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INTRODUCTION 

In this 416-page data book, Texas Instruments is pleased to present important technical information on a broad line of 
linear control integrated circuits that includes operational amplifiers, voltage comparators, analog switches, timers, 
analog-to-digital converters, Hall-effect devices, and many others. 

You will find specifications on device types initiated by Tl (TL series) and on plug-in replacements for many competitive 
types. The functional indexes and selection guides provide the designer with rapid access to data sheets for specific 
applications, and the interchangeability guides show both direct and nearest replacement devices for many competitive 
parts. There are margin tabs to guide you quickly to general circuit categories, and the alphanumeric index lets you 
locate particular type numbers quickly. 

The section on military products describes process and screening requirements for JAN, JAN-processed, /8838 Class B, 
and standard device types. 

This volume offers design data and specifications only for linear control integrated circuits, but complete technical data 
on any Texas Instruments semiconductor component is available from your nearest Tl field sales office or authorized 
distributor and from: Marketing and Information Services, Texas Instruments Incorporated, P.O. Box 225012, MS 308, 
Dallas, Texas 75265. 
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FUNCTIONAL INDEX 

SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS 

Military Temperature Range {-55°C to 125°C) 

l1s V10 110 AvD 81 SR Ice Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

75 2 10 50 1 0.5 3 ±5 ±22 High Performance LM101A J, JG, U, W 59 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL060M JG 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL070M JG 131 

0.2 6 1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL080M JG 139 

10,000 5 2,000 1.4 0.5 1.7 6.7 -7, +14 General Purpose TL702M J, U,W 157 • 5,000 2 500 2.5 0.5 1.7 6.7 -7, +14 General Purpose uA702M J, JG, U, W 163 

200 2 50 25 1 0.3 3.6 ±18 General Purpose uA709AM J, JG, U 167 

500 5 200 25 1 0.3 5.5 ±18 General Purpose uA709M J, JG 167 

500 5 200 50 1 0.5 2.8 ±2 ±22 General Purpose uA748M J, JG, U, W 181 

Industrial Temperature Range {-25°C to 85°C) 

75 2 10 50 1 0.5 3 ±5 ±22 High Performance LM201A J, JG, N, P 59 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL0601 JG,P 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL0701 JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL0801 JG,P 115 

Commercial Temperature Range {0°C to 70°C) 

250 7.5 50 25 1 0.5 3 ±5 ±18 High Performance LM301A J, JG, N, P 59 

0.4 15 0.2 3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL060C JG,P 115 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL060AC JG, p 115 

0.4 15 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL070C JG,P 131 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL070AC JG,P 131 

I 0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL080AC JG,P 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL080C JG, P 139 
! 

15,000 10 5,000 1 0.5 1.7 7 -7, +14 General Purpose TL702C J, JG, N 163 

1,500 7.5 500 12 1 0.3 5.5 ±18 General Purpose uA709C J, JG, N, P 167 

500 6 200 20 1 0.5 2.8 ±2 ±18 General Purpose uA748C J, JG, N, P 181 

100 5 20 25 1 0.5 3.3 ±5 ±22 High Performance uA777C J, JG, N, P 185 
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FUNCTIONAL INDEX 

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS 

Military Temperature Range (-55°C to 125°C) 

l1B V10 110 AvD B1 SR Ice Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGE PAGE 

MAX MAX MAX MIN TVP TVP MAX MIN MAX 

75 2 10 50 1 0.5 3 ±2 ±22 High Performance LM107 J,JG, U,W 62 

800 2 200 50 10 13 6.5 ±3 ±22 Low Noise 

Vn = 4 nV/JHZTyp SE5534 JG 105 

800 2 200 50 10 13 6.5 ±3 !22 Low Noise 

V n = 4.5 nV lv'Hz°Max SE5534A JG 
0.2 6 0.1 4 1 3.5 0.2 ±1.5 ±18 BIFET, Low Power TL061M JG,U 105 
0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/VHzTyp TL071M JG 131 
0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 Bl FET, General Purpose TL081M JG 139 
0.2 2 0.1 50 3 13 2.8 ±4 ±18 BIFET, Low V10 TL088M JG,U 

150 5 30 50 1 0.5 1.0 +3 +32 General Purpose, TL321M JG 151 
500 5 200 50 1 0.5 2.8 ±2 ±22 General Purpose uA741M J, JG, U, W 173 

Industrial Temperature Range (-25°C to 85°C) 

75 2 10 50 1 0.5 3 ±2 ±22 High Performance LM207 N 62 

250 4 50 50 15 70 8 ±20 High Performance LM2181 JG,P 73 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BI F ET, Low Power TL0611 JG,P 115 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL0661 JG,P 123 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL0711 JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 Bl FET, General Purpose TL0811 JG,P 139 

0.4 0.5 0.1 50 3 13 2.8 ±4 ±18 BIFET, Low Offset TL0871 JG,P 147 

0.4 3 0.1 50 3 13 2.8 ±4 ±18 BIFET, Low Offset TL0881 JG,P 147 

150 5 30 50 1 0.5 1 +3 +32 General Purpose TL3211 JG,P 151 
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FUNCTIONAL INDEX 

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS 

Commercial Temperature Range (0°C to 70°C) 

l1e V10 110 Avo 81 SR •cc Vee 

nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

250 7.5 50 25 1 0.5 3 ±2 ±18 High Performance LM307 J, JG, N, P 62 

500 10 200 25 15 70 10 ±20 High Performance LM318 JG,N,P 73 

1,500 4 300 25 10 13 8 ±3 ±22 Low Noise 

Vn = 4 nV/FzTyp NE5534 JG,P 105 

1,500 4 300 25 10 13 8 ±3 ±22 Low Noise • Vn = 4.5 nVl../HZMax NE5534A JG,P 105 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL061AC JG,P 115 

0.2 3 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL061BC JG,P 115 

0.4 15 0.2 3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL061C JG,P 115 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power 

with Power Control TL066AC JG,P 123 

0.2 3 1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power 

with Power Control TL066BC JG,P 123 

0.4 15 2 3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power 

with Power Control TL066C JG,P 123 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/$zTyp TL071AC JG,P 131 

0.2 3 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/$zTyp TL0718C JG,P 131 

0.2 10 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/$zTyp TL071C JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL081AC JG,P 139 

0.2 3 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL081BC JG,P 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL081C JG,P 139 

0.4 0.5 0.2 25 3 13 2.8 ±4 ±18 BIFET, Low V10 TL087C JG,P 147 

0.4 2 0.2 25 3 13 2.8 ±4 ±18 BIFET, Low V10 TL088C JG,P 147 

250 7 50 25 1 0.5 1.0 +3 +32 General Purpose, TL321C JG,P 151 
500 6 200 20 1 0.5 2.8 ±2 ±18 General Purpose uA741C J,JG, N, P 173 
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FUNCTIONAL INDEX 

DUAL OPERATIONAL AMPLIFIERS 

Military Temperature Range {-55°C to 125°C) 

11e V10 •10 AvD B1 SR Ice Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

150 5 30 50 1 0.3 0.6 +3 +32 General Purpose LM158 JG 71 

500 5 200 50 1 0.6 2.8 ±2 ±22 General Purpose MC1558 JG,U 85 

500 5 200 50 3 1.5 2.8 ±22 High Performance RM4558 JG 103 

100 5 40 4 0.5 0.5 0.1 ±2 ±22 Low Power TL022M JG,U 109 

0.2 6 0.1 4 1 3.5 0.2 ±1.5 ±18 BIFET, Low Power TL062M JG,U 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/.jHZ'Typ TL072M JG 131 

0.2 6 0.1 50 3 13 2.8 ±3,5 ±18 BIFET, General Purpose TL082M JG 139 
0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL083M J 139 

500 5 50 50 1 0.6 4 +3 +36 General Purpose TL322M JG 153 

500 5 200 50 1 0.5 2.8 ±2 ±22 General Purpose uA747M J,W 177 

Automotive Temperature Range {-40°C to 85°C) 

l 500 l 10 l 50 l 100 l 1 l 0.3 l 0.6 l ±3 ±26 General Purpose LM2904 JG, P, U 83 

Industrial Temperature Range {-25°C to 85°C) 

150 5 30 50 1 0.3 0.6 +3 +32 General Purpose, LM258 JG, P, U 71 

500 8 75 20 1 0.6 4 +3 +36 General Purpose TL3221 JG,P 153 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL0621 JG,P 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL0721 JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL0821 JG,P 139 

0.2 6 0.1 50 3 13 2.8 ±3,5 ±18 BIFET, General'Purpose TL0831 J, N 139 

0.4 0.5 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, Low Offset TL2871 JG,P 147 

0.4 3 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL2881 JG,P 147 

14 TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



FUNCTIONAL INDEX 

DUAL OPERATIONAL AMPLIFIERS 

Commercial Temperature Range (0°C to 70°C) 

l1B V10 •10 AvD B1 SR •cc Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

250 7 50 25 1 0.3 0.6 +3 +32 General Purpose LM358 JG,P 71 

500 6 200 20 1 0.6 2.8 ±2 ±18 General Purpose MC1458 JG,P 85 

800 4 150 25 10 9 8 ±22 Low Noise 

Vn = 5 nV/.,/HZTyp NE5532 JG,P 93 

800 4 150 25 10 9 8 ±22 Low Noise 

Vn = 5 nV/.,/HZTyp NE5532A JG,P 93 • 1500 4 300 25 10 13 8 ±22 Low Noise 

Vn = 4 nV/.,/HZTyp NE5533 J, N 97 

1500 4 300 25 10 13 8 ±22 Low Noise 

Vn = 3.5 nV/.,/HZTyp NE5533A J, N 97 

500 6 200 20 3 1 2.8 ±18 High Performance RC4558 JG,P 103 

250 5 80 1 0.5 0.5 0.125 ±2 ±18 Low Power TL022C JG,P 109 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL062AC JG,P 115 

0.2 3 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL062BC JG,P 115 

0.4 15 0.2 3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL062C JG,P 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/y'HZ"Typ TL072AC JG, p 131 

0.2 3 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/y'HZ"Typ TL072BC JG,P 131 

0.2 10 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/.,/HZTyp TL072C JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL082AC JG,P 139 

0.2 3 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL082BC JG,P 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL082C JG,P 139 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL083AC J, N 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL083C J, N 139 

0.4 0.5 0.1 25 3 13 2.8 ±4 ±18 BI F ET, Low Offset TL287C JG,P 147 

0.4 3 0.1 25 3 13 2.8 ±4 ±18 BIFET, General Purpose TL288C JG,P 147 

500 10 50 20 1 0.6 4 +3 +36 General Purpose TL322C JG,P 153 

500 6 200 25 1 0.5 2.8 ±2 ±18 General Purpose uA747C J, N 177 
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f UNCTIONAL INDEX 

QUADRUPLE OPERATIONAL AMPLIFIERS 

Military Temperature Range (-55°C to 125°C) 

l1B V10 110 AvD B1 SR Ice Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION 

MAX MAX MAX MIN TVP TVP MAX MIN MAX 

150 5 30 50 1 0.5 0.5 +3 +32 General Purpose 

500 5 200 50 3.5 1.5 2.8 ±4 ±22 High Performance 

100 5 40 4 0.5 0.5 0.1 ±2 ±22 Low Power 

0.2 9 0.1 4 1 3.5 0.2 ±1.5 ±18 BIFET, Low Power 

0.2 9 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/JHZTyp 

0.2 9 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose 

100 5 25 50 1 0.5 3.6 ±22 General Purpose 

100 2 2.5 0.5 12 +4.5 +36 General Purpose 

500 5 50 50 1 0.6 4 +3 +36 General Purpose 

Automotive Temperature Range (-40°C to 85°C) 

200 

500 

500 

10 

8 

50 

75 

1 .2 2 .5 0 .5 1 0 

100 

20 

5 

1 

1 5 

0.6 7 

+4.5 +32 General Purpose 

+3 

+3 

+26 General Purpose 

+36 General Purpose 

Industrial Temperature Range (-25°C to 85°C) 

250 7 50 25 1 0.5 3 +3 +32 General Purpose, 

200 6 50 25 1 0.5 4.5 ±18 General Purpose 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BI F ET, General Purpose 
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DEVICE 

LM124 

RM4136 

TL044M 

TL064M 

TL074M 

TL084M 

LM148 
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TL0641 
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PACKAGES 

J, u 
J, u 
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J, w 
J,W 

J 

J 

J 
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J, N 

J, N 

J, N 
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J, N 

J, N 
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FUNCTIONAL INDEX 

QUADRUPLE OPERATIONAL AMPLIFIERS 

Commercial Temperature Range (0° C to 70° C) 

118 V10 •10 AvD 81 SR Ice Vee 

nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

250 7 50 25 1 0.5 0.5 +3 +32 General Purpose LM324 J, N 65 

200 6 50 25 1 0.5 4.5 ±18 General Purpose LM348 J, N 67 

200 1.2 2.5 0.5 10 +4.5 +32 General Purpose LM3900 J, N 77 

500 10 50 20 1 0.6 7 +3 +36 General Purpose MC3403 J, N 89 

500 6 200 20 3 1 2.8 ±4 ±18 High Performance RC4136 J, N 101 .. 
250 5 80 1 0.5 0.5 0.125 ±2 ±18 Low Power TL044C J, N 112 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL064AC J, N 115 

0.2 3 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL064BC J, N 115 

0.4 15 0.2 3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL064C J, N 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/$zTyp TL074AC J, N 131 

0.2 3 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

V n = 18 nV /y'HZTyp TL074BC J, N 131 

0.2 10 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/$zTyp TL074C J, N 131 

0.2 10 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/$zTyp TL075C N 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BI F ET, General Purpose TL084AC J, N 139 

0.2 3 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL084BC J, N 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL084C J, N 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL085C N 139 
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FUNCTIONAL INDEX 

VOLTAGE COMPARATORS 

Military Temperature Range\(-55°C to 125°C) 

•1s V10 •10 IOL 
RESPONSE TIME 

µA mV µA Avo mA POWER SUPPLIES DEVICE PACKAGE PAGE 

MAX MAX MAX 
ns 

MIN 

45 3 7 40,000 TYP 16 40MAX 12 V, -3 V to - 12 V LM106 J,JG,W 195 

0.15 4 0.02 200,000 TYP 8 140 TYP 15V,-15V LM111 J, JG 201 

0.05 4 0.02 200,000 TYP 8 210 TYP 15V,-15V TL111 J, JG, N, P 219 

Single 0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL331M JG 223 

25 3 7 10,000 MIN 0.5 80MAX 12 V,-6 V TL510M J, JG, U 233 

150 6 20 500 MIN 1.6 40TYP 12 v. -6 v TL710M J,JG, U 239 

25 3 7 10,000 MIN 0.5 80MAX 12 V,-6 V TL810M J, JG, U 245 

20 2 3 1250 MIN 2 40TYP 12 V,-6 V uA710M J,JG, U 259 

0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V LM193t JG,U 211 

45 3 7 40,000 TYP 16 40MAX 12 V, -3 V to -12 V TL506M J,W 227 
Dual 

25 3 7 10,000 MIN 0.5 80MAX 12 V,-6 V TL514M J,W 237 

25 3 7 10,000 MIN 0.5 80MAX 12 V, -6 V TL820M J 255 

Dual· 30 6 5 8,000 MIN 0.5 80 MAX 12 V, -6 V TL811M J, u 249 

Channel 150 6 20 500 MIN 0.5 80MAX 12 V, -6 V uA711M J, u 263 

Quad 0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V LM139f J,W 209 

Hex 0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL336Mt J 225 

Automotive Temperature Range (-40°C to 85°C) 

Dual 0.25 7 0.05 100,000TYP 6 1300 TYP 2 V to 36 V LM2903t JG,P 215 

0.25 7 0.05 100,000 TYP 6 1300 TYP 2 V to 36 V LM2901t J, N 213 
Quad 

LM3302t J, N 0.5 20 0.1 30,000 TYP 6 1300 TYP 2 V to 28 V 217 

tcapable of operating with a single 5-volt supply. 
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FUNCTIONAL INDEX 

VOLTAGE COMPARATORS 

Industrial Temperature Range (-25°C to 85°C) 

