integrated in a positive integration during t1, the output of A 1 will be the sum of the input 
voltage, the integral of the input voltage, and the comparator offset, as shown in Figure 2. The change in voltage across 
capacitor Cx (VCX) during 11 is given by 

(1) 

where R 1 = RX + RS38 and 

RS38 is the resistance of switch S38. 

At the end of t1 the MPU takes the A input low and the 8 input high. This turns on S1 and S4; all other switches are 
turned off. In this state the reference is integrated by A 1 in a negative sense until the integrator output reaches the 
comparator threshold. At this point the comparator output goes high. This change in state is sensed by the MPU, which 
terminates t2 by again taking the A and 8 inputs both low. During t2 the change in voltage across Cx is given by 

where R2 = RX + RS4 + Rref and 

Vreft2 
klVCX(2) = --­

R2 CX 

Rref is the equivalent resistance of the reference divider. 

Since kl V CX 1 = - kl V CX2' equations (1) and (2) can be combined to give 

R1 • t2 
VI=Vref--­

R2' t1 

This equation is a variation on the ideal dual-slope equation, which is 

t2 
VI = Vref-

11 

(2) 

(3) 

(4) 

Ideally then, the ratio of R1/R2 would be exactly equal to one. In a typical TL505C system where RX = 1 MO, the 
scaling error introduced by the difference in R1 and R2 is so small that it can be neglected, and equation (3) reduces to 
(4) . 
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ANALOG 

INPUT 

RX 

TYPE TL505C 
ANALOG· TO·DIGITAL CONVERTER 

TYPICAL APPLICATION DATA 

SIGNAL OUT 
COMP 1---------1 K(X) 

SEE NOTE 3 

10 kSl 
10 
kSl 

I--L~OG~I~C-4~ __ t-~R8 
CONTROL 
~----""-IR9 

LINES 

TMS 1DDO 

SERIES 

SEGMENT 

DRIVE 

DIGIT 

DRIVE 
TIL312 LED 

DISPLAYS 

NOTE 3: Connect to either +9 V or 0 V depending on which device in the TMS 1000 series is used and how it is programmed. 

FROM 
AUDIO 

SYSTEM 

FIGURE 5-TL5D5C IN CONJUNCTION WITH A TMS 1000 SERIES MICROPROCESSOR 
FOR A 3·DIGIT DIGITAL PANEL METER APPLICATION 

12V 5V 

2.2 kSl 
1N91 56 Sl1N914 

VCC VCC 02 

1 kSl ANALOG COMP COMPI 2.2 kSl TIS91 
INPUT LAMP TEST 01 

OUT A A 
8Sl 0.5 REF 

SPKR I'F IN B B 

OSC 
TL505 470pF INPUT d 

l' TL502 

GND RX2 
b 

-= 
CZ1 

6.8I'F 
RX1/CX1 

CZ2 0.22 
I'F v 

CX2 SEGMENT 
GND TlL8D7 

-= 
FIGURE 6-AUDIO PEAK POWER METER 

TIS91 
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284 

DATA 
ACQUISITION 
CIRCUITS 

• low Cost 

• 7-Bit Resolution 

• Guaranteed Monotonicity 

• Ratiometric Conversion 

• Conversion Speed . , . approximately 1 ms 

• Single-Supply Operation . . . Either 
Unregulated 8-V to 18-V (VCC2 Input), or 
Regulated 3.5-V to 6-V (VCC1 Input) 

• 12 l Technology 

• Power Consumption at 5 V . . . 25 mW Typ 

• Regulated 5.5-V Output (:$1 rnA) 

description 

The Tl507 is a low-cost single-slope analog-to-digital 
converter designed to convert analog input voltages 
between 0.25 VCC1 and 0.75 VCC1 into a pulse­
width-modulated output code. It contains a 7-bit 

synchronous counter, a binary-weighted resistor 
ladder network, an operational amplifier, two 
comparators, a buffer amplifier, an internal regulator, 
and necessary logic circuitry. Integrated-injection logic 
(l 2l) technology makes it possible to offer this 
complex circuit at low cost in a small dual-in-line B-pin 
package. 

TYPES TL5D71, TL5D7C 
ANALOG-TO-DIGITAL CONVERTER 

02503, OCTOBER 1979-REVISEO FEBRUARY 1984 

P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

ClK 2 7 VCC2 
GND 3 6 VCC1 

ENABLE DB RESET 

OUTPUT 4 5 ANALOG INPUT 

FUNCTION TABLE 

ANALOG 

INPUT CONDITION 
ENABLE 

X L 

VI < 200 mV H 

Vramp > VI > 200 mV H 

VI> Vramp H 

tlow level on enable also inhibits the reset functior.. 

H = high level. L = low level, X = irrelevant 

OUTPUT 

H 

L 

H 

L 

A high level on the reset pin clears the counter to zero, which sets the internal 

ramp to 0.75 Vee- Internal pull·down resistors keep the reset and enable 

pins low when not connected. 

In continuous operation, it is possible to obtain conversion speeds up to 1000 per second. The Tl507 requires external 
signals for clock, reset, and enable. Versatility and simplicity of operation coupled with low cost, makes this converter 
especially useful for a wide variety of applications. 

The Tl507C is characterized for operation from 0 DC to 70 DC, and the Tl5071 is characterized for operation from 
_40DC to B5 DC. 

functional block diagram 
COMPARATOR 2 

ANALOG 
INPUT 

OUTPUT 

CTR 
R 

MSB Q 
2R 

Q 
4R 

CLOCK + Q 
SR 

Q 
16R 

RESET 
Q 

32R 
R Q 

ENABLE 64R 
LSBQ 

VCC2 

Q Indicates an n~p~n open-collector output. 
'------GND 

Copyright © 1979 Texas Instruments Incorporated 
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TYPES TL5071, TL507C 
ANALOG-TO- DIGITAL CONVERTER 

schematics of inputs and 'outputs 

EQUIVALENT OF ENABLE 

AND RESET INPUTS 

EQUIVALENT OF CLOCK 

INPUT 

75kfl 

~--

'~"'. j--J 

OUTPUT 

~------~--------VCCl 

OUTPUT 

EQUIVALENT OF ANALOG 

INPUT 

VCC1----.. -

INPUT 

absolute maximum. ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC1 (see Note 1) .......................................... . 
Supply voltage, VCC2 ............................................................. . 

6.5 V 
20 V 

Input voltage at analog input ........................................................ 6.5 V 
Input voltage at enable, clock, and reset inputs .......... '.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 V 
On-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 V 
Off-state output voltage ............................................................ 20 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) .............. 725 mW 
Operating free-air temperature range:TL5071 ...................................... - 40°C to 85 °C 

TL507C ..................................... -O°C to 70°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds ............................. 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted. 
2. For operation above"25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, V CC 1 3.5 5 6 V 

Supply voltage, VCC2 8 15 18 V 

Input voltage at analog input 0 5.5 V 

Input voltage at chip enable, clock, and reset inputs ±18 V 

On-state output voltage 5.5 V 

Off-state output voltage 18 V 

Clock frequency, f clock 125 150 kHz 

7-64 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

284 



84 

TYPES TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 

electrical characteristics over recommended operating free-air temperature range, VCC1 
(unless otherwise noted) 

regulator section 

PARAMETER TEST CONOITIONS MIN 

VCCl Supply voltage (output) VCC2 - 10 to 18 V, ICCl - 0 to 1 mA 5 

ICCl Supply current VCCl - 5 V, VCC2 open 

ICC2 Supply current VCC2 - 15 V, VCCl open 

inputs 

PARAMETER TEST CONDITIONS MIN 

VIH High-level input voltage Reset and 2 

VIL Low-level input voltage Enable 

VT+ 
Positive-going 

4.5 
threshold voltage § 

Clock 

VT-
Negative-going 

Input 
threshold voltage § 

VT+ - VT _ Hysteresis 2 

Reset, VI ~ 2.4 V 
IIH High-level input current 

Enable, and VI ~ 18 V 130 

IlL Low-level input current Clock VI ~ 0 

II Analog input current VI - 4 V 

output section 

PARAMETER TEST CONDITIONS MIN 

lOH High-level output current VOH ~ 18 V 

lOL Low-level output current VOL ~ 5.5 V 5 

VOL Low-level output voltage lOL ~ 1.6 mA 

VCC2 5V 

TYP~ MAX UNIT 

5.5 6 V 

5 8 mA 

7 10 mA 

TYP~ MAX UNIT 

V 

0.8 V 

V 

0.4 V 

2.6 4 V 

17 35 

220 320 
~A 

±10 ~A 

10 300 nA 

Typt MAX UNIT 

0.1 100 ~A 

10 15 mA 

80 400 mV 

operating characteristics over recommended operating free-air temperature range, VCC1 = VCC2 = 5.12 V 

PARAMETER TEST CONDITIONS MIN TYP~ MAX UNIT 

Overall error ±80 mV 

Differential nonlinearity See Figure 1 ±1 LSB 
Zero error§ Binary count = 0 1.20 1.28 1.36 V 

Scale error Binary count = 127 ±BO mV 

Full scale input voltage§ Binary count = 127 3.74 3.82 3.9 V 

Propagation delay time from reset or enable 2 ~s 

tAli typical values are at TA = 25°C. 
§These parameters are linear functions of VCC1' 

definitions 

zero error 

The intercept (b) of the analog-to-digital converter-system transfer function y = mx + b, where y is the digital output, 
x is the analog input, and m is the slope of the transfer function. 

overall error 

The magnitude of the deviation from a straight line between the endpoints of the transfer function. 

differential nonlinearity 

Maximum deviation of an analog-value change that is asociated with a l-bit code change (1 clock pulse) from its 
theroretical value of 1 LSB. 
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TYPES TL5071, TL507C 
ANALOG·TO·DIGITAL CONVERTER 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1-MONOTONICITY AND NONLINEARITY TEST CIRCUIT 

PRINCIPLES OF OPERATION 

The TL507 is a single-slope analog-to-digital converter. All single-slope converters are basically voltage-time or current­
to-time converters. A study of the functional block diagram shows the versatility of the TL507. 

An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. Binary-weighted 
resistors from the counter are connected to an operational amplifier used as an adder. The operational amplifier generates 
a signal that ramps from 0.75, VCCl down to 0.25, VCC1. Comparator 1 compares the ramp signal to the analog 
input signal. Comparator 2 functions as a fault defector. With the analog input voltage in the range 0.25 • VCC1 
to 0.75 ' VCC1, the duty cycle of the output signal is determined by the unknown analog input as shown in Figure 2 
and the Function Table. 

For illustration assume V CC 1 5.12 V, 

0.25, VCCl 1.28 V 

1 binary count ~ 
(0.75 - 0.25) VCCl 

128 
20 mV 

0.75, VCCl - 1 count ~ 3.82 V 

The output is an open-collector n-p-n transistpr 
capable of withstanding up to 18 volts in the off state. 
The output is current limited to the 8- to 
1 2-milliampere range; however, care must be taken 
to ensure that the output does not exceed 5.5 volts 
in the on state . 

The voltage regulator section allows operation from 
either an unregulated 8- to 18-volt VCC2 source or 
a regulated 3.5- to 6-volt VCCl source. Regardless 
of which external power source is used, the internal 
circuitry operates at V CC,.. When operating from a 
VCCl source, VCC2 may be connected to VCCl or 
left open. When operating from a VCC2 source, VCCl 
can be used as a reference voltage output. 

~ 
__ 3."V 

__ ____ _ ___ _ _":"' __ ANALOGINPUT 

RAMP INPUT TO LEVEL 1 
COMPARATOR 1 _____ ____ ___ _~~~~INPUT 

---1.2BV 

OUTPUT'OR JUUl 
INPUT LEVEL 1. . 

OUTPUT >OR II II II 
INPUTLEVEL2 J U U L 

FIGURE 2 
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DATA 
ACQUISITION 
CIRCUITS 

• Total Unadjusted Error at 85°C: 
TL520 ... ± 3/4 LSB MAX 
TL521 ... ± 1 LSB MAX 
TL522 . . . ± 1/2 LSB MAX 

• 8-Bit Resolution 

• Built-in 8-lnput Analog Multiplexer 

• Minimum Conversion Time: 
TL520 . . . 70 p's 

TL521 ... 100 p.S 

TL522 . . . 200 p's 

• Ratiometric Conversion 

• Guaranteed Monotonicity 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• Latched Address Inputs 

• Single-Supply Operation 
TL520. TL521 ... 5 V 
TL522 . .. 3 V 

• Low Power Consumption 
TL520. TL521 ... 2.5 mW Typical 
TL522 ... 0.3 mW Typical 

description 

TYPES TL520. TL521. TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 
02666. SEPTEMBER 19B2-REVISED SEPTEMBER 1983 

N DUAL·iN·LlNE PACKAGE 
ITOP VIEW) 

VCC GND 
CLOCK START CONVERSION 

DIGITAL {~=! ,-, ""} 2- 3 DIGITAL 
OUTPUTS 2- 6 2-5 OUTPUTS 

LSB 2- 8 2- 7 

OUTPUT ENABLE END OF CONVERSION 
REF- REF+ 

INPUT 1 ADDRESS STROBE 
INPUT 2 ADDRESS A 
INPUT 3 ADDRESS B 
INPUT 4 ADDRESS C 
INPUT 5 INPUT 8 
INPUT 6 INPUT 7 

The TL520. TL521. and TL522 are monolithic CMOS devices each with an 8-channel multiplexer, and 8-bit analog-to­

digital (AID) converter, and microprocessor-compatible control logic. The 8-channel multiplexer can be controlled by 
a microprocessor through a 3-bit address decoder with address load to select anyone of eight single-ended analog 
switches connected directly to a comparator. The 8-bit AID converter uses a binary-weighted capacitor array to 
implement the high-speed, successive-approximation conversion technique. 

The comparison and conversion methods used eliminate the possibility of missing codes, nonmonotonicity, and the 
need for zero or full-scale adjustment. Also featured are latched 3-state outputs and latched inputs to the multiplexer 
address decoder. The single 5-volt supply and low power requirements make the TL520 and TL521 especially useful 
for a wide variety of applications. The 3-volt and low power requirements make the TL522 especially useful for battery 
and LCD applications. Ratiometric conversion is made possible by access to the reference voltage input terminals. 

The TL520, TL521, and TL522 are characterized for operation from -40°C to 85°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 

Positive reference input voltage range, VREF + .................. '.' . . . . . . . . .. VREF _ to VCC + 0.3 V 

Negative reference input voltage range, VREF _ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VREF + 
Input voltage range: all other inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VCC + 0.3 V 
Continuous total dissipation at 25°C free-air temperature (see Note 2) .. . . . . . . . . . . . . . . . . . . . .. 1250 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 
Storage temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Lead temperature 1,.6 mm (1/16 inch) from case for 10 seconds . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1, All voltage values are with respect to network ground terminal. 
2. For operation above 25 DC free-air temperature, refer to Dissipation Derating Curves, Section 2. 

Copyright © 1982 by Texas Instruments Incorporated 
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TYPES TL520, TL521, TL522 
CMOS ANALOG·TO·DlGITAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS 

functional block diagram (positive logic) 

BINARY-WEIGHTED 
CAPACITORS 

(2l) 
REF+"{8~}~-------i 
REF-~---------4 

o {S} 

1 t10} 

2{11} 

3 {12} 
ANALOG 

ANALOG MULTI-
INPUTS 4 {13} PLEXER 

SWITCH 
MATRIX 

THRESHOLD 
DETECTOR 

MULTIPLEXER FUNCTION TABLE 

INPUTS 

ADDRESS ADDRESS 

C B A STROBE 

t 
H 

H L 

H H 

H 

H L H 

H H 

H H H 

H = high level. l = low level 
t = low·to-high transition 

,----., {S} 2-8 {LSB} 

{23} 2-7 

{S} 2-6 

SELECTED 

ANALOG 

CHANNEL 

0 

2 

3 

4 

5 

6 
7 

OUTPUT {24} 2-S DIGITAL 
LATCHES {4} 2-4 OUTPUTS 

{2S} 2-3 

{3} 2-2 
S {14} TIMING EN {26} 2-1 {MSB} 

6{1S} 

7 t16} 

AND 
CONTROL t-______________ +-__ --"{2::2:!.IIEND OF 

CONVERSION 

CLOCK {2} 

START CONVERSION {27} 

OUTPUT ENABLE {7} 

{1S} 
ADDRESS A t18} 

ADDRESS ADDRESSB 
ADDRESS C {17} DECODER 

ADDRESS STROBE {lO} 

n .c internal timing sequence 
C 
(;)' 234S678 

;::; CLOCK 
0' 
::s 

• 
7·68 

INTERNALSTART----L------------------------------4 I 

L-s SAMPLE AND HOLD 
(CAPACITOR CHARGE) -------' 

I 
CONVERSION INTERVAL ---, 

{26 CLOCK CYCLES} I. ___________________ --------~ 

DATA LATCH -----------------------------------4 

DIGITAL OUTPUT ~I--------HI-Z-STATE 
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TL520. TL521 recommended operating conditions 

Supply voltage, Vee 

Positive reference voltage, VREF + 

Negative reference voltage, VREF 

Supply voltage relative to VREF + (Vee - VREF+) 
Analog input voltage (see Note 3) 

High-level control input voltage, VIH Vee> 4.75 V 

Low-level control input voltage, VIL Vee'" 4.75 V 

VREF+ = 5V 
Clock frequency, f clock 

VREF+ - 3 V 

Conversion time, teenv Vee - VREF+ -5V 

Duration of start pulse, tw(S) 

Duration of address strobe pulse, tw(AS) 

Address setup time, tsu 

Address hold time, th 

Input voltage hold time 

Operating free-air temperature, T A 

TL522 recommended operating conditions 

Supply voltage, Vee (see Note 4) I 
I 

Positive reference voltage, VREF + (see Notes 3 and 4) 

Negative reference voltage, VREF _ (see Note 3) 

Supply voltage relative to VREF +, Vee - VREF+ 
Analog input voltage (see Note 3) 

High-level control input voltage, VIH 

Low-level control input voltage, VIL 

I VREF+ =5V 

TYPES TL520, TL521, TL522 
CMOS ANALOG·TO·DIGITAL CONVERTERS 

WITH a·CHANNEL MULTIPLEXERS 

TL520 TL521 

NOM NOM 
UNIT 

MIN MAX MIN MAX 

3 5 5.5 3 5 5.5 V 

3 Vee 3 Vee V 

0 0.3 0 0.3 V 

0 1 0 1 V 

VREF- VREF+ VREF- YREF+ V 

Vee- l .5 Vec-1.5 

1.5 1.5 V 

260 370 200 260 
kHz 

100 100 

70 100 ~s 

100 100 ns 

200 200 ns 

50 50 ns 

50 50 ns 

Ii B 
clock 

periods 

-40 85 -40 85 °e 

MIN NOM MAX UNIT 

TA - ooe to 85°C 2.75 3 5.5 
V 

TA = -40°C to ooe 3 5.5 

2.75 Vee V 

0 0.3 V 

0 1 V 

VREF- vREF+ V 

O.7Vee V 

O.3Vec V 

100 260 
kHz Clock frequency, fclock 

I VREF+ - 2.75 V (see Note 4) 100 130 

Conversion time, teenv (see Note 5) 200 us 

Duration of start pulse, tw(S) 600 ns 

Duration of address strobe pulse, tw(AS) 600 ns 

Address setup time, tsu 200 ns 

Address hold time, th 150 ns 

Input voltage hold time B 
clock 

periods 

Operating free-air temperature, T A (see Note 4) -40 85 °e 

NOTES: 3. Analog input voltage greater than VREF + converts as all highs and less than VAEF _ converts as all lows. 
4. For proper operation of TL522 at free-air temperatures below aoe, Vee and differential reference voltage (VREF+ - VREF-) must never be 

less than 3 volts. 
5. Conversion time is a function of clock frequency, with 200 p's corresponding to a maximum clock frequency of 130 kHz. 
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TYPES TL520. TL521 
CMOS ANALOG·TO·DlGITAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS 

TL520. TL521 electrical characteristics over recommended operating free·air temperature range. 
Vee = 4.5 V to 5.25 V (unless otherwise noted) 

PARAMETER TEST CONOITIONS MIN Typt MAX 

VOH High-level output voltage 10 ~ -360 ~A 4 

VOL Low-level output voltage 10 - 1.6 mA 0.4 

10Z 
Off-state Ihigh-impedance Vo ~ 5 V 1 

state) output current Vo ~ 0 -1 

IIH 
High-level control 

input current 
VI ~ Vee + 0.3 V 1 

IlL 
Low-level control 

input current 
VI ~ 0 -1 

Peak analog input 
Vee ~ VREF+ ~ 5 V, VI ~ 2.5 V 

IlIopl current (operating) -5 -10 

Isee Note 61 
fclock ~ 200 kHz, TA ~ 25°C 

Analog input 
Vee ~ 5 V, VI ~ 5 V 10 200 

Illstdbyl 
TA ~ 25°C VI ~ a -10 -200 

current (standby) 
Vee - 5 V, VI - 5 V 1 

Isee Note 71 
TA ~ 85°e VI ~ 0 -1 

lee 
Supply current REF + and REF - terminals open, 

10 50 
(see Note 8) f clock ~ 200 kHz 

Supply current plus 
Vee - VREF+ - 5 V, VREF- - 0, 

0.5 
f clock ~ 200 kHz 

1 

lee + IREF+ reference current 

Isee Note 81 
Vee ~ VREF+ ~ 3 V, VREF- ~ 0, 

fclock ~ 100 kHz 
0.1 

tAli typical characteristics are at Vee"" 5 V and TA = 25°C (unless otherwise specified) 

NOTES: 6. IHop} is measured on a selected channel and decays exponentially during the first clock pulse. 

7. IUstdby} is measured on a selected channel with the clock input at 0 V. 

8. Current increases linearly with frequency of the clock at the rate of approximately 10% per 100 kHz. 

Tl520, TL521 operating characteristics. TA = 25°e. Vee = VREF+ = 5 V. VREF _ O. 
fclock = 370 kHz for TL520 and 260 kHz for TL521 (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TL520 TL521 

TYP+ TYP+ MIN MAX MIN MAX 

Supply voltage Vee ~ VREF+ ~ 4.75 V to 
kSVS 0.05 0.05 

sensitivity 5.25 V 

Linearity error (see Note 9) ±0.25 ±0.5 

Origin error (see Note 9) ±0.25 ±0.25 

Total unadjusted TA - 25°e ±0.25 ±0.5 ±0.5 

error (see Note 9) TA - -40 o e to 85°e ±0.75 ±1 

ten Output enable time eL ~ 50 pF 100 250 100 

tdis Output disable time eL - 10 pF, RL - 10 kO 100 250 100 

tdlEoe-LI 
Delay time, end-of-

0 
conversion output 

100 0 100 

+Typical values for all except supply voltage sensitivity are at Vee = 5 V. 

NOTE 9: All errors are measured with reference to an ideal straight-line transfer curve from 9.B mV to 4.99 V with REF + = VCC' 

7-70 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

UNIT 

V 

V 

~A 

~A 

~A 

~A 

nA 

~A 

~A 

mA 

UNIT 

%/V 

LSB 

LSB 

LSB 

ns 

ns 

ns 

118: 



1083 

TYPE TL522 
CMOS ANALOG·TO·DlGlTAL CONVERTER 

WITH 8·CHANNEL MULTIPLEXER 

TL522 electrical characteristics over recommended operating free·air temperature range. 
Vee = 3 V to 5.25 V. fclock = 125 kHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

10 - 1 ~A 

VOH High-level output voltage 
Vee - 2.75 V, 10 = -0.1 mA, 
TA = ooe to 85°e 

10 - -0.36 mA, Vee - 5 V 

10 = -1 ~A 

VOL Low-level output voltage 
Vee = 2.75 V, 10 = 0.4 mA, 

TA = ooe to 85°e 

Vee - 5 V, 10 - 1.6 mA 

Off-state (high-impedance Vee - 5.25 V, I Vo - 5.5 V 
loz 

state) output current Vo = 0 

IIH High-level input current Vee - 5.25 V, VI - 5.5 V 

IlL Low-level input current VI = 0 

IlIop) 
Peak analog input current Vee - VREF+ - 3 V, VI - 1.5 V, 

(operating) (see Note 6) fclock = 125 kHz, TA = 25°e 

Vee = 3 V, VI - 3 V 
Analog input 

TA = 25°e VI = 0 
IlIstdby) current 

Vee - 3 V, VI - 3 V 
(see Note 7) 

TA = 85°e VI = 0 

lee Supply current from Vee1 REF + and REF - terminals open 

Supply current plus 
Vee = VREF+ = 5 V, VREF- - 0, 

lee + IREF reference current fclock = 200 kHz 

(see Note 8) 
Vee = VREF+ = 3 V, VREF- = 0, 

fclock = 125 kHz 

ei Input capacitance 

eo Output capacitance 

NOTES: 6. 'Hop) is measured on a selected channel and decays exponentially during the first clock pulse. 

7. 'Ustdby) is measured on a selected channel with the clock input at 0 V. 
8. Current increases linearly with frequency of the clock at the rate of approximately 10% per 100 kHz. 

TL522 operating characteristics. TA = 25°e. VREF + = 3 V to 5.5 V. VREF­
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

kSVS Supply voltage sensitivity 

Linearity error (see Note 9) 

Origin error (see Note 9) 

Total unadjusted error Vee - 2.75 V, TA - ooe to 70 0 e 

(see Note 9) TA = - 40 0 e to 85°e 

ten Output enable time eL = 50 pF, RL = 10 k!l 

tdis Output disable time eL - 10 pF, RL - 10 k!l 

td(EOe-L) 
Delay time, end-of-

conversion output 

tAli typical values are at Vee = 3 V, TA = 25°e (unless otherwise noted) 

MIN Typt 

Vee 0.05 

2.35 

-5 

10 

-10 

10 

0.5 

0.1 

10 

10 

O. fclock 

MIN TYpt 

0.05 

±0.25 

±0.25 

±0.25 

±0.25 

0.7 

0.6 

0 

NOTE 9: All errors are measured with reference to an ideal straight-line transfer curve from 9.B mV to 4.99 V with REF + = Vee. 

MAX UNIT 

V 

0.05 

0.4 V 

0.4 

1 

-1 
~A 

1 ~A 

-1 ~A 

-10 ~A 

200 

-200 
nA 

1 

-1 
~A 

50 ~A 

mA 

0.2 

pF 

pF 

130 kHz 

MAX UNIT 

%/V 
LS8 

LSB 

±0.5 

±0.5 
LS8 

1 ~s 

0.8 ~s 

100 ns 
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TYPES TL520, TL521, TL522 
CMOS ANALOG·TO·DIGITAL CONVERTERS 
WITH a·CHANNEL MULTIPLEXERS 

timing diagram 

1414r------'lf-----~~ 
II 1 8 

J CLOCK '--___ ---J~~ 
~~.j I', ~!~~-----------AO-A2 P.J.......}..S_O_% ______ "!.I--__ ---I~I-• ....;... ____________ _ 

tsu-iol .... I 
i+-+I-th 

ADDRESSS~% SO% 
STROBE . I-___ ~.LI__.,......------_------

~ .1 twlAS) )j 1 

START .r-\.~n'k 1 
CONVERSION ----"I+--+f-~I III--+-: -------------

I I I t-----v--i, I 
I I INPUT STABLE U.--A.......s I DON'T CARE 
I I '~I~-----------

ANALOG INPUT Y 

ENDOF 
CONVERSION 

OUTPUT 
ENABLE 

DIGITAL OUTPUTS 
2-1 THROUGH 2-8 

I J;I tconv ~ 

__ ~I_~ I~------------
I \50% /SO% 
I I '-------111-1 ----lIS-Ii 
I I I 
t+---+!-tdIEOC-L) 1,...-_____ --,. 

_________ ~nf_---~u_y50% \50% 

1+-* ten I+-+!-tdis 
_________ ~.~---~I~ \90% 

HIGH IMPEDANCE IS ~ VALID DATA fHi% 
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timing diagram 

TYPES TL520, TL521, TL522 
CMOS ANALOG·TO·DlGITAL CONVERTERS 

WITH 8·CHANNEL MULTIPLEXERS 

PRINCIPLES OF OPERATION 

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the input address code. The address 
strobe transfers and latches the address into the decoder on the positive-going edge of the signal. The output latch 
is reset by the postivie-going edge of the start pulse. Sampling also starts with the positive-going edge of the start 
pulse and' lasts for 8 clock periods. The conversion process may be interrupted by a new start pulse before the end 
of 24 clock periods. The previous data will be lost if a new start of conversio occurs before the 24th clock pulse. 
Continuous conversion may be accomplished by connecting the end-of-pconversion output to the start input. If used 
in this mode an external pulse should be applied after power up to assure start up. 

converter 

The CMOS threshold detector in the successive-approximation conversion system determines each bit by examining 
the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the conversion process, the analog 
input is sampled by closing switch Sc and all ST switches, and by simultaneously charging all the capacitors to the 
input voltage. 

In the next phase of the conversion process, all ST and Sc switches are opened and the threshold detector begins 
identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. In the switching 
sequence, all eight capacitors are examined separately until all 8 bits are identified, and then the charge-convert sequence 
is repeated. In the first step of the conversion phase, the threshold detector looks at the first capacitor (weight = 128). 
Node 128 of this capacitor is switched to the reference voltage, and the equivalent nodes of all the other capacitors 
on the ladder are switched to REF -. If the voltage at the summing node is greater than the trip-point of the threshold 
detector (approximately one-half the reference voltage), a bit is placed in the output register, and the 128-weight 
capacitor is switched to REF -. If the voltage at the summing node is less than the trip point of the threshold detector, 
this 128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-counting) 
process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line, 
until all bits are counted. 

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors. The conversion 
process is succcessive approximation, but relies on charge shifting rather than a successive-approximation register 
(and reference D/A) to count and weigh the bits from MSB to LSB. 

.~~t:;~t:;~t:;~t:;'~t:;'~t:;.~t:~~t:) 

THRESHOLD 
DETECTOR 

REF_~~TREF_~~TREF-~~TREF_~~TREF_~~TREF-:t~TREF_~~TREF_:t~TREF_:t~ 
~i f f i f i j i i 

FIGURE l-SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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TYPES TL520, TL521, TL522 
CMOS ANALOG·TO·DIGITAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS 

TYPICAL APPLICATION INFORMATION 

The TL520, TL521, and TL522 are eMOS devices using charge redistribution to achieve AID conversion. In typical 
applications as a ratiometric conversion system for a microprocessor, REF - will be connected to ground and REF + 
will be connected to Vee. The output will then be a simple proportional ratio between the analog input voltage and 
Vee (Figure 31. The general relationship is 

where 

Dout 

28 VREF + - VREF-

Dout = decimal value of binary output word 
Vin = analog input voltage 
VREF+ = positive reference voltage = Vee 
VREF - = negative reference voltage = V GND 

Latchup may overheat and destroy the device and may occur by either of two kinds of circumstances: out of range 
reference voltages or by incorrect power-up sequence. VREF + should not be more positive than Vee by more than 
300 millivolts or VREF _ should not be more negative than GND by more than 300 millivolts. Apply Vee before either 
of the reference voltages. The advantage of the compressed reference potential is that the full 8-bit resolution applies 
to be compressed voltage range (Figure 4). However, the cautions mentioned above must be observed. Operation 
at voltages down to Vee = 3 volts is possible but limits the frequency to 100 kilohertz maximum and thus conversion 
time to 260 microseconds minimum. Interface for the common microprocessors is shown in Figure 2. 

MICROPROCESSOR INTERFACE TABLE 

PROCESSOR READ WRITE INTERRUPT (COMMENT)-

TMS7000 RD WR EINT 

TMS9900 MEMEN WE INTREO 

8080 MEMR MEMW INTR (Thru RST Circuit) 

8085 RD WR INTR (Thru RST Circuit) 

Z·80 RD WR INT (Thru RST Circuit. Mode 0) 

SC/MP NRDS NWDS SA (Thru Sense A) 

6800 VMA +2 R/W VMA +2 R/W IROA or IROB (Thru PIA) 

200 kHz 

ClK 
VCC 

REF+ +V SUPPLY 
WRITE 

START 

AS EOC 

ADDRESS ADO 

DECODE AD1 

AD2 

REAli OE 

ANALOG { 
INPUTSt 

INPUT 8 
REF-

2·8 

} 
DATA 
BUS 

2.1 

.". 

t The full-scale value of the analog input voltage can be shifted between 3 volts and 6.5 volts by varying VREF _ and Vee, but only 5 volts guarantees TTL 
compatibility. 

FIGURE 2 - TYPICAL MICROPROCESSOR APPLICATION 
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5 V SUPPLY 

.,.. 
200 kHz 

SEE { OPERATING 
SEQUENCE 
DIAGRAM 

ADDRESS STROBE 

TRANSDUCER 

OO,{ 

.,.. 

5 V SUPPLY 

4.0 V 

0.'6V 

200 kHz 

SEE { OPERATING 
SEQUENCE 
DIAGRAM 

ADDRESS STROBE 

TRANSDUCER 
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TYPES TL520, TL521, TL522 
CMOS ANALOG·TO·DIGITAL CONVERTERS 

WITH a·CHANNEL MULTIPLEXERS 

TYPICAL APPLICATION INFORMATION 

VCC AID 

REF+ 

REF-

CLK 
START 
CON V 

OE 

AS 

INPUT' 

ADA 

ADB 

ADC 

GND 

VCC AID 

REF+ 

REF-

CLK 

START 
CON V 
OE 

AS 

INPUT' 

ADA 

ADB 

ADC. 

GND 

2-8 

2-7 

2-6 

2-5 

2-4 

2-3 

2-2 

2-' 
EOC 

DIGITAL 
DATA 

OUTPUTS 

BINARY 
OUTPUT 

CODE 

CONVERSION CURVE 

I"~"~'"~ --------------- ---------

0'11'11' ------------

000000000~----------~2~5~00~--------~5~00·0 

INPUT VOLTAGE - mV 

RESOLUTION = 19.5 mV 

FIGURE 3 - RATIOMETRIC SYSTEM 

2-8 

2-7 

2-6 

2-5 

2-4 

2-3 

2-2 

2-' 

EOC 

BINARY COMPRESSED CONVERSION CURVE' 
OUTPUT 

CODE 
, 1111111 --

D~~~:L 10000000 

OUTPUTS 

2080 mV 

00000000~0L---l~00-0---2-0~0~0--~30~0-0~-4-0~0-0--~5000 

INPUT VOLTAGE - mV 

RESOLUTION = 1 5 mV 

NOTE: Input voltage below VREF _ converts as alt zeros 

Input voltage above VREF + converts as all ones 

*Equivalent to 9-bit resolution over a 5-V range 

FIGURE 4-COMPRESSED RATIOMETRIC SYSTEM 
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DATA 
ACQUISITION 
CIRCUITS 

TYPES TL530, TL531 
CMOS 8-BIT ANALOG-TO-DlGlTAL PERIPHERALS WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

• 8-Bit Resolution 

• Total Unadjusted Error ... ±0.5 LSB Max for 
TL530 and ± 1 LSB Max for TL531 

• Ratiometric Conversion 

• Conversion Time (Including Access 
Time) ... 300 p,s (290 Clock Cycles) 

• 3-State, Bidirectional I/O Data Bus 

• Up to 12 Digital Inputs Including 3 I/O Pins 

• 10 Analog and 6 Multipurpose Analog or Digital 
Inputs 

• On-Chip 16-Channel Analog MUltiplexer 

• Three On-Chip 1 6-Bit Data Registers 

• Polled or Interrupt Driven 

• Single 5-V Supply Operation 

• Low Power Consumption ... 15 mW Typ 

• Pin-for-Pin Compatible Functional 
Replacements for Motorola MC 14444 and 
National Semiconductor ADC0830 

description 

The TL530 and TL531 are monolithic CMOS 
peripheral integrated circuits each designed to 
interface a microprocessor for analog data 
acquisition. These devices are complete 
peripheral data acquisition systems on a single 
chip and can convert analog signals to digital 
data from up to 15 external analog terminals. 
Each device features operation from a single 
5-volt supply and additional digital input/output 
capabilities. Each contains a 16-channel analog 
multiplexer, an 8-bit ratiometric analog-to-digital 
(A/D) converter, three 16-bit registers, and 
microprocessor-compatible control logic 
circuitry. Additional features include a built-in 
self-test, six mUltipurpose (analog or digital) 
inputs, nine external analog inputs, and an 8-pin 
input/output (I/O) data port, The three on-chip 
data registers store the control data, the 
conversion results, and the input digital data that 
can be accesssed via the microprocessor data 
bus in two 8-bit bytes (most-significant byte 
first). In this manner, a microprocessor can 
access up to 15 external analog inputs or 6 
digital signals and the positive reference voltage 
that may be used ·for self-test. 

D2750, NOVEMBER 1983 

N DUAL·IN·L1NE PACKAGE 

(TOP VIEWI 

REF- REF+ (A11 

GND VCC 

DIGITAL { 1/001 INTERRUPT REQUEST IIRQI 

1/0 1/002 MUX OUT 
1/003 AO 

DIGITAL{D1 
A2 

INPUTS 02 A3 

03 A4 
ANALOG 

2- 1 IMSBI A5 
2-2 A6 

INPUTS 

1/0 
2- 3 A7 

DATA 
2- 4 A8 

BUS 
2- 5 AS 
2- 6 

"""} 2- 7 A 11/02 ANALOGI 
2- 8 ILSBI A12/D3 DIGITAL 

READIWRITE (R/WI A 13/04 INPUTS 
CLOCK ICLKI A14/D5 

REGISTER SELECT IRSI A151D6 

CHIP SELECT ICSI RESET (RI 

FUNCTION TABLE 

ADDRESS/CONTROL 
DESCRIPTION 

R/W RS CS R CLK 

X X X L t Reset 

Write bus data to control 
L H L H + 

register 

H L L H t 
Read data from analog 

conversion register 

H H L H t 
Read data from ditigal 

data register 

X X H H X No response 

H ;=: High-level. L = Low-level, X = Irrelevant, 
./- = High-ta-Iow transition, t = Low-ta-high transition 
tFor proper operation, Reset must be low for at least three clock cycles. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL530, TL531 
CMOS 8-BIT ANALOG-TO-DiGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

description (continued) 

The A/D conversion uses the successive-approximation technique employing a high-impedance chopper­
stabilized comparator, a 256R end-compensated voltage divider with analog switch tree, and a successive­
approximation register (SAR). This method eliminates the possibility of missing codes, nonmonotonicity, 
and a need for zero or full-scale adjustment. Positive and negative reference voltage inputs make possible 
ratiometric conversion and reference isolation from supply noises. 

The TL5301 and TL5311 are characterized for operation from -40°C to 85°C. 

functional description 

The TL530 and TL531 provide direct interface to a microprocessor-based system. Control of the TL530 
and TL531 is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs (Read/Write, 
Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal registers. 
These registers are the control register, the analog conversion data register, and the digital data register. 

A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data .bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 

The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start AID conversion and to select the analog channel to be converted, to select the output 
logic levels and the direction (input or output) of the 3-bit digital I/O port, and to set interrUpt enable for 
the Interrupt Request output. The analog conversion data register is a read-only register that contains the 
current converter status and most recent conversion results. The digital data register is also a read-only 
register that holds the 3-bit I/O port status and digital input logic levels from the six multipurpose and the 
three digital inputs. 

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next Signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 

Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 

A conversion cycle is started after a two-byte instruction is written into the control register and the start 
conversion (SC) bit is a logiC high. This two-byte instruction also selects the input analog channel, configures 
the 3-bit digital I/O pins, and sets the interrupt enable bit. The status (EOC) bit in the analog conversion 
data register is reset and remains reset until the conversion is completed, at that time the status bit is 
then set again. After conversion, the results are loaded into the analog conversion data register. These 
results remain in the analog conversion data register until the next conversion cylce is completed. If the 
interrupt enable bit is set to a logic high level in the control register, the Interrupt Request (IRQ) output 
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functional description (continued) 

TYPES TL530. TL531 
CMOS 8·BIT ANALOG·TO·DlGITAL PERIPHERALS WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

will go low after the next conversion cycle is completed. If a new conversion command is entered into 
the control register while the conversion cycle is in progress, the on-going conversion will be aborted and 
a new channel acquisition cycle will immediately begin. 

The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion, interrupt enable, and the 
I/O port data direction bits of the control register are cleared. The A/D converter is then idled and all the 
outputs including the 3-bit I/O digital port are placed in the high-impedance off-state. However, the content 
of the analog conversion data register is not affected by the Reset input going to a low level. 

functional block diagram 

DATA BUS 8 
12-1 _2--81 

RiW DATA 

cs BUS 
DRIVERS 

RS AND 

RESET CONTROL 

CLOCK 
ANALOG 

CONVERSION 
DATA 

DIGITAL 1/0 PORTS _-+~ .... _-f---::==:-.L..~I~/O~P~0~R~T~D~A~T:A~~3 __ --f_--:-I---l 
REGISTER 

IREADONLYI 

1/0 01 - 1/0 03 

DIGITAL INPUTS_~""_-I 
101-031 

1/0 PORT DATA DIRECTION CONTROL IE _ 

ANALOG MJ,lX ADDRESS REGISTER rD-L.-. 'IRQ 
.............. 1-.... +-....... 1---1 IWRITEONLYI ,..----

4 

~4 
ANALOGIDIGITAL 

INPUTS --r--. 
IA 10/01 - A 15/061 

r---------------, I a·BITA/D I 

I CONTROL ~'OC I 
I ---i AND I 
I TIMING 

I 
I 

ANALOG MUX 

6 ADDRESS 

I 
9 15 EXTERNAL ANALOG 

~---.--~III--r~MP 
REGISTER 

I L-__ IS_A_RI __ ~ 

I 

16·CHANNEL 

- MUXANALOG 
SWITCHES 

INPUTS -...,t-+-"*:,.LI>-I 
lAO. A2 - A91 SUCCESSIVE 

APPROXIMATION 

i 
Al 

I 
I I SWITCH U---
I TREE ~ 

REF+-----~---~------------~I~_;DA:C~I ~-~I--~ 
REF- ----------_-------I:il~LA~D~D~E:JR 11---1>__---1 

L ______________ _ 

tLoading of the M~X output affects the changing times of the CAe; it is recommended that no connection be made to this pin. 

MUX 
OUTPUTt 
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SEe NOTe A 

NOTES: A. This is a 16-bit input instruction from the microprocessor being sent to the control data register. 
B. This is the 2"byte (16-bit) content of the digital data register being sent to the microprocessor. 
C. This is the LS byte (S-bit) content of the analog conversion data register being sent to the microprocessor. 
D. This is the LS byte (S-bit) content of the digital data register being sent to the microprocessor. 
E. These are S-bit or 16-bit output data from either the analog conversion data register or the digital data register being sent to the microprocessor. 
F. This is the 2-byte (16-bitl content of the analog conversion data register being sent to the microprocessor. 
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DATA BUS 

TYPES TL530, TL53 t 
CMOS 8-BIT ANALOG-TO-DlGlTAL PERIPHERALS WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

LINES 2 -1 2 - 2 2 - 3 2 - 4 2 - 5 2 - 6 2 -7 2 - B 

~1~IM~:~B~)~I __ )E __ ~_X __ J-_x __ J-__ x __ L-_x __ ~I __ x __ ~I~IL~~~~~)I ~~~-=~~~~~~J-__ ~L-__ -L ____ ~~~ 
i:f-------MOST-SIGNIFICANT BYTE -------~~~11.4-----
14·-1--------------------------------- 16·BIT WRITE ---------------------

Interrupt Enable UE)- The interrupt enable bit. when set to a logical 1 (high level), allows the IRQ pin to be activated at the completion of the next an810g-to­
digital conversion. 

Unused Bits (X) - The MS byte bits 2 -1 through 2 - 7 and LS byte bits 2 - 1 through 2 -4 of the control register are not used internally. 
Start Conversion (SC)- When the SC bit in the MS byte is set to a logical 1 (high levell, analog-ta-digital conversion on the specified analog channel will 

begin immediately after the completion of the control register write. 
"0 Port Data Direction (DO) - The MSB of the LS byte is the data direction bit for the 3-bit I/O port. A logical 1 configures the port as the output while a 

logical 0 configures the port as an input. 
Digital 1/0 Output {II0D1-IIOD3}- When the microcompressor configures the 3-bit 110 port as an output, these are the bit locations into which the output 

states are written. A logical 1 written by the microprocesssor will cause the output to be high, while a logical 0 wlll cause the output to be low. 
Analog MUltiplex Address lAO-A31- These four address bits are decoded by the analog multiplexer and used to select the appropriate analog channel as 
shown below: 

Hexadecimal Address (A3 = MSB) 

o 
1 

2·9 

Channel Select 

AO 

REF+ (All 

A2-A9 

A-F A10-A15 

FIGURE l-CONTROL REGISTER TWO·BYTE WRITE WORD FORMAT AND CONTENT 

DATA BUS 
LINES 2- 1 2-2 2- 3 2- 4 2- 5 2- 6 2- 7 2- B 2- 1 2- 2 

II~~~II 0 0 0 0 0 0 (L~B)I II;~BII R6 

MOST ·SIGNIFICANT BYTE 

:1 I" 
8·BIT READ 

14---------- LEAST·SIGNIFICANT BYTE --------~~ 

16·BIT READ 

AID Status (EOC)- The AID status-end-of-converesion (EOC) bit is set whenever an analog-to-digital conversion is successfully completed by the AID converter. 
The status bit is cleared by a 1 6-bit write from the microprocessor to the control register. The remainder of the bits in the MS byte of the analog conversion 
data are always reset to logical 0 to simpltfy microprocessor interrogation of the AID converter status. 

AID Result (RO-R71- The LS byte of the analog conversion data register contains the result of the analog-to-digital conversion. Result bit R7 is the MSB and 
the converter follows the standard convention of assigning a code of all ones (11111111) to a full-scale analog voltage. There are no special overflow or 
underflow indications. 

FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-IjYTE OR TWO·BYTE READ WORD FORMAT AND CONTENT 

DATA BUS 

LINES r.:-:-::-.-7:-:-r=-.=-:-",-,:-.,-,-r:-:-::--r-=:--::-r,-:-::, 

1+----------- LEAST·SIGNIFICANT 8YTE -----------,~ 

Shared Digital Port (Al0/Dl-A15/D6)- The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these 
bits. A digital value will be given for each pin even if some or all of these pins are being used as analog inputs. 

Analog Multiplexer Address (AO-A3\- The address of the selected analog channel presently addressed is given by these bits. 
Digital Inputs (0 1-03) ~ The states of the three digital inputs are read from these bits. 
OigitalllO Port 0/001-1/003)- The states of the three digital 1/0 pins are read from these bits regardless of whether the port is configured as input or output. 