118 V10 llQ loL 
RESPONSE TIME 

µA mV µA AvD mA POWER SUPPLIES DEVICE PACKAGE PAGE 

MAX MAX MAX 
ns 

MIN 

45 3 7 40,000 TYP 16 40MAX 12 V, -3 V to -12 V LM206 J, JG, N, P 195 

0.15 4 0.2 200,000 TYP 8 140TYP 15V,-15V LM211t J, JG, p 201 
Single 

0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL3111t JG,P 223 

0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL3311t JG,P 223 

Dual 0.25 5 0.005 200,000 TYP 6 1300 TYP 2 V to 36 V LM293t JG,P 211 

Quad 0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to 36 V LM239t J, N 209 • Hex 0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL3361t J, N 225 

Commercial Temperature Range (0°C to 70°C) 

40 6.5 7.5 40,000TYP 16 28TYP 12 V, -3 V to -12 V LM306 J, JG, N, P 195 

0.3 10 0.07 200,000 TYP 8 165 TYP 15V,-15V LM311t J, JG, N, P 201 

0.01 13 0.004 200,000 TYP 8 210 TYP 15V,-15V TL311t N,P 219 

0.01 10 0.004 200,000 TYP 8 210TYP 15V,-15V TL311A t N,P 219 
Single 0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to36 V TL331Ct JG,P 223 

30 4.5 7.5 8000 MIN 0.5 80MAX 12 v, -6 v TL510C J, JG, N, P 233 

150 10 25 500 MIN 40MAX 12 V, -6 V TL710C J, JG, N, P 239 

30 4.5 7.5 8000 MIN 0.5 80MAX 12 V, -6 V TL810C J, JG, N, P 245 

25 5 5 1000 MIN 1.6 40TYP 12V,-6V uA710C J,JG,N,P 259 

0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to 36 V LM393t JG,P 211 

40 6.5 7.5 40,000 TYP 16 28TYP 12 V, -3 V to -12 V TL506C J, N 227 
Dual 

30 4.5 7.5 8000 MIN 0.5 80 MAX 12 V,-6 V TL514C J, N 237 

30 4.5 7.5 8000 MIN 0.5 80MAX 12V,-6V TL820C J, N 255 

Dual 50 10 10 5000 MIN 0.5 33 TYP 12 V, -6 V TL810C J,JG,N,P 245 

Channel 150 10 25 500 MIN 0.5 40TYP 12 v, -6 v uA711C J, N 263 

Quad 0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to 36 V LM339t J, N 209 

Hex 0.25 5 0.05 200,000 TYP 6 1300TYP 2 V to 36 V TL336Ct N 225 

tcapable of operating with a single 5-volt supply. 
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FUNCTIONAL INDEX 

Timers 
SE555 

NE555 

SE556 

NE556 

uA2240 

Amplifiers 
MC1445 

TL441 

uA733 

SPECIAL FUNCTIONS 

General-purpose timers adjustable from 1 microsecond to 1 second 

Commercial-temperature version of SE555 

Dual version of SE555 ...•..•.•.. 

Commercial-temperature version of SE556 

Programmable timer and 8-bit counter specially designed for delays greater than 1 second 

2-channel-multiplexed video amplifier 

Logarithmic amplifier with BO-dB input range 

Differential video amplifier with 200-MHz bandwidth 

Voltage-Level Detectors 
TL480 

TL481 

TL487 

TL489 

TL490 

TL491 

10-level logarithmic converter in the J or N package 

10-level logarithmic converter in the J or N package 

5-level linear converter in the P or JG package 

5-level logarithmic converter in the P or JG package 

10-level linear converter in the J or N package 

10-level linear converter in the J or N package 

Analog-to-Digital Converter Components 
ADCOBOB: 

ADC0809: 

ADC0816: 

ADC0817: 

TL500 

TL501 

TL502 

TL503 

TL505 

TL507 

Successive-approximation converter 

Successive-approximation converter 

Successive-approximation converter 

Successive-approximation converter with 8-bit resolution 

Dual-slope-converter analog processor with 14-bit resolution 

Dual-slope-converter analog processor with 13-bit resolution 

Dual-slope-converter digital processor with 4Y.-digit capability, seven-segment-display outputs 

Dual-slope-converter digital processor with 4Y.-digit capability, BCD outputs 

Dual-slope-converter analog processor with 10-bit resolution 

Pulse-width modulator with 7-bit resolution 

Zero-Crossing Detector 
TL440 

Doubly-Balanced Mixer 
TL442 

Precision Level Detector 
TL560 

Overvoltage Sensing Circuits 
MC3423 

MC3523 

3-Channel Stepper-Motor Controller 
TL376 
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SPECIAL FUNCTIONS 

Analog Switches With 30-mA Capability (Bi-MOS) 

Zsw ANALOG 

DEVICE FUNCTION (TYP) RANGE 

TL182 Twin SPST 100.n ±10 v 
TL185 Twin DPST 150.n ±10 v 
TL188 Dual Complementary SPST 100.n ±10 v 
TL191 Twin Dual Complementary 150.n ±10 v 

SPST 

Analog Switches With 10-mA Capability (P-MOS) 

Zsw ANALOG 

DEVICE FUNCTION (TYP) RANGE 

TL601 SPOT 2000 ±10 v 
TL604 Complementary SPST 2oon ±10 v 
TL607 SPOT 200.n ±10 v 
TL610 SPST 100.n ±10 v 

Hall-Effect Devices 

DEVICE DESCRIPTION ON OFF 

TL170 General purpose switch >+350 G <-350 G 

TL172 Normally-off switch >+600 G <+100 G 

TL175 Latch >+350 G <-350 G 

TL176 Normally-off switch >+500 G <+100 G 

(Automotive Temp. Range) 

TL173 Linear sensor 1.5 mV/G Sensitivity 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

FUNCTIONAL INDEX 

SUPPLIES PAGE 

±15,+5 303 

±15, +5 306 

±15, +5 309 

±15, +5 312 .. 
SUPPLIES PAGE 

+10, -20 387 

+10, -20 387 

+10, -20 387 

+10, -20 387 

HYSTERESIS PAGE 

200G 293 

230 G 295 

400 G 299 

75 G 301 

297 
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INTERCHANGEABILITY GUIDE 

(ALPHABETICALLY BY MANUFACTURERS) 

Direct replacements were based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should 
compare the specifications of the substitute device with the specifications of the original. 

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No 
liability is assumed for damages resulting from the use of the information contained in this list. 

EXAMPLE OF ORDER CODE: 
xxx 

I Device Type I 

FAIRCHILD ORDER INFORMATION 

D 

Package Typej 

I 
D = C-DIP 
F =FLAT PACK 
P =PLASTIC DIP 
T =MINI DIP 
H =METAL CAN 

c 
Temperature Range 

C =Commercial/Industrial Consumer 
0°C to 70°C or 75°C 

FAIRCHILD Tl DIRECT Tl CLOSEST FAIRCHILD 

M =Military 
-55°C to 125°C 

Tl DIRECT Tl CLOSEST 

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

µA101A LM101A µA710 uA710 

µA107 LM107 µA711 uA711 

µA111 LM111 µA733 uA733 

µA139 LM139 µA734 LM111 
µA201A LM201A µA741 uA741 

µA207 LM207 µA742 TL440 
µA301A LM301A µA747 uA747 
µA304 LM304 µA74B uA74B 
µA307 LM307 µA776 uA777 
µA311 LM311 µA777 uA777 
µA555 SE555 µA2240C uA2240C 
µA556C NE556 µA3302C LM3302 
µA556M SE556 µA3403 MC3403 
µA702 uA702 µA4136C RC4136 
µA709 uA709 µA4136M RM4136 
µA709A uA709A 



MOTOROLA ORDER INFORMATION 

EXAMPLE OF ORDER CODE: 

MC xxx 

Type Number 

Different Numbers 
Are Used For Variations 
In Operating Temperatures 

MOTOROLA Tl DIRECT Tl CLOSEST MOTOROLA 

REPLACEMENT REPLACEMENT 

MLM101A LM101A MC1545 

MLM107 LM107 MC1539 

MLM111 LM111 MC1555 

MLM201A LM201A MC1558 

MLM207 LM207 MC1709 

MLM211 LM211 MC1710 

MLM301A LM301A MC1711 

MLM307 LM307 MC1712 

MLM311 LM311 MC1733 

MC1414 TL514 MC1741 

MC1420 uA733 MC1747 

MC1430 uA702 MC1748 

MC1431 uA702 MC3302 

MC1433 LM301A MC3302P 

MC1439 LM301A MC3303 

MC1445 MC1445 MC3403 

MC1455 NE555 MC3423 

MC1458 MC1458 MC3503 

MC1514 TL442 MC3523 

MC1530 uA702 MC4558 

MC1531 uA702 MC4558C 

MC1533 LM101A 

p 

Package 

F = Flat Package 
G =Metal Can 
L = C-DIP 
P =Plastic 

Tl DIRECT 

REPLACEMENT 

MC1545 

SE555 

MC1558 

uA709 

uA710 

uA711 

uA702 

uA733 

uA741 

uA747 

uA748 

LM3302 

LM339 

MC3303 

MC3403 

MC3423 

MC3503 

MC3523 

RM4558 

RC4558 

.. 
Tl CLOSEST 

REPLACEMENT 

LM101A 
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EXAMPLE OF ORDER CODE: 

LM 

LM, LH = Linear 
DM = Line Ckts 

NATIONAL Tl DIRECT 

REPLACEMENT 

ADC0808 ADC0808 

ADC0809 ADC0809 

ADC0816 ADC0816 

ADC0817 ADC0817 

DS5534 NE5534 

LM101A LM101A 

LM102 LM102 

LM106 LM106 

LM107 LM107 

LM110 LM110 

LM111 LM111 

LM112 LM112 

LM118 

LM124 LM124 

LM139 LM139 

LM148 LM148 

LM158 LM158 

LM193 LM193 

LM201A LM201A 

LM206 LM206 

LM207 LM207 

LM211 LM211 

LM218 LM218 

LM224 LM224 

LM239 LM239 

LM248 LM248 

LM258 LM258 

LM293 LM293 

LM301A LM301A 

LM306 LM306 

LM307 LM307 

LM311 LM311 

LM318 LM318 

LM324 LM324 

LM339 LM339 

24 

NATIONAL ORDER INFORMATION 

Temperature Range 
1 or 7 = 55°C to 125°C 
3 or 8 = 0°C to 70°C or 75°C 

Tl CLOSEST 

REPLACEMENT 

LM218 

xx xx N 

I Type Number I Package 

NATIONAL 

LM348 

LM358 

LM393 

LM555C 

LM555M 

LM556 

LM556C 

LM709 

LM709A 

LM709C 

LM710 

LM710C 

LM711 

LM711C 

LM733 

LM733C 

LM741 

LM741C 

LM747 

LM747C 

LM748 

LM748C 

LM1414N 

LM1458 

LM1514 

LM1558 

LM1900 

LM2900 

LM2901 

LM2902 

LM2903 

LM2904 

LM3302 

LM3900 

LM3905 

D = C-DIP 
N = Plastic DIP 
F = Flat Pack 
H =Metal Can 
N =Mini-DIP 

Tl DIRECT Tl CLOSEST 

REPLACEMENT REPLACEMENT 

LM348 

LM358 

LM393 

NE555 

SE555 

SE556 

NE556 

uA709 

uA709A 

uA709C 

uA710 

uA710C 

uA711 

uA711C 

uA733 

uA733C 

uA741 

uA741C 

uA747 

uA747C 

uA748 

uA748C 

TL514C 

MC1558 

TL514M 

MC1558 

LM1900 

LM2900 

LM2901 

LM2902 

LM2903 

LM2904 

LM3302 

LM3900 

NE555 



RAYTHEON ORDER INFORMATION 

EXAMPLE OF ORDER CODE: 

R M xxx L 

I Prefix I Temperature Range I Type Number I Package 

M =Military DC= C-DIP 

C =Consumer DP, ND =Plastic DIP 
0, J = Flat Pack 
TO = Metal Can • RAYTHEON Tl DIRECT Tl CLOSEST RAYTHEON Tl DIRECT Tl CLOSEST 

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

LM101A LM101A RC556 NE556 

LM106 LM106 RC702 uA702C 

LM107 LM107 RC709 uA709C 

LM111 LM111 RC710 uA710C 

LM118 LM218 RC711 uA711C 

LM124 LM124 RC733 uA733C 

LM139 LM139 RC741 uA741C 

LM158 LM158 RC747 uA747C 

LM201A LM201A RC748 uA748C 

LM206 LM206 RC1458 MC1458 

LM207 LM207 RC3302 LM3302 

LM211 LM211 RC3403 MC3403 

LM218 LM218 RC4136 RC4136 

LM224 LM224 RC4558 RC4558 

LM239 LM239 RM555 SE555 

LM258 LM258 RM556 SE556 

LM301A LM301A RM702 uA702M 

LM306 LM306 RM709 uA709M 

LM307 LM307 RM710 uA710M 

LM311 LM311 RM711 uA711M 

LM318 LM318 RM733 uA733M 

LM324 LM324 RM741 uA741M 

LM339 LM339 RM747 uA747M 

LM358 LM358 RM748 uA748M 

LM1900 LM1900 RM1514 TL514M 

LM2900 LM2900 RM1558 MC1558 

LM3900 LM3900 RM4136 RM4136 

RC555 NE555 RM4558 RM4558 
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SIGNETICS ORDER INFORMATION 

EXAMPLE OF ORDER CODE: 

SIGNETICS 

LM101A 

LM107 

LM111 

LM124 

LM139 

LM201A 

LM207 

LM211 

LM224 

LM239 

LM301A 

LM307 

LM311 

LM324 

LM339 

MC3302 

NE532 

NE555 

NE556 

NE5532 

NE5532A 

NE 

Temperature Range 

NE= 0°C to 70°C or 75°C 
SE= -55°C to 125°C 

Tl DIRECT Tl CLOSEST 

xx xx 

I Type Number I 

REPLACEMENT REPLACEMENT 

LM101A 

LM107 

LM111 

LM124 

LM139 

LM201A 

LM207 

LM211 

LM224 

LM239 

LM301A 

LM307 

LM311 

LM324 

LM339 

LM3302 

LM358 

NE555 

NE556 

NE5532 

NE5532A 

SIGNETICS 

NE5533 

NE5533A 

NE5534 

NE5534A 

SE532 

SE555 

SE556 

SE5534 

SE5534A 

SE5733 

uA709 

uA709A 

uA710 

uA710C 

uA711 

uA711C 

uA741 

uA741C 

uA747C 

uA748 

uA748C 

B 

Package 

F, 1 = C-DIP 
A, B, N, V =Plastic DIP 
0, W = Flat Pack 

Tl DIRECT 

REPLACEMENT 

NE5533 

NE5533A 

NE5534 

NE5534A 

LM158 

SE555 

SE556 

SE5534 

SE5534A 

uA733M 

uA709 

uA709A 

uA710M 

uA710C 

uA711M 

uA711C 

uA741M 

uA741C 

uA747C 

uA748M 

uA748C 

Tl CLOSEST 

REPLACEMENT 



Thermal Information 
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THERMAL INFORMATION 

THERMAL CONSIDERATIONS 

The power dissipation capability of semiconductor devices is limited by the maximum allowable virtual junction 
temp!lrature, the ambient temperature, and the thermal resistance between the virtual junction and the a·mbient 

environment. 

The temperature differance between the junction and the ambient environment is 

where T J = virtual junction temperature, °C 
TA= ambient temperature, °C 
Po= power dissipated in the device, W 
Rl]JA =thermal resistance, junction to ambient, ° C/W 

Solving for T J, 

T J =TA+ Po RIJJA 

(1) 

(2) 

The rating curves that follow assume the ambient environment is still air, that no heat sink is used, and that the 

junction temperature should not exceed 150°C. 

RIJJA may be reduced by the use of a heat sink. 

Rl]JA = Rl]JC + RecA (3) 

where Rl]JC =thermal resistance, junction to case, and RecA =thermal resistance, case to ambient. RecA is a function 
of the heat sink, mounting technique, and air velocity. 

Substituting equation (3) into equation (1) and solving for Po, 
(4) 

Po= 
ReJC + RecA 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



THERMAL INFORMATION 

THERMAL RESISTANCE 

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT 

PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE 

RoJC (°C/W) RoJA (°C/W) 

J ceramic dual-in-line 

(glass-mounted chips) 
14 thru 20 60 122 

J ceramic dual-in-line t 

(alloy-mounted chips) 
14 thru 20 29t 91t 

JG ceramic dual-in-line 

(glass-mounted chips) 
8 58 151 

JG ceramic dual-in-line t 
25t 119t 

(alloy-mounted chips) 
8 

LP plastic plug-in 3 35 160 

14 thru 20 44 108 
N plastic dual-in-line 

40 36 76 

NE plastic dual-in-line 14 10 60 

NG plastic dual-in-line 14 12.5 60 

P plastic dual-in-line 8 45 125 

U ceramic flat 10, 14 55 185 

W ceramic flat 14, 16 60 126 

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. 

J PACKAGES JG LP 

PACKAGE PACKAGE 

• r 
14-PIN 16-PIN 20-PIN 

NE 

PACKAGE 

\'fr?: 
14-PIN 16-PIN 18-PIN 20-PIN 40-PIN 

NG p U PACl<AGES WPACKAGES 

PACKAGE P. ~ ~ • ' 

~ 10-PIN 14-PIN 14-PIN 16-PIN 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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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 

PLASTIC 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. 

:s: 
E 
C: 
0 

·;:; 
C'C 

·~ 
Q 

"' ::::l 
0 
::::l 

.g 
c: 
0 

(.) 

E 
::::l 
E ·x 
C'C 

::;;: 

DISSIPATION DERATING CURVE 
2100 

2000 ~ 
~ 1900 

' ""' 1800 

1700 

1600 ~ 

1500 

1400 

1300 

1200 

1100 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 
25 

~~ 
~ 

30 35 

'""' ~ NE AND NG 

' "'" ......_ 

~ 
"" ~ N (40 Pins) "' ~ ........ '~ """ ~ ' ""' ~ "'"' ""-......... 

""" 
......_ 

~ 
N ~ 

~ 

40 45 50 55 60 65 70 75 80 85 

TA-Free-Air Temperature-°C 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

31 



32 

THERMAL INFORMATION 

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. 

DISSIPATION DERATING CURVE 

1400 

1300 

1200 

1100 

1000 

900 

3:: 
E 
I 
c 800 0 

·;:; 
Ctl 
a. 
·~ 

0 700 
"' :::i 
0 
:::i 
c 
·~ 600 
0 u 
E 
:::i 500 E 
x 
Ctl 

~ 

400 

300 

200 

~ ii... 
~ 
~~ 

' ~ ~J (Alloy-Mounted Chip) t 

J l l l 

~~ " ~ J I _I 

L t-JG (Alloy-Mounted Chip)t 

....... 

~ ""' ~ ~ ~ L ~ 
N ~ I ~ 

~ 
~ ~ ~ ~ 

N ~ 

~ "' ~~ ~ ~ ~ ....... 

~ 
~ ~ ~ 

~ N ~ ~ 
JG (Glass-Mounted Chip)_) "" N ~ ~ ~ ~ ~ ~ ~ v " ~ ~ ' 

r\ 
J (Glass-Mounted Chip)~ ""' ~ ~ 

N 
~ 
~ 
~ N 

~ ~ ~ 
N ..... 

' 
~ 

~ ~ ~ 
N 

100 

0 
25 50 75 100 125 

TA-Free-Air Temperature-° C 

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 

"18838" have alloy-mounted chips. 
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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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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 
drawing shown in this section. 

Factory orders for circuits described should include a four-part type number as explained in the following example. 

EXAMPLE: TL 

~--~~~~~~~~~~~~~~~~~~~__/ 
MUST CONTAIN TWO OR THREE LETTERS 

TL 
SN 
SNM 
JM38510 

Tl Linear Control Products 
Tl Interface Products 
Mach IV, Level 1 
JAN Product t 

STANDARD SECOND-SOURCE PREFIXES 
LF or LM 
NE or SE 
RM or RC 

National 
Signetics 
Raytheon 

MC 
uA 

Motorola 
Fairchild 

2. Unique Circuit Designator Including Temperature Range 

MUST CONTAIN THREE TO SEVEN CHARACTERS 

(From Individual Data Sheets) 

Examples: 022M 
101A 
107 

1414 
75450B 
78L05AC 

MUST CONTAIN ONE OR TWO LETTERS 

J, JG, LP, N, NE, NG, P, U, or W 
(From Pin-Connection Diagram on Individual Data Sheet) 

4. MIL-STD-8838, Method 5004, Class B --------1 
NOT USED WITH PART NUMBERS HAVING AN SN PREFIX 

022M JG /883B 

Circuits are shipped in one of the carriers shown below. Unless a specific method of shipment is specified by the 
customer (with possible additional costs), circuits will be shipped in the most practical carrier. 

Dual-In-Line (J, JG, N, NE, NG, P) 

-Slide Magazines 
-A-Channel Plastic Tubing 
-Barnes Carrier 
-Sectioned Cardboard Box 
-Individual Plastic Box 

Plug-In (LP) 

-Barnes Carrier 
-Sectioned Cardboard Box 
-Individual Cardboard Box 

t For ordering Instruction on JAN Products, see Section 8, page 409. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

Flat (U, W) 

-Barnes Carrier 
-Milton Ross Carrier 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 

J ceramic dual-in-line package 

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-, 16-, or 20-lead frame. 
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 0.300 
(7,62) centers (see Note a). Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing 
when used in soldered assembly. 

14-PIN J CERAMIC 

,,,.,,~·~·f:::::: I 
__ --j ___ 0.310(7,88) \I \I t;/ t;/ t;/ t;/ \I 

1 
___ o++-- 0.280 t1~i~~o <7'

361 0 0 0 © 0 © 0 
0.245 (6,22) 

-1 0.020 (0,51) MIN 0.070 (1,78) MAX 14 PLACES 
0.050 
(1,27) NOM 

14PLACES ffi 0.200 (5,08) 
MAX 

• - SEATING PLANE s 
14 PLACES~~ ~ -..j L-_ 0.023 (0,584) 14 PLACES 

0.014 10.3561 0.130 (3,301 I o.o15 I0,3811 
0.008 (0,203) MIN 0.100 2,54) 
14 PLACES 0.070 (1,77) PIN SPACING 0.100 (2,54) T.P. 

4 PLACES (See Note b) 

Falls within JEDEC T0-116 and M0-001AA Dimensions 

16-PIN J CERAMIC 

NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 

b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

<t.g<t. ~~!~g:~:: 
0 300 (7,62) 
0 245 (6,22) 

0.050 (1,27) NOM 

20-PIN J CERAMIC 

0.930 (23,6) • r.1----- 0.975 (24,8) ___ __,.,, 

''"""'"""{ ~ :: : :: ::j 
0.200 (5,08) 

000©©©0©©® 
0.020 (0,51) 

MIN 
0.070 (1,78) MAX 20 PLACES 

• MAX 

--SEATING PLANE-~--....----,.-1 r' 

GLASS 
SEALANT 

20 PLACES 
MIN 

0 130 (3,30) f + ~ I ll-li-+t-+1--H+--~·~~oL~C7E6~ MIN 

\'\--0.014 (0,356) • ~ u 
_.I 0.008 (0,203) I 0.012 (0,304) MIN 

20 PLACES 4 PLACES 

JG ceramic dual-in-line package 

PIN SPACING 0.100 (2,54) T. P. 
(See Note bl 

j ~:~~~ :~.;:~~ 20 PLACES 

~:~~~ :~:;~: 4 PLACES 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. Hermetic sealing 
is accomplished with glass. The package is intended for insertion in mounting-hole rows on 0.300 (7,62) centers (see 
Note a). Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the board 
during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or processing when used in soldered 
assembly. 

8-PIN JG CERAMIC 

~:~:~ ,,,,,,.,.,.,.0 
<t.~<t. ~:~:~:::~~: 0®0© 

0.245 (6,22) 

0.050 (l,27) NOM ~.070 (1,78) MAX 8 PLACES 

ffi 
l GLASS 

0.2~0~~,08) -1. SEALANT 

• SEATING PLANE I~ "I 
.020(0,51)I 1-- 0.030 (0,76) MIN 

MIN 8 PLACES 
8 PLACES ..,\....- O.Ol

4 
(0,356) I Wj [__J L-_ 0.023 (0,584) 

0.008 (0,203) '-O.l30 13•30> II o 01510 381) 
8 PLACES MIN 8 PLACES 

0.065 (1,65) 
0.015 (0,38) 
4 PLACES 

PIN SPACING 
0.100 (2,54) T.P. 

(See Note bl 

NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 

b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 

TEXAS INSTRUMENTS 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 

LP Silect+ plastic package 

The Silect+ package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperature without deformation. The package exhibits stable performance characteristics under 
high-humidity conditions and is capable of meeting MI L-STD-202C, Method 1068 requirements. 

SEATING PLANE~ 0.165(4,19) 

-1 r 0.050 (1.27) __, F 0 125 (3 17) 

f 'E J (seeNoteb) ~:~~:~:~~:~- ~:~~~:~~~~: 
0

·
205 !5•

21
1 0.135 (343) - : 

0.175 (4,44) DIA. MIN• - : - -$- -
t ~ -

0.210 (5,34) t----1.- _j ~i~~: ~-~15 
0.170 (4,32) 

0.500 (12,7) MIN 0.050 ± 0.005 

(l,27 ± O,l 3) ~.~~:~~.005, -0.001 WIDE 

0.015 ± 0.001 THICK 
(0,43+0,13, -0.03 WIDE 
0,38 ± 0,03 THICK) 

Falls Within JEDEC T0-226AA Dimensions 
(T0-226AA Replaces T0·92) 

+Trade Mark of Texas Instruments Incorporated. 

(see Note c) 

NOTES: a. Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 

b. Lead dimensions are not controlled in this area. 

c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to ±0.001 (0,03). 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 

N, NE, and NG plastic dual-in-line packages 

These dual-in-line packages consist of a circuit mounted on a 14-, 16-, 18-, 20-, or 40-lead frame and encapsulated 
within an electrically nonconductive plastic compound. The compound will withstand sddering 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 0.300 (7,62) centers (see Note a). Once the leads 

are compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. Tin
plated (bright-dipped) leads require no additional cleaning or processing when used in soldered assembly. The NE 
package is available only in a 14-pin version and has internal metal tabs connecting the center three leads on each 
side for better heat dissipation. The NG package is available in either 14- or 16-pin versions and is intrinsically similar 

to the N package but provides better heat dissipation. 

14-PIN N, NE, AND NG PLASTIC 

~~~ 
ft.fill. ,,00.,,,, ,~:,~:.,;:~=~ ®:: :=:

0

:~ 
0

:~ I 
(7,62± 0,26) ~ Q ~ 
~-;,;~:~ .. ~~~ 0000000 

--I 0 080 (2,03) NOM I . _i_ _, r-0.010 (1,78) MAX 14 PLACES 

'°010(0,25)NOM
0 

' 0.020J~N511~n 
200 (5,08) MAX _j__ 

- SEATING PLANE -----L-~~-

--l ~4o:c1~·:~) MIN 

14 PLACES J \,.-- 0.011 ± 0 003 

(0,279 t 0,076) 0.125 (3,17) MIN I ~ -I f4- 0 018 ± 0.003 

14 PLACES O.Q75 ± O 020 !.-- (0;:5;L:~~~6) 
(1,90 ± 0,51) 

4 PLACES PIN SPACING 0.100 (2,54) T.P. 

(See Note b) 

Falls Within JED EC T0-116 and EIA MO·OOlAA Dimensions 

16-PIN N AND NG PLASTIC 

~0.870(22,l)MAX~ 

~::.::.'.. ·~~·:~:.di\V vv::: I 
(6,35 :t 0,26) {,\ r;;•\('7;\ 17\17\ (';:\f'":;\ (';;\ 

-l 0.080 (2,031 NOM 1.2.J 0 0 \V\V ~01..!J I _j_ -1 i- 0 070 11.78) MAX 16 PLACES 

001010,25)NOM 020015,!IMA:yl~I 
-SEATING PLANE--L--r-......--

0033 (0,83) MIN 

16PLACES_.....\\.- 0011t0003 16PLACES 

(027910,076) 0.125(3,t7)MIN L ~ +If.. 0018±0003 
16PLACES (0,457±0,076) 

0095(2411 16PLACES 

Package configuration of 

16-pinNpeckage(wie 

altarnative1ideviews) is 

attheoptionofTI. 

0015 (0,38) PIN SPACING 0.100 (2,54) T.P. 
4 PLACES (See Note b) 

ALTERNATE SIDE VIEW 

-.j 14-0.070 (1,78) MAX 16 PLACES 

t o.02~,~,511~n 
0.200 (5,08) MAX _i_ 

--l 0.033(0,83)MIN 
12PLACES 

o.t25l3,171MIN L~ --!l-o.ot8>0.003 
(0,457:1:0,076) 

0.095(2,41) 16PLACES 

O.D1S (O,JB) PIN SPACING 010012 54) T P 
4 PLACES (See Not~ bl ' .. 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

18-PIN N PLASTIC 

----M-0.300 t 0.010 
(7,62 t 0,26) 

0.080 (2,03) NOM --.! i.._ 0.070 (1 78) 
r-i=~::ll__i_ - I I 0.035 (0,76) MAX 18 PLACES 

--r:0010(0,25)NOM + 0.020(0,51)~0 
-SEATING PLANE 0.200 (5l,081 MAX _:r__J_ 

' .j !-- 0.035 (0,76) MIN 
- 18PLACES 

_j ~ 0.011t0.003 0.125 (3,17) MIN -L ~ --I le-- O.D1810.003 
-i r 10.219 t 0.016> 10.457 ± 0.016> 

18 PLACES 18 PLACES 

O.D75 (1,91) PIN SPACING 0.100 (2,54) T.P. 
0.009 (0,22) (See Note b) 
4 PLACES 

20-PIN N PLASTIC 

____ ,._ 0.300 t 0.010 

(7,62. 0,26) 

__j_ 0.080 (2,03) NOM --j j--0.070 (1,78) MAX 20 PLACES 

-.:M"IO"'"" ' 0.=!0.">~ 
-~"""'u"' •~ •r ·~ ..:t_J_ ' --! f---o 033 (0,83) MIN 

20PLACES 

0.155(3,94) - H--i -11-- 0.01810003 
0.125 (3,17) (0.45710,076) 

20 PLACES """ """ L "' ~~"'"·'oo r>.Mm. 

Package configuration of 
20-pin N package (see 
alternative sideviews) is 
at the option Ot Tl. 

0.009 (0,22) (See Note b) 
4PLACES 

0.200 IS.OB) MAX _i__ 

ALTERNATE SIOE VIEW 

_, i-- 0.070 (1,78) MAX 20 PLACES 

1 0.020(0.51) ~n 

-1---~-___J _, 0.033 (0,83) MIN 

16 PLACES 

0.155 (3 94) 
0.125 (3,171 

0.075 (1 91) 
0.009 (0,22) 
4 PLACES 

L I I -i 1---- ,~:~~~: ~:~~) Hi 20PLACES 

PIN SPACING 0.100 (2,54) T.P. 
(See Note bl 
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ORERING INSTRUCTIONS AND MECHANICAL DATA 

N plastic dual-in-line packages (continued) 

40-PIN N PLASTIC 

I' 2.090 (53,1) MAX 'I 

:::~~::::::::::::::::::1 
0 ® 

• NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 

b. Leads are within 0.005 (0, 127) radius of true position (TP) at maximum material condition. 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 

P plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on an B·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. The package is intended for insertion in mounting-hole rows 
on 0.300-inch (7 ,62) centers (see Note a). Once the leads are compressed and inserted, sufficient tension is provided 
to secure the package in the board during soldering. Tin-plated (bright-dipped) leads require no additional cleaning or 

processing when used in soldered assembly. 

8-PIN P PLASTIC 

'i.~0.300(7,821T.P. 
(Seo Nott bl 

r-0.250•0.010 

lrlB,36•0,0281 

\\ 0.011•0.003 
...l.F10.219•0.01a1 

I PLACES 

0000 

0.033(0,UIMIN 
SPLACES 

NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
b. Each pin is within 0.005 (0, 127) radius of true position (TP) at the gauge plane with maximum material condition and unit installed. 
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ORDERING INSTRUCTIONS AND MECHANICAL DATA 

U ceramic flat packages 

These flat packages consist of a ceramic base, ceramic cap, and 10- or 14- lead frame. Circuit bars are alloy-mounted. 
Hermetic sealing is accomplished with glass. Tin-plated (bright-dipped) leads require no additional cleaning or processing 

when used in soldered assembly. 

10-PIN U CERAMIC 

D.019 (0,4831 ~©PIN SPACING 
0.015(0,381; ... i ~0.050(1,27JT.P. 

10 LEr- (Sot Noto bl 

0.350 (B,1191 

~--- --------l~ ·- ·- ._ >- T 
0.300 (7,621 0.260 (6,351 

1.000 (25 41 
0.750 (19,01 

14-PIN U CERAMIC 

@@®@@0© PIN SPACING 
.J O.OOll(Olli3J14LEADS H- ( ITP --,~0111 0.050 1.27 .• 

1~ T IS.. Noto bl 

0.360(8891 

~--- _______ :l-- - -~ 
1.000(2541 0.300(7,12)~ I 

0.216 (8 731 

(SotN1~·· for'~ ... ~ .. I' 
~j!- :-~-----------s~~ l:~E:~llN: 0.050 (1.271 

0.350 (8 891 
0.200(5,081 

~= :~;~: ~ 0.250 (8-151 --1 ~.: :~:: 
000©© 

~1 O.o&O(l,27) 

0.060 (1,27) 
0.006(0,121 

~~~ .. ~~----~-r-1~.::;;:::~ ~ 
_]5,97) 

0.35018 891 

0.200I 

-11-- ~:~:: !~~: 14 LEADS 
000©©©0 

Falls Within JEDEC M0-004AE Dimensions Falls Within JED EC M0-004AA Dimensions 

NOTES: a. All dimensions are in inches and parenthetically in millimeters. Inch dimensions goven. 

b. Leads are within 0.005 (0, 127) radius of true position (TP) at maximum material condition. 

c. This dimension determines a zone within which all body and lead irregularities lie. 
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ORDEING INSTRUCTIONS AND MECHANICAL DATA 

W ceramic flat packages 

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap and a 14· or 

16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (bright-dipped) leads require no additional 
cleaning or processing when used in soldered assembly. 