FIGURE 3-DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT ANO CONTENT 
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TYPES TL530, TL531 
CMOS 8·BIT ANALOG·TO·DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

absolute maximum ratings over operating free·air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ............... '" ........ '" ..... , .. -0.3 V to 6.5 V 
Input voltage range: Positive reference voltage. . . . . . . . . . . . . . . . . . . . .. VREF - to Vee + 0.3 V 

Negative reference voltage. . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VREF + 
All other inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to Vee + 0.3 V 

Input current, II (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Total input current (all inputs) ............................................. ± 20 mA 
eontinuous total dissipation at (or below) 25°e free-air temperature (see Note 2) . . . . . .. 1250 mW 
Storage temperature range .......................................... - 65 °e to 1 50 0 e 
Operating free-air temperature range .......... " . . . . . . . . . . . . . . . . . . . . . . . .. -40 oe to 85°e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .................... " 260 0 e 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

Tl530 TL531 

NOM MAX MIN NOM 
UNIT 

MIN MAX 

Supply voltage. VCC 4.75 5 5.5 4.75 5 5.5 V 

Positive reference voltage, VREF + Isee Note 3) 4.6 vee 4.6 vee V 

Negative reference voltage, VREF _ Isee Note 3) 0 0.1 0 0.1 V 

Average voltage across ladder Vee- O.2 Vee Vee+O.2 Vee- O.2 Vee Vee+D.2 V 

High-level input Clock input Vee- D.B Vee- D.B 
V 

voltage, VIH All other digital inputs 2 2 

Low-level input 
Any digital input 

voltage, Vil 
0.8 0.8 v 

Clock frequency, fClK 0.1 1.048 0.1 1.048 MHz 

Clock period, 1 "ClK 943 943 ns 

CS setup time, tsulCS) 100 100 ns 

Address IR/W and RS) setup time, tsulA) 145 145 ns 

Data bus input setup time, tsu(bus) 185 185 ns 

Control IR/W, RS, and CS) hold time, thlCI 20 2D ns 

Data bus input hold time, thlbus) 20 25 ns 

Pulse duration of control inputs during read cycle, tw(C) 575 575 ns 

Pulse duration, reset low, twL(reset) 3 3 
Clock 

Cycles 

Pulse duration of clock high, twHIClK) " 440 440 ns 

Pulse duration of clock low, twL(CLKI 410 410 ns 

Clock rise time, t'IClK) 25 25 ns 

Clock fall time, tf(ClK) 30 30 ns 

Operating free-air temperature, T A -40 85 -40 85 °c 

NOTE 3: Analog input voltages greater than or equal to that applied to the AEF+ terminal convert to all ones (11111111), while input voltages equal to 
or less than that applied to the AEF- terminal convert to all zeros (00000000). 
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TYPE TL530 
CMOS 8·BIT ANALOG·TO·DlGlTAL PERIPHERAL WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

electrical characteristics over recommended ranges of vcc. VREF +. and operating free-air temperature. 
VREF - = O. fCLK = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH 
High-level 1/0 Digital pins 3, 4, and 5 10H ~ -190 pA VCC- O.4 

V 
output voltage 1/0 Data Bus 10H ~ -1.6 rnA 2.4 

Low-level 1/0 Digital pins 3, 4, and 5 10L - 975 pA 0.4 
VOL output voltage IRQ and 1/0 Data Bus 10L ~ 1.6 rnA 

V 
0.4 

High-level Any control input 
VIH ~ 5.5 V 

1 
IIH 

input current Any other digital input 10 
pA 

Low-level Any control input -1 
IlL 

input current Any other digital input 
VIL ~ 0 

-10 
pA 

10H 
High-level 

IRQ output VOH ~ Vee ~ 4.75 V 10 pA 
output cu rrent 

10Z 
Off-state (high-irnpedance-statel Vo~ Vee 10 

output current Vo - 0 -10 
pA 

II Analog input current (see Note 4) VI = 0 to Vee ±500 nA 

Leakage current between selected channel VI - 0 to Vee, 
±400 nA 

and all other analog channels Clock input at 0 V 

rilon) Analog channel input on-state resistance 5 kll 

Ladder resistance (REF + to REF -) 1 5 10 kll 

ei 
Digital pins 9 thru 16 7 30 

Input capacitance I Any other input pin 5 15 
pF 

lee+IREF+ Supply current plus reference current 
Vee ~ VREF+ ~ 5.5 V, 

3 16 rnA 
Outputs open 

ICC Supply current Vee - 5.5 V 2 10 rnA 

tTypical values are at Vee = 5 V. TA = 25°C. 
NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 
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TYPE TL530 
CMOS 8·BIT ANALOG·TO·DlGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

operating characteristics over recommended ranges of Vcc, VREF +, and operating free-air temperature, 
VREF - at ground, fCLK = 1.048 MHz (unless otherwise noted) . 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Linearity error See Note 5 ±0.5 LSB 

Zero error See Note 6 ±0.5 LSB 

Full-scale error See Note 6 ±0.5 LSB 

Total unadjusted error See Note 7 ±0.5 LSB 

Absolute accuracy error See Note 8 ±1 LSB 

Conversion time (including Clock 
tconv 290 

channel acquisition time) Cycles 

tacq Channel acquisition time 30 
Clock 

Cycles 

ten Data output enable time Isee Note 9) RL = 3 kll. CL = 50 pF. 335 ns 

tdis Data output disable time RL = 3 kll. CL = 50 pF 10 ns 

tr(bus) 
Data bus output High-impedance to high-level 150 

RL = 3 kll. CL = 50 pF 
300 

ns 
rise time Low to high-level 

Digital 110 High-impedance to high-level 0.5 
trll/O) output rise time Low to high-level 1 

~s 

tf(bus) 
Data bus output High-impedance to low-level 150 

RL = 3 kll. CL = 50 pF 
300 

ns 
fall time High to low-level 

Digital 110 High-impedance to low-level 0.5 
tfll/O) output fall time High to low-level 1 

~s 

tfllRQ) 
IRQ output High-impedance or high-level 

0.5 
fall time to low-level 

~s 

tTvpical values are at Vee = 5 V, TA = 25°C. 
NOTES: 5. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actua1 AID for zero input voltage; full~scale error is that same difference for 
full~scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero. and full~scale errors. 
8. Absolute accuracy error is the maximum dlfference between an analog value and the nominal midstep value within any step. This includes all 

errors including inherent quantization error, which is the ± 0.5 LSB uncertainty caused by the AID converters finite resolution. 
9. If chip~select setup time, tsu(CS). is less than 0.14 microseconds, the effective data output enable time, ten' may extend such that tsu(CS) 

+ ten is equal to a maximum of 0.475 microseconds . 
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TYPE TL531 
CMOS 8·BIT ANALOG·TO·DIGITAL PERIPHERAL WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

electrical characteristics over recommended ranges of V cc. VREF + • and operating free-air temperature. 
VREF - = O. fCLK = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVPt MAX UNIT 

High-level 1/0 Digital pins 3, 4, and 5 10H = -190 A Vcc- O.4 
VOH V 

output voltage 1/0 Data Bus 10H - -1.6 rnA 2.4 

Low-level 1/0 Digital pins 3, 4, and 5 'OL - 975 ~A 0.4 
VOL V 

output voltage IRO and I/O Data Bus IOL = 1.6 rnA 0.4 
High-level Any control input 1 

"H input current Any other digital input 
V,H = 5.5 V 

10 
p.A 

Low-level Any control input -1 
IlL 

input current Any other digital input 
V,L = 0 

-10 
p.A 

IOH 
High-level 

IRO output VOH = Vee = 4.75 V 10 ~A 
output current 

Off-state (high-irnpedance-state) Vo = Vee 10 
10Z 

output current Vo = 0 -10 
p.A 

" 
Analog input current (see Note 4) V, - 0 to Vee ±700 nA 

Leakage current between selected channel V, = 0 to Vee, 

and all other analog channels Clock input at 0 V 
±500 nA 

ri(on) Analog channel input on-state resistance 5 kll 

Ladder resistance (REF + to REF-) 1 5 10 kll 

I Digital pins 9 thru 16 7 30 
ei Input capacitance I Any other input pins 5 15 

pF 

lee+IREF+ Supply current plus reference current Vee - VREF+ 
Outputs open 

- 5.5 V, 
3 16 rnA 

ICC Supply current Vee - 5.5 V 2 10 rnA 

tTypical values are at Vee := 5 V. T A = 25°C. 
NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 
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TYPE TL531 
CMOS 8·BIT ANAlOG·TO·DIGITAl PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

operating characteristics over recommended operating free-air temperature range, VREF + 
VREF - at ground, fCLK = 2 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

Linearity error See Note 5 ±0.5 

Zero error See Note 6 ±0.25 

Full-scale error See Note 6 ±0.25 

Total unadjusted error See Note 7 : TA 
=25°C ±0.5 

TA = -40°C to 85°C ±1 

Absolute accuracy error See Note 8 ±1.5 

Conversion time (including 
tconv channel acquisition time) 

290 

tacq Channel acquisition time 30 

ten Data output enable time (see Note 9) RL = 3 k[J. CL = 50 pF 335 

tdis Data output disable time RL - 3 k[J. CL - 50 pF 10 

tr(busl 
Data bus output High-impedance to high-level 

RL = 3 k[J. CL = 50 pF 
150 

rise time Low to high-level 300 

DigitalliO High-impedance to high-level 0.5 
tr(l/OI 

output rise time .Low to high-level 1 

tl(busl 
Data bus output High-impedance to low-level 150 

lall time High to low-level 
RL = 3 kll, CL = 50 pF 

300 

Digitall/O High-impedance to low-level 0.5 
tl(l/OI 

output fall time High to low-level 1 

tf(lRQI 
IRQ output High-impedance or high-level 

0.5 
fall time to low-level 

NOTES: 5. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

VCC, 

UNIT 

LSB 

LSB 

LSB 

LSB 

LSB 

Clock 

Cycles 

Clock 

Cycles 

ns 

ns 

ns 

~s 

ns 

~s 

~s 

6. Zero error is the difference between the output of an ideal and an actual AID for zero input voltage; full~scale error is that same difference' for 
fuJI-scale input voltage. ' 

7. Total unadjusted error is the sum of linearity, zero, and futl~scale errors. 
8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 

errors including inherent quantization error, which is the ±O.5 LSB uncertainty caused by the AID converters finite resolution. 
9. If chip-select setup time, tsu(CS). is less than 0.14 microseconds, the effective data output enable time, ten' may extend such that tsu(CS) 

+ ten is equal to a maximum of 0.475 microseconds. 
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ACOUISITION 
CIRCUITS 

TYPES TL532, TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

• 8-Bit Resolution 

• Total Unadjusted Error ... ±0.5 LSB Max for 
TL532 and ± 1 LSB Max for TL533 

• Access Plus Conversion Time ... 300 p's (290 
Clock Cycles) 

• Ratiometric Conversion 

• 3-State, Bidirectional I/O Data Bus 

• 5 Analog and 6 Multipurpose Inputs 

• On-Chip 12-Channel Analog MUltiplexer 

• Three On-Chip 16-Bit Data Registers 

• Software Compatible with Larger TL530 and 
TL531 (21-lnput Versions) 

• Single 5-V Supply Operation 

• Low Power Consumption ... 15 mW Typ 

• Pin-for-Pin Compatible and Functionally 
Compatible with Motorola MC14442 

• Direct Replacement for National Semiconductor 
ADC0829 

description 

The TL532 and TL533 are monolithic CMOS. 
peripheral integrated circuits each designed to 
interface a microprocessor for analog data 
acquisition. These devices are complete 
peripheral data acquisition systems on a single 
chip that can convert analog signals to digital 
data from up to 11 external analog terminals. 
Each device features operation from a single 
5-volt supply. Each contains a 12-channel analog 
multiplexer, an a-bit ratiometric analog-to-digital 

02818. OCTOBER 1983 

N OUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

I/O 
DATA 
BUS 

REF -

GND 
2- 1 (MSB) 

2- 2 
2- 3 
2- 4 
2- 5 
2- 6 
2- 7 

2 - 8 (lSB) 

READ/WRITE (Riw) 

REF+ (All 

VCC 

~~ }ANAlOG 
~! INPUTS 

A5 

A12/D3 DIGITAL 
~ ~ ~;~~ }ANAlOG/ 

A 13/04 INPUTS 
CLOCK (ClK) A 14/D5 

REGISTER SELECT (RS) A 15/06 

CHIP SELECT (CS) '-<-_---' .... RESET (R) 

FUNCTION TABLE 

ADDRESS/CONTROL 
DESCRIPTION 

R/W RS CS R ClK 

X X X L t Reset 

L H L H ~ 
Write bus data to control 
register 

H L L H t 
Read data from analog 

conversion register 

H H L H t 
Read data from digital 

data register 

X X H H X No response 

H .;: High-level, L == Low-level, X = Irrelevant, 
.J, == High-ta-Iow transition, t == Low-ta-high transition 
tFor proper operation. Reset must be low for at least three clock cycles. 

(A/D) converter, three 16-bit registers, and microprocessor-compatible control logic circuitry. Additional 
features include a built-in self-test, six mUltipurpose (analog or digital) inputs, five external analog inputs, 
and an a-pin input/output (110) data port. The three on-chip data registers store the control data, the 
conversion results, and the input digital data that can be accessed via the microprocessor data bus in two 
8-bit bytes (most-significant byte first). In this manner, a microprocessor can access up to 11 external 
analog inputs or 6 digital Signals and the positive reference voltage that may be used for self-test. 

The A/D conversion uses the successive-approximation technique employing a high-impedance chopper­
stabilized comparator, a 256R end-compensated voltage divider with analog switch tree, and a successive­
approximation register (SAR). This method eliminates the possibility of missing codes, nonmonotonicity, 
and a need for zero or full-scale adjustment. Positive and negative reference voltage inputs make possible 
ratiometric conversion and reference isolation from supply noises. 

The TL5321 and TL5331 are characterized for operation from - 40 DC to 85 DC. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TLS32. TLS33 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

functional description 

The TL532 and TL533 provide direct interface to a microprocessor-based system. Control of the TL532 
and TL533 is handled via the 8-line TTL-compatible 3-state data bus. the three control inputs (Read/Write. 
Register Select. and Chip Select). and the Clock input. Each device contains three 16-bit internal registers. 
These registers are the control register. the analog conversion data register. and the digital data register. 

A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the B-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low. 
the processor will read the data contained in the analog conversion data register. However. when the 
Register Select input is high. the processor reads the data contained in the digital data register. 

The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six multipurpose inputs. 

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However. no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed. the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an a-bit or a 16-bit 
microprocessor instruction; however. the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 

Normally. a two-byte word is written into or read from the controlling processor. but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 

A conversion cycle is started after a two-byte instruction is written into the control register and the start 
conversion (SC) bit is a logic high. This two-byte instruction also selects the input analog channel to be 
converted. The status (EOC) bit in the analog conversion data register is reset and remains reset until the 
conversion is completed. at that time the status bit is then set again. After conversion. the results are 
loaded into the analog conversion data register. These results remain in the analog conversion data register 
until the next conversion cylce is completed. If a new conversion command is entered into the control 
register while the conversion cycle is in progress. the on-going conversion will be aborted and a new channel 
acquisition cycle will immediately begin. 

The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods. the start conversion bit of the control register 
is cleared. The A/D converter is then idled and all the outputs are placed in the high-impedance off-state. 
However. the content of the analog conversion data register is not affected by the Reset input going to 
a low level. 
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functional block diagram 

DATA BUS 8 
(2-8 - 2-1) --+f--l_-I 

R/W -----1_-1 

CS -----1_01 

RS -----I--i 
R -----1-01 

CLOCK -----1_-1> 

ANALOG/DIGITAL 
INPUTS 

6 
(Al0/Dl - A15/D6) 

6 

EXTERNAL ANALOG 5 11 

INPUTS 
(AO, A2-A5) 

Al 

TYPES TL532, TL533 
CMOS 8·BIT ANALOG·TO·DlGITAL PERIPHERALS WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

DATA 
BUS 

CONTROL 
LOGIC 

12-CHANNEL 
MULTIPLEXER 

ANALOG 
SWITCHES 

8 8 

-

8 

8 

---- -, 
I 
I 
I 
I 
I SUCCESSIVE 

APPROXIMATION 
REGISTER I (SAR) 

I 

REF+ ---.... --------11----1 
REF- ------------11----1 

I 
I 
I 
I 

L .J 

c 
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+J 
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: I 
I -JIIj *" tsu (bus) 

t su (busl-li1 -- :: !: I! 
MS lS 

BYTE BYTE' 

I ' I 
I ' I I I I 

j4-t en I ...... rt-ten , ~ rt-ten I I 
I -jIoj t+- ten I ..., I4-ten I -+I jt-ten , 
I : I : I ) tan-Jol 14-" -: IooLt~_ -+j 

ivrs LS LS lS lS 1: MS 
BYTE BYTE BYTE BYTE BYTE r I 

HI-Z STATE 

~ 
SEE NOTE A 

NOTES: A. This a 16-hit input instruction from the microprocessor being sent tO,the control data register. 
B. This the 2-byte (16-bit) content of the digital data register being sent to the microprocessor. 
C. This the LS byte (S-bitl content of the analog conversion data register being sent to the microprocessor. 
D. This the LS byte (S-bit) content of the digital datB register being sent to the microprocessor. 
E. These are a-bit or 16-bit output datB from either the analog conversion data register or the digital data register being sent to the microprocessor. 
F. This is the 2-byte t16-bitl content of the analog conversion data register being sent to the microprocessor. 
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TYPES Tl532, Tl533 
CMOS 8·BIT ANALOG·TO·DlGITAL PERIPHERALS WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

DATA BUS 
LINES 2 - 1 2 - 2 2 - 3 2 - 4 2 -- 5 2 - 6 2 - 7 2 - 8 ,..,2,,--_1,-"-_ro_,...!:..._,.....:=--:--,-==-_.,.-'''-_r_., 

IIM~BJ 1 X 1 X 1 X 1 X 1 X 1 X IILSSCBJI ~IIM~B::J....-JI ---l.-l....--L-----1--'-----1..::=_\ 

2-2 2- 3 2- 4 2- 5 2- 6 2- 7 2- 8 

1 I 

A3 
I A2 

I II~~J I X X X Al 

~t===~====~=-M-o-SJ..T--S-IG-N-'IF-IC-A-N-T.l...B-Y-T-E ~'=--=--=--=-~-=---'-~I 14~-----
- 16-BIT WRITE 

LEAST-SIGNIFICANT BYTE 

:1 
Unused Bits (X)- The MS byte bits 2 -1 through 2 - 7 and LS byte bits 2 -1 through 2 -4 of the control register are not used internally. 
Start Conversion (SC)- When the SC bit in the MS byte is set to a logical 1 (high levell, analog-ta-digital conversion of the specified analog channel 

witt begin immediately after the completion of the control register write. 
Analog MultJiplex Address (AO-A3) - These four address bits are decoded by the analog multiplexer and used to select the appropriate analog channel as 
shown below: 

Hexadecimal Address IA3 ~ MSB) 

° 
2-5 

6-9 Inot usedl 

A-F 

Channel Select 

AO 

REF+ IA11 

A2-A5 

Al0-A15 

FIGURE 1-CONTROL REGISTER TWO-BYTE WRITE WORD FORMAT AND CONTENT 

DATA BUS 
LINES 2- 1 2- 2 2- 7 2- 8 2- 1 2- 2 2- 3 2- 4 2- 5 2- 6 

II~~~J 1 ° 
0 ~ II::BII 

R6 R5 R4 R3 I R2 I 
j ~ LEAST-SIGNIFICANT BYTE 14-------MOST-SIGNIFICANT BYTE 

)4----------8-BIT READ ------

16-BIT READ 

2- 7 2- 8 

Rl 
II:soBII 

AID Status (EOC1- The AID status end-at-conversion (EOCI bit is set whenever an analog-ta-digital conversion is successfully completed by the AID converter. 
The status bit is cleared by a l6-bit write from the microprocessor to the control register. The remainder of the bits in the MS byte of the analog conversion 
data register are always reset to logical 0 to simplify microprocessor interrogation of the AID converter status. 

AID Result (RO-R7) - The LS byte of the analog conversion data register contains the result of the analog-ta-digital conversion. Result bit R7 is the MSB and 
the converter follows the standard convention of assigning a code of all ones (11111111) to a full-scale analog voltage. There are no special overflow 
or underflow indications. 

FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 

DATA BUS 
LINES 2- 1 

A15 

1D6 

IMSBJ 

14-------MOST-SIGNIFICANT BYTE -----+I 

~--------8-BIT READ--------+j 

2- 1 2-2 

IIM:BII 

AO 

I 

I. 

2- 3 2- 4 2- 5 2- 6 2- 7 2- 8 

X 

I 

X 

I 

X 

I 

X 

I 

X 

I IL:BI I 

LEAST -SIGNIFICANT BYTE 

c: o 
'';; 
'fi) 
'S 
tT 
U 

<C 
«S ... 
«S 
C 

16·81T READ -----------------.-( 7 
Shared Digital Port (A 1 010 l-A 15/06\- The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these 

bits. A digital value will be given for each pin even if some or all of these pins are being used as analog inputs. 
Analog Multiplexer Address IAO-A3) - The address of the selected analog channel presently addressed is given by these bits. 
Unused Bits (X)- LS byte bits 2 - 3 through 2 - 8 of the digital data register are not used. 

FIGURE 3-DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 
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TYPES TL532, TL533 
CMOS 8·BIT ANALOG·TO·DlGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ..................................... -0.3 V to.6.5 V 
Input voltage range: Positive reference voltage. . . . . . . . . . . . . . . . . . . . .. VREF - to Vee + 0.3 V 

Negative reference voltage. . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VREF + 
All other inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to Vee + 0.3 V 

Input current, II (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Total input current, (all inputs) .............. :.............................. ± 20 mA 
eontinuous total dissipation at (or below) 25°e free-air temperature (see Note 2) . . . . . .. 1250 mW 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Operating free-air temperature range .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 °e to 85°e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 26°C free·air temperature, refer to Dissipation Derating Curves in Section 2. 

recommended operating conditions 

TL532 TL533 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, Vec 4.75 5 5.5 4.75 5 5.5 V 
Positive reference voltage, VREF + Isee Note 3) 4.6 vee 4.6 vee V 
Negative reference voltage, VREF _ Isee Note 3) 0 0.1 0 0.1 V 
A verag. voltage across ladder vee- O.2 vee vee+ O.2 vee- O.2 vee vee+O.2 V 
High-level input Clock input Vee-O.S Vee- O.S 

V 
voltage, VIH AU other digital inputs 2 2 

Low-level input 
Any digital input 0.8 0.8 V 

voltage, VIL 

Clock frequency, fCLK 0.1 1.048 0.1 1.048 MHz 

Clock period, 1/fCLK 943 943 ns 

CS setup time, tsulCS) 100 100 ns 

Address IR/W and RS) setup time, tsulA) 145 145 ns 

Data bus input setup time, tsulbus) 185 185 ns 

Control IRIW, RS, and CS) hold time, thlCI 20 20 ns· 

Data bus input hold time, thlbus) 20 25 n. 

Pulse duration of control inputs during read cycle, twlC) 575 575 ns 

Pulse duration, reset low, twLlreset) 3 3 
Clock 

Periods 

Pulse duration of clock high, twHICLK) 440 440 ns 

Pulse duration of clock low, twLICLK) 410 410 ns 

Clock rise time, trICLK) 25 25 ns 

Clock faU time, tfICLK) 30 30 ns 
Operating free-air temperature, T A -40 85 -40 85 °c 

:s NOTE 3: Analog input voltages greater than or equal to that applied to the REF + terminal convert to all ones (11111111 I, while input voltages equal to 

• 
7-92 

or less than that applied to the REF - terminal convert to all zeros (00000000) . 
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TYPE TL532 
CMOS 8·BIT ANALOG·TO·DIGITAL PERIPHERAL WITH 

ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

electrical characteristics over recommended ranges of vcc. VREF +. and operating free-air temperature. 
VREF - at ground. fCLK = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage I/O Data bus IDH = 1.6 mA 2.4 V 

VOL Low-level output voltage I/O Data bus 10L = 1.6 mA 0.4 V 

IIH 
High-level Any control input 

VIH = 5.5 V 
1 

input current Any other digital input 10 
pA 

Low-level Any control input -1 
IlL 

input current Any other digital input 
VIL = 0 

-10 
pA 

10Z 
Off-state Ihigh-impedance-state) VO= VCC 10 

output current Vo - 0 -10 
pA 

II Analog input current Isee Note 4) VI = 0 to VCC ±500 nA 

Leakage current between selected chann~1 VI - Oto VCC 
±400 nA 

and all other analog channels Clock input at 0 V 

rilon) Analog channel input on-state resistance 5 kG 

Ladder resistance IREF + to REF -) 1 5 10 kG 

Ci Input capacitance 
Digital pins 3 thru 10 7 30 

Any other input pin 5 15 
pF 

VCC = VREF+ = 5.5 V, 
ICC+IREF+ Supply current plus reference current 3 16 mA 

Outputs open 

ICC Supply current VCC = 5.5 V 2 10 mA 

tTypical values are at Vee = 5 V. TA = 25°C. 
NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 

operating characteristics over recommended ranges of V cc. VREF + • and operating free-air temperature. 
VREF - at ground. fCLK = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Linearity error See Note 5 ±0.5 LSB 

Zero error see Note 6 ±0.5 LSB 

Full-scale error See Note 6 ±0.5 LSB 

Total unadjusted error See Note 7 ±0.5 LSB 

Absolute accuracy error See Note 8 ±1 LSB 

Conversion time (including 
290 

Clock 
tconv channel acquisition time) Cycles 

tacQ Channel acquisition time 30 
Clock 

Cycles 

ten Data output enable time ISee Note 9) RL - 3 kG, CL-50pF 335 ns 

tdis Data output disable time RL = 3 kG, CL=50pF 10 ns 

trlbus) 
Data bus output High-impedance to high-level 

RL = 3 kG, CL=50pF 
150 

rise time Low to high-level 300 
ns 

tflbus) 
Data bus output High-impedance to low-level 150 

RL = 3 kG, CL = 50 pF ns 

c 
o 

'';:; 
.C;; 
·S 
C" 
(,) 

« 
CO .... 
CO 
C 

fall time High to low-level 300 

tTypical values are at vee ~ 5 v, TA ~ 25"e. .. 
NOTES: 5. Linearity error is the deviation from the best straight line through the AID transfer characteristics. .. 

6. Zero error is the difference between the output of an ideal and an actual AID for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity. zero. and full-scale errors. 
B. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 

errors including inherent quantization error, which is the ±0.5 LSB uncertainty caused by the AID converters finite resolution. 
9. If chip-select setup time, tsu(CS)' is less than 0.14 microseconds. the effective data output enable time. ten. may extend such that tsu(CS) + ten 

is equal to a maximum of 0.475 microseconds. 
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TYPE TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 

electrical characteristics over recommended ranges of V CC, VREF +, and operating free-air temperature, 
VREF - at ground, fCLK = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH High-level output voltage I/O Data bus 10H - -1.6 mA 2.5 V 

VOL Low-level output voltage I/O Data bus 10L = 1.6 mA 0.4 V 

IIH 
High-level Any control input 

VIH = 5.5 V 
1 

input current Any other digital input 10 
~A 

IlL 
Low-level Any control input 1 
input current Any other digital input 

VIL = 0 
-10 

~A 

10Z 
Off-state (high-impedance-state) Vo - VCC 10 

output current Vo - 0 -10 ~ 

II Analog input current (see Note 4) VI = 0 to VCC ±700 nA 

Leakage current between selected channel VI - 0 to VCC. 
±500 nA 

and all other analog channels Clock input at 0 V 

rHon) Analog channel input on-state resistance 5 kll 
Ladder resistance (REF + to REF -) 1 5 10 kll 

Ci Input capacitance 
I Digital pins 3 thru 10 7 30 
I Any other input pin 5 15 

pF 

ICC+IREF+ ~upply currant plus reference current VCC - VREF+ - 5.5 V. 
3 16 mA 

Outputs open 

ICC Supply current VCC = 5.5 V 2 10 mA 

tTypical values are at Vee = 5 V. TA "" 25°C. 
NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 

operating characteristics over recommended ranges of VCC, VREF +, and operating ,free-air temperature, 
VREF - at ground, fCLK = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

linearity error See Note 5 ±0.5 LSB 

Zero error See Note 6 ±0.25 LSB 

Full-scale error See Note 6 ±0.25 LSB 

Total unadjusted error See Note 7 ITA =25°C 
ITA = -O°C to 85°C 

±O.5 

±1 
LSB 

Absolute accuracy error See Note 8 ±1.5 LSB 

Conversion time (including Clock 
tconv 290 

channel acquisition time) Cycles 

tacq Channel acquisition time 30 
Clock 

Cycles 

ten Data output enable time (See Note 9) RL - 3 kll. CL - 50 pF 335 ns 

tdis Data output disable time RL - 3 kll. CL - 50 pF 10 ns 

tr(bus) 
Data bus output High-impedance to high-level 150 

RL = 3 kll. CL = 50 pF 
300 

ns 
rise time Low to high-level 

tf(bus) 
Data bus output High-impedance to low-level 150 

RL ~ 3 kll. CL = 50 pF 
300 

ns 
fall time High to 10w"level 

tTypiCal values are at Vee == 5 V. TA == 25°C. 
NOTES: 5. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actual AID for zero input voltage; fuU·scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 

errors including inherent quantization error, which is the ±O.5 LSB uncertainty caused by the A/O converters finite resolution. 
9. If chipMselect setup time. tsu(CS). is less than 0.14 microseconds. the effective data output enable time, ten' may extend such that tsu(CSI + ten 

is equal to a maximum of 0.475 microseconds. 
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DATA 
ACOUISITION 
CIRCUITS 

NOT RECOMMENDED 
FOR NEW DESIGN 

For New Design, see TL 182 Series 

description 

The TL601, TL604, TL607, and TL610 are a family 
of monolithic P-MOS analog switches that provide 
fast switching speeds with high rofflron ratio and no 
offset voltage. The p-channel enhancement-type MOS 
switches will accept analog signals up to ±10 volts and 
are controlled by TTL-compatible logic inputs. The 
monolithic structure is made possible by BI-MOS 
technology, which combines p-channel MOS with 
standard bipolar transistors. 

These switches are particularly suited for use in 
military, industrial, and commercial applications such 
as data acquisition, multiplexers, A/O and D/A 
converters, MODEMS, sample-and-hold systems, sig­
nal multiplexing, integrators, programmable oper­
ational ampl.ifiers, programmable voltage regulators, 
crosspoint switching networks, logic interface, and 
many other analog systems. 

The TL601 is an SPDT switch with two logic control 
inputs. The TL604 is a dual complementary SPST 
switch with a single control input. The TL607 is an 
SPDT switch with one logic control input and one 
enable input. The TL610 is an SPST switch with 
three logic control inputs. The TL610 features a 
higher rofflron ratio than the other members of the 
family. 

The TL601M, TL604M, TL607M, and TL610M are 
characterized for operation over the full military 
temperature range of _55°C to 125°C, the' TL6011, 
TL6041, TL6071, and TL6101 are characterized for 
operation from _25°C to 85°C, and the TL601C, 
TL604C, TL607C, and TL610C are characterized for 
operation from O°C to 70°C. 

TEXAS 
INSTRUMENTS 

TYPES TL6D1. TL6D4. TL6D7. TL61D 
P·MOS ANALOG SWITCHES 

D2401, JUNE 1976-REVISED OCTOBER 19B3 

JG OR P DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

TL601 

GND[]8 VCC+ 
A 2 7 S2 
B 3 6 S1 
S 4 5 VCC-

TL604 

GND[]8 VCC+ 
A 2 7 S1 

S1 3 6 S2 

S2 4 5 VCC-

TL607 

GND[]8 VCC+ 
A 2 7 S2 

ENABLE 3 6 S1 

S 4 5 VCC-

TL610 

GND[]8 VCC+ 
A 2 7 C 
B 3 6 S 

S 4 5 VCC-

TYPICAL OF 
ALL INPUTS 

TYPICAL OF 
ALL SWITCHES 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TL601, TL604, TL607, TL610 
P·MOS ANALOG SWITCHES 

TL601 

S~S1 

~A--S2 
I '---, 

:=L)-t>--J 
FUNCTION TABLE 

LOGIC INPUTS ANALOG SWITCH 

A B S1 S2 

L X OFF (OPEN) ON (CLOSED) 

X L OFF (OPEN) ON (CLOSED) 

H H ON ICLOSED) OFF (OPEN) 

TL607 

S1---~" , 

I 

S . ~ 
, I 

I 

~
'--- ___ J l 

A. I 

ENABLE - ___ I 

FUNCTION TABLE 

INPUTS ANALOG SWITCH 

A ENABLE S1 S2 

X L OFF (OPEN) OFF (OPEN) 

L H OFF (OPEN) ON ICLOSED) 

H H ON ICLOSEO) OFF (OPEN) 

S2 

TL604 

S1 ____________ ~~.~-----S1 

I 
I 

S2----_. ~---S2 

A---{»_J 
FUNCTION TABLE 

LOGIC INPUT ANALOG SWITCH 

A S1 S2 

H ON ICLOSED) OFF IOPEN) 

L OFF (OPEN) ON ICLOSEO) 

TL610 

S D-f!C----s 
I 
I 

~D_r>--J 
FUNCTION TABLE 

INPUTS 

A B 

L X 

X L 

X X 

H H 

H = high logic level 

L = low logic level 

X = irrelevant 

ANALOG SWITCH 

C S 

X OFF (OPEN) 

X OFF (OPEN) 

L OFFIOPEN) 

H ON (CLOSEO) 

Switch positions shown are for all inputs high. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC+ (see Note 1) .. . 
Supply voltage, VCC- ...... . 
VCC+ to VCC- supply voltage differential 
Control input voltage 
Switch off·state voltage ...... . 
Switch on·state current ...... . 
Operating free·air temperature range: TL601M, TL604M, TL607M, TL610M 

TL6011, TL6041, TL6071, TL6101 
TL601C, TL604C, TL607C, TL610C 

Storage temperature range . . . . . . . . . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package 

NOTE 1: All voltage values are with respect to network ground terminal. 

30V 
· -30 V 

35V 

· VCC+ 
30V 

.10mA 
-SSoC to 12SoC 

- 2SoC to 8SoC 
O°C to 70°C 

_65°C to 150°C 
· 300°C 

.... 260°C 
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083 

TYPES TL601, T1604, TL607, TL610 
P·MOS ANALOG SWITCHES 

recommended operating conditions 

TL601 M, TL604M TL6011, TL6041 TL601C, TL604C 

TL607M, TL610M TL6071, TL6101 TL607C, TL610C UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee + Isee Figure 1 I 5 10 25 5 10 25 5 10 25 V 
Supply voltage, Vee _ Isee Figure 1 I -5 -20 -25 -5 -20 -25 -5 -20 -25 V 
Vee + to Vee _ supply voltage 

15 30 15 30 15 30 V 
differential (see Figure 1) 

Control input voltage 0 5.5 0 5.5 0 5.5 V 
Voltage at any analog 

VCC- +8 VCC+ VCC- +8 VCC+ VCC+ V 
switch (5) terminal 

VCC- +8 

Switch on-state current 10 10 10 rnA 

Operating free-air temperature, T A -55 125 -25 85 0 70 °e 

Figure 1 shows power supply boundary conditions for proper operation of the TL601 Series. The range of operation 
for supply Vee + from + 5 V to + 25 V is shown on the vertical axis. The range of Vee _ from - 5 volts to - 25 volts 
is shown on the horizontal axis. A recommended 30-volt maximum voltage differential from Vee + to Vee _ governs 
the maximum Vee + for a chosen Vee _ (or vice versa). A minimum recommended difference of 15 volts from Vee + 
to Vee _ and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies. 

The designer-selected Vee + for a chosen Vee _ supply values limit th'e maximum input voltage that can be applied to 
either switch terminal; that is, the input voltage should be between Vee _ + 8 V and Vee + to keep the on-state 
resistance within specified limits. 

> 
I 
8. 

.!!! 
0 
> 
> 
ii 
a. 

" en 
I 
+ 
(,J 
(,J 

> 

RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 

30r---.----.---.----r---.---~ 

25 

20 

15 

10 

O~--~---L--~--~~--~--~ 
-30 -25 -20 -15 -10 -5 o 

VCC_-Supply Voltage-V 

FIGURE 1 
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TYPES TL601. TL604. TL607. TL610 
P-MOS ANALOG SWITCHES 

electrical characteristics over recommended operating free-air temperature range, 
Vcc+ = 10 V, Vcc- = -20 V, analog switch test current = 1 mA (unless otherwise noted) 

C 
&» 
r+ 
&» 

» 
(") 
.c 

PARAMETER 

VIH High-level input voltage 

VIL Low-level input voltage 

IIH High-level input current 

IlL Low-level input current 

loff Switch off-state current 

ron Switch on-state resistance 

Toff Switch off-state resistance 

Con Switch on-state input capacitance 

Coff Switch off-state input capacitance 

ICC+ Supply current from V CC+ 

ICC- Supply current from V CC-

TEST CONDITIONSt 

I Enable input of TLS07M 

I All other inputs 

VI - 5.5 V 

VI-O.4V 

Vl(swl -,-10 V, TA - 25'C 

See Note 2 TA - MAX 

TLSOI 

VIIswl=10V, TLS04 

IOlswl=-1rnA TLS07 

TLS10 

TLSOI 

Vl(swl=-10V, TLS04 

IOlswl = -I rnA TL607 

TL610 

VI(swl-OV,f-l MHz 

Vl(swl-OV,f= I MHz 

TLSOI 

Logic input(s) TL604 

at 5.5 V, Enable 

All switch input high 
TLS07 

terminals Enable 

open input low 

TL610 

TL601 

Logic input(s) TL604 

at 5.5 V, Enable 

All switch input high 
TLS07 

terminals Enable 

open input low 

TL610 

TL6 __ M 
TL6 __ C 

TL6 I 

MIN TYPt MAX MIN TYPt 

2 2 

0.6 

0.8 

0.5 10 0.5 

-50 -250 -50 

-400 -500 

-50 -100 -10 

55 100 75 

40 80 40 

220 400 220 

120 300 120 

I X 1011 5 X 10 '0 
16 16 

8 8 

5 10 5 

5 10 5 

3 5 3 

5 10 5 

-1.2 -2.5 -1.2 

-2.5 -5 -2.5 

-0.05 -0.5 -0.05 

-1.2 -2.5 -1.2 

c tFor conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 

Cii- t.AII typical values are at T A = 2S<lC. 

;:; NOTE 2: The other terminal of the switch under test is at V CC+ = 10. V . 

g' switching characteristics, VCC = 10 V, VCC- = -20 V, T A = 25°C 

• toff 

ton 

7-98 

PARAMETER 

Switch tum-off time' 

Switch tum-on time 

TEST CONDITIONS 

RL = I kn, CL = 35 pF, See Figure 2 

TEXAS 
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TYP MAX 

400 500 

100 150 

UNIT 

MAX 

V 

V 
0.8 

10 I'A 

-250 I'A 

pA 

-20 nA 

200 

100 
n 

SOO 

400 

n 
pF 

pF 

10 

10 
rnA 

5 

10 

-2.5 

-5 
rnA 

-0.5 

-2.5 

UNIT 

ns 

10: 
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2.4V 

TYPES TL6D1. TL6D4. TL6D7. TL61D 
P·MOS ANALOG SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

+10V 

OR~~OUTPUT 
~~ __ J RL = CL = 35 pF 

1 kn = J (See Note BI 

TEST CIRCUIT 

~-"" ,---5V 
INPUT 50% 50% 

I ~----""I OV 
ton~ toff~ 

OUTPUT ~90% ~o~O 
lkn 

VO=(10VI ---

NOTES: A. The pulse generator has the following characteristics: 
1 kn + ron 

c: 
I 
8 
" ·i .. a: 

~ 
tifi 
" 0 
.c: 
!l 
~ 
I 

" :: 

Zout = 500, tr ='5 ns, tf = 15 ns, tw = 500 ns. VOLTAGE WAVEFORMS 

B. CL includes probe and jig capacitance. 

1000 

700 

400 

200 

100 

70 

40 

20 

10 
-15 

FIGURE 2 

TYPICAL CHARACTERISTICS 

SWITCH ON-STATE RESISTANCE SWITCH ON-STATE RESISTANCE 
vs vs 

FREE-AIR TEMPERATURE SWITCH ANALOG VOLTAGE 

\\1 
~I I I 

I-IO(sw) = -10 mA 

" tIO(SW) = -1 mA 

~ ~ 
/ ~ 

---LIP(SW) = - 1OO IlA -~-
1 

vcc+= 10V 
VCC_=-20V 

TA=2fC 

1000 

700 

c: 400 
I 
8 
" 200 
.~ .. 
a: 100 
!!l 
l! 70 
'1 
" 0 40 I 
" :: 

20 

~VI~SW)} _12 1V 

~Jl\swl" _11 V 

-r=r= 
1,,-,0'11 

Vl\ow I 
I--~ II,,_S\I I-- I-- -I-\I~,- - I-- ..... -J--- -, 

L-:;r ~ 
I--"" 

I---1 I LVl(sw) = 10 V 
Vl(sw) = 0 V VCC+= 10V 

VCC_=-20V 
IO(sw) = 1 mA 

10 
-10 -5 o 5 10 -75 -50 -25 0 25 50 75 100 125 

VI (sw)-Switch Analog Voltage-V 

FIGURE 3 
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TA-Free·Air Temperature-OC 

FIGURE 4 
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DATA 
ACQUISITION 
CIRCUITS 

TYPES TLC532AM. TLC532AI. TLC533AM. TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS WITH 

5 ANALOG AND 6 MULTIPURPOSE INPUTS 

• LinCMOSTM Technology 

• 8·Bit Resolution 

• Total Unadjusted Error, , , ±0.5 LSB Max 

• Ratiometric Conversion 

• Access Plus Conversion Time: 
TLC532A, .. 15 p's Max 
TLC533A , , . 30 p's Max 

• 3-State. Bidirectional 1/0 Data Bus 

• 5 Analog and 6 Multipurpose Inputs 

• On-Chip 12-Channel Analog Multiplexer 

• Three On-Chip 16-Bit Data Registers 

• Software Compatible with Larger TL530 and 
TL531 (21-lnput Versions) 

• On-Chip Sample-and-Hold Circuit 

• Single 5-V Supply Operation 

• Low Power Consumption ... 6.5 mW Typ 

• Improved Direct Replacements for Texas 
Instruments TL532 and TL533. National 
Semiconductor ADC0829. and Motorola 
MC14442 

description 

The TLC532A and TLC533A are monolithic 
LinCMOSTM peripheral integrated circuits each 
designed to interface a microprocessor for 
analog data acquisition. These devices are 
complete peripheral data acquisition systems on 
a single chip and can convert analog signals to 
digital data from up to 11 external analog 
terminals, Each device features operation from 
a single 5-volt supply. Each contains a 
12-channel analog multiplexer. an 8-bit 
ratiometric analog-to-digital (AID) converter, a 
sample-and-hold. three 16-bit registers. and 
microprocessor-compatible control logic 
circuitry. Additional features include a built-in 
self-test. six multipurpose (analog or digital) 
inputs, five external analog inputs, and an 8-pin 
inputloutput (1/0) data port. The three on-chip 
data registers store the control data, the 
conversion results, and the input digital data that 
can be accesssed via the microprocessor data 
bus in two 8-bit bytes (most-significant byte 
first). In this manner, a microprocessor can 
access up to 11 external analog inputs or 6 
digital signals and the positive reference voltage 
that may be used for self-test, 

ADVANCE INFORMATION 

I/O 
DATA 

BUS 

02819, NOVEMBER 1983 

J OR N DUAl·IN·LlNE PACKAGE 
ITOP VIEWI 

REF- REF+ (A1) 

GND VCC 

2- 1 (MSB) AO} 
2 - 2 A2 ANALOG 

2- 3 A3 INPUTS 
2- 4 A4 
2- 5 A5 

2- 8 (lSB) A12/D3 DIGITAL 
~ = ~ ~ ~ ~;~~ }ANAlOG/ 

READ/WRITE (Riiiii) A 13/D4 INPUTS 
CLOCK (ClK) A 14/D5 

REGISTER SELECT (RS) A 1 5/D6 
CHIP SELECT (CS) '-L __ J-' RESET (R) 

2- 3 
2- 4 
2- 5 
2- 6 
2- 7 

2 -8(lSB) 

Riiiii 

FH CHIP-CARRIER PACKAGE 
ITOP VIEW) 

4 3 2 1 282726 

12 131415161718 

:J~I~Irr:~~(!; 
u LO~M 

<l:<l:<l: 

FUNCTION TABLE 

A2 
A3 
A4 
A5 
Al0/Dl 
All/D2 
A12/D3 

ADDRESS/CONTROL 
DESCRIPTION 

R/W RS CS R ClK 

X X X l t Reset 

• Write bus data to control 
l H l H 

register 

H l l H t 
Read data from analog 

conversion register 

H H l H t 
Read data from ditigal 

data register 

X X H H X No response 

H = High·level, L = Low-level, X = Irrelevant, 
.l- = High-ta-Iow transition, t = Low-ta-high transition 
tFor proper operation, Reset must be ~ow for at least three clock cycles. 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TLC532AM. TLC532AI. TLC533AM. TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 

description (continued) 

The AID conversion uses the successive-approximation technique and switched-capacitor circuitry. This 
method eliminates the possibility of missing codes. nonmonotonicity, and a need for zero or full-scale 
adjustment. Anyone of 11 analog inputs (or self-test) can be converted to an 8-bit digital word and stored 
in 10 microseconds (TLC532A) or 20 microseconds (TLC533A) after instructions from the microprocessor 
have been recognized. The on-chip sample-and-hold functions automatically to minimize errors due to noise 
on the analog inputs. Furthermore, differential high-impedance reference inputs are available to help isolate 
the analog circuitry from the logic and supply noises while easing ratiometric conversion and scaling. 

The TLC532AM and TLC533AM are characterized for operation over the full military temperature range 
of - 55 ac to 125 ac. The TLC532Al and TLC533Al are characterized for operation from - 40 ac to 85 ac. 

functional description 

The TLC532A and TLC533A provide direct interface to a microprocessor-based system. Control of the 
TLC532A and TLC533A is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs 
(Read/Write, Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal 
registers. These registers are the control register, the analog conversion data register, and the digital data 
register. 

A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input i·s low, 
the processor will read the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 

The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion arid to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six multipurpose inputs. 

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 

Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital mUltipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS WITH 

5 ANALOG AND 6 MULTIPURPOSE INPUTS 

functional description (continued) 

A conversion cycle is started after a two-byte instruction is writt,en into the control register and the start 
conversion (SC) bit is a logic high, This two-byte instruction also selects the input analog channel to be 
converted. The status (EOC) bit in the analog conversion data register is reset and remains reset until the 
conversion is completed, at that time the status bit is then set again. After conversion, the results are 
loaded into the analog conversion data register. These results remain in the analog conversion data register 
until the next conversion cycle is completed. If a new conversion command is entered into the control 
register while the conversion cycle is in progress, the on-going conversion will be aborted and a new channel 
acquisition cycle will immediately begin. 