::: ::.~re: .ii--
1• LEADS 

llAIE NID 
llATING 
PLAHI 

.2S!l..!Zml1 

0.06011.271 

0.04011021 
0.02010.111 r-

14-PIN W CERAMIC 

@@)@@®0© 
I..!- 0.060 (1,271 TY• 

12'LACES 
IS"Nottbl 

:::::.~~~~ 
HLEADS 

BASE AND 
SEATING •LANE 

16-PIN W CERAMIC 

@@@@®@@© 

T 
0.3501889) 

0.31]7,871 

--r- - -1-1 

0.30017.&2r: 
(SM Note cl IS. 

0.940123,11 0.28617 241 P' 

1-

I I 0.060(1.271T• 
~ 14'LACES 

CS.. Note bl 

I~ ~ :~::: ::.:~: 
II LEADS 

O.INIOl2UI r Noted) t\ 

o.2•r:_"=-"<:7"""<:7"".,,,.....,,...c:r<=>"""r::I. 

~J t- -- ---r -0.060 (1,271 r-
0.350 (l,89) 

''"[ -"·"' 
:::: :~.~~: I..... 1..._______ o.•oo po 1s1 ___jf- o:oiOTo:2ii I i--0_371 19_,21 ·------, 4 PLACES 

1--1 -

0©0©©©0© 

Falls Within JEDEC M0-004AA Dimensions Falls Within JED EC M0·004AG Dimensions 

NOTES: a. All dimensions are In Inches and parenthetically In millimeters. Inch dimensions govern. 

b. Leads are within 0.005 (0, 127) radius of true position (TP) at maximum material condition. 

c. This dimension determines a zone within which all body and lead irregularities lie. 

d. Index point is provided on cap for terminal Identification only 
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SELECTION GUIDE 

SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS 

Military Temperature Range (-55°C to 125°C) 

llB V10 110 AvD 81 SR Ice Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

75 2 10 50 1 0.5 3 ±5 ±22 High Performance LM101A J, JG, U, W 59 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL060M JG 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL070M JG 131 

0.2 6 1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL080M JG 139 

10,000 5 2,000 1.4 0.5 1.7 6.7 -7, +14 General Purpose TL702M J, u.w 157 

5,000 2 500 2.5 0.5 1.7 6.7 -7, +14 General Purpose uA702M J, JG, U, W 163 

200 2 50 25 1 0.3 3.6 ±18 General Purpose uA709AM J, JG, U 167 

500 5 200 25 1 0.3 5.5 ±18 General Purpose uA709M J, JG 167 

500 5 200 50 1 0.5 2.8 ±2 ±22 General Purpose uA748M J, JG, U, W 181 

Industrial Temperature Range (-25°C to 85°C) 

75 2 10 50 1 0.5 3 ±5 ±22 High Performance LM201A J, JG, N, P 59 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL0601 JG,P 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL0701 JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 Bl FET, General Purpose TL0801 JG,P 115 

Commercial Temperature Range (0°C to 70°C) 

250 7.5 50 25 1 0.5 3 ±5 ±18 High Performance LM301A J, JG, N, P 59 

0.4 15 0.2 ·3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL060C JG,P 115 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL060AC JG,P 115 

0.4 15 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL070C JG,P 131 

0.2 6 0.05 50 3 1-3 2.5 ±3.5 ±18 BIFET, Low Noise TL070AC JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL080AC JG, P 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL080C JG,P 139 

15,000 10 5,000 1 0.5 1.7 7 -7, +14 General Purpose TL702C J, JG, N 163 

1,500 7.5 500 12 1 0.3 5.5 ±18 General Purpose uA709C J, JG, N, P 167 

500 6 200 20 1 0.5 2.8 ±2 ±18 General Purpose uA748C J, JG, N, P 181 

100 5 20 25 1 0.5 3.3 ±5 ±22 High Performance uA777C J,JG,N,P 185 
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SELECTION GUIDE 

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS 

Military Temperature Range (-55°C to 125°C) 

119 V10 110 AvD 81 SR ice Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGE PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

75 2 10 50 1 0.5 3 ±2 ±22 High Performance LM107 J,JG,U,W 62 

800 2 200 50 10 13 6.5 ±3 ±22 Low Noise 

Vn = 4 nV/v'HzTyp SE5534 JG 105 

800 2 200 50 10 13 6.5 ±3 ±22 Low Noise 

Vn = 4.5 nV/y'HZMax SE5534A JG 
0.2 6 0.1 4 1 3.5 0.2 ±1.5 ±18 BIFET, Low Power TL061M JG,U 105 
0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/yTuTyp TL071M JG 131 
0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL081M JG 139 
0.2 2 0.1 50 3 13 2.8 ±4 ±18 BIFET, Low V10 TL088M JG;U 

150 5 30 50 1 0.5 1.0 +3 +32 General Purpose, TL321M JG 151 
500 5 200 50 1 0.5 2.8 ±2 ±22 General Purpose uA741M J, JG, U, W 173 

Industrial Temperature Range (-25°C to 85°C) • 75 2 10 50 1 0.5 3 ±2 ±22 High Performance LM207 N 62 

250 4 50 50 15 70 8 ±20 High Performance LM2181 JG,P 73 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL0611 JG,P 115 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL0661 JG,P 123 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise TL0711 JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL0811 JG,P 139 

0.4 0.5 0.1 50 3 13 2.8 ±4 ±18 BIFET, Low Offset TL0871 JG,P 147 

0.4 3 0.1 50 3 13 2.8 ±4 ±18 BIFET, Low Offset TL0881 JG, p 147 

150 5 30 50 1 0.5 1 +3 +32 General Purpose TL3211 JG,P 151 
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SELECTION GUIDE 

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS 

Commercial Temperature Range (0°C to 70°C) 

l1e V10 •10 AvD 81 SR •cc Vee 

nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

250 7.5 50 25 1 0.5 3 ±2 ±18 High Performance LM307 J, JG, N, P 62 

500 10 200 25 15 70 10 ±20 High Performance LM318 JG,N,P 73 

1,500 4 300 25 10 13 8 ±3 ±22 Low Noise 

Vn = 4 nV/.jHZTyp NE5534 JG,P 105 

1,500 4 300 25 10 13 8 ±3 ±22 Low Noise 

Vn = 4.5 nV/$zMax NE5534A JG,P 105 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL061AC JG,P 115 

0.2 3 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL061BC JG,P 115 

0.4 15 0.2 3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL061C JG,P 115 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power 

with Power Control TL066AC JG,P 123 

0.2 3 1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power 

with Power Control TL066BC JG,P 123 

0.4 15 2 3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power 

with Power Control TL066C JG,P 123 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/JHZ'Typ TL071AC JG,P 131 

0.2 3 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/.jHZTyp TL071BC JG,P 131 

0.2 10 0.05 25 3 13 2:5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/.jHZTyp TL071C JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 Bl FET, General Purpose TL081AC JG,P 139 

0.2 3 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL081BC JG,P 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL081C JG,P 139 

0.4 0.5 0.2 25 3 13 2.8 ±4 ±18 BIFET, Low V10 TL087C JG,P 147 

0.4 2 0.2 25 3 13 2.8 ±4 ±18 BIFET, Low V10 TL088C JG,P 147 

250 7 50 25 1 0.5 1.0 +3 +32 General Purpose, TL321C JG,P 151 
500 6 200 20 1 0.5 2.8 ±2 ±18 General Purpose uA741C J,JG, N, P 173 
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SELECTION GUIDE 

DUAL OPERATIONAL AMPLIFIERS 

Military Temperature Rang~ (-55°C to 125°C) 

•1e V10 •10 AvD B1 SR •cc Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TVP TVP MAX MIN MAX 

150 5 30 50 1 0.3 0.6 +3 +32 General Purpose LM158 JG 71 

500 5 200 50 1 0.6 2.8 ±2 ±22 General Purpose MC1558 JG,U 85 

500 5 200 50 3 1.5 2.8 ±22 High Performance RM4558 JG 103 

100 5 40 4 0.5 0.5 0.1 ±2 ±22 Low Power TL022M JG,U 109 

0.2 6 0.1 4 1 3.5 0.2 ±1.5 ±18 BIFET, Low Power TL062M JG,U 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/$zTyp TL072M JG 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 Bl FET, General Purpose TL082M JG 139 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL083M J 139 

500 5 50 50 1 0.6 4 +3 +36 General Purpose TL322M JG 153 

500 5 200 50 1 0.5 2.8 ±2 ±22 General Purpose uA747M J,W 177 

Automotive Temperature Range (-40°C to 85°C) 

l 500 I 10 I 50 l 100 l 1 l 0.3 l 0.6 I ±3 ±26 General Purpose LM2904 JG, P, U 83 • Industrial Temperature Range (-25°C to 85°C) 

150 5 30 50 1 0.3 0.6 +3 +32 General Purpose, LM258 JG,P,U 71 

500 8 75 20 1 0.6 4 +3 +36 General Purpose TL3221 JG,P 153 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL0621 JG,P 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET; Low Noise TL0721 JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL0821 JG,P 139 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, Generai"Purpose TL0831 J, N 139 

0.4 0.5 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, Low Offset TL2871 JG,P 147 

0.4 3 0.1 50 3 13 2.8 ±3.5 ±18 61FET, General Purpose TL2881 JG,P 147 

TEXAS INSTRUMENTS 51 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



SELECTION GUIDE 

DUAL OPERATIONAL AMPLIFIERS 

Commercial Temperature Range (0°C to 70°C) 

l1B V10 110 AvD B1 SR Ice Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

250 7 50 25 1 0.3 0.6 +3 +32 General Purpose LM358 JG,P 71 

500 6 200 20 1 0.6 2.8 ±2 ±18 General Purpose MC1458 JG,P 85 

800 4 150 25 10 9 8 ±22 Low Noise 

Vn = 5 nV/.}H;Typ NE5532 JG,P 93 

800 4 150 25 10 9 8 ±22 Low Noise 

Vn = 5 nV/.}H;Typ NE5532A JG, P 93 

1500 4 300 25 10 13 8 ±22 Low Noise 

Vn = 4 nV/.}H;Typ NE5533 J, N 97 

1500 4 300 25 10 13 8 ±22 Low Noise 

Vn = 3.5 nV/yHZTyp NE5533A J, N 97 

500 6 200 20 3 1 2.8 ±18 High Performance RC4558 JG,P 103 

250 5 80 1 0.5 0.5 0.125 ±2 ±18 Low Power TL022C JG,P 109 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL062AC JG,P 115 

0.2 3 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL062BC JG,P 115 

0.4 15 0.2 3 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL062C JG, p 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/yHZTyp TL072AC JG,P 131 

0.2 3 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/yHZTyp TL072BC JG,P 131 

0.2 10 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/.}H;Typ TL072C JG,P 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL082AC JG,P 139 

0.2 3 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL082BC JG,P 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL082C JG,P 139 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL083AC J, N 139 

0.4 15 0.2 25 3 13 2.B ±3.5 ±18 Bl FET, General Purpose TL083C J, N 139 

0.4 0.5 0.1 25 3 13 2.8 ±4 ±18 BIFET, Low Offset TL287C JG,P 147 

0.4 3 0.1 25 3 13 2.8 ±4 ±18 BI F ET, General Purpose TL288C JG,P 147 

500 10 50 20 1 0.6 4 +3 +36 General Purpose TL322C JG,P 153 

500 6 200 25 1 0.5 2.8 ±2 ±18 General Purpose uA747C J, N 177 
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QUADRUPLE OPERATIONAL AMPLIFIERS 

Military Temperature Range (-55°C to 125°C) 

119 V10 110 AvD B1 SR Ice Vee 

nA mV nA V/mV MHz V/µs mA v DESCRIPTION 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

150 5 30 50 1 0.5 0.5 +3 +32 General Purpose 

500 5 200 50 3.5 1.5 2.8 ±4 ±22 High Performance 

100 5 40 4 0.5 0.5 0.1 ±2 ±22 Low Power 

0.2 9 0.1 4 1 3.5 0.2 ±1.5 ±18 BIFET, Low Power 

0.2 9 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/.jHZTyp 

0.2 9 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose 

100 5 25 50 1 0.5 3.6 ±22 General Purpose 

100 2 2.5 0.5 12 +4.5 +36 General Purpose 

500 5 50 50 1 0.6 4 +3 +36 General Purpose 

Automotive Temperature Range (-40°C to 85°C) 

200 

500 

500 

10 

8 

50 

75 

1.2 2.5 0.5 10 

100 

20 

5 

1 

1 5 

0.6 7 

+4.5 +32 General Purpose 

+3 

+3 

+26 General Purpose 

+36 General Purpose 

Industrial Temperature Range (-25°C to 85°C) 

250 7 50 25 1 0.5 3 +3 +32 General Purpose, 

200 6 50 25 1 0.5 4.5 ±18 General Purpose 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose 
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SELECTION GUIDE 

DEVICE 

LM124 

RM4136 

TL044M 

TL064M 

TL074M 

TL084M 

LM148 

LM1900 

MC3503 

LM2900 

LM2902 

MC3303 

LM224 

LM248 

TL0641 

TL0741 

TL0841 

PACKAGES 

J, u 
J, u 
J, u 
J,W 

J,W 

J,W 

J 

J 

J 

J, N 

J, N 

J, N 

J, N 

J, N 

J, N 

J, N 

J, N 

PAGE 

65 

101 

112 

115 

131 

139 

67 

77 
89 

77 

81 

89 

65 

67 

115 

131 

139 

• 
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SELECTION GUIDE 

QUADRUPLE OPERATIONAL AMPLIFIERS 

Commercial Temperature Range (0°C to 70°C) 

110 V10 llQ AvD B1 SR Ice Vee 
nA mV nA V/mV MHz V/µs mA v DESCRIPTION DEVICE PACKAGES PAGE 

MAX MAX MAX MIN TYP TYP MAX MIN MAX 

250 7 50 25 1 0.5 0.5 +3 +32 General Purpose LM324 J, N 65 

200 6 50 25 1 0.5 4.5 ±18 General Purpose LM348 J, N 67 

200 1.2 2.5 0.5 10 +4.5 +32 General Purpose LM3900 J, N 77 

500 10 50 20 1 0.6 7 +3 +36 General Purpose MC3403 J, N 89 

500 6 200 20 3 1 2.8 ±4 ±18 High Performance RC4136 J, N 101 

250 5 80 1 0.5 0.5 0.125 ±2 ±18 Low Power TL044C J, N 112 

0.2 6 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL064AC J, N 115 

0.2 3 0.1 4 1 3.5 0.25 ±1.5 ±18 BIFET, Low Power TL064BC J, N 115 

0.4 15 0.2 3 1 3.5 0,25 ±1.5 ±18 BIFET, Low Power TL064C J, N 115 

0.2 6 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/JH'ZTyp TL074AC J, N 131 

0.2 3 0.05 50 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

V n = 18 nV /..jHZTyp TL074BC J, N 131 

0.2 10 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

V n = 18 nV l../HZTyp TL074C J, N 131 

0.2 10 0.05 25 3 13 2.5 ±3.5 ±18 BIFET, Low Noise 

Vn = 18 nV/../HzTyp TL075C N 131 

0.2 6 0.1 50 3 13 2.8 ±3.5 ±18 BI F ET, General Purpose TL084AC J, N 139 

0.2 3 0.1 50 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL084BC J, N 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL084C J, N 139 

0.4 15 0.2 25 3 13 2.8 ±3.5 ±18 BIFET, General Purpose TL085C N 139 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 

Input Offset Voltage (V10) 

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero. 
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rs) are inserted in series 
with the input leads. 