The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion bit of the control register 
is cleared. The AID converter is then idled and all the outputs are placed in the high-impedance off-state, 
However, the content of the analog conversion data register is not affected by the Reset input going to 
a low level. 

functional block diagram 

DATA BUS 
(2-S _2-1) 

RiW 
cs 
RS 

R 

CLOCK 

ANALOG/DIGITAL 
INPUT 

(Al0/Dl - AI5/D6) 

EXTERNAL ANALOG 
INPUT 

(AO.A2-A5) 

REF+ 

REF-

~ 

6 

S 

5 

DATA 
BUS 

CONTROL 
LOGIC ~8 8 ~ 8 

rl DIGITAL DATA r CONTROL I I ANALOG I CONVERSION 
REGISTER REGISTER REGISTER 

~ 6 (READ ONL V) (WRITE ONL V) (READ ONLV) 

ANALOG MUX -r 4 

,Vs J ADDRESS 

, 6 

SAMPLE-
S-BIT 

11 ANALOG-TO-DIGITAL 12-CHANNEL - ANO- -" 

MULTIPLEXER HOLD 
CONVERTER 

(SWITCHED-CAPACITORS) 
~ 

Al 
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289 290 

CLOCK 

R 

RNi 

cs 

RS 

I 

:: I I , i : I : 
I ----tJ.! I4--tsu (bus} I ~ j't-ten I ---to! r--ten I ~ re-ten I I 
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B. This the 2-byte (16-bitl content of the digital data register being sent to the microprocessor. 
C. This the LS byte (8-bitl content of the analog conversion data register being sent to the microprocessor. 
D. This the LS byte (8-bitl content of the digital data register being sent to the microprocessor. 

E, These are 8-bit or 16-bit output data from either the analog conversion data register or the digital data register being sent to the microprocessor. 

F. This is the 2-byte (16-biO content of the analog conversion data register being sent to the microprocessor. 
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DATA BUS 

TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 

5 ANALOG AND 6 MULTIPURPOSE INPUTS 

LINES 2- 1 2-2 2-7 2- 8 2- 1 2-2 2- 3 2- 4 2- 5 2- 6 2-7 2- 8 

IIM:SI I X 
X 

I I~s~ll IIM:BII 

X 

I 

X X 

I 

A3 
I A2 

I 

Al 

I IL:~II 
I ~ LEAST-SIGNIFICANT BYTE 

:1 l6-BIT WRITE 

foItl------ MOST-SIGNIFICANT BYTE 

Unused Bits IX)- The MS byte bits 2 .. 1 through 2 -7 and LS byte bits 2 1 through 2 -4 of the control register are not used internally. 
Start Conversion (SC)- When the SC bit in the MS byte is set to a logical 1 (high levell. analog-to-digital conversion of the specified ,analog channel 

wilt begin immediately after the completion of the control register wnte. 
Analog Multliplex Address (AO-A31.- These four address bits are decoded by the analog multiplexer and used to select the appropriate analog channel as 
shown below: 

Hexadecimal Address IA3 = MSBI 

o 
1 

2-5 

6-9 Inot used) 

A-F 

Channel Select 

AO 

REF+ IA1) 

A2-A5 

Al0-A15 

FIGURE l-CONTROL REGISTER TWO-BYTE WRITE WORD FORMAT AND CONTENT 

DATA BUS 
LINES 2- 1 2- 2 2- 3 2- 4 2- 5 2- 6 2-7 2- 8 2-1 2-2 2- 5 2-6 2- 7 2- 8 

~II~~~~~~~)~I_O_J-_O __ ~ __ O __ L-_O~ ___ O __ L-_O_~ 

j 
R3 

!4-------MOST-SIGNIFICANT BYTE ---- 1OiI1 .. f----------LEAST-SIGNIFICANT BYTE---------~ 
14---------------- a-BIT READ -------

14------------------------------------16-BIT READ ----------------------------------+1 

AID Status (EOCI- The AID status end-af-conversion (EOe) bit is set whenever an analog-ta-digital conversion is successfully completed by the AID converter. 
The status bit is cleared by a l6-bit write from the microprocessor to the control register. The remainder of the bits in the MS byte of the analog conversion 
data register are always reset to logicat 0 to simplify microprocessor interrogation of the A/D converter status. 

AID Result (RO-R7) - The LS byte of the analog conversion data register contains the result of the analog-ta-digital conversion. Result bit R7 is the MSB and 
the converter follows the standard convention of assigning a code of all ones (11111111\ to a full-scale analog voltage. There are no special overflow 
or underflow indications. 

FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 

DATA BUS 

i4-------MOST-SIGNIFICANT BYTE ---------I~ 

1+---------------- a-BIT READ --------------+\ 

c: 
o 

-.j:i 

:~ 
~ 
C" 
t) 

« 
CO .... 
CO o 

14------------------------------------16-BIT READ ---------------------------------~ • 

Shared Digital Port (A 1 O/D1-A 15/06)- The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these 
bits. A digital value will be given for each pin even if some or all of these pins are being used as analog inputs. 

Analog Multiplexer Address (AO-A3)- The address of the selected analog channel presently addressed is given by these bits. 
Unused Bits (X)- LS byte bits 2 ~ 3 through 2 - 8 of the digital data register are not used. 

FIGURE 3-DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 
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TYPES TLC532AM; TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 

absolute maximum ratings over operating free· air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 6.5 V 
Input voltage range: Positive reference voltage. . . . . . . . . . . . . . . . . . . . .. VREF - to VCC + 0.3 V 

Negative reference voltage. . . . . . . . . . . . . . . . . . . . . . -0.3 V to VREF + 
All other inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 

Input current, II (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Total input current, (all inputs) ............................................. ± 20 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 1025 mW 
Operating free-air temperature range: TLC532AM, TLC533AM . - 55°C to 125°C 

TLC532AI, TLC533AI ................. -40°C to 85°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH or J package.. . 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

TlC532A TlC533A 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.75 5 5.5 4.75 5 5.5 V 

Positive reference voltage. VREF + Isee Note 3) 2.5 vee vee +0.1 2.5 vee vcc+ O.1 V 

Negative reference voltage, VREF _ (see Note 3) -0.1 0 2.5 -0.1 0 2.5 V 

Differential reference voltage, VREF + - VREF- 1 Vee Vee+ 0.,2 1 vee vee+ 0.2 V 

I Clock input Vee -0,8 vee -0.8 
V High-level input voltage, VIH I ... 

All other digital Inputs 2 2 

LOW-level input voltage, VIL I Any digital input 0,8 0.8 V 

Clock frequency, fCLK 0.1 2 2.048 0.1 1.048 1.06 MHz 

CS setup time, tsulCS) 75 100 ns 

Address IRfW and RS) setup time, tsulA) 100 145 ns 

Data bus input setup time, tsu(busl 140 185 ns 

Control IRfW, RS, and CS) hold time, thlC) 10 20 ns 

Data bus input hold time, th(bus) 15 20 ns 

Pulse duration of control during read, tw(C) 305 575 ns' 

Pulse duration, reset low, twL(reset) 3 3 
Clock 

Cycles 

Pulse duration of clock high, twHICLK) 230 440 ns 

Pulse duration of clock low, twL(CLK) 200 410 ns 

Clock rise time, tr{CLK) 15 25 ns 

Clock fall time, tflCLK) 16 30 ns 

Operating free-air I TLC __ AM -55 125 -55 125 

I TLC __ AI 
°C 

temperature, T A -40 85 -40 85 

NOTE 3: Analog input voltages greater than or equal to that applied to the REF + terminal convert to aU ones (11111111), while input voltages equal to 
or less than that applied to the REF - terminal convert to aU zeros (00000000). For proper operation, the positive reference voltage, VREF +, must 
be at least 1-volt greater than the negative reference voltage, VREF-" In addition, unadjusted errors may increase as the differential reference 
voltage, VREF +' - VREF _, falls below 4.75 volts. 
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TYPES TLC532AM. TLC532AI 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 

5 ANALOG AND 6 MULTIPURPOSE INPUTS 

electrical characteristics over recommended operating free-air temperature range, VREF + 
VREF - at ground, fCLK = 2 MHz (unless otherwise noted) 

VCC, 

PARAMETER TEST CONDITIONS MIN Typt MAX 

VOH High-level output voltage IOH = -1.6 rnA 2.4 

VOL low-level output voltage IOL = 1.6 rnA 0.4 

High-level Any digital or Clock input 10 
IIH 

input current Any control input 
VIH = 5.5 V 

1 

Low-level Any digital or Clock input -10 
IlL 

input current Any control input 
VIL = 0 

-1 

Off-state (high impedance-state) VO=VCC 10 
IOZ 

output current Vo - 0 -10 

II Analog input current (see Note 4) VI - 0 to VCC ±500 

Leakage current between selected channel VI = 0 to VCC, 
±400 

and all other analog channels Clock input at 0 V 

Digital pins 3 thru 10 4 30 
Ci Input capacitance I Any other input pin 2 15 

VCC = VREF+ = 5:5 V, 
ICC+IREF+ Supply current plus reference current 1.5 3 

Outputs open 

ICC Supply current VCC = 5.5 V 1.4 2 

NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 

operating characteristics over recommended operating free-air temperature range. VREF + 
VREF - at ground. fCLK = 2 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

Linearity error See Note 5 ±0.5 

Zero error See Note 6 ±O.5 

Full-scale error See Note 6 ±0.5 

Total unadjusted error See Note 7 ±0.5 

Absolute accuracy error See Note 8 ±1 

Conversion time (including 
tconv channel acquiSition time) 

30 

tacq Channel acquisition time 10 

ten Data output enable time (see Note 9) CL = 50 pF, RL = 3 kll, 250 

tdis Data output disable time CL - 50 pF, RL - 3 kll 10 

trlbus) 
Data bus output High-impedance to high-level 150 

rise time Low to high-level 
CL = 50 pF, RL = 3 kll 

300 

tflbus) 
Data bus output High-impedance to low-level 150 

fall time High to low-level 
CL = 50 pF, RL = 3 kll 

300 

tTypical values are at Vec := 5 V, TA "'" 25°C. 
NOTES: 5. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

UNIT 

V 

V 

~A 

~A 

~A 

nA 

nA 

pF 

mA 

rnA 

VCC. 

UNIT 

LSB 

LSB 

LSB 

LSB 

LSB 

Clock 

Cycles 

Clock 

Cycles 

ns 

ns 

ns 

ns 

6. Zero error is the difference between the output of an ideal and an actual AID for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 

errors including inherent quantization error, which is the ±O.5 LSB uncertainty caused by the AID converters finite resolution. 
9. If chip-select setup time, tsulCS), is less than 0.14 microseconds, the effective data output enable time, ten' may extend such that tsu(CS) + ten 

is equal to a maximum of 0.475 microseconds. 
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TYPES TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERAL WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 

electrical characteristics over recommended ranges of Vcc. VREF +. and operating free-air temperature. 
VREF - at grourid. fCLK = 1.048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage 10H = -'1.6 mA 2.4 V 

VOL Low-level output voltage 10L - 1.6 mA 0.4 V 

High-level Any digital or Clock input 10 
IIH 

input current Any control input 
VIH = 5.5 V 

1 
~A 

Low-level Any digital or Clock input -10 
IlL 

input current Any control input 
VIL = 0 

-1 
~A 

Off-state (high impedance-statel Vo-VCC 10 
10Z 

output current Va - 0 -10 
~A 

II Analog input current (see Note 4) VI = 0 to VCC ±500 nA 

Leakage current between selected channel VI = 0 to VCC, 
±400 nA 

and all other analog channels Clock input at 0 V 

I Digital pins 3 thru 10 4 30 
Ci Input capacitance I Any other input pin 2 15 

pF 

ICC +IREF+ Supply current plus reference current 
VCC - VREF+ 
Outputs open 

- 5.5 V, 
1.3 3 mA 

ICC Supply current VCC = 5.5 V 1.2 2 mA 

NOTE 4: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cvcle. 

operating characteristics over recommended ranges VCC. VREF +. and operating free-air temperature. 
VREF - at ground. fclock = 1.048 MHz for TLC532A and fclock = 1.048 MHz for TLC533A 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 
Linearity error See Note 5 ±0.5 LSB 

Zero error See Note 6 ±0.5 LSB 

Full-scale error See Note 6 ±0.5 LSB 

Total unadjusted error See Note 7 ±0.5 LSB 

Absolute accuracy error See Note 8 ±1 LSB 
Conversion time (including 

30 
Clock 

tconv 
channel acquisiti?n time) Cycles 

tacq Channel acquisition time 10 
Clock 

Cycles 

ten Data output enable time (see Note 91 CL = 50 pF, RL = 3 k!J, 335 ns 

tdis Data output disable time CL - 50 pF, RL - 3 k!J 10 ns 

tr(busl 
Data bus output High-impedance to high-level 

CL = 50 pF, RL = 3 k!J 
150 

rise time Low to high-level 300 
ns 

tf(busl 
Data bus output High-impedance to low-level 

CL = 50 pF, RL = 3 k!J 
150 

fall time High to low-level 300 
ns 

tTypical values are at Vee = 5 V, TA = 25°e . 
NOTES: 5. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

6. Zero error is the difference between the output of an ideal and an actual AID for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step. This includes all 

errors including inherent quantization error, which is the ± 0.5 LSB uncertainty caused by the AID converters finite resolution. 
9. If chip-select setup time, tsu(CS), is le~s than 0.14 microseconds, the effective data output enable time, ten' may extend such that tsu(CS) + ten 

is equal to a maximum of 0.475 microseconds. 
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DATA 
ACQUISITION 
CIRCUITS 

• LinCMOSTM Technology 

• a-Bit Resolution AID Converter 

• On-Chip 12-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error ... ± 0.5 LSB Max 

• Direct Replacement for Motorola MC145040 

TYPICAL PERFORMANCE: TLC540 TLC541 
Channel Acquisition Time 2 ~s 7 ~s 
Conversion Time 10 ~s 19 ~s 
Sampling Rate 71 x 103 29 x 103 
Power Dissipation 6mW 6mW 

description 

The TLC540 and TLC541 are LinCMOSTM A/D 
peripherals built around an 8-bit switched­
capacitor successive-approximation A/D 
converter. They are designed for serial interface 
to a microprocessor or peripheral via a three­
state output with up to four control inputs 
[including independent System Clock, I/O Clock, 
Chip Select (CS), and Address Input]. A 
4-megahertz system clock for the TLC540 and 
a 2.1-megahertz system clock for the TLC541 
with a design that includes simultaneous 
read/write operation allow high-speed data 
transfers and sample rates of up to 71,910 
samples per second for the TLC540 and 29,144 
samples per second for the TLC541 . In addition 
to the high-speed converter and versatile control 
logic, there is an on-chip 12-charinel analog 
multiplexer that can be used to sample anyone 
of 11 inputs or an internal "self-test" voltage, 
and a sample-and-hold that can operate 
automatically or under processor control. 

TYPES TLC540M, TLC5401,· TLC541 M, TLC5411 
8-BIT ANALOG-TO-DiGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

D2799. DCTOBER 1983 

J OR N DUAL-IN-LiNE PACKAGE 

ITOP VIEW) 

INPUT AO VCC 
INPUT A1 SYSTEM CLOCK 
INPUT A2 I/O CLOCK 
INPUT A3 ADDRESS INPUT 
INPUT A4 DATA OUT 
INPUT A5 CS 
INPUT A6 REF+ 
INPUT A7 REF-
INPUT A8 INPUT A10 

GND INPUT A9 

FK OR FN PACKAGE 

ITOP VIEWI 

INPUT A3 

INPUT A5 
INPUT A6 
INPUT A7 

~ 
U 
o 
....I 
U 

::iE. 
w 

u~ 
U>­>00 

I/O CLOCK 
ADDRESS INPUT 
DATA OUT 
CS 
REF+ 

The converters incorporated in the TLC540 and TLC541 feature differential high-impedance reference inputs 
that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noises. 
A totally switched-capacitor design allows guaranteed low-error (± 0.5 LSB) conversion in 10 microseconds 
for the TLC540 and 19 microseconds for the TLC541 over the full operating temperature range. 

The TLC540M and the TLC541 M are characterized for operation over the full military temperature range 
of - 55°C to 125°C. The TLC5401 and the TLC541I are characterized for operation from -40°C to 85°C. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TlC540M, TlC5401, TlC541 M, TlC5411 
8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

functional block diagram 

ANALOG 
INPUTS 

(-
1- r---
-
i-

:- 12-CHANNEL 

<'= ANALOG 
MULTIPLEXER 

I-
1-.- M ,-
...... 

~ SELF-TEST, I 
REFERENCE 

SS I 

SAMPLE 
AND 
HOLD I--

INPUT 
ADDRESS 
REGISTER 

4 

INPUT I ADORE 
INPU T I MULTIPLEXER I 

1/0 
CLOC K 

CiS 

EM SYST 
CLOCK 

operating sequence 

REF+ REF-

+ + 
8-BIT 

ANALOG-TO-DIGITAL 
CONVERTER 

(SWITCHED-CAPACITORSJ 

8 

I OUTPUT 8 
DATA 

REGISTER 

CONTROL LOGIC 
AND If 0 

COUNTERS 
2 

± 

8-TO-l DATA I ~ 
SELECTOR AND 

DRIVER 

4 

DATA 
OUTPUT 

1/0 
CLOCK--1' 

11 I 2 I 3 I 4 I 5 1 6 I 1 Is " 1 1 12 1 3 14 15161118 
r--=D:=O::N;:;'T:1~ 

.:. t cony ~ { _ACCESS"": i+--SAMPLE--+l 
- I (See Note AI/~I I CYCLE C I I CYCLE C I 
CS-, "' r--

'-/,,..---------------'~H'(CSI fr------------ll 

MSB LSB 
DON'T CARE 

A1 
+--PREVIOUS CONVERSION DATA A_ 
MSB LSB MSB 

HI-Z STATE 

DON'T CARE 

B1 
+---CONVERSION DATA B ___ 
MSB LSB MSB 

NOTE A: The conversion cycle, which requires 40 system clock periods. is initiated with the 8th I/O c/ock4-atter ~S ~ for the channel whose address exists 
in memory at that time. 
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TYPES TLC540M. TLC5401. TLC541 M. TLC5411 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

absolute maximum ratings over operating free-air temperature range (u"nless otherwise noted) 

Supply voltage, VCC (see Note 1) ............................................. 6.5 V 
Input voltage range (any input) . . . . . . - 0.3 V to VCC + 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 
Peak input current range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± 10 mA 
Peak total input current (all inputs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2). . . . . . .. 875 mW 
Operating free-air temperature range: TLC5401, TLC5411 . . . - 40°C to 85 °C 

TLC540M, TLC541M ................. -55°C to 125°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FK or J package 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FN or N package. . . . . . .. 260°C 

NOTES: 1. All voltage values are with respect to digital ground with REF - and GND wired together (unless otherwise· noted). 
2. For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2. In the J package, TLC540M and TLC541 M chips 

are alloy mounted, TLC5401 and TLC5411 chips are glass mounted. . 

recommended operating conditions 

TLC540 TLC541 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee 4.75 5 5.5 4.75 5 5.5 V 

Positive reference voltage, VREF + (see Note 3) 1.25 VCC VCC+O.l 1.25 Vee Vee+ 0 .1 V 

Negative reference voltage, VREF _ (see Note 3) -0.1 0 VCC-l.25 0.1 0 Vee- 1.25 V 

Differential reference voltage, 
1 Vce VCC+ O.2 1 Vec VCC+ O.2 V 

VREF+ - VREF _ (see Note 3) 

Analog input voltage (see Note 3) 0 VCC 0 Vec V 

High-level control input voltage, VIH 2 2 V 

low-level control input voltage, Vil 0.8 0.8 V 

Setup time, address bits at data input, 
200 400 ns 

before I/O ClKt, tsu(A) 

Setup time, CS low before clocking in first 
System 

2 2 clock 
address bit, tsu(CS) (see Note 4) 

cycles 

Input/Output clock frequency, fClK(I/Q) 0.005 2.048 0 0.525 MHz 

System clock frequency, fCLK(SYS) feLKll/OI fCLKll/OI MHz 

System clock high, twH(SYS) 110 210 ns 

System clock low, twL(SYS) 100 190 ns 

Input/Output clock high, twHO/Q) 200 808 ns 

Input/Output clock low, twL(I/O) 200 808 ns 

fClK{SYS) ~ 1048 kHz 30 30 
System ns 

Clock transition time fCLKISYSI > 1048 kHz 20 20 

(see Note 5) fCLK(lfO} ~ 525 kHz 100 100 
1/0 ns 

fCLKll/OI > 525 kHz 40 40 

Operating free-air TLC540M, TLC541 M - 55 125 - 55 125 
°e 

temperature, T A TLC5401, TLC5411 -40 85 --40 85 

NOTES: 3. Analog input voltages greater than that applied to REF + convert as all "1 "s (11111111)' while input voltages less than that applied to REF­
convert as all "O"s (00000000). For proper operation, REF+ voltage must be at least 1 volt higher than REF - voltage. Also, adjusted errors 
may increase as this differential reference voltage falls ,below 4.75 volts. 

4. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for two system clock cycles (or less) after a chip select 
falling edge is detected before responding to control input signals. Therefore, no attempt should be made to clock-in address data until the chip 
select setup time has elapsed. 

5. This;s the time required for the clock input signal to fall from VIH min to VIL max or to rise from VIL max to VIH min. 
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TYPES TLC540M, TLC5401, TLC541 M, TLC5411 
8-BIT ANALOG-TO-DiGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

electrical characteristics over recommended operating temperature range. 
VCC = VREF + = 4.75 V to 5.5 V (unless otherwise noted). fCLK(l/O) 2.028 MHz for 
TLC540 or fCLK(l/O) = 0.525 MHz for TLC541 

PARAMETER TEST CONDITIONS MIN Typt 

VOH High-level output voltage (pin 16) Vee = 4.75 V, 10H = 360 ~A 2.4 

VOL Low·level output voltage Vee = 4.75 V, 10 = 3.2 mA 

Off-state (high-impedance state) Va - Vee, es at Vee 
10Z output current Va - 0, es at Vee 

IIH High-level input current VI = Vee + 0.3 V ·0.005 

IlL Low·level input current VI - 0 -0.005 

lee Operating supply current es at 0 V 1.2 

Selected channel at Vee, 
0.4 

Un selected channel at 0 V 
Selected channel leakage current 

Selected channel at 0 V, 
-0.4 

Unselected channel at Vee 

lee + 'REF Supply and reference current VREF+ - Vee, es at 0 V 1.3 

I Analog inputs 7 
ei Input capacitance I eontrol inputs 5 

tAli typical values are at T A "" 25 ac. 

operating characteristics over recommended operating free-air temperature range. 
VCC = VREF + = 4.75 V to 5.5 V. fCLK(l/O) = 2.048 MHz for TLC540 or 

MAX 

0.4 

10 

10 

2.5 

-2.5 

2 

1 

-1 

3 

55 

15 

0.525 MHz for TLC541. fCLK(SYS) = 4 MHz for TLC540 or 2.097 MHz for TLC541. 

PARAMETER TEST CONDITIONS 
MIN 

TLC540 

TYP 

TLC541 

MAX MIN TYP MAX 

Linearity error See' Note 6 ±0.5 ±0.5 

Zero error See Note 7 ±0.5 ±0.5 

Full-scale error See Note 7 ±0.5 ±0.5 

Total unadjusted error See Note 8 ±0.5 ±0.5 

Input address = 1011 (All) 01111101 10000011 01111101 10000011 
Self-test output code 

(See Note 9) 11251 (131) (125) (131) 

teonv Conversion time 10 19 

tacq Channel acquisition time 4 4 

Time output data 

tv remains valid after 10 10 

I/O clock~ 

td 
Delay time, I/O clock.j. 

to data output valid 
200 400 

Output access time 

tacc (delay to valid output See Parameter 1 3 1 3 

after chip select~1 Measurement 

ten Output enable time Information 150 150 

tdis Output disable time 150 150 

tr(bus) Data bus rise time 300 300 

tf(bus) Data bus fall time 300 300 

NOTES: 6. Linearity error is the maximum deviation from the best straight line through the AID transfer characteristics. 