Average Temperature Coefficient of Input Offset Voltage (a:v10) 

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. 

l

(V10 @T A(1)l - (V10@ TA(2)ll 
a:v1 O = where TA( 1) and T A(2) are the specified temperature extremes. 

TA(1) -TA(2) 

Input Offset Current 010) 

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

Average Temperature Coefficient of Input Offset Current (0:1101 

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

= 1(11o@TA(1)l-(11o@TA(2)ll 

TA(1) -T A(2) 

Input Bias Current U 1Bl 

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

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

Common-Mode Input Voltage (V1c) 

The average of the two input voltages. 

Common-Mode Input Voltage Range (V1cRl 

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

Differential Input Voltage (V1 o) 

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 Voltage Swing (Vopp) 

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c 
output voltage is zero. 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS ANO DEFINITIONS 

Large-Signal Voltage Amplification {Avl 

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

Differential Voltage Amplification {AvDl 

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

Maximum-Output-Swing Bandwidth (BoMl 

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

Unity-Gain Bandwidth (81) 

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

Phase Margin (</>ml 

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 {Aml 

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 {q) 

The resistance between the input terminals with either input grounded. 

Differential Input Resistance (ridl 

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

Output Resistance (r0 ) 

The resistance between the output terminal and ground. 

Input Capacitance {Cil 

The capacitance between the input terminals with either input grounded. 

Common-Mode Input Impedance (zicl 

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

Output Impedance {z0 ) 

The small-signal impedance between the output terminal and ground. 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 

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. d V10/dVcc) 

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. dVcc/dV10) 

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. 

Equivalent Input Noise Voltage (Vn) 

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 On) 

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 (F) 

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 (las) 

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

Supply Current Ucc) 

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+· Ice++ Vee-· ICC-· 

Channel Separation (V0 1IV02) 

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another 
channel. 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 

Rise Time (tr) 

The time required for an output voltage step to change from 10% to 900/o of its final value. 

Total Response Time (Settling Time) htot) 

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 {±e) containing 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 

TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL·S 11432, JANUARY 1971-REVISED OCTOBER 1979 

• • Designed to be Interchangeable with 

• 
Low Input Currents 
Low Input Offset Parameters 
Frequency and Transient Response 

National Semiconductor LM101A and LM301A 

• 
Characteristics Adjustable 

• Short-Circuit Protection 
• Offset-Voltage Null Capability 

description 

• 
• 
• 

No Latch-Up 
Wide Common-Mode and 
Differential Voltage Ranges 
Same Pin Assignments as uA709 

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 amt>lifiers 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 LM101A is characterized for operation over the full military temperature range of -55°C to 125°C, the LM201A 
is characterized for operation from -25°C to 85°C, and the LM301A is characterized for operation from 0°C to 70°C. 

terminal assignments 
J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE 

(TOP VIEW) 

OFFSET INV 
NULL/ INPUT 

NC-No internal connection 

Vee-

JG ORP 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

OFFSET INV 
NUll/ INPUT 
COMP 

~~=- Vee-

U FLAT PACKAGE 
(TOPVIEl(V) 

OFFSET 

NC COMP Vee+ OUTPUT ~~;,L 

@©©0© 

000©© 
NC OFFSET INV NON Vcc-

NULL/ INPUT INV 
COMP INPUT 
(N1) 

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

LM101A LM201A LM301A 

Supply voltage V cc+ (see Note 1 I 22 22 18 

Supply voltage V cc- (see Note 1 I -22 -22 -18 

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

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

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

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

Continuous total power dissipation at (or below) 25° C free-air temperature (see Note 5) 500 500 500 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

Storage temperature range -65 to 150 -65to150 -65 to 150 

Lead temperature 1/16 inch (1,6 mm) from case for 60 secondsJ J, JG, U, or W package 300 300 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds} Nor P package 260 260 

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

2. Differential voltages are at the non inverting 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 
v 

mW 
oc 
oc 
oc 
oc 

4. The output may be shorted to ground or either power supply. For the LM101A only, the unlimited duration of the short-circuit 

applies at (or below) 125°e case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the 

short-circuit applies at (or below) 85°e case temperature or 75°e free-air temperature. 

5. For operation above 25° e free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM 101 A chips are 

alloy-mounted; LM201 A and LM301 A chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

DISSIPATION DERATING TABLE 

POWER DERATING 
PACKAGE 

RATING FACTOR 

J (Alloy-Mounted Chip) 500mW 11.0 mwrc 

J (Glass-Mounted Chip) 500mW 8.2 mWfC 

JG (Alloy-Mounted Chip) 500mW 8.4 mWfC 

JG (Glass-Mounted Chip) 500mW 6.6 mWfC 

N 500mW 9.2mWfC 

p 500mW 8.0mWfC 

u 500mW 5.4 mWfC 

w 500mW 8.0 mWfC 

Also see Dissipation Deratlng Curves, Section 2. 

ABOVE 

TA 
105°C 

89°C 

90°C 

74°C 

96°C 

87°C 

57°C 

87°C 

electrical characteristics at specified free-air temperature, Cc= 30 pF (see note 6) 

PARAMETER TEST CONDITIONSt 
LM101A, LM201A 

MIN TVP MAX 

Rs= 50 kn 
25°C 0.6 2 

V10 Input offset voltage 
Full range 3 

Average temperature coefficient 
Full range 3 15 av10 

of input offset voltage 

25°C 1.5 10 
110 Input offset current 

Full range 20 

TA= -55°C to 25°C 0.02 0.2 

Average temperature coefficient TA = 25°C to MAX 0.01 0.1 
a110 

of input offset current TA·= 0°C to 25°C 

TA= 25°C to 70°C 

25°C 30 75 
Ire Input bias current 

Full range 100 

Common-mode 
See Note 7 ±15 V1cR Full range 

input voltage range 

Vee±= ±15 v. 25°C 24 28 

Maximum peak-to-peak RL = 10 kn Full range 24 
Vo pp 

25°C output voltage swing Vee±= ±15 v. 20 26 

RL = 2 kn Full range 20 

Large-signal differential 
Vee±= ±15 v, 25°C 50 200 

Avo 
voltage amplification 

Vo=±10V, 

RL;;;., 2 kn Full range 25 

q Input resistance 25°C 1.5 4 

25°C 80 98 
CMRR Common-mode rejection ratio Rs= 50 kn 

Full range 80 

ksvR 
Supply voltage rejection ratio 

Rs= 50 kn 
25°C 80 98 

(AVcc/AV1ol Full range 80 

No load, 25°C 1.8 3 
Ice Supply current No signal, 

See Note 7 MAX 1.2 2.5 

LM301A 
UNIT 

MIN TVP MAX 

2.0 7.5 
mV 

10 

6 30 µV/°C 

3 50 
nA 

70 

0.02 0.6 
nAfC 

0,01 0.3 

70 250 
nA 

300 

±12 v 

24 28 

24 v 
20 26 

20 

25 200 
V/mV 

15 

0.5 2 Mn 

70 90 
dB 

70 

70 96 
dB 

70 

1.8 3 
mA 

t All characteristics are specified under open-loop operation. Full range for LM101 A is -55° C to 125° C, for LM201 A is '--25° C to 85° C, and 
for LM301A is 0°C to 70°C. 

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

7. For LM101A and LM201A, Vee±= ±20 v. For LM301A, Vee±= ±15 v. 
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INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

0 '--~_.._____._ _ _._______._-'----''----' 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 1 
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COMP 

TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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MAXI MUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (WITH 

SINGLE-POLE COMPENSATION) 
vs FREQUENCY 
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FIGURE 3 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

T T : 
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FIGURE 5 

TYPICAL APPLICATION DATA 

Vee+ 
Vo R2 

V1 R1 

R1·30 pF 
Cc;;. --

R1+R2 

R1·R2 
R3=-

R1+R2 

t-Time-µs 

FIGURE 6 

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

TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 11426, DECEMBER 1970-REVISED OCTOBER 1979 

• Low Input Currents 

• No Frequency Compensation Required 

• Low Input Offset Parameters 

description 

• Short-Circuit Protection 

• No Latch-Up 

• Wide Common-Mode and 
Differential Voltage Ranges 

The LM 107, 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 107 is characterized for operation over the fu II 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 0°C to 70°C. 

terminal assignments 

J OR N DUAL-IN-LINE: 
OR W FLAT PACKAGE 

(TOP VIEW) 

INV 

INPUT 

NC-No internal connection 

JG OAP 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

INV 

INPUT 
Vee-

U FLAT PACKAGE 
(TOP VIEW) 

OFFSET 

NC COMP y CC+ OUTPUT ~~~IL 

®©©0© 

©©©©© 
NC o:i~~ l~~~T ~~..:' Vcc-

COMP INPUT 
(N1) 

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

LM107 LM207 LM307 

Supply voltage V cc+ (see Note 1 I 22 22 18 

Supply voltage V cc- (see Note 1 I -22 -22 -18 

Differential input voltage (see Note 2) ±30 ±30 ±30 

Input voltage (either input, see Notes 1 and 31 ±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) 500 500 500 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

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

Lead temperature 1/16 inch (1,6 mm) from case for 60seconds1 J, JG, U, or W package 300 300 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds I Nor P package 260 260 

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. 

UNIT 

v 
v 
v 
v 

mW 
oc 
oc 
oc 
oc 

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°C 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 Table. In the J and JG packages, LM107 chips are 

alloy-mounted; LM207 and LM307 chips are glass-mounted. 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 500mW 11.0mW/°C 105°C 

J (Glass-Mounted Chip) 500mW 8.2mW/°C 89°C 

J.G (Alloy-Mounted Chip) 500mW 8.4mwtc· 90°C 

JG (Glass-Mounted Chip) 500mW 6.6 mW/°C 74°C 

N 500mW 9.2mW/°C 96°C 
p 500mW 8.0mW/°C 87°C 

u 500mW 5.4 mW/°C 57°C 

w 500mW 8.0mW/°C 87°C 

Also see Dissipation Derating Curves, Section 2. 

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 
V10 Input offset voltage Rs= 50 k.n mV 

Fulr range 3 10 

Average temperature coefficient 
Full range 3 15 6 30 1.N/°C av10 

of input offset voltage 

25°C 1.5 10 3 50 
110 Input offset current nA 

Full range 20 70 

TA= -55°C to 25°C 0.02 0.2 

Average temperature coefficient TA= 25°C to MAX 0.01 0.1 
nA/°C a110 of input offset current TA= 0°C to 25°C 0.02 0.6 

TA= 25°C to 70°C 0.01 0.3 

25°C 30 75 70 250 
11B Input bias current nA 

Full range 100 300 

V1cR 
Common-mode 

See Note 7 Full range v ±15 ±12 
input voltage range · 

Vee±= ±15 v. 25°C 24 28 24 28 

Maximum peak-to-peak RL = 10 k.n Full range 24 24 
Vo pp v 

output voltage swing Vee±= ±15 v. 25°C 20 26 20 26 

RL = 2 k.n Full range 20 20 

Large-signal differential 
Vee±= ±15 v. 25°C 50 200 25 200 

Avo Vo=±lOV, V/mV 
voltage amplification 

RL;;;. 2 k.n Full range 25 15 

fj Input resistance 25°C 1.5 4 0.5 2 M.n 

25°C 80 98 70 90 
CMRR Common-mode rejection ratio Rs= 50 k.n dB 

Full range 80 70 

ksvR 
Supply voltage rejection ratio 25°C 80 98 70 96 

t~Vcc/~V1ol 
Rs= 50 k.n dB 

Full range 1 80 70 

No load, 25°C 1.8 3 1.8 3 

ice Supply current No signal, mA 

See Note 7 MAX 1.2 2.5 

t All characteristics are specified under open-loop operation. Full range for LM 107 is -55° e to 125° C, for LM207 is -25° e to 85° e, and for 
LM307 is 0°e to 70°C. 

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

7. For LM107 and LM207, Vee±= ±20 v. For LM307, Vee±= ±15 V. 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM124, LM224, LM324 
QUADRUPLE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12248, SEPTEMBER 1975 - REVISED OCTOBER 1979 

• Wide Range of Supply Voltages 
Single Supply ... 3 V to 30 V 
or Dual Supplies 

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV Typ 
Input Offset Current ... 3 nA Typ (LM124) 

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

Input Bias Current ... 45 nA Typ 

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

Range Includes Ground Allowing 
Direct Sensing near Ground 

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

schematic (each amplifier) • Internal Frequency Compensation 

J OR N DUAL-IN-LINE OR 

W FLAT PACKAGE (TOP VIEW) 

AMPLIFIER NO. 4 AMPLIFIER NO. 3 

INVERTING 
INPUT 

~~ 
ING VERTING VERTING ING 

OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 

NON· 
INVERTINGO----+--t---~ 

INPUT 

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 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. 

OUTPUT INVERT· NONIN· Vee NONIN· INVERT· OUTPUT 
ING VERTING VERTING ING 

'----IN"""P~T INPUT ~ 

AMPLIFIER NO. 1 AMPLIFIER NO. 2 

Applications include transducer amplifiers, d-c 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± 15-volt supplies. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±32 V 
Input voltage range (either input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 V to 32 V 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 

free-air temperature (V CC~ 15 V) (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) . . . . . . . . . . . . . . . . 900 mW 
Operating free-air temperature range: LM124 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55°C to 125°C 

LM224 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -25°C to 85°C 
LM324 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J orW package . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) 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. 

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

3. Short circuits from outputs to V cc can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM124 chips are alloy. 

mounted; LM224 and LM324 chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES LM124, LM224, LM324 
QUADRUPLE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Vee= 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
LM124, LM224 LM324 

MIN TVP MAX MIN TVP 

Vo=1.4V, 25°C 2 5 2 
V10 Input offset voltage 

V cc = 5 V to 30 V Full range 7 

110 Input offset current 
25°C 3 30 5 

Vo=1.4V 
Full range 100 

118 
Vo=1.4V, 25°C -45 -150 -45 

Input bias current 
See Note 5 Full range -300 

--
0 to 0 to 

25°C 

V1cR 
Common-mode input 

Vee= 30 v 
Vcc-1.5 Vcc-1.5 

voltage range Oto 0 to 
Full range 

Vcc-2 Vcc-2 

Vee= 30 v, 
Full range 26 26 

VoH High-level output voltage 
RL = 2 kn 

Vee= 30 v, 
Full range 27 28 27 28 

RL ~ 10 kn 

VoL Low-level output voltage RL.:;;; 10 kn Full range 5 20 5 

Large-signal differential Vee= 15 v. 25°C 50 100 25 100 
Avo Vo= 1 v to 11 v, 

voltage amplification 
RL ~ 2 kn 

Full range 25 15 

CMRR Common-mode rejection ratio Rs.:;;; 10 kn 25°C 70 85 65 85 

ksVR* Supply voltage rejection ratio Rs.:;;;1okn 25°C 65 100 65 100 

Vo1 /Vo2 Channel separation f = 1 kHz to 20 kHz 25°C 120 120 

Vee= 15 v. 25°C -20 -40 -20 -40 
Vm = 1 V, 

Vo=OV Full range -10 -20 -10 -20 

'o Output current 
Vee= 15 v, 25°C 10 20 10 20 
Vm = -1 V, 

Vo= 5V Full range 5 8 5 8 

V10 = -1 V, 
25°C 12 50 12 50 

Vo=200mV 

'cc 
Supply current No load, 25°C 0.8 0.8 

(four amplifiers) No signal Full range 1.2 

*ksvR = AVcc/AV10 

UNIT 
MAX 

7 

9 
mV 

50 

150 
nA 

-250 
nA 

-500 

v 

v 

20 mV 

V/mV 

dB 

dB 

dB 

mA 

µA 

1.2 
mA 

't Al~ characteristics are specified under open-loop conditions. Full range is -55°C to 125°C for LM124, -25°C to 85°C for LM224, and 0°C to 
70 C for LM324. 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. ' 

TYPICAL APPLICATION DATA THERMAL INFORMATION 

DISSIPATION DERATING TABLE 
OUTPUT A 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 900mW 11.0 mW/°C 68°C 

OUTPUT B J (Glass-Mounted Chip) 900mW 8.2mWl°C 40°C 

AUDIO~ 
INPUT "'lt---t----i 

N 900mW 9.2mW/°C 52°C 

w 900mW 8.0 mW/°C 37°.c 
100k0 

OUTPUTC 
Also see Dissipation Derating Curves, Section 2. 

+Vee 

AUDIO DISTRIBUTION AMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12723, OCTOBER 1979 

• uA741 Operating Characteristics 

• Low Supply Current Drain ... 0.6 mA Typ 

• Low Input Offset Voltage 

• Low Input Offset Current 

• Class AB Output Stage 

• Input/Output Overload Protection 

description 

The LM148, LM248, and LM348 are quadruple, 
independent, high-gain, internally compensated oper
ational amplifiers designed to have operating 
characteristics similar to the uA741. These amplifiers 
exhibit low supply current drain, and input bias and 
offset currents that are much less than for 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°C, and the LM348 is characterized for operation 
from 0°C to 70°C. 

LM14B ... J 
LM24B, LM34B ••• J OR N 

DUAL-IN·LINE PACKAGE (TOP VIEW) 

AMPLIFIER NO. 4 AMPLIFIER NO. 3 

---IN_V,.E'RT- NONIN· \ ~ 
ING VERTING VERTING ING 

OUTPUT INPUT INPUT Vee- INPUT INPUT OUTPUT 

OUTPUT INY~~T·v~~~ll~-G Vee+ v~~~ll~·GIN~NE~T- OUTPUT 

INP~T INPUT ~ 

AMPLIFIER NO. 1 AMPLIFIER NO. 2 

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

LM14B LM24B LM34B 

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

Supply voltage Vee- (see Note 1) -22 -18 -18 

Differential input voltage (see Note 2) 44 36 36 

Input voltage (either input; see Notes 1 and 3) ±22 ±18 ±18 

Duration of output short-circuit (see Note 4) unlimited unlimited unlimited 
Continuous total power dissipation at (or below) l J package 1375 1025 1025 
25°C free-air temperature (see Note 5) N package 1150 1150 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

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

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

Lead temperature 1 /16 inch (1,6 mm) from case for 10 seconds l N package 260 260 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between V CC+ and V CC-· 
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. 

UNIT 

v 
v 
v 
v 

mW 

oc 
oc 
oc 
oc 

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°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM148 chips are alloy
mounted; LM248 and LM348 chips are glass-mounted. 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 1375 mW 11.0mW/°C 25°C 

J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C 

N 1150mW 9.2 mW/°C 25°C 

Also see Dissipation Deratlng Curves, Section 2. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee± = ± 15 V 

PARAMETER TEST CONDITIONSt 
MIN 

TA=25°C 
V10 Input offset voltage Rs.;;; 10 kn 

TA= full range 

TA= 25°C 
110 Input offset current 

TA= full range 

TA=25°C 
l1B Input bias current 

TA= full range 

Common-mode 
V1cR input voltage range 

TA= full range ±12 

RL=10kn, TA=25°C 24 

Maximum peak-to-peak RL;;. 10 kn, TA= full range 24 
Vopp 

Output voltage swing RL=2kn, TA=25°C 20 

RL;;. 2 kn, TA= full range 20 

Large-signal differential RL;;.2kn, TA=25°C 50 
Avo 

voltage amplification Vo=± 10 V TA = full range 25 

q Input resistance TA= 25°C 0.8 

B1 Unity-gain bandwidth Avo= 1, TA= 25°C 

¢M Phase margin Avo= 1, TA= 25°C 

Common-mode TA=25°C 70 
CMRR Rs.;;;1okn 

rejection ratio TA= full range 70 

Supply voltage rejection TA= 25°C 77 
ksvR 

ratio (A Vcc±/A V10) 
Rs.;;;1okn 

TA= full range 77 

ios Short-circuit output current TA=25°C 

Ice 
Supply current No load, No signal, 

(four amplifiers) TA 25°C 

Vo1IV02 Channel separation 
f = 1 Hz to 20 kHz, 

TA=25°C 

LM148 

TYP 

1 

4 

30 

26 

24 

160 

2.5 

1 

60° 

90 

96 

±25 

2.4 

120 

LM248 LM348 
UNIT 

MAX MIN TYP MAX MIN TYP MAX 

5 1 6 1 6 
mV 

6 7.5 7.5 

25 4 50 4 50 
nA 

75 125 100 

100 30 200 30 200 
nA 

325 500 400 

±12 ±12 v 

24 26 24 26 

24 24 
v 

20 24 20 24 

20 20 

25 160 25 160 
V/mV 

15 15 

0.8 2.5 0.8 2.5 Mn 

1 1 MHz 

60° 60° 

70 90 70 90 
dB 

70 70 

77 96 77 96 
dB 

77 77 

±25 ±25 mA 

3.6 2.4 4.5 2.4 4.5 mA 

120 120 dB 

t All characteristics are specified under open-loop conditions unless otherwise noted. Full range for TA is -55°C to· 125° C for LM 148, -25° C 

to 85°C for LM248; and 0°C to 70°C for LM348. 

operating characteristics, Vee± = ± 15 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate at unity gain RL=2kn, CL=100pF, SeeFigure1 0.5 V/µs 

PARAMETER MEASUREMENT INFORMATION 

10 kn 

-= 
Avo = -100 

FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2-INVERTING AMPLIFIER 

TEXAS INSTRUMENTS 
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FREE·AIR TEMPERATURE 

0'---'---'--"---'----'--'---.1..---1 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIG.URE 3 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

FREQUENCY 

f vrC± 2 ±fl ~I u 
~ RL=10k0 

TA=2s
0
c 

t-+I ll 
\ 

1--H 

t-+I 
N 

I-+ 

~ -'--'-
10k 100k 1 M 10M 

I-Frequency-Hz 

FIGURE 6 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 

FREQUENCY 
106 .---...----.-------.--~---. 

6 ~~~1~:~v 
~ 105 ~.--+---+---t---.A = 25•c o• 

l 1o41-4-""'-"'-4---+---+----+---145° 

~ 
~ 103 1--__,.,-+-----+---+-~-+---1 go• 

~ 
~ 102 
; 
0 

bi 10 

i 
1'----'---'---'----'--....lL.--' 

10 100 1k 10k 100k 1M 10M 

I-Frequency-Hz 

FIGURE 9 

TYPES LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 11 

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 LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

SUPPLY CURRENT 

SUPPLY VOLTAGE 
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FIGURE 12 
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schematic (each amplifier) 
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OUTPUT 
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components values shown are nominal 

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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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM158, LM258_, LM358 
DUAL OPERATIONAL AMPLIFIERS 

BULLET_IN !'JO. DL-S 1_2413, JUNE 1976 - REVISED OCTOBER 1979 

• Wide Range of Supply Voltages 
Single Supply ... 3 V to 30 V 
or Dual Supplies 

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV Typ 
Input Offset Current ... 3 nA Typ (LM158) 

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

Input Bias Current ... 45 nA Typ 

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

Range Includes Ground Allowing 
Direct Sensing near Ground 

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

• Internal Frequency Compensation 

schematic (each amplifier) JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

u 
FLAT PACKAGE 

(TOP VIEW) 

AMPLIFIER NO. 2 AMPLIFIER NO. 2 

,----!'--.. 
NON· 

OUT· INV INV 

.-"-. 
NON 

OUT INV INV 

Vee+ PUT INPUT INPUT 

NON· 

INY~~iNGO----+--+----' ~ 
GND 

(OR Vee-I 
TO OTHER 
AMPLIFIERS 

OUT- INV NON- GND 
PUT INPUT INV 

INPUT 

'--v---' 

CJ/ ~ ~T ~T Wo 
'-..-' 

AMPLIFIER NO. 1 

description AMPLIFIER NO. 1 
NC-No internal connection 

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 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, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±32 V 
Input voltage range (either input) . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.3 V to 32 V 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 

free-air temperature (Vee~ 15 V) (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): LM258JG, LM358JG 825 mW 

LM158JG, LM258P, LM358P .. 900 mW 
LM158U, LM258U, LM358U . . 675 mW 

Operating free-air temperature range: LM158 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55°C to 125°C 
LM258 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -25°C to 85°C 
LM358 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) 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 term_inal with respect to the inverting input terminal. 
3. Short circuits from outputs to V cc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM158 chips are alloy

mounted; LM258 and LM358 chips are glass-mounted. 
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TYPES LM158, LM258, LM358 
DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TEST CONDITIONSt 
LM158, LM258 LM358 

PARAMETER 
MIN TYP MAX MIN TYP 

Vo=1.4V, 25°C 2 5 2 
V10 Input offset voltage 

V...c.c_ = 5 V to 30 V Full range 7 

Average temperature coefficient 
Full range 7 7 av10 

of input offset voltage 

25°C 3 30 5 
110 Input offset current Vo= 1.4 V 

Full range 100 

Average temperature coefficient 
Full range 10 10 a110 

of input offset current 

Vo=1.4V, 25°C -45 -150 -45 
119 Input bias current 

See Note 5 Full range -300 

25°C 
0 to 0 to 

V1cR 
Common-mode input 

Vee= 30 v 
Vcc-1.5 Vcc-1.5 

voltage range 0 to 0 to 
Full range 

Vcc-2 Vcc-2 

Vee= 30 v. 
Full range 26 26 

VoH High-level output voltage 
RL = 2 k.n 

Vee= 30 v. 
Full range 27 28 27 28 

RL>10k.n 

Vol Low-level output voltage RL.:;:; 10 k.n Full range 5 20 5 

Vopp 
Maximum peak-to peak 

RL = 2 k.n 25°C Vcc-1.5 Vcc-1.5 
output voltage swing 

Large:signal differential 
Vee= 15 v. 25°C 50 100 25 100 

Avo Vo·= 1 v to 11 v, 
voltage amplification 

RL > 2 k.n Full range 25 15 

CMRR Common-mode rejection ratio R_S_.:;:; 10 k.n 25°C 70 85 70 85 

ksvR * Supply voltage rejection ratio Rs.;;1ok.n 25°C 65 100 65 100 

Vo1IV02 Channel separation f = 1 kHz to 20 kHz 25°C 120 120 

Vee= 15 v. 25°C -20 -40 -20 -40 
v 10 = 1 v, 

Vo =-0 V Full range -10 -20 -10 -20 

10 Output current 
Vee= 15 v. 25°C 10 20 10 20 
Vro = -1 V, 

Vo= 5V Full range 5 8 5 8 

Vro = -1 V. 
25°C. 12 50 12 50 

V_Q_ = 200 mV 

Supply current No load, 25°C 0.7 0.7 
ice 

(two amplifiers) No signal Full range 1.2 

*ksvR = AVcc/AV10 

UNIT 
MAX 

7 
mV 

9 

µV/°C 

50 
nA 

150 

pA/°C 

-250 

-500 
nA 

v 

v 

20 mV 

v 

V/mV 

dB 

dB 

dB 

mA 

µA 

mA 
1.2 

t All characteristics are specified under open-loop conditions. Full range is -55° C to 125° C for LM158, -25° C to 85°C for LM258, and 0°C to 
70°C for LM358. 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 

the state of the output, so no loading change is presented to the input lines. 

DISSIPATION DERATING TABLE 

POWER DE RATING 
PACKAGE 

RATING FACTOR 

JG (Alloy-Mounted Chip) 900mW 8.4 mWfC 

JG (Glass-Mounted Chip) 825mW 6.6 mWfC 
p 900mW 8.0 mWfC 

u 675mW 5.4 mW/°C 

Also see Dissipation Derating Curves, Section 2. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12410, JUNE 1976 - REVISED OCTOBER 1979 

• Small-Signal Bandwidth ... 15 MHz Typ • Internal Frequency Compensation 

• Slew Rate ... 50 V/µs Min • Input and Output Overload Protection 

• Bias Current ... 250 nA Max (LM218) • Same Pin Assignments as General Purpose 
Operational Amplifiers 

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

description-

The LM218 and LM318 are precision, high-speed operational amplifiers designed for applications requiring wide band
width and high slew rate. Thi!y 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 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 /µs 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 % to under 1 µs. 

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 
0°C to 70°C. 

terminal assignments 

JG OR P 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

COMP OUT- BAL/ 
2 Vee+ PUT COMP 3 

BALI INV NON· Vcc-
COMP 1 INPUT INV 

INPUT 

N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

COMP OUT- BAL/ 
NC NC 2 Vee+ PUT COMP 3 NC 

NC NC BAL/ INV NON- Vee- NC 
COMPl INPUT INV 

INPUT 

NC-No internal connection 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

JG (Glass-Mounted Chip) 500 mW 6.6mW/°C 74°C 

N 500mW 9.2mW/°C 96°C 

p 500mW 8.0mW/°C 87°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPES LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

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

LM21B LM31B UNIT 

Supply voltage, V cc+ (see Note 1 I 20 20 v 

Supply voltage, V CC- (see Note 1 I -20 -20 v 

Input voltage (either input, see Notes 1 and 21 ±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) 
500 500 mW 

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

Operating free-air temperature range -25 to 85 0 to 70 oc 

Storage temperature range -65 to 150 -65 to 150 oc 

Lead temperature 1 /16 inch (1, 6 mm) from case for 60 seconds }J or JG package 300 300 oc 

Lead temperature 1 /16 inch (1, 6 mm) from case f~r 10 seconds l N or P package 260 260 oc 

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 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 Table. In the J and JG packages, LM218 and LM318 
chips are glass-mounted. 

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

PARAMETER TEST CONDITIONSt 
LM21B LM31B 

UNIT 

MIN TYP MAX MIN TYP MAX 

25°C 2 4 4 10 
mV V10 Input offset voltage 

Full range 6 15 

25°C 6 50 30 200 
nA 110 Input offset current 

Full range 100 300 

25°C 120 250 150 500 
11B Input bias current nA 

Full range 500 750 

Common-mode 
Full range ±11.5 V1cR Vee±= ±15 v ±11.5 v 

input voltage range 

Vo PP 
Maximum peak-to-peak Vee±= ±15 v, 

Full range 24 26 24 26 v 
output voltage swing RL = 2 kfl. 

Large-signal differential 
Vee±= ±15 v, 

25°C 50 200 25 200 
Avo Vo=±10V, V/mV 

voltage amplification Full range 25 20 
RL;;;. 2 kfl. 

B1 Unity-gain bandwidth Vee±= ±15 v 25°C 15 1? MHz 

rj Input resistance 25°C 1 3 0.5 3 Mfl. 