UNIT 

V 

V 

~A 

~A 

~A 

mA 

~A 

mA 

pF 

UNIT 

LSB 

LSB 

LSB 

LSB 

~s 

I/O 

clock 

cycles 

ns 

ns 

System 

clock 

cycles 

ns 

ns 

ns 

ns 

7. Zero Error is the difference between the output of an ideal and an actual AID for zero input voltage; full-scale error is that same difference for 
fuU-scale input voltage. 

8. Total Unadjusted Error is the sum of linearity, zero, and full-scale errors. 
9. Both the input address and the output codes are expressed in posrtive logic. 
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TYPES TLC540M. TLC5401. TLC541 M. TLC5411 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

-f1.4:k!! 

OUTPUT TEST OUTPUT 

UNDER TEST I 
CL 

LTESTPOINT 

13kH 

O"~ r,:~ro,", 
UNDERTEST+ 

(SEE NOTE AI~ 

UNDER TEST POINT 

CL 
(SEE NOTE Al 'l' (SEE NOTE Al ~ 

(SEE NOTE BI (SEE NOTE BI 

1/0 
CLOCK 

LOAD CIRCUIT FOR 
td, tace, t r, tf 

LOAD CIRCUIT FOR 
tpZH AND tpHZ 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

CS~ 150% VCC 

I '---------..JT----------OV 
OUTPUT 

WAVEFORM 1 
(SEE NOTE CI 

~tpZL~ ~tPLZ~ 
1 ~- -VCC 1 11/ Vec 

: ~~ 1 ~1~ 
I 1 - -- - VOL 
~tPZH-+I 1 

1150% : -t90% - - -- VOH 

WAVEFORM 2 ______ ....J, I4--tPHZ....i'- 0 V 
OUTPUT 

(SEE NOTE CI 
(SEE NOTE BI 

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

'\ - - - - -- 0.8 V 

I 
If-.-td~ 

OUTPUT 
-- --- - - - ----2.4V 

I I 
I- - - - - - - - -t - - - - 0.4 V 

DATA Xl ----------2.4V 

OUTPUT , ----------0.8V _____ -.J 

11 I I 
t. -+l I+- -.! 14- tf 

VOLTAGE WAVEFORM FOR DELAY TIME 

NOTES: A. CL = 50 pF for TLC540 and 100 pF for TLC541 

B. ten '= tpZH or tpZL' tdis 0:: tpHZ or tpLZ 

VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 is 

for an output with internal conditions such that the output is high except when disabled by the output control. 

c: 
o 

-+:; 

:~ 
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TYPES TLC540M. TLC5401. TLC541 M. TLC5411 
8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

principles of operation 

The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such 
functions as analog multiplexer, sample·and·hold, 8·bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS). and 
address]. These control inputs and a TTL-compatible 3-state output are intended for serial communications 
with a microprocessor or microcomputer. With judiciOUS interface timing, with TLC540 a conversion can 
be completed in 10 microseconds, while complete input-conversion-output cycles are being repeated every 
14 microseconds. With TLC541 a conversion can be completed in 19 microseconds, while complete input­
conversion-output cydes are repeated every 35 microseconds. Furthermore, this fast conversion can be 
executed on any of 11 inputs or its built-in "self-test," and in any order desired by the controlling processor. 

Though they can be operated "tied" together, the System Clock and I/O Clock are normally used 
independently, with no special phase or speed relationship to be considered. This allows integrated circuit 
operation to continue independent of serial Input/Output timing, permitting manipulation of the I/O Clock 
as desired for a wide range of software and hardware needs. 

The I/O Clock, Data Input, and Data Output are controlled by CS. It floats the 3-state output and shuts 
off signals to other control inputs while it is high. This allows any pins except pin 1 5 to share lines with 
other integrated circuits. A normal control sequence is as follows: (1) CS goes low; (2) a new positive­
logic multiplexer address is clocked in through the address input on the first four I/O Clock rising edges 
while previous conversion results are brought out on the first seven I/O Clock falling edges. Input and output 
most-significant bits (MSB) are first, with the output MSB available at the start of the cycle; (3) the on­
chip sample-and-hold begins sampling a newly addressed input after the 4th falling edge, and goes into 
the hold mode on the 8th falling I/O Clock edge just before conversion; (4) CS must then go high or the 
I/O Clock must remain low for at least 40 system clock cycles to allow conversion. A new address may 
then be loaded or the previous conversion results read any time CS is brought low, but it should be noted 
that any pending conversion may stop. 

The instant that the TLC540 or TLC541 holds a sample of the analog input, conversion can be determined 
under software control (or by external logic), by keeping the 8th I/O Clock cycle high. Any output data 
will have already been shifted out, and TLC540 or TLC541 will continue sampling a new analog input. 
At the desired time, the I/O Clock signal can then be lowered freezing the voltage and turning off all analog 
inputs. In this manner, signals can be sampled at precise intervals for a wide range of comparison or 

o processing applications, in much the same manner as a strobe light is used to determine engine speed. 

I» 
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DATA 
ACQUISITION 
CIRCUITS 

• LinCMOSTM Technology 

• 8-Bit Resolution AID Converter 

• Differential Reference Input Voltages 

• Conversion Time . . . 19 I's Max 

• Total Access and Conversion 
Cycles ... 29,144 cps 

• On-Chip Software-Controllable 
Sample-and-Hold 

• Total Unadjusted Error ... ±O.5 LSB Max 

• 4-MHz Internal System Clock 

• Single 5-V Supply Operation 

• Low Power Consumption ... 6 mW Typ 

• Dual-In-Line 8-pin Package 

description 

TYPE TLC549 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL 

PERIPHERAL WITH SERIAL CONTROL 
D2816. NOVEMBER 1983 

P DUAL-iN-LINE PACKAGE 

(TOP ViEW) 

REF+[]8 VCC 
ANALOG IN 2 7 INPUT/OUTPUT CLOCK 

REF - 3 6 DATA OUT 
GND 4 5 CS 

The TLC549 is a LinCMOSTM AID Peripheral integrated circuit built around an 8-bit switched-capacitor 
successive-approximation AID converter. It is designed for serial interface with a microprocessor or 
peripheral through a 3-state data output and an analog input. The TLC549 uses only the InputlOutput Clock 
(I/O Clock) input along with the Chip Select (CS) input for data control. The I/O Clock input frequency 
of the TLC549 is guaranteed up to 525 kilohertz. 

Operation of the TLC549 is very similar to that of the more complex TLC540 and TLC541 devices; however, 
unlike the TLC540 and TLC541, the TLC549 provides an on-chip system clock that operates typically 
at 4 megahertz and requires no external components. The on-chip system clock allows internal device 
operation to proceed independently of serial input/output data timing, permitting manipulation of the TLC549 
as desired for a wide range of software and hardware requirements. The I/O Clock together with the internal 
system clock allow high-speed data transfer and sample rates of up to 29,144 cycles per second. 

Additional TLC549 features include versatile control logic, an on-chip sample-and-hold circuit that can 
operate automatically or under processor control, and a high-speed converter with differential high­
impedance reference voltage inputs that ease ratiometric conversion, scaling, and analog circuit isolation 
from logic and supply noises. Design of the totally switched-capacitor successive-approximation converter 
circuit allows guaranteed low-error conversion of ± 0.5 least-significant bit (LSB) in less than 
19 microseconds. 

The TLC549M is characterized for operation over the full military temperature range of - 55 ac to 125 ac. 
The TLC5491 is characterized for operation from - 40 ac to 85 ac. 

PRODUCT PREViEW Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 

functional block diagram 

REF+ 

REF-

ANALOG 
INPUT 

(1) 

(31 

(21 
SAMPLE 

AND 
HOLD 

I 

I 
I 

I INTERNAL ~ 
SYSTEM 
CLOCK 

cs 
1/0 CLOCK 

(51 

(7) 

operating sequence 

1 

B·BIT 
ANALOG·TO· 

DIGITAL 
CONVERTER 
(SWITCHED· 

- CAPACITORSI 

I 
I..-

CONTROL 
LOGIC 
AND 

OUTPUT 
COUNTER 

B 

-+-
OUTPUT 

DATA 
REGISTER 

r--

-

B 

-+-
-

B-TO·l DATA 
SELECTOR 

AND 
DRIVER 

~ DATA 
OUTPUT 

1 1 1 2 1 3 1 4 1 5 1 6 I 7 1 B 1 11 2 I 3 I 4 I 5 I 6 1 7 I B 

~~~=:D~O~N~'T1fcA9 f 1/0 
CLOCK--1 - .. :4 tconv --+1 ~ACCESS---+l 

_ I (See Note AI'~ I CYCLE C I 
CS -, ",' .----'-11-. ___________ ~k----twH(CSI 11-__________ --11 

A7 
_PREVIOUS CONVERSION DATA A-+ 
MSB LSB MSB 

HI·Z STATE 

B7 
_CONVERSION DATA B---+ 
MSB LSB MSB 

NOTE A: The conversion cycle, which requites 40 system clock periods, is initiated with the 8th 110 clock ~ after CS 4- for the channel whose address exists 
in memory at that time. 

absolute maximum ratings over recommended operating free-air temperature range 
(unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage range at any input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 
Output yoltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) ........ 725 mW 
Storage temperature range ......................................... -65°C to 150°C 
Operating free-air temperature range: TLC549M ......................... - 55°C to 125°C 

TLC5491 ........................... -40°C to 85°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds ...................... 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal with the REF - and GNO terminal pins connected together, unless otherwise noted. 
2. For operation above 25 DC, refer to the Dissipation Derating Tables, Section 2. 
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TYPE TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DIGtTAL 

PERIPHERAL WITH SERIAL CONTROL 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 3 5 6 V 

Positive reference voltage, VREF + Isee Note 3) 1.25 Vee Vee+O. 1 V 

Negative reference voltage, VREF _ Isee Note 3) -0.1 0 Vee- 1.25 V 

Differential reference voltage, VREF + - VREF- Isee Note 3) 1 Vee Vcc+O. 2 V 

Analog input voltage Isee Note 3) 0 Vec V 

High-level control input voltage, VIH 2 V 

Low-level control input voltage, VIL O.B V 

Peak input current. II 10 mA 

Input/Output clock frequency, feLKII/O) 0 525 kHz 

Input/Output clock high, twHO/O) BOB ns 

Input/Output clock low, twLII/O) 80B n. 

Input/Output clock transition time, ttlI/O) Isee Note 4) 100 n. 

Duration of CS input high state during conversion, twH(CS) 19 ps 

Operating free-air temperature, T A 
I TLe549M -55 125 

I TLe5491 -40 
°e 

85 

NOTES: 3. Analog input voltages greater than that applied to REF+ convert as all ones (11111111 I, while input voltages less than that applied to REF­
convert to all zeros (00000000). For proper operation, the positive reference voltage VREF +. must be at least l-volt greater thl;ln the negative 
reference voltage VREF _. In addlton, unadjusted errors may increase as the differential reference voltage VREF + - VREF _, falls below 4.75 volts. 

4. This is the time required for the input/output clock input signal to faU from V,H min to V,L max or to rise from V,L max to V,H min. 

electrical characteristics over recommended operating free-air temperature range. 
Vcc = VREF + = 4.75 V to 5.5 V. fCLKII/O) = 525 kHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt 

VOH High-level output voltage Vee = 4.75 V, IOH - -360 pA 2.4 

VOL Low-level output voltage Vee = 4.75 V, 10L = 3.2 mA 

Off-state Ihigh-impedance Vo - Vee, es at Vee 
IOZ 

state) output current Vo - 0, es at Vee 

IIH 
High-level 

Control inputs VI = Vee+0.3 V 0.005 
input current 

Low-level 
VI = 0 . -0.005 IlL 

input current 
Control inputs 

Analog channel on-state input Analog input at Vee 0.4 
Ilion) current, during sample cycle Analog input at 0 V -0.4 

lee Operating supply current CS at 0 V 1.2 

lee + IREF Supply and reference current VREF+ - Vee 1.3 

,I Analog inputs 7 
ei Input capacitance I . 

5 Control Inputs 

tAli typicals are at TA = 25°C. 

MAX 

0.4 

10 

-10 

2.5 

-2.5 

1 

-1 

2 

3 

55 

15 

UNIT 

V 

V 

V 

pA 

pA 

p.A 

mA 

mA 

pF 
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TYPE TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 

operating characteristics over recommended operating free-air temperatu)JI range. 
VCC = VREF + = 4.75 V to 5.5 V. fCLKII/O) = 525 kHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP 

Linearity error See Note 5 

Zero error See. Note 6 

Full-scale error See Note 6 

Total unadjusted error See Note 7 

tconv Conversion time 

tacq Channel acquisition time 

tv 
Time output data remains 

10 
valid after I/O clock.j. 

td 
Delay time, internal system 

clock to data output valid 

tace 
Output access time (Delay to 

valid output after CS.j.) 

ten Output enable time 

tdis Output disable time 

tr(bus) Data bus rise time 

tf(bus) Oata bus fall time 

NOTES: 5. linearity error is the deviation from the best straight line through the AID transfer characteristics. 

MAX UNIT 
±0.5 LSB 

±0.5 LSB 

±0.5 LSB 

±0.5 LSB 

19 ~s 

I/O 

4 Clock 

Cycles 

ns 

·400 ns 

975 ns 

150 ns 

150 ns 

300 ns 

300 ns 

6. Zero errar is the difference between the output of an ideal and an actual AID converter for zero input voltage; full-scale error is that same difference 
for full-scale input voltage. 

7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
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DATA 
ACOUISITION 
CIRCUITS 

TYPE TLC7126 
LinCMOSTM SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 

A/D CONVERTER AND LCD DRIVER 
D2748, OCTOBER 1983 

• LinCMOSTM Technology N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) • Zero Reading With O-V Input on All Scales 

• Precision Null Detection With True Polarity VCC+ OSCI 

at Zero 

r 
OSC2 

lC OSC3 

• 1 pA Typical Input Leakage Current lB TEST 

• True Differential Input and Reference 
l's lA REF HI 

1 F REF lO 

• Direct LCD Display Drive. No External lG Cref+ 
Components Required IE Cref-

• Low Noise: Less Than 15 p.V Peak-to-Peak 

f 
COMMON 

2C IN HI 

• On-Chip Clock and Reference 2B IN lO 
10's 

2A AUTO ZERO • No Additional Active Circuits Required 
2F BUFF 

• Convenient 9-V Battery Operation With Low 2E INT 
Power Dissipation. Less than 1 mW r VCC-

• Pin Compatible With the Intersil ICL 7106 100's 
3B 2G (TENS) 

and Teledyne TSC7106. Direct Replacement 3F 
3C} 

for ICL7126 and TSC7126A 3E 3A 100's 
(1000's) 4AB 3G 
POL (MINUS) BACKPLANE 

description 

The TlC7126. operating with externally connected passive elements, is a versatile high-performance low-power 
3 1/2-digit dua)-slope-integrating analog-to-digital (A/D) converter. All the necessary active devices are contained 
on a single LinCMOS ™ integrated circuit including seven-segment decoders, display drivers, backplane driver, 
reference, and clock, The device is designed to interface with a liquid-crystal display (LCD), The supply current is 
1 00 microamperes maximum and is suited for 9-volt battery operation, 

The TLC7126 is characterized by accuracy, versatility, and economy, Accuracy is obtained by an automatic 
compensation for zero offset to less than 10 microvolts, a zero-reading temperature coefficient less than 1 microvolt/oC, 
an input bias current of 10 picoamperes maximum, and a rollover error of less than one count. Applications include 
the conversion of analog data from high-impedance sensors of pressure, temperature, light, moisture, position, and 
many others, Analog-to-digital conversion logic provides display signals for weight scales, thermometers, light-level 
indicators, and many other applications, By changing the passive components, an ICl7106 socket can be upgraded 
to TLC7126, 

The TLC7126 will be characterized for operation from O°C to 70°C, 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TLC7126 
LinCMOSTM SINGLE~CHIP 3 1/2·DIGIT LOW·POWER 
AID CONVERTER AND LCD DRIVER 

functional block diagram (with external components) 

-IBBB 

r 
I 
I 
I 
I 
I 
I 
I 

13111 

Vcc+ 

REF HI 

-r 
AlZ 

INHI, INT 

I 

AJZ 

1401 
ascI 

1391 
asc2 

REF LO 

1381 
asc3 

~~It~- --
BUFFER 

All 

1281 111 -- ---

r 
• .BV 

6 .. V 

-., 
I 
I 
I 
I 
I 
I 
I 
I 

AJZ 

TO 

-, 
I 
I 

DIGITAL I 
SECTION I 

t 
t 
I 
I 
I 
I 
t 
I 
I 
I 

~I t I 
~NI I 

I I 
~ I IN LO I INT ~-,------+--------I------------' ANALOG SECTION L _________ " _ _ _ _ _______________ J 

(26) 

VCC_ 
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TYPE TLC7126 
LinCMOSTM SINGLE-CHIP 3 1/2-DlGIT LOW-POWER 

AID CONVERTER AND LCD DRIVER 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (Vcc + with respect to Vee -), Vee ............................... 15 V 
Voltage range for any input except clock (see Note 1) . . . . . . . . . . . . . . . . . . . . .. Vee - to Vee + 
Clock input voltage range ............................................ TEST to Vec + 
eontinuous total power dissipation ......................................... 1000 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . .. .................. 0 De to 70 DC 
Storage temperature range ......................................... - 65 De to 150 De 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. . . . . . . . . . . . . . . . . . . . .. 260 De 

NOTE 1: Input voltages may exceed the supply voltages provided the input current is limited to ± 100 /lA. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 9 V 

I FS (full scale) = 200 mV 100 mV 
V,e! Reference input voltage I FS= 2 V 1 V 

Full~scale input voltage 2 V,ef V 

VI Input voltage, differential input VCC-+l VCC+-0.5 V 

C,ef Reference capacitor 0.1 1 ~F 

Cz Auto-zero Capacitor 0.033 0.32 ~F 

Cx Integrator Capacitor 0.047 0.15 ~F 

I FS -200 mV 180 kll 
Rs Integrator Resistor I FS - 2 V 1.8 Mil 

TA Operating free-air temperature 0 70 °c 

electrical characteristics, Vee 9 V, fclock 16 kHz, TA 25 De (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Common-mode rejection ratio 
VIC - ±1 V. VIO = O. 

50 INN 
FS = 200 mV 

Peak-ta-peak output noise voltage VI = 0, FS = 200 mV 15 p.V 

Input leakage current VI - 0 1 10 pA 

Scale factor temperature coefficient 
VI 199 mY, TA - 0 to 70 0 , 

1 5 ppm/oC 
See Note 2 

Analog common voltage (with ,espect to VCC +) 250 kll between COMMON and VCC 2.4 2.8 3.2 V 

Temperature coefficient of analog common voltage 250 kll between COMMON and VCC 35 75 ppm/oC 

Peak-to-peak segment drive voltage (see Note 3) 4 5 6 V 

Peak-to-peak backplane drive voltage (see Note 3) 4 5 6 V 

Supply current Isee Note 4) VI - 0 50 100 ~A 

Power dissipation capacitance See Note 5 40 pF 

tThis is the value not exceeded 95% of the time. 
NOTES: 2. This is measured using a fixed external reference voltage. 

3. Backplane drive is in phase with segment drive for a turned~off segment, 180 0 out of phase for a turned-on segment. Backplane frequency is 
20 times the conversion rate. The average de component is less than 50 mV. 

4. This does not include current through the common terminal. During the auto-zero phase, current is 10 to 20 pA higher. Use of a 48-kHz oscillator 
increases current by typically 8 p.A. . 

5. This can be used to determine the no-load dynamic power dissipation. Po == Cpd.VCC2.f+ICC.VCC. 
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TYPE TLC7126 
LinCMOSTM SINGLE-CHIP 3 1/2-01GIT LOW-POWER 
AID CONVERTER AND LCD DRIVER 

operating characteristics over recommended operating free-air temperature range, Vee 9 V 
PARAMETER TEST CONDITIONS MIN 

Zero-input digital reading V, - 0, FS - 200 mV -0,000 

Ratiometric digital reading V, = Vref = 100 mV 999 
Rollover error (see Note 6) V,_ = V,+ = 200 mV 

Linearity error FS - 200 mV or 2 V 

Zero-reading temperature coefficient 
V, -·0, 

TA = 0° to 70°C 

NOTE 6: Difference in reading for equal positive and negative reading near full scale. 

PARAMETER MEASUREMENT INFORMATION 

240kn 
(1) 

VCC+ (20) 

10kn 
(36) 

REFHI lA 
(5) 

lB 
(4) 

lC 
(3) 

(35) 
REF LO (2) 

10 
(321 

COMMON (8) 
ANALOG lE 

INPUT (30) lF 
(6) 

VOLTAGE INLD (7) 
lG 

0.1 j.lF (12) 
lMn (31) 2A 

+ INHI 2B 
(11) 

(40) 2C 
(10) 

C OSCl (9) 
Q) 

560 k n(39) 20 ... (14) Q) OSC2 2E 

> 2F 
OSC3 

() 2G .c 
C Cref+ 3A 
(ii' 

3B ::+ 
0' C,ef_ 3C 

~ 
AUTO ZERO 

I 3E 

180kn (28) 
3F 

(17) 
BUFF (22) 

3G 

4AB 
(19) 

INT (21) 
BP 

FIGURE 2-TEST CIRCUIT (CLOCK.= 16kHz,l READING PER SECOND) 
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240kO 

10kO 

ANALOG 
INPUT 

VOLTAGE 

1 MO 

+ 

VCC=9V 

.....-----...... -111 

(1) 

TYPE TLC7126 
LinCMOSTM SINGLE·CHIP 3 1/2·DIGIT LOW·POWER 

AID CONVERTER AND LCD DRIVER 

(26) 

VCC+ VCC- (20) 

(36) 
POL 

(5) 
REF HI lA 

lB 
(4) 

lC 
13) 

(35) 
REF LO (2) 

10 
(32) 

COMMON 
(B) 

lE 

(30) lF 
(6) 

IN LO 17) 
lG 

O.l/,F (12) 

(31) 
2A 

INHI 2B 
(11) 

140) 2C 
(10) 

OSCl (9) 
lBO kO (39) 20 

OSC2 2E 
(14) 

2F 
(13) 

OSC3 (25) 
2G 

Cref+ 3A 
123) 

3B 
(16) 

Cref- 3C 
(24) 

3D 
(15) 

AUTO ZERO I1B) 
3E 

lBOkO(2B) 
3F 

(17) 
BUFF 

122) 
3G 

4AB 
(19) 

INT (21) 
0.47/'F BP 

FIGURE 3-TEST CIRCUIT ICLDCK = 48 kHz. 3 READINGS PER SECOND) 

PRINCIPLES OF OPERATION 

The principles of operation of the TLC7126 are similar to the combined operation of the TL500C and 
TL502C. The TLC7126 has an analog section similar to TL500C and a digital section similar to TL502C 
(see functional block diagram). Each measurement cycle is divided into three phases. The phases are auto­
zero. integrate input. and integrate reference. 

auto-zero phase 

The cycle begins at the end of the integrate-reference phase when the digital section control logic applies 
a low-level signal to the analog section. This action initiates three switching operations: IN HI and IN La 
signals are disconnected from the input pins and internally shorted to analog COMMON; the reference 
capacitor Cref charges to the reference voltage; and a feedback loop is connected from the comparator 
output to the integrator input. The feedback loop charges the auto-zero capacitor. Cz. to compensate for 
offset voltages in the buffer amplifier. integrator. and comparator. Since the comparator is included in the 
loop. the auto-zero accuracy is limited only by the system noise. 
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TYPE TlC7126 
LinCMOSTM SINGLE·CHIP 3 1/2·DIGIT LOW·POWER 
AID CONVERTER AND LCD DRIVER 

integrate input phase 

At the end of the auto-zero phase, the digital section control logic output goes high and operates the analog 
section switches to open the feedback loop, removes the internal short from input to COMMON, and applies 
IN HI and IN LO signals to the analog section input. The converter then integrates the differential voltage 
between IN HI and IN LO for a fixed time. This differential voltage can vary within a wide common-mode 
range (i.e., within a volt of either supply). The integrated signal polarity is determined at the end of this phase. 

integrate reference phase 

test 

After a predetermined number of counts, the digital section operates the analog section switches to connect 
IN La to analog COMMON and IN HI to the previously charged reference capacitor, Cref. Cref discharges 
returning the integrator output to zero. The time required for the output to return to zero is proportional 
to the differential input signal. The digital reading displayed will be 1000 VINREF. 

Digital-section timing may be controlled by an external RC network, crystal, or oscillator (see Figure 4). 
The clock frequency is divided by four prior to clocking the decade counters and is further divided to time 
the three phases of operation (refer to Figure 1). The timing for the three phases uses 1000 counts for 
the signal integrate phase, 0 to 2000 counts for the integrate reference phase, and 1000 to 3000 counts 
for the auto-zero phase, For digital readings of less than full count, auto-zero time gets the unused portion 
of integrate reference. This makes a full measure cycle of 4000 counts (16,000 clock pulses). For three 
readout updates per second, an oscillator frequency of 48 kilohertz is required. 

The backplane frequency is the clock divided by 800. For three readout updates per second, the backplane 
signal is a 60-hertz squarewave with a nominal amplitude of 5 volts. To turn on a segment, the segment 
drive signal must be out of phase with the backplane signal. 

The test output has two possible functions. It is connected to an internal supply through a 500-ohm resistor, 
thus it can be used as the negative supply for externally generated segment drivers such as decimal points 
or any other presentation the user may want to include On the LCD display. No more than a 1-microampere 
load should be applied. The second function is the lamp test. When TEST is pulled high (VCC), all segments 
are turned on displaying -1888. The TEST pin will sink about 10 milliamperes under these conditions. 

~----------------
FROM I 

EXTERNAL· - '"" I 

=':~ ___ ;.'om, 
1" ~CRVrAL. 

I I 'I 

TO COUNTERS 

I 1... __ -+ll:=c'-________ .,.-_____ ..... 

IRC NETWORK (3911 
I L __ .:..._+=-:"-__________________ ---' 

(3BIL ______________ _ 

NOTE: This figure shows all three external control circuits connected: however, only one external circuit (crystal, RC network or external oscillator) is connected 
for proper operation. 

FIGURE 4-CLOCK CIRCUITS 
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external component selection guide 

TYPE TLC7126 
LinCMOSTM SINGLE·CHIP 3 1/2·DIGIT LOW·POWER 

AID CONVERTER AND LCD DRIVER 

The integrating resistor, RX, should be large enough to maintain linear drive current from the buffer amplifier 
and integrator, but small enough to minimize leakage currents. For a 2·volt scale, 1.8 megohm is near 
optimum and for the 200·millivolt full scale, a 180-kilohm resistor is correct. 

The integrating capacitor, CX, should be selected to give the maximum voltage swing without saturation. 
For three readout updates per second (48-kilohertz clock), the nominal value for Cx is 0.047 microfarad; 
for one readout update per second (16-kilohertz clock), the nominal value is 0.15 microfarads. Capacitor 
values should be changed in inverse proportion to changes in oscillator frequency. The integrating capacitor 
should have low dielectric absorption to prevent roll-over errors. Polypropylene capacitors give undetectable 
errorf! at reasonable cost. At three readout updates per second, a 750-ohm resistor should be placed in' 
series with Cx to compensate for comparator delay. 

The size of the auto-zero capacitor, CZ, affects the system noise. On the 200-millivolt scale, a 
0.32-microfarad capacitor is recommended. On the 2-volt scale, a 0.033-microfarad capacitor decreases 
the recovery time from overload and is adequate for noise on this scale. 

A reference capacitor, Cref, of 0.1 microfarad is suitable for most applications. If a large common-mode 
voltage exists (reference-low pin is not at the same potential as analog COMMON) and a 200-millivolt 
scale is used, a larger Cref is required to prevent roll-over error. A 1-microfarad capacitor will usually hold 
the roll-over error to 0.5 count in this case. 

For all ranges of oscillator frequency, a 50-picofarad capacitor is recommended and the resistor is selected 
using the relationship f '" 0.45/RC. 

R = 180 kilohm for a 48-kilohertz clock. The analog input voltage for a full-scale output (2000 counts) 
is VI = 2 Vref. 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 

ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in 
the page heading regardless of package. The availability of a circuit function in a particular package is denoted by 
an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline 
drawings shown in this section. 

Factory orders for circuits described in this data book should include a four-part type number as explained in the following 
example. 

EXAMPLE: TL 

1.~~----------------------------------------~~ 
MUST CONTAIN TWO OR THREE LETTERS 

TL ....... , TI Linear Products (Excluding Interface) 
TLC ....... TI Linear Silicon-Gate CMOS Products 
SN . . . . .. TI Special Function or Interface Products 

STANDARD SECOND-SOURCE PREFIXES 
ADC . . . . . .. Analog Devices 
LM ............. National 
MC . . . . . . . . . . . .. Motorola 
NE, SA, or SE. . . .. Signetics 

OP ................. PMI 
RC, RM or RV .. .. Raytheon 
SG . . . . . . . .. Silicon General 
)LA . . . . . . . . . . . . .. Fairchild 

2. Unique Circuit Designator Including Temperature Range 
(If not already specified by the prefix) 

MUST CONTAIN THREE TO SEVEN CHARACTERS 
(From Individual Data Sheets) 

Examples: 

3. Package 

062M 
5941 
532AI 

28867 
78L05AC 

MUST CONTAIN ONE OR TWO LETTERS 

0, FH, FK, FN,J,JD,JG, KC, LP, LU, N, P,U, orW 
(From Pin-Connection Diagram on Individual Data Sheet) 

4. MIL-STD-883B, Method 5004, Class B )-----------' 

OMIT/883B WHEN NOT APPLICABLE 

062M JG /883B 

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specififed by the customer 
(with possible additional costs), circuits will be shipped on the most practical carrier. 

Dual-In-Line (0, J, JD, JG, N, P) 

-Slide Magazines 
-A-Channel Plastic Tubing 
- Barnes Carrier 
-Sectioned Cardboard Box 
-Individual Cardboard Box 

Plug-In (LP, LU) 

- Barnes Carrier 
-Sectional Cardboard Box 
-Individual Cardboard Box 

Chip Carriers (FH, FK, FN) 
-Anti-Static Plastic Tubing 

TEXAS 
INSTRUMENTS 
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Flat (U, W) 

- Barnes Carrier 
- Milton Ross Carrier 

TO-220AB (KC) 
-Sleeves 
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MECHANICAL DATA 

o plastic dual-in-line packages 

» 
'0 
'0 
CD 
:::J c.. 
>C' 

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. Leads require no additional cl<;laning or 
processing when used in soldered assembly. 

a·PIN 0 PLASTIC 

~----------rr;:::::::-:1 
6.20 12441 r-C---~ 
5,79 (0.2281 I r 4,01 10.1581 

~: __ 4 

5.2110.2051 

1.7510.0691 ,... 7' NOM 0,51 (0.020) ........ r- 4,60 10.'811J 0.229(0.0091 I ' --- X 45' ~ -------

d~LJ"'~~jl:::;;; ~(~01:!E 
0.2810.011) t. 0""110.0201 ~ __ - PIN SPACING '" 

1.27 (0.050) 
(See Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

14·PIN 0 PLASTIC 

1,75 (0.0691 

~I 

0,79 (0.031) 

0,28 (0.011) 

--'- X 450 460 (0 181) 0,229 (0.0091 
0,25(0.010) . ' ~ 

0,51(00201 ~5'2110'205)l 

~~;;;;;;;:;-.;;;;;I;:;l~~:4;=~~:J::::: .:::;:~ jl~" 
PIN SPACING 

1,27 (0.0501 
(See Note AI 

0.51 (0.0201 

ALL LINEAR DIMENSIONS ARE IN MI LLiMETERS AND PARENTHETICALLY IN INCHES 

• 
NOT TO SCALE 

NOT TO SCALE II NOTE A: Each pin centerline is located within 0,25 (0.010) of itstrue longitudinal position. 
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MECHANICAL DATA 

FH and FK ceramic chip carrier packages 

Both versions of these hermetically sealed chip carrier packages have ceramic bases. The FH package is an all-ceramic 
package with a glass seal. The FK package has a three-layer base with a metal lid and braze seal. 

The packages are intended for surface mounting on solder lands on 1.27 (0.050) centers. Terminals require no additional 
cleaning or processing when used in soldered assembly. 

FH and FK package terminal assignments conform to JEDEC Standards 1 and 2. 

FH AND FK CERAMIC CHIP CARRIER pACKAGES 

{28-terminal package shown} 

CERAMIC CHIP CARRIERS 

JEDEC NO.OF A OUTLINE 
DESIGNATION" TERMINALS MIN MAX 

MSOO4CB 20 
8,69 9,09 

(0.342) (0,358) 

MSOO4CC 28 
11,23 11,63 

(0.442) (0.458) 

B 
MIN MAX 

7.80 9,09 
(0.307) (0.358) 
10,31 11,63 

(0.408) (0.468) 

*AII dimensions and notes for the specified JEDEC outline apply. 

0,71 (0.028) I I 
0,56 (0.022) ~ t--

FK (FD) 

f----11 2,03 (0.080) f..--+ 1,63 (D.064) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 

FN plastic chip carrier package 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within an electrically 
non conductive plastic compound. The compound withstands soldering temperatures with no deformation, and circuit 
performance characteristics remain stable when the devices are operated in high-humidity conditions. The packages 
are intended for surface mounting on solder lands on 1,27 (0.050) centers. Leads require no additional cleaning or 
processing when used in soldered assembly. 

NO.OF 
TERMINALS MIN 

20 
9.70 

(0.3821 

28 
12,24 

(0.4821 

1,27 (0.0501 X 45' 
NOM 

A 
MAX 
10.03 

(0.3951 
12,57 

(0.4951 

3' NOM 

MIN 
8,89 

(0.3501 
11,43 

(0.4501 

B 

FN PLASTIC CHIP CARRIER PACKAGE 

(28·te,minal package shown) 

C 18 17 
MAX MIN MAX 

19 
9,04 8,08 8,38 

(0.3561 (0.3181 (0.3301 

20 
11,58 10,62 10,92 

(0.4561 (0.4181 (0.4301 

21 

22 

23 

[ 24 

25 

16 15 14 13 

26 27 28 1 2 3 

0 

"ill 
8~ B A 

7~ 
6~ 

4 
5 

/ 4,78 (0.1881 
4,06 (0.160) 

1,14 (0.0451 
0,63 (0.025) 
2,41 (0.0951 MIN 

~'''.~''6'+ NOM 

B 

A 

0,25 (omO) R" 
MAX '-, ____ .,~~An~~~~~~'-

..1-
L-_ 0.46 (Om81 

0,36 (0.014) 

L 1,35 (0.053) 
1,19 (0.047) 

. L------'---____ ---' • 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 

J ceramic dual-in-line packages 

Each of these hermetically sealed dual-in-line packages consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 
7,62 (0.300) centers (see Note A). Once the leads are compressed and inserted, sufficient tension is provided to secure 
the package in the board during soldering. Leads require no additional cleaning or processing when used in soldering 
assembly. 

14·PIN J CERAMIC 

4 PLACES 

~19,94(O.785) 

I 19,18 (0.755) 

1,78 (0.070) MAX 14 PLACES 

Falls Within JEDEC TO-1 16 and MO.Q01AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

16·PIN J CE RAMIC 

<l. <l. 

6,22 (0.245) CD000000® 
-1 1.27 (0.050) NOM 

1,78 (0.070) MAX 16 PLACES 

It A;;::::: 
ffi "~~~~~~~~~,*SE~~~~T 

1050 - SEATING PLANE ~~ .. ~~~--r-

9(jO 114+4--+1-1*0,76 (0.030) MIN 

16 PLACES II 0,356 (0.014) 3,30 (O.130) jr 12 PLACES 
~I-o*-O.203 (0.008) 1 0,58 (0.023) 16 PLACES 

16 PLACES MIN ~ 0.38 (0.015) 

~:~~ :~:~~~~ 4 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.01 Q) of its true longitudinal position. 
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» 
'0 
'0 
CD 
:::s 
c. 
)C' 

MECHANICAL DATA 

20-PIN J CERAMIC 

7,62 (O 300) 
6,22 (0245) 

24,76(0.975) 
too!.>------23.62 (0.930) ----·~I 

~.-"-{~~~~~~~~j 
000000000@ 

~g'i ;:~~:~;!~i 

1 1,27 (0050) NOM 

r;;;:~::;:;;:;;~;:;:;;:;;~l' GLASS 

~ 5.08M{~~OO) 

--SEATING PLANE • f • 
105' 3,30 (0 130) ~ 
90' MIN 

20 PLACES \\ 0,356(0.014) 'f.---------,-y 

II- SEALANT 

.-.\;0-0.203 (O.OOB) 0.3<15 (0.012) MIN I I 
ZO PLACES 4 PLACES ~ 

PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

ceramic dual-in-line packages-side-braze (JD) 

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 

JD CERAMIC 

Ii. Ii. 
~A:=:1 

~-
·.H.- 0,25 (0.010) 

NOM 

, f- BMAX "I 
~~.~--------------

r-5,l (0.200) 

0,51 (0020'lrn.,--r-rTTTT-'rirrrrnTins-;:;::;::;::;:;;:;:;::;:,---lr MAX 

SEAT7~: --rr~-
PLAN:,90 (Q.075)-...l:rh "j It I II 152(0060) -

MAX .=..j j..:. ':02 (0 0401 L- ~~~ (0 1201 

053 (0021) 

2,54 (0 100) T P 0,3810.015) 
PIN SPACING 
(See Note Al 

~ DIM 28 40 

A ± 0,2510.010) 15,24 (0.600) 15,24 (0.600) 

B MAX 36,8 (1.45) 52,1 (2.05) 

C NOM 15,0 (0.590) 15.0 (0.590) 

II ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

, NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 

JG ceramic dual-in-line package 

This hermetically sealed dual-in-Iine package consists of a ceramic base, ceramic cap, and a lead frame. The package 
is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). Once the leads are compressed 
and inserted, sufficient tension is provided to secure the package in the board during soldering. 

B-PIN JG CERAMIC 

Ci. 'l. 

7,11 (0.2801 
6,22 fa 245) ~ 
~:~~ :g.~~g: 

~ 1,78 (0.070) MAX B PLACES1 I 1.27 (0050) NOM 

[!!1 T 
5.08 10.2001 

105
0 

--SEATING PLANE---.,-L---

900 

8 PLACES --I\- ~::~ :~:~~: ...... --=::.:.... 
8 PLACES 

GLASS 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 

LP and LU plastic packages 

These packages each consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance characteristics remain 
stable when operated in high-humidity conditions. Leads require no additional cleaning or processing when used in 
soldered assembly. 

LP PLASTIC 

1,27 (0.0501 
(See Note Al 

1,27 ± 0,13 
10.050 ± 0.005) 2,67 (0.1051 

2,03 (0.080) 

SEATING PLANE Jr 
~EE 31:=:=-===-===-=-===-±f:=:::J -:=t-'"--t--Ill 

5.21 10.2051 DlA ~ 5.3410.21011 I 2.6710.1051 
4,44 (D.17S)· 4,3210.1701"""'1----,2.7 (0.5001 MI~ 2,03 (0.080) 

Fall. Within JEDEC TO-226AA Dimension. 
(TO-226AA Replaces T0-92) 

3 lEADS 
0,43 + 0,13, - 0,03 WIDE 
0,38 ± 0,03 THICk 
(0.017 + 0.005. -0.001 WIDE 
0.015 t 0.001 THICK) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

LU PLASTIC 
~~,5410.1~) i lF======Ii I (See Note AI IO~~~: 6:~~ 

C"\ -------,1-.-,.-. 

,/+\ .~~J-E:::~~:3 4.96(0.195) --+-'/F -+-r-

4.19 1""'651 !'===\-=.=l.=/==: ____ ....J '------2-... -' O-. ..J,~~r-. 
(0.100 ± 0.005) 

0,74 (0.029) NOM 

50 NOM- ......... 1,626 (0.064) 
5° NOM ..... ~r----....:-=:'~-,r_----12.710.5001 MIN----.... f524 10.0601 

~;=::!====::3 C::=======ll 
L 1,27 (0.050) OIA NOM 

0,38 (0.0151 
RNOM 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Lead dimensions are not controlled within this area. 

1 
NOT TO SCALE 

I 
NOT TO SCALE 
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MECHANICAL DATA 

N plastic dual-in-line package 

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. The packages are intended for insertion 
in mounting-hole rows on 7,62 (0.300) or 15,24 (0.600) centers (see Note A). Once the leads are compressed and 
inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no additional 
cleaning or processing when used in soldered assembly. 

14-PIN N PLASTIC 

It. 7,62:t 0,25 
1---~(O.300 t 0.010) 

~-~tt-(oj:: ci:~~o) 

~19"IO'780 J 
18,0(0.710) 

@@@®@00i 

~::.:.~di:::::: : 
0000000 

~ 2,0 (0.080) NOM I -L ~ r-,,78(O,070IMAX14PLACES 

- ",26(0,0101 508 t0200tMA:5'J~N020) ~I 
'---.-1 NOM • .'. ~ 
~ ~~ ~-SEATING PLANE:~ ~4S:~~~:!) MIN 

14 PLACES ~\-tO~:'~ : ~:~~3J ~ ~ ---ll+- 0,457:t 0.D76 
14 PLACES 3,17 (0.1251 MIN (0.018 t 0.003) 

(See Notes B and C) (O~o:: ~:~!O) (Sael~:~:~~d C) 

4 PLACES PIN SPACING 2,54 (0.1001 T. P. 
(See Note A) 

Falls WIthin JEDEC TO·116 and EIA MO·001AA Dlmen$ions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

16-PIN N PLASTIC 

Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants located in Europe. 
In this case, the overall length of the 
package is 22,1 10.870) max. 

~ 1-'"1.18 (0.010) MAX 16 PLACES 

fO"~1~201~ 
5.08 {0.20'1 MAX L 

~ 
1--0,8:61~~~~IN 

3.11 (0.125) MIN L~ --.j~0.451!0,016 
(0.018.0.0031 

2.4110.095) lSPLACES 
1.02 (0.040) PIN SPACIIIJG 2.54 {0.1001 TP (SeeNOlIsBandC) 
4 PLACES (See Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 10.010) of its true longitudinal position. 
8. This dimension does not apply for solder-dipped leads. 

NOT TO SCALE 

NOT TO SCALE 

C. When solder,dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 10.020) above 
seating plane. 

TEXAS 
INSlRUMENTS 
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MECHANICAL DATA 

N plastic dual-In-line packages (continued) 

18-PIN N PLASTIC 

7,62 ± 0,25 
(0.300 ± 0.010) 

t-----I0II--6.99 (0.275) MAX 

11 j--~ 2,03 (0.080) NOM ~ r-- 1,78 (0070) MAX 18 PLACES 

I~ ---.:: ,a'51(a020)~1 (1,25 (0 010) NOM MIN 

~,--SEAT'NG PLANE 5.a81a.2:001 MAX L J-~ f --l ~ a',~t~:::;'N 
18 PLACES ~ 

_\\-0.279±O,076 3,17 (0125) MIN r - L ~ ---..j j.--O.457 ± 0.076 
~ r /0.011 ± 0 003) (0018 + 0 003) 

18 PLACES 18 PLACES 
(See Notes Band Cl 1.91 (0 075) (See Notes B and C) 

023'i0009i PIN SPACING 2.54 (0 100) T P 

.4 PLACES (Sea Note Al 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

20-PIN N PLASTIC 

2,0 10.0801 NOM 

Parts may be supplied in accordance 

"I 

2.4 (0.0931 RNOM 

2,8 (O.'101.NOM_~~iTn:n:=Tin:o:n~rt4 
0®®000000® 

t-'-,,7810.070J MAX 20 PLACES 

0.B410.033)MtN 
16 PLACES 

with the alternate side view at the ALTERNATE SIDE vnlW 

option of TI plants locatd in Europe. ~ t--,,78(0.070IMAX20PLACES 

In this case, the overall length of the f 0'5110,Cl2OI~O 
package is 26.7,11.0501 max. 5'''.;r'M'' Mf-]_ t--O,84 10,Q331 MIN 

20 PLACES - U, ...j,-------O,457:1:0,07. 
3,94(0.155) L r---(0.018:1:0.003) 
3,1710.125) 20 PLACES 

1.01 (0.075) PIN SPACING 2.54 (0.100) T.P. 
1.0210,0401 (Selt Note A) 
4 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOT TO SCALE 

NOT TO SCALE 

• NOTES: 
A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above 

seating plane. 

A-12 TEXAS 
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N plastic packages (continued I 

28-PIN N PLASTIC 

10-----36,6 (1.440) MAX------I 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

40-PIN N PLASTIC 

Bto~;;,~': ~o',"oj O.51~:~r:;20:::;' ;:::;;::::;;:::;;:;;:;;:::;;::::;;:::;;:;;:;:;::::;;::::;;::::;;::;:;;::;::::;;::::;;::;::\' 
~ -SEATING PLANE-*"-

90" 0,28 .l: 0,08 0,457 ± 0,076 

(0.011 ± 0,0031 \\ (0.018.1: 0.003)"""11"-~ 
PIN SPACING 2,54 (0.100) J.P. 

(SI!fl Note A} 

0,84 (0.033) MIN 

~ 
1,40 (0.0551 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS 
INSTRUMENTS 
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MECHANICAL DATA 

NOT TO SCALE 

NOT TO SCALE 
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MECHANICAL DATA 

P dual-in-line plastic package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation, and circuit performance characteristics remain 
stable when operated under high-humidity conditions. The package is intended for insertion in mounting hole rows 
on 7,62 (0.3001 centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Leads require no additional cleaning or processing when used in soldering 
assembly. 

8-PIN P PLASTIC 

INDEX DOT 

~~7'.2 10.300) T'P'~'i. 
r- 6.35' 0.02. 1 19\/0.250'0.010

1\1 5.06 b 
MAX 

LSEATING PLANE 
1050 _ .., GAUGE PLANE 

--goo I L 0,76 (0.030) 

8 PLACES 0,00 (0.000) 

J~ 0.28'0.06 
(0.011 :!: 0.003) 

6 PLACES 

00 00 

(See Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES NOT TO SCALE 

NOTE A: Each pin centerline is within 0,13 (0.0051 radius of true position at the gauge plane with maximum material condition and unit 
installed. 
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MECHANICAL DATA 

U ceramic flat packages 

This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. Hermetic 
sealing is accomplished with glass. Leads require no additional cleaning or processing when used in soldered assembly. 

10-PIN U CERAMIC 

0,153 (0.006) lr 0,076 (0,003) 
10 LEADS 

-

0,483 (0.019) 80000 PIN SPACING 

~1 r- ~',27(O.050JT.P. 
10 LEf ISe. Noto AI 

8,89 (0.350) 

--------·r~.=-=-=-=-=, T 
25,4 (1.000) rs': ~~!O~: 6,35 (O.25D) 

~'~= _____ +-r.r':'::::~'. I' 
8,89 (0.350) 
~ 

-[ "'i ~:0.6410.0251 
'I!::--~.35 10.250,L--:'! o:ooTo:OOoi 

00000 
Falls Within JEDEC MO-004AE Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0.005 radius of true position (TP) at maximum material condition. 
B. This dimension determines a zone within which aU body and lead irregularities lie. 

NOT TO SCALE 

>< 
:0 
c 
Q) 
Co 
Co 

<C 
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MECHANICAL DATA 

W ceramic flat packages 

These hermetically sealed flat packages consist of an electrically non conductive ceramic base and cap and a lead 
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used 
in soldered assembly. 

14.pIN W CERAMIC 
@®®@)®00 

~:~~: :~:~:: ~I-- ~1'2,12(~~gk~YP 
(SoeNoltlA) ,mAO' I 

~:!~I~~O 
PLANE -1- -r :'I',.,' "'-"......,l..Cl""",....cI.-"', ~:E~l;:: 

17.010.27lir­
I (SeeNoteBII(SeoNDI<IC)~ "",,,.",, j 

""'~j ~"~"~'-~~1'-1,27(0.0501 r-
8,00(0.315) 
6.86(0.2701 

~;~ :~,=: !-- :~: :~:~: ~ 
0,64(0.025) 
~ 
4 PLACES 

0000000 
Falls Within JEDEC MO-OO4AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

16-PIN W CERAMIC 

~:~~!:~:~::-lf. 
16 lEADS 

BASE AND 
SEATING PLANE 

~ 

@@@®®®@0 

T 
I 1 ' ,27(0.050ITP 
t-+t- 14 PLACES 

(See N.nt A) 

- r :: j::" "-"''--''' ...... -"'''''''''-..... ., ~::~ :~:~~:: 
""""c-

B89(035IU 
787(0310) 

:~::::::: I-- L~L"""", '"i 
00000000 

0.64(0.0251 
0,25(0.0101 
4 PLACES 

Falls Within JEDEC MO-004AG Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOT TO SCALE 

NOT TO SCALE 

• NOTES: 
A. Leads are within 0,13 (0.005) radius of true position ITP) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for te~minal identification only. 
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TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837·7530,­

ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 624·3276. 

CALIFORNIA: Irvine (714) 660-8187; 
Sacramento (916) 929-0192; 

~:~t~i~ra~~~~6k)2~Zo~g6b; 
Torrance (213) 217-7010; 
Woodland Hills (818) 704·7759. 

COLORADO: Aurora (303) 368-8000. 

CONNECTICUT: Wallingford (203) 269·0074 

FLORIDA: Fl. Lauderdale (305) 973·8502; 
Altamonte Springs (305) 260-2116: 
Tampa (813) 870·6420. 

GEORGIA: Norcross (404) 662·7900. 

ILLINOIS: Arlington Heights (312) 640·2925. 

INDIANA: Ft. Wayne (219) 424-5174; 
Indianapolis (317) 248-8555. 

IOWA: Cedar Rapids (319) 395-9550. 

MARYLAND: Baltimore (301) 944·8600. 

MASSACHUSETTS: Waltham (617) 895-9100. 

MICHIGAN: Farmington Hills (313) 553·1500; 
Grand Rapids (616) 957-4200. 

MINNESOTA: Eden Prairie (612) 828-9300. 

MISSOURI: Kansas City (816) 523·2500; 
SI. Louis (314) 569·7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345·2555. 

NEW YORK: East Syracuse (315) 463-9291; 
Melville (516) 454-6600; Pittsford (716) 385·6770: 
Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 527·0930; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 
Dayton (513) 258·3877. 

OREGON: Seaverton (503) 643-6758. 

PENNSYLVANIA: Blue Sell (215) 825·9500. 

PUERTO RICO: Halo Rey (809) 753-8700 

TEXAS:· Austin (512) 250-7655; 
Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496·1779. 

UTAH: Murray (801) 266·8972. 

VIRGINIA: Fairfax (703) 849-1400. 

WASHINGTON: Redmond (206) 881·3080. 

WISCONSIN: Brookfield (414) 785-7140. 