CMRR Common-mode rejection ratio Full range 80 100 70 100 dB 

ksvR 
Supply voltage rejection ratio 

(AVcc/AV1ol Full range 70 80 65 80 dB 

Ice 
25°C 5 8 5 10 

Supply current No load mA 
MAX 4.5 7 

t All characteristics are spec Hied under open-loop operation. Full range for LM218 is -25° to 85° C and for LM318 is 0° C to 70° C. 
NOTE 6: Unless otherwise noted, V CC± = ±5 V to ±20 V. All typical values are at V CC± = ± 15 V. Throughout this data sheet, supply voltages 

are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied 
to V CC+• and an equal negative voltage is applied to V CC-· 
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TYPES LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 

PARAMETER 

SR Slew rate at unity gain 

parameter measurement information 
2kn 

2kn 
INPUT o----vV1r--~---1 

TEST CONDITIONS MIN TVP MAX UNIT 

D.V1 = 10 V, CL= 100 pF, See Figure 1 50 70 V/µs 

~----o OUTPUT 

I lOOpF 

~~------........ 1 'oovv 
INPUT I_ I 

_ _..---------10V 
90%-- I--~ 

OUTPUT I D.Vo 

__ 1_0_%_-_,, I_:- =..1....:- .::..• - - - - - - 0 v 
I I 
rt- tt ~ SR = _D._v_o 

TEST Cl RCUIT tt 

schematic 

100 pf 

FIGURE 1-SLEW RATE 

BALANCE 

BALANCE 
COMPENSATION-3 

COMPENSATION-I COMPENSATION-2 

VOLTAGE WAVEFORMS 

.--~--------.-.~~--~~-----4-----.---------e-------oVcc+ 

INVERTING 
INPUT 0--~--i 

Compc>nent values shown ere nominal. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM1900, LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12682, JULY 1979-REVISED DECEMBER 1979 

• 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 LM1900, 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 LM 1900 is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the LM2900 is characterized for operation from 
-40°C to 85°C, and the LM3900 is characterized for 
operation from 0°C to 70°C. 

operating characteristics 

J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

NON- NON-
INV INV INV OUT- OUT- INV 

Vee INPUT INPUT INPUT PUT PUT INPUT 

NON- NON- INV OUT· OUT· INV GND 
INV INV INPUT PUT PUT INPUT 

INPUT INPUT 

schematic (each amplifier) ~----<--<> Vee 

IN~~~J+NG 0----4..---l 

NON· 
INVERTING 

INPUT 

OUTPUT 

Norton (or current-differencing) amplifiers can be used in most standard general purpose op-amp applications. 
Performance as a de amplifier in a single-power-supply mode 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 (see Note 5) clamp negative input voltages at approximately -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 approxi
mately -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 noninverting 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. 

Copyright© 1979 by Texas Instruments I neorporated 
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TYPES LM1900, LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS· 

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

LM1900 LM2900 LM3900 

Supply voltage, V~ (see Note 1) 36 32 32 

Input current 20 20 20 

Duration of output short circuit (one amplifier) to ground 
Unlimited Unlimited Unlimited 

at (or below) 25° C free-air temperature (see Note 2)° 

Continuous total dissipation at (or below) 25°C l J Package 1375 1025 1025 

free-air temperature (see Note 3) l N Package 1150 1150 

Operating free-air temperature range -55 to 125 -40 to 85 0 to 70 

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

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

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

NOTES: 1. All voltage values, except differential voltages, ere with respect to the network ground terminal. 
2. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 

UNIT 

v 

mA 

mW 

oc 

oc 

oc 

oc 

3. For operation above 25°e free-air temperature, refer to Dissipation Deratlng Table. In the J package, LM1900 chips are alloy
mounted; LM2900 and LM3900 chips are glass-mounted. 

electrical characteristics, Vee= 15 V, TA= 25°e (unless otherwise noted) 

TEST CONDITIONSt 
LM1900 LM2900 LM3900 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input bias current TA= 25°C 25 100 30 200 30 200 
119 11+ =O nA 

(inverting input) TA= full range 150 

11-
Mirror gain 0.95 1.05 0.9 1.1 0.9 1.1 µA/µA 

11+ 
11+ = 20 µA to 200 µA, 

Change in mirror gain 
TA = full range, See Note 4 

1 2 2 5 2 5 % 

Mirror current 
V1+ = V1_, TA = full range, 

10 500 10 500 10 500 µA 
See Note 4 

Avo 
Large-signal differential Vo= 10 V, RL=10kn, 

2 3 1.2 2.8 1.2 2.8 V/mV 
voltage amplification f=100Hz 

Input resistance 
1 1 1 Mn q 

(inverting input) 

ro Output resistance 8 8 8 kn 

81 
Unity-gain bandwidth 

2.5 2.5 2.5 MHz 
(inverting input) 

Supply voltage rejection 

ksvR ratio (ti.Vccf.:W1ol 
50 70 70 70 dB 

RL=2kn 13.5 14.2 13.5 13.5 

VoH High-level output voltage 
11+=0, 

Vee= 30 v, v 
11-=0 28 29.5 29.5 29.5 

No load 

VoL Low-level output voltage 
11+ = 0, 11- = 10 µA, 

0.09 0.2 0.09 0.2 0.09 0.2 v 
RL=2kn 

lo HS 
Short-circuit output current 11+=0, '1-=0, 

-10 -15 -6 -18 -6 -10 mA 
(output internally high) Vo=O 

Pull-down current 1 1.3 0.5 1.3 0.5 1.3 mA 

loL Low-level output current+ 11- = 5 µA, VoL = 1 V 4 5 5 5 mA 

Ice Supply current (four amplifiers) No toad 6.2 12 6.2 10 6.2 10 mA 

t All characteristics are specified under open-loop conditions. Full range for TA is -55°C to 125°C for LM1900, -40°C to 85°C for LM2900, 
and 0°C to 70°C for LM3900. 

+The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input. 
NOTE 4: These parameters are measured with the output balanced midway between Vee and ground. 
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TYPES LM1900, LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

recommended operating conditions 
LM1900 LM2900 LM3900 

UNIT 
MIN MAX MIN MAX MIN MAX 

Input current (see Note 5) -1 -1 -1 mA 

Operating free-air temperature, TA -55 125 -40 85 0 70 oc 

NOTE 5: 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 mA. Negative input currents in excess of -4 mA will cause the output voltage to drop to a low voltage. These 

values apply for any one of the input terminals. If more than one of the input terminals are simultaneously driven negative, maximum 

currents are reduced. Common-mode current biasing can be used to prevent negative input voltages. 

operating characteristics, Vee±= ±15 V, TA= 25°C 

PARAMETER TEST CONDITIONS 

SR 
1 Low-to-high output 

Slew rate at unity gain J Vo=10V, CL= 100 pF, 

High-to-low output RL = 2 k.!1 

~ 

~ 
a 
iii 

~ 
~ 

70 

60 

50 

40 

30 

20 

10 

INPUT BIAS CURRENT (INVERTING INPUT) 

FREE-AIR TEMPERATURE 

vcc= 15v 
1---+--+--+--l---4- Vo = 7.5 V 

11+ = 0 

-75 -50 -25 25 50 75 100 125 

~ 

TA-Free-Air Temperature-°C 

FIGURE 1 

LM2900. LM3900 
LARGE-SIGNAL 

OIFFERENTIAL VOLTAGE AMPLIFICATION 

FREQUENCY 

i'~§lli 
Ci 10 
I c 
> 

<{ 

1 k 10k 100k 1M 10M 

I-Frequency-Hz 

FIGURE 4 

TYPICAL CHARACTERISTICSt 

MIRROR GAIN 

FREE-AIR TEMPERATURE 

1.20 r :L 
vcc= 15 v 

1. 15 f- I 1 + = 10 µA -+--+--+--+----1--1 

1.10 l---+--+---4--+---11---1--+----I 

~ 1.05 r::t=:t=:::t=::t::~==::i:=bd 
~ I-
~ l 0.95 l---+--+--+--+----1--+--1---l 

1 

c: 
0 

~ 
Ci. 
E 

<{ 

~ 
0 
> 
-;;; .E 
~ 

~ 
Ci 
I 
c 
> 

<{ 

0.90 l---+--+--+--+----1---1--1---l 

0.85 ,___,_ _ _,__-+--+-----<-----1--....... 

0.80 ~~-~__.--'----"'----'--"--
-75 -50 -25 25 50 75 100 125 

104 

103 

102 

10 

TA-Free-Air Temperature-°C 

FIGURE 2 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 

= -~ 

~RL=10kil 
t-TA = 25°c 

I l 
10 15 20 25 30 

Vee-Supply Voltage-V 

FIGURE 5 

cc 
"C 

i 
§ 
·~ 

;f 

0 
> 
> 

l 
ii: 
~ 

MIN TVP MAX UNIT 

0.5 

20 
V/µs 

SUPPLY VOLTAGE REJECTION RATIO 

FREQUENCY 

100 

90 
Vee= 1Wv 
TA= 25°c 

80 

70 r-t--
60 

50 ~ 
40 

30 

20 

10 

100 400 1k 4k 10k 40k 100k 400k 1M 

f-Frequency-Hz 

FIGURE 3 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

VS 

FREE-AIR TEMPERATURE 

~ 
~ 
Ci 10 

F"vcc-15v I 
1-Vo-lOV 
I- AL= 10k!l 

"i ..l 

c 
> 

<{ 

-75 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 6 

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 LM1900, LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 
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FIGURE 7 

PULL-DOWN CURRENT 

SUPPLY VOLTAGE 

.A'"" 

.,..,... 
~ TA=85°C--+-

VI 

10 15 20 25 30 

Vee-Supply Voltage-V 

FIGURE 10 

TYPICAL CHARACTERISTlcst 
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LM2900 
SHORT·CIRCUIT OUTPUT CURRENT 

(OUTPUT INTERNALLY HIGH) 

SUPPLY VOLTAGE 

Vo•O 
11+ m 0 
11-- 0 

o~-~-~-~-~-~-~ 

0 10 15 20 25 30 

Vee-Supply Voltage-V 

FIGURE 8 

PULL-DOWN CURRENT 
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FIGURE 12 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

TYPICAL APPLICATION DATA 

V+ V+ 

OUTPUT 

OUTPUT 

lo• 1 mA per input volt 10 .., 1 mA per input volt 

FIGURE 13-VOLTAGE-CONTROLLED CURRENT SOURCE FIGURE 14-VOLTAGE-CONTROLLED CURRENT SINK 

DISSIPATION DERATING TABLE 

0

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 1375 mW 11.0mW/°C 25°C 

J (Glass-Mounted Chip) 1025mW 8.2mW/°C 25•c 

N 1150mW 9.2mW/°C 25•c 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Wide Range of Supply Voltages 
Single Supply ... 3 V to 26 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 

TYPE LM2902 
QUADRUPLE OPERATIONAL AMPLIFIER 

BULLETIN NO. DL-S 12291, MARCH 1976-REVJSED OCTOBER 1979 

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV Typ 
Input Offset Current ... 5 nA Typ 
Input Bias Current ... 45 nA Typ 

• Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage ... ±26 V 

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

schematic (each amplifier) • Maximum Peak-to-Peak Output 
Voltage Swing ... Vcc-1.5 V Typ 

• Internal Frequency Compensation 

JORN DUAL-IN-LINE OR 

W FLAT PACKAGE (TOP VIEW) 

AMPLIFIER NO. 4 AMPLIFIER NO. 3 

~~ 
INVERTING 

INPUT 
ING VERTING VERTING ING 

OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 

NON· 
INVERTING0----+--1---_, 

INPUT 

description 

This device consists of four independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply as in automotive systems. Operation from split 
supplies is also possible so long as the difference 
between the two supplies is 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. 

OUTPUT INVERT- NONIN· Vee NONIN- INVERT- OUTPUT 
ING VERTING VERTING ING 

___ 1N""'IP~T INPUT ~ 

AMPLIFIER NO. 1 AMPLIFIER NO. 2 

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM2902 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. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (see Note 1) 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . 
Input voltage range (either input) . . . . . . . . . . . . . . . . . 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 

free-air temperature (Vee~ 15 V) (see Note 3) . . . . . . . . ... 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 
Operating free-air temperature range . . . . . . . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 60 seconds: J or W package . . . 
Lead te_mperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . . . . . . 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground t.11rminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

26 v· 
±26 v 

-0.3 V to 26 V 

unlimited 
... 900 mW 
-40°C to 85°C 

-65°C to 150°C 
300°C 
260°C 

3. Short circuits from outputs to V cc. can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, the LM2902 chips are 

glass-mounted. · 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPE LM2902 
QUADRUPLE OPERATIONAL AMPLIFIER 

electrical characteristics at 25°C free-air temperature, Vee= 5 V {unless otherwise noted) 

PARAMETER TEST CONDITIONst MIN TYP MAX UNIT 

V10 Input offset voltage Vo=1.4V 2 10 mV 

110 Input offset current Vo=1.4V 5 50 nA 

l1B Input bias current Vo=1.4V See Note 5 --45 -500 nA 

Common-mode input 
Vee= 24V 

0 to 
V1cR v 

voltage range Vcc-1.5 

High-level output voltage 
Vee= 24 v. RL = 2 kn 20 

VoH v 
Vee= 24 v, RL>10kn 21 

VoL Low-level output voltage RL.;; 10 kn 5 20 mV 

Avo 
Large-signal differential 

Vee= 15 v. 
voltage amplification 

RL > 2 kS1, Vo= 1vto11 v 100 V/mV 

CMRR Common-mode rejection ratio Rs.;;1okn 85 dB 

ksvR* Supply voltage rejection ratio Rs.;;;; 10 kn 100 dB 

Vo1 I Vo2 Channel separation f = 1 kHz to 20 kHz 120 dB 

Vee= 15 v, V10=1V, Vo =OV -20 --40 

lo Output current Vee= 15 v. Vio = -1 V, Vo=2.5V 12 30 mA 

V10=-1 V, Vo= 5V 8 20 

Ice Supply current {four amplifiers) No load, No signal 0.8 2 mA 

·ksvR = AVcc/AV10 
t All characteristics are specified under open-loop conditions. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 

the state of the output, so no loading change is presented to the input lines. 