~~~~~~~ ~~~~br:tt~rr~a(~~6\6~~1.~~~-~;970; 
St. Laurent, Quebec (514) 335-8392. 

TlRegional 
Technology Centers 
CALIFORNIA: Irvine (714) 660·8140, 
Santa Clara (408) 748-2220. 

Gi::ORGJA: Norcross (404) 662·7945. 

ILLINOIS: Arlington Heights (312) 640-2909. 

MASSACHUSETTS: Waltham (617) 895·9197. 

TEXAS: Richardson (214) 680·5066. 

CANADA: Nepean, Ontario (613) 726·1970 

Customer 
Response Center 
TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00 p.m. CST) 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
General Radio Supply Company 
Graham Electronics 
Hall·Mark Electronics 
Kierullf Electronics 
Marshall Industries 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Component, Inc. (Military Only) 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

Arrow Electronics Canada 
Future Electronics 

TI AUTHORIZED DISTRIBUTORS IN 
USA 

-OBSOLETE PRODUCT ONLY­
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(617) 462·9332 

ALABAMA: Arrow (205) 837-6955; 
Hall-Mark (205) 837-8700; Kierulff (205) 883·6070; 
Marshall (205) 881-9235; Schweber (205) 895·0480. 

ARIZONA: Arrow (602) 968-4800; 
Hal'·Mark (602) 437-1200; Kierutff (602) 437-0750; 
Marshall (602) 968-6181; Schweber (602) 997·4874; 
Wyle (602) 866-2888. 

2~~~?~~)'~O~·~;~~f:~:~£':~!~2?ounty: 
Hall-Mark (818) 716-7300, (714) 669·4700, 
(213) 217-8400; Kierutff (213) 725-0325, (714) 731·5711, 
(714) 220-6300; (818) 407·2500; . 
Marshall (818) 407-0101, (818) 459·5500, 
(714) 458·5395; Schweber (818) 999·4702; 
(714) 863-0200; (213) 327·8409; Wyte (213) 322-8100, 
(818) 880-9001, (714) 863-9953; Zeus (714) 921·9000; 
Sacramento: Hall-Mark (916) 722-8600; 
Marshall (916) 635-9700; Schwaber (916) 929·9732; 
Wyle (916) 638-5282; 
San Diego: Arrow (619) 565·4800; 
Halt-Mark (619) 268-1201; Kierulff (619) 278-2112; 
Marshall (619) 578-9600; Schweber (619) 450·0454; 
Wyle (619) 565-9171; 

~~~)7:;:~~~~ ~:~-~r:r~: (!or~wJ~?~do~5-6600; 
Kierulff (408) 971-2600; Marshall (408) 942-4600; 
Schweber (408) 946·7171; Wyle (408) 727-2500; 
Zeus (408) 998-5121. 

COLORADO: Arrow (303) 696-1111; 
Hall·Mark (303) 790-1662; Kierulff (303) 790-4444; 
Marshall (303) 451-8444; Schweber (303) 799·0258; 
Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741; 
Hall·Mark (203) 269·0100; Kierulff (203) 265-1115; 
Marshall (203) 265·3822; Schweber (203) 748·7080 

FLORIDA: Ft. Lauderdale: Arrow (305) 429-8200; 
Halt-Mark (305) 971-9280; Klerutff (305) 486·4004; 
Marshall (305) 977-4880; Schweber (305) 977-7511; 
Orlando: Arrow (305) 725·1480; 
Hall-Mark (305) 855-4020; Kierulff (305) 682-6923; 
Marshall (305) 841·1878; Schweber (305) 331-7555; 
Zeus (305) 365·3000; 
Tampa: Hal'·Mark (813) 530·4543; 
Marshall (813) 576-1399. 

GEORGIA: Arrow (404) 449-8252; 
Hall-Mark (404) 447-8000; Kierulff (404) 447-5252; 
Marshall (404) 923-5750; Schweber (404) 449·9170. 

ILLINOIS: Arrow (312) 397-3440; 
Hall-Mark (312) 860·3800; Kierulff (312) 250-0500; 
Marshall (312) 490·0155; Newark (312) 784-5100; 
Schweber (312) 364·3750. 

• TEXAS 
INSTRUMENTS 

INDIANA: Indianapolis: Arrow (317) 243·9353; 
Graham (317) 634-8202; Hall-Mark (317) 872-8875; 
Marshall (317) 297-0483; 
Ft. Wayne: Graham (219) 423·3422. 

IOWA: Arrow (319) 395-7230: 
Schweber (319) 373-1417. 

KANSAS: Kansas City: Arrow (913) 541·9542; 
Hall·Mark (913) 888-4747; Marshall (913) 492·3121: 
Schweber (913) 492-2921. 

MARYLAND: Arrow .(301) 995·0003; 
Halt-Mark (301) 988-9800; Kierulff (301) 840-1155; 
MarshaJl (301) 840-9450, Schweber (301) 840-5900: 
Zeus (301) 997-1118. 

MASSACHUSETTS: Arrow (617) 933·8130; 
Hall-Mark (617) 667-0902; Kierulff (617) 667·8331: 
Marshall (617) 658-0810; Schweber (617) 275·5100, 
(617) 657-0760; Time (617) 532-6200; 
Zeus (617) 863·8800. 

MICHIGAN: Detroil: Arrow (313) 971-8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 
Schweber (313) 525-8100; 
Grand Rapids: Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830-1800; 
Hall-Mark (612) 941-2600; Kierutff (612) 941·7500; 
Marshall (612) 559-2211; Schweber (612) 941-5280. 

MISSOURI: St. Louis: Arrow (314) 567·6888; 
Hall-Mark (314) 291-5350; Kierulff (314) 997·4956; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: Arrow (603) 668·6968; 
Schweber (603) 625·2250. 

NEW JERSEY: Arrow (201) 575-5300, 
(609) 596-8000; General Radio (609) 964-8560; 
Hall-Mark (201) 575·4415, (609) 235-1900; 
Kierulff (201) 575-6750, (609) 235·1444; 
Marshall (201) 882·0320, (609) 234-9100; 
Schweber (201) 227-7880. 

NEW MEXICO: Arrow (505) 243-4566. 

~:;fMYa~kR~:1~)~~7~~adb~:r:~~~aW~~613217~?~gJ3; 
Schweber (516) 334·7555; Zeus (914) 937·7400. 
Rochester: Arrow (716) 427·0300; 
Marshall (716) 235·7620; Schweber (716) 424-2222. 
Syracuse: Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow (919) 876-3132, 
(919) 725-8711; Hall-Mark (919) 872-0712; 
Kierutff (919) 872-8410; Marshall (919) 878-9882; 
Schweber (919) 876·0000. 

OHIO; Clevetand: Arrow (216) 248-3990; 
Hall·Mark (216) 349-4632; Kierulff (216) 831-5222; 
Marshall (216) 248-1788; Schweber (216) 464·2970. 
Columbus: Arrow (614) 885-8362; 
Halt-Mark (614) 888·3313; 

~~lr~~; (~;r&~~~~J64~5~~s3~atl (513) 236-8088; 
Schweber (513) 439-1800. 

OKLAHOMA: Arrow (918) 665-7700; 
Kierulff (918) 252-7537; Schweber (918) 622·8000. 

OREGON: Arrow (503) 684·1690; 
Kierutff (503) 641-9153; Wyle (503) 640·6000; 
Marshall (503) 644-5050. 

PENNSYLVANIA: Arrow (412) 856-7000, 
(215) 928-1800; General Radio (215) 922·7037; 
Schweber (215) 441-0600, (412) 782·1600. 

TEXAS: Austin: Arrow (512) 835·4180; 
Hall-Mark (512) 258-8848; Kierutff (512) 835-2090; 
Marshall (512) 837-1991; Schweber (512) 458-8253; 
Wyte (512) 834·9957; 
Dallas: Arrow (214) 380-6464; 
Hall-Mark (214) 553·4300; Kierulff (214) 840-0110; 
Marshall (214) 233-5200; Schweber (214) 661-5010; 
Wyle (214) 235-9953; Zeus (214) 783-7010; 
Houston: Arrow (713) 530-4700; 
Hall-Mark (713) 781-6100; Kierutff (713) 530-7030; 
Marshall (713) 895-9200; Schweber (713) 784-3600; 
Wyle (713) 879·9953. 

UTAH: Arrow (801) 972-0404; 
Hall·Mark (801) 972-1008; Kierutff (801) 973-6913; 
Marshall (801) 485·1551; Wyle (801) 974-9953; 

WASHINGTON: Arrow (206) 643-4800; 
Kierulff (206) 575·4420; Wyle (206) 453-8300; 
Marshall (206) 747-9100. 

WISCONSIN: Arrow (414) 792·0150; 
Hall-Mark (414) 797·7844; Kierulff (414) 764·8160; 
Marshall (414) 797-8400; Schweber (414) 764-9020. 

CANADA: Calgary: Future (403) 235·5325; 
Edmonton: Future (403) 438-2858; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 
Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 
Quebec City: Arrow Canada (418) 687-4231; 
Toronto: Arrow Canada (416) 661·0220; 
Future (416) 638-4771; 
Vancouver: Future (604) 294·1166 
Winnipeg: Future (204) 339·0554 

as 



TI Worldwide 
Sales Offices 
ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837·7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995·1007. 

CALIFORNIA: Irvine: 17891 Cartwright Rd., Irvine, 
CA 92714, (714) 660-8187; Sacramento: 1900 Point 
West Way, Suite 171, Sacramento, CA 95815: 

~J~~ 9J~.~~~lbf:gno~b·'~2~~~ (~;~i ;;~~ote., 
Santa Clara: 5353 Bet~ .Ross Dr., Santa Clara,' CA 

~~a~J:?~:~ggr.'i21~)~~~io~~ Knox St., 
Woodland Hills: 21220 Erwin St., Woodland Hills, 
CA 91367, (818) 704·7759. 

COLO.RAoo: Aurora: 1400 S. Potomac Ave., 
Suite 101, Aurora, CO 80012. (303) 368·8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269·0074. 

FLORIDA: Ft. Lauderdale: 2765 NW. 62nd St., 
Ft. Lauderdale, FL 33309, (305) 973·8502; 
Maitland: 2601 Maitland Center Parkway, 
Maitland, FL 32751, (305) 660-4600; 

~:~~:~ ~'83~ci9~(8,n3idl7g~f2b~Uite 101, 

GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 

~r~l~g~~~: ~\~~-:~LH~~~~:(g~~) ~4tJg~~.qUin, 
:~~1:8~~,: (~~·9r':1:~~;~;20 InwoOd Dr., Ft. Wayne, 

Indianapolis: 2346 S. Lynhurst, Suite J·4oo, 
Indianapolis, IN 46241, (317) 248·8555. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, IA 52402, (319) 395·9550. 

MARYLAND: Baltimore: 1 Rutherford Pl., 
7133 Rutherford Rd., Baltimore, MD 21207, 
(301) 944-8600_ 

MASSACHUSETTS: Waltham: 504 Totten Pond Rd., 
Waltham, MA 02154, (617) 895·9100. 

~~~~~~~~~ ~~~i~t~~~~I,I!1~~7~3~~. Mile Rd., 

MINNESOTA: Eden Prairie: 11000 W. 78th St., 
Eden Prairie, MN 55344 (612) 828-9300. 

MISSOURI: Kansas City: 8080 Ward Pkwy., Kansas 

~:~YLo~~:6,4,1~{e ~~~~~36~e~: St. Louis, 
MO 63146, (314) 569·7600. 

NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050 

~f."Are~~~~~du~~b~~U;j'~~~ f:~·g4~~~t:.ent Pkwy 

~:r::J!!~~:yE:~Mr.(~~~i~:6~~:i9~;ollamer Dr., East 
Endicott: 112 Nanticoke Ave., P.O. Box 618, Endicott, 
NY 13760, (607) 754·3900; Melville: 1 Huntington 

~~ar;~~¥,li5f6)i~~:~~b;Pp?i:'~~~'1 ~~~~~~'St., 
Pittsford, NY 14534, (716) 385·6770; 

~~U?:31~~~'fJ)3:i3~~~:r. Rd., Poughkeepsie, 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704)527-0930; 
~~e~'~~1.~~~lg9:~72~~ Blvd., Suite 100, Raleigh, 

OHIO: Beachwood: 23408 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464·6100; 
g:r~~3~~(~f;iY2~J~'7:"24 Linden Ave., Dayton, 

OREGON: aeaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 

~~~!~~~g~~~~p~I'1~~~~I(~,~)~~g4~w York Dr., 

g~~::~:l:~ ~~O 1~~b~~(4~~i'7~t.Uf~~ Office Park, 

PUERTO RICO: Halo Rey: Mercantl! Plaza Bldg" 
Suite 505, Hato Rey, PR 00919, (809) 753·8700. 

TEXAS: Austin: P.O: Box 2909, Austin, TX 78769, 
(512) 250·7655; Richardson: 1001 E. Campbell Rd., 
Richardson, TX 75080, 
(214)680·5082; Houston: 9100 Southwest Frwy., 
Suite 237, Houston, TX 77036, (713) 778-6592; 
San Antonio: 1000 Central Parkway South, 
San Antonio, TX 78232, (512) 496·1779. 

~~~r~~,Muu.;r:r~g:,0(~1)ui~6~9~~~ SE, Suite 200, 

VIRGINIA: Fairfax: 2750 Prosperity, Fairfax, VA 
22031, (703) 849·1400. 

WASHINGTON: Redmond: 5010 148th NE, Bldg B, 
Suite 107, Redmond, WA 98052, (206) 881·3080. 

~J~;?~~I:r:o~~~~~~i,e~1 ~~~: ~~~)~~~~:b. 
CANADA: Nepean: 301 Moodie Drive, Maliorn 
Center, Napean, Ontario, Canada, K2H9C4, 

Wi~~~~·~9J~i ~~'b~~~~~~:~i:'8ga~~~~e St. E., 
(416) 884·9181; SI. Laurent: Ville SI. Laurent Quebec, 

~6n~J~aH:~R~d(51~ijj5~Ja9~~urent, Quebec, 

ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F.: Esmeralda 130, 15th Floor, 1035 Buenos 
Aires, Argentina, 1 +394·3008. 

AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6·10 Talavera Rd., North Ryde 

~S~d~;~~1'~~~ 5~~u~~~~4~~ ~t~S~~rJ: ~~~: 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
f~ ~~M!fo~J~hWay, Elizabeth, SOuth Australia 5112, 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industrlestrabe B116, A·2345 Brunn/Gebirge, 
2236·846210. 

aELGIUM: Texas Instruments N.V. Belgium S.A.: 
Mercure Centre, Raketstraat 100, Rue de la Fusee, 
1130 Brussels, Belgium, 21720.80.00. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524·7 Andar Plnhelros, 05424 
Sao Paulo, Brazil, 0815·6166. 

DENMARK: Texas Instruments AIS, MairelundveJ 
46E, OK·2730 Herlev, Denmark, 2 . 91 7400. 

FINLAND: Texas Instruments Finland OY: 
Teolllsuuskatu 19000511 Helsinki 51, Finland, (90) 
701·3133. 

FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP 05, 06270 Villeneuve· Lou bet, 
(93)2Q..()1·01; ParIs Office, BP 61 8-10 Avenue 
Morane-5aulnier, 78141 Vetizy·Villacoublay, 
(3) 946·97·12; Lyon Sales Office, L'Oree D'Ecully, 

~t1me Sales Office, Le Sebastopol 
3, Qual asbourg Cedex, 

!:~0~2Rennes, (99) :~, ~~~I~:eu~:I!!a~~~~e, 
Le Peripole-2, Chemin du Pigeonnier de la Cepiere, 
31100 Toulouse, (61) 44·18·19; Marseille Sales Office, 
~~;'~7~~~~S-146 Rue Paradis, 13006 Marseille, 

• TEXAS 
INSTRUMENTS 

~~r:::n~~F~:ut:~~:!~I~C J'~:~~~~~~~~~~sse 1, 
0·8050 Freising, 8161 +80·4591; Kurfuerstendamm 
195/196,0·1000 Berlin 15,30+882·7365; III, Hagen 
431Klbbelstrasse, .19, 0·4300 Essen, 201·24250; 
Frankfurter Allee 6-8,0-6236 Eschborm " 
06196+8070; Hamburgerstrasse 11,·0·2000 Hamburg 
76,040+220·1154, Kirchhorsterstrasse 2, 0·3000 
Hannover 51, 511 +648021; Maybachstrabe 11, 
0·7302 Ostfildern 2·Nelingen, 711 +547001; 

~~~~~~~~::9, ~~~~t~aas~~u1r9, ~~s:g0+~~h~~1; 
261 +35044. 

HONG KONG (+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., ·8th Floor, World 
Shipping Clr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722·1223. 

IRELAND: Texas Instruments (Ireland) Limited: 
Brewery Rd., Stillorgan, County Dublin, Eire, 
1831311. 

ITALY: Texas Instruments Semiconduttorl Italla Spa: 
Vlale Delle Sclenze, 1,02015 Cittaducale (Rleti), 
Italy, 746 694.1; Via Salaria KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6+9003241; Vlale 
Europa, 38·44, 20093 Cologno Monzese (Milano), 
22532541; Corso Svizzera, 185, 10100 TorIno, Italy, 
11 774545; Via J. Baroui 6, 40100 Bologna, Italy, 51 
355851. 

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 

~~~y~:dJ!ip:~1~b~i\a-4~~:'~~; ~~~~:=r~~nh~t~t,u, 
Nlssho Iwal Bldg., 3Q. Imabashl 3· Chome, 
Higashi·ku, Osaka, Japan 541, 06·204·1881; Nagoya 
Branch, 7F Dainl Toyota West Bldg., 10·27, Melekl 
4·Chome, Nakamura·ku Nagoya, Japan 
450, 52·583-6691. 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 
Samon Bldg., Yuksam·Dong, Gangnam·ku, 
135 Seoul, Korea, 2+462·8001. 

MEXICO: TeKas Instruments de Mexico S.A.: Mexico 
City, AV Reforma No. 450 - 10th Floor, Mexico, 
O.F., 06600, 5+514·3003. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. Box 26335; 
Manama Bahrain, Arabian Gulf, 973+274681. 

NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Sox 12995, (Bullewljk) 1100 CB Amsterdam, 
Zuld·Oost, Holland 20 + 5602911. 

~~:;,::~~r,e~~~ol~~t~o~~~~ (~)o~~S: PB106, 

PHILIPPINES: Texas Instruments Asia Ltd.: 14th 

~~~!tl~~e~~~!~i~,d~hi~~~rn:~~~~ g~ ~~~:~, 
PORTUGAL: Texas Instruments Equipamento 

5:~,~t~~~~~ (~C::r~~:'5aL~~ja~~~77J'~'ar!~~~~\~~al, 
2·948-1003. 

f~NA1t:~&~ 4:x=?~:tr~~~~E:~~ ~~~~~S~~;ong 
Bakar Batu, Unit 01-02, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747-2255. 

SPAIN: Texas Instruments Espana, S.A.: CIJose 
Lazaro Galdlano No.6, Madrid 16, 1/458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverlgefilialen): Box 39103, 10054 
Stockholm, Sweden, 8 . 235480. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH·8953 Dietlkon (Zuerich) Switzerland, 
1·7402220. 

TAIWAN: Texas Instruments SUPPI~ Co.: Room 903, 

~~Tw~~~ ~e~~~lfcdo?~h1~~,g2K~ms~1.~:", Taipei, 

UNITED KINGDOM: Texas Instruments limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 61 +442·7162. 

8M 
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