TYPICAL APPLICATION DATA 

OUTPUT A 

OUTPUl B 

OUTPUT C 

AUDIO DISTRIBUTION AMPLIFIER 

THERMAL INFORMATION 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J {Glass-Mounted Chip) 900mW 11.0 mWf'C 68°C 

N 900mW 9.2 mWf'C 52°C 

w 900mW 8.0 mWf'C 37°C 

Also see Dissipation Derating Curves, Section 2. 
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LINEAR 
. INTEGRATED 
CIRCUITS 

• Wide Range of Supply Voltages 
Single Supply ... 3 V to 26 V 
or Dual Supplies 

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

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

schematic (each amplifier) 

INVERTING 
INPUT 

GNO 
!OR Vee-I 

~~~~~~ERRS 

description 

This device consists of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply as in automotive systems. Operation from split 
supplies is also possible so long as the difference 
between the two supplies is 3 volts to 26 volts and 
Pin 8 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, d-c ampli
fication blocks, and all the conventional operational 
amplifier circuits that now can be more easily 
implemented in single-supply-voltage systems. For 
example, the LM2904 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. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING 

RATING FACTOR 

JG (Glass-Mounted Chip) 680mW 6.6 mWfC 
p 680mW 8.0mWfC 

u 675mW 5.4 mWfC 

Also see Dissipation Derating Curves, Section 2. 

ABOVE 

TA 
41°C 

65°C 

25°C 

TYPE LM2904 
DUAL OPERATIONAL AMPLIFIER 

BULLETIN NO. DL-S 12402, JUNE 1976-REVISED OCTOBER 1979 

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV Typ 
Input Offset Current ... 5 nA Typ 
Input Bias Current ... 45 nA Typ 

• Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage ... ±26 V 

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

• Maximum Peak-to-Peak Output 
Voltage Swing ... Vcc-1.5 V Typ 

• Internal Frequency Compensation 

JG OR P DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

AMPLIFIER NO. 2 

~ 
NON-

OUT- INV INV 
Vee+ PUT INPUT INPUT 

OUT- INV NON- GND 
PUT INPUT INV 

INPUT 

'---v-1 
AMPLIFIER NO. 1 

U FLAT PACKAGE 

(TOP VIEW) 

AMPLIFIER NO. 2 ,.._.._, 
NON 

OUT INV INV 
NC V CC + PUT INPUT INPUT 

® ® (!) CD © 

CD CD CD © © 
NC OUT INV NON. Vcc-

PUT INPUT INV 
INPUT 

~ 
AMPLIFIER N0.1 

NC...-No internal connection 

Copyright© 1979 by Te~as Instruments Incorporated 
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TYPE LM2904 
OPERATIONAL AMPLIFIER 

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

Supply voltage, Vee (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage range (either input) . . . . . . . . . . . . . . ... 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 

free-air temperature (Vee~ 15 V) (see Note 3) . . . . . . . . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): JG or P package 

U package 
Operating free-air temperature range . . . . . . . . . . . . . . . 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 60 seconds: JG or U package 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 10 seconds: P package . . . 

26 v 
±26 v 

-0.3 V to 26 V 

unlimited 
. 680 mW 

... 675 mW 
-40°C to 85°C 

. ... 300°C 

.... 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 outputs to V CC can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, the LM2904 chips are 

glass-mounted. 

electrical characteristics at 25°C free-air temperature, Vee= 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

V10 Input offset voltage Vo=1.4V 2 10 mV 

110 Input offset current Vo=1.4V 5 50 nA 

lrn Input bias current Vo=1.4V See Note 5 --45 -500 nA 

Common-mode input 0 to 
V1cR Vee= 24 v v 

voltage range Vcc-1.5 

Vee= 24 v. RL = 2 kn 20 
VoH High-level output voltage v 

Vee= 24 v, RL;;. 10 kn 21 

Vol Low-level output voltage RL.;;; 10 kn 5 20 mV 

Avo 
Large-signal differential 

Vee= 15 v, 
voltage amplification 

RL;;. 2 kn, Vo= 1vto11 v 100 V/mV 

CMRR Common-mode rejection ratio Rs.;;;1okn 85 dB 

ksvR* Supply voltage rejection ratio Rs,;;; 10 kn 100 dB 

Vo1 / Vo2 Channel separation f = 1 kHz to 20 kHz 120 dB 

Vee= 15 v. Vm = 1 V, Vo =OV -20 -40 

lo Output current Vee= 15 v, Vm = -1 V, Vo= 2.5 V 12 30 mA 

V10=-1V, Vo= 5V 8 20 

Ice Supply current (both amplifiers) No load, No signal 0.5 1.2 mA 

t All characteristics are specified under open-loop conditions. 
NOTE 5: The direction of the bias current is out of the device due to the P·N·P input stage. This current is essentially constant, regardless of 

the state of the output, so no loading change is presented to the input lines. 

R4 

RS 

TYPICAL APPLICATION DATA 

Vee+ 

R6 

OUTPUT 

SELECT VALUES FOR: 

0 

Cl and C2 

where C1 = C2 

w0 = 21Tfo 

K 

K is selected to 
optimize sensitivity 
and is typically 
between 1 and 10. 

MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER 

TEXAS INSTRUMENTS 
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CALCULATE: 

0 
R1 = R3 = R5 = -

woC 

R1 
R2= ------

2 1 
0-1--+

K K·O 

Rl · K · Q 
R4=----

20-1 

R6 = K · Rl 



LINEAR 
INTEGRATED 
CIRCUITS 

TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE 

OPERATIONAL AMPLIFIERS 
BULLETIN NO, DL-S 11457, FEBRUARY 1971-REVISED OCTOBER 1979 

• Short-Circuit Protection 

• Wide Common-Mode and 
Differential Voltage Ranges 

• No Frequency Compensation Required 

description 

• Low Power Consumption 

• No Latch-up 

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

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 MC1558 is characterized for operation over the full military temperature range of -55°C to 125°C; the MC1458 
is characterized for operation from 0°C to 75°C. 

JG OR P DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

AMPLIFIER NO. 2 

,.....---1'-.. 
NON 

OUT· INV INV 
Vee+ PUT INPUT INPUT 

OUT· INV NON· Vcc
PUT INPUT INV 

~ 
AMPLIFIER NO. 1 

U FLAT PACKAGE 

(TOP VIEW) 

AMPLIFIER NO. 2 ,_..._,_ 
NON 

NC Vee+ PUT INPUT l~~~T 

®©CDCD© 

CD 0 CD 0 © 
NC OUT INV NON GND 

PUT INPUT INV 
INPUT ._,_. 

AMPLIFIER NO. 1 

NC-No internal connection 

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

MC1558 MC1458 

Supply voltage Vee+ (see Note 1) 22 18 

Supply voltage Vee- (see Note 1) -22 -18 

Differential input voltage (see Note 2) ±30 ±30 

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

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

Continuous total dissipation at (or below) 25°C 
Each amplifier 500 500 

l JG or P package 680 680 
free-air temperature (see Note 5) Total package J 

675 U Package 675 
Operating free-air temperature range -55 to 125 0 to 75 

Storage temperature range -65 to 150 -65 to 150 

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

Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds l P package 260 

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

2. Differential voltages are at the non inverting 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 

oc 
oc 
oc 
oc 

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 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. 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 AMPLIFIER_S 

electrical characteristics at specified free-air temperature, Vee+= 15 V, Vee-= -15 V 

PARAMETER TEST CONDITIONSt 
MC1558 MC1458 

UNIT 
MIN TYP MAX MIN TYP MAX 

V10 Input offset voltage 
25°C 1 5 1 6 

Rs.;;; 1okn 
Full range 6 

mV 
7.5 

25°C 20 200 20 200 
110 Input offset current 

Full range 500 
nA 

300 

25°C 80 500 80 500 
118 Input bias current 

Full range 1500 
nA 

800 

V1cR 
Common-mode 25°C ±12 ±13 ±12 ±13 

input voltage range Full range 
v 

±12 ±12 

RL = 10 kn 25°C 24 28 24 28 

Vo pp 
Maximum peak-to-peak RL > 10kn Full range 24 24 

output voltage swing 25°C 
v 

RL = 2 kn 20 26 20 26 

RL;;. 2 kn Full range 20 20 

Large-signal differential RL;;. 2 kn, 25°C 50 200 20 200 
Avo 

voltage amplification Vo=±10V Full range 25 15 
V/mV 

RL=2kn, 

BoM 
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 margin 25°C 11 11 dB 

q Input resistance 25°C 0.3 2 0.3 2 Mn 

Output resistance 
Vo= 0, 

25°C 75 75 n ro 
See Note 6 

Ci Input capacitance 25°C 1.4 1.4 pF 

Common-mode 
25°C Zic f = 20 Hz 200 200 Mn 

input impedance 

25°C 70 90 70 90 
CMRR Common-mode rejection ratio Rs.;; to kn dB 

Full range 70 70 

ksvs 
Supply voltage sensitivity 25°C 30 150 30 150 

(.6 Vro/.6 Vccl 
Rs.;; 10 kn 

Full range 150 150 
µ.VIV 

Equivalent input 
Avo=100, 

Vn noise voltage 
Rs= 0, 

25°C 45 45 nV/..jHz 

(closed-loop) 
f = 1 kHz, 

B1/'I= 1 Hz 

IQS_ Short-circuit output current 25°C ±25 ±40 ±25 ±40 mA 

Supply current No load, 25°C 3.4 5 3.4 5.6 
ice mA 

(Both amplifiers) No signal Full range 6.6 6.6 

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

(Both amplifiers) 
mW 

No signal Full range 200 200 

Vo1IV02 Channel separation 25°C 120 120 dB 

t All characteristics are specified under open-loop operation, unless otherwise noted. Full range for MC1558 is -55°C to 125°C and for 

MC1458 is 0°C to 75°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, V cc+ = 15 V, V CC- = -15 V, TA = 25° C 

MC1558 MC1458 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

MIN TYP MAX 

tr Rise time V1=20mV, RL=2kn, 0.3 0.3 µ.s 

Overshoot factor CL=100pF, See Figure 1 5% 5% 

SR Slew rate at unity gain 
V1=10V, 

CL= 100pF, 

RL = 2 kn, 
0.5 

See Figure 1 
0.5 V/µ.s 
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schematic (each amplifier) 

NON
INVERTING 

INPUT 

TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 
JG (Alloy-Mounted Chip) 680mW 8.4 mWfC 69°C 

JG (Glass-Mounted Chip) 680mW 6.6 mW/°C 47°C 

p 680mW 8.0mWfC 65°C 

u 675mW 5.4 mWfC 25°C 

Also see Dissipation Derating Curves, Section 2. 

50 n 

COMPONENT VALUES SHOWN ARE NOMINAL 

PARAMETER MEASUREMENT INFORMATION 

Iv, 
_J ____ ov INPUT 

INPUT VOLTAGE 
WAVEFORM 

CL• 100pF 

TEST CIRCUITS 

FIGURE 1-RISE TIME, OVERSHOOT, 
AND SLEW RATE 
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25 !l 

50 n 

TO OTHER 
AMPLIFIER 

Vee+ 

OUTPUT 

Vee-

TO OTHER 
AMPLIFIER 

.. 
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TYPES MC1558,-MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 2 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 

vs 
FREQUENCY 
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FIGURE 5 

COMMON-MODE REJECTION RATIO 
vs 
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FIGURE 8 

TYPICAL CHARACTERISTICS 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 3 

OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 

VOLTAGE AMPLIFICATION 
vs 

SUPPLY VOLTAGE 
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FIGURE 6 

OUTPUT VOLTAGE 
vs 

ELAPSED TIME 

b. 
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LINEAR 
INTEGRATED 
CIRCUITS 

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

BULLETIN NO. DL-S 12676, FEBRUARY 1979-REVISED OCTOBER 1979 

• 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 

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

description 

The Me3503, Me3303, and the Me3403 are quad
ruple operational amplifiers similar in performance 
to the uA741 but with several distinct advantages. 
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 nega
tive supply to Vee - 1.5 V. Quiescent supply cur
rents are less than one-half those of the uA741. 

J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

AMPLIFIER NO. 4 AMPLIFIER NO. 3 

~~ 
INVERT· NONIN- NONIN- INVERT-

ING VERTING VERTING ING 
OUTPUT INPUT INPUT Vee- INPUT INPUT OUTPUT 

OUTPUT INVERT- NONIN- Vee+ NONIN- INVERT- OUTPUT 
ING VERTING VERTING ING 

~~ 
AMPLIFIER NO. 1 AMPLIFIER NO. 2 

The Me3503 is characterized for operation over the full military temperature range of -55°e to 125°e. The Me3303 
is characterized for operation from -40°e to 85°e. The Me3403 is characterized for operation from 0°e to 70°e. 

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

MC3503 MC3303 MC3403 UNIT 

Supply voltage Vee+ (see Note 1) 18 18 18 v 
Supply voltage Vee- (see Note 1) -18 -18 -18 v 
Supply voltage V..c.c_+ with respect to V CC- 36 36 36 v 
Differential input voltage (see Note 2) ±36 ±36 ±36 v 
Input voltage (see Notes 1 and 3) ±18 ±18 ±18 v 
Continuous total dissipation at (or below) 25QC 1 J Package 1375 1025 1025 

JN Package 
mW 

free-air temperature (see Note 4) 1150 1150 

Operating free-air temperature range -55 to 125 -40 to 85 0 to 70 QC 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 QC 

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

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds} N Package 260 260 QC 

NOTES: 1. These voltage values are with respect to the midpoint between Vee+ and Vee-· 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Neither input must ever be more positive than Vee+ or more negative than Vee-· 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, MC3503 chips are alloy

mounted; MC3303 and MC3403 chips are glass-mounted. 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 1375mW 11.0 mW/°C 25°C 

J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C 

N 1150mW 9.2 mW/°C 25°C 

Also see Dissipation Derating Curves, Section 2. 

Copyright© 1979 by Texas Instruments lncorporatud 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature: Vee+= 14 V, Vee-= 0 V for MC3303; 
V CC± = ± 15 V for MC3403 and MC3503 

TEST CONDITIONSt 
MC3503 MC3303 MC3403 

PARAMETER 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TA= 25°C, See Note 5 2 5 2 8 2 10 
V10 Input offset voltage 

TA= full range, See Note 5 6 10 12 

Temperature coefficient 
TA= 25°C 10 10 10 av10 

of input offset voltage 

TA= 25°C, See Note 5 30 50 30 75 30 50 
110 Input offset current 

TA= full range, See Note 5 200 250 200 

Temperature coefficient 
TA= 25°C 50 50 50 0:110 

of input offset current 

'1s 
TA= 25°C -0.2 -0.5 -0.2 -0.5 -0.2 -0.5 

Input bias current 
TA = full range -1.5 -1 -0.8 

Common-mode input 
Vee- Vee- Vee- Vee- Vee- Vee-

V1cA 
voltage range+ 

TA= 25°C to to to to to to 

13 13.5 12 12.5 13 13.5 

AL= 10 kn, TA=25°C ±12 ±13.5 12 12.5 ±12 ±13.5 

VoM 
Peak output 

AL=2kn, TA= 25°C ±10 ±13 10 12 ±10 ±13 
voltage swing 

AL=2kn, TA =full range ±10 10 ±10 

Large-signal differential AL= 2 kn, 1TA = 25°C 50 200 20 200 20 200 
Avo 

voltage amplification Vo=±lOV l TA= full range 25 15 15 

Maximum-output-
Vopp = 20 V, AL=2kn, 

BoM Avo= 1, TA= 25°C, 9 9 9 
swing bandwidth 

THO.;;; 5% 

81 Unity-gain bandwidth 
AL= 10 kn, Vo=50mV, 

1 1 1 
TA= 25°C 

c/>m Phase margin 
CL= 200 pF, AL= 2 kn, 

60° 60° 60° 
TA= 25°C 

q Input resistance f = 20 Hz, TA= 25°C 0.3 1 0.3 1 0.3 1 

ro Output resistance f = 20 Hz, TA= 25°C 75 75 75 

CMAR 
Common-mode 

rejection ratio 
As<;;;lOkn, TA= 25°C 70 90 70 90 70 90 

ksvs 
Supply voltage sensitivity 

TA= 25°C 30 150 30 150 30 150 
(AV10/AVccl 

las 
Short-circuit output 

TA= 25°C ±10 ±30 ±45 ±10 ±30 ±45 ±10 ±30 ±45 
current § 

Ice Total supply current 
No load, Vo=OV, 

2.8 4 2.8 7 2.8 7 
TA= 25°C 

UNIT 

mV 

j.uV/°C 

nA 

pA/°C 

µA 

v 

v 

V/mV 

kHz 

MHz 

Mn 

n 

dB 

µV/V 

mA 

mA 

t All characteristics are specified under open-loop conditions unless otherwise noted. Full range for TA is -55° e to 125° e for Me3503; -40° e 

to 85°e for Me3303; and 0°e to 70°e for Me3403. 

+The V1eR 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. 

NOTE 5: V10 and 110 are defined at Vo= 0 V for Me3503 and Me3403, and v 0 = 7 V for Me3303. 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee+= 5 V, Vee-= 0 V, TA= 2s0 e (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MC3503 MC3303 MC3403 

MIN TVP MAX MIN TYP MAX MIN TVP MAX 

V10 Input offset voltage Vo= 2.5 V 2 5 10 2 10 

110 Input offset curreri,t Vo=2.5V 30 50 75 30 50 

119 Input bias current -0.2 -0.5 -0.5 -0.2 -0.5 

RL=10k.!1 

VoM 
Peak output 

RL = 10 k.!1, 
voltage swing§ 

Vee+= 5 v to 30 v 

Avo 
Large-signal differential 

RL=2k.!1,AVo=2V 
voltage amplification 

ks vs 
Power supply sensitivity 

(AV10/AVcc±l 

Ice Supply current No Load, Vo= 2.5 V 

V 0 1/V0 2 Channel separation f = 1 kHz to 20 kHz 

t All characteristics are specified under open-loop conditions. 
§Output will swing essentially to ground. 

3.3 

Vee+ - 1.7 

20 

3.5 3.3 3.5 3.3 3.5 

Vee+ - 1.1 Vee+ - 1.7 

200 20 200 20 200 

150 150 

2.5 4 2.5 7 2.5 

120 120 120 

operating characteristics: Vee+= 14 V, Vee-= O V for Me3303; Vee±= ±15 V for Me3403 and 
Me3503; TA= 25°e, Avo = 1 (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 

SR Slew rate at unity gain V1 = ±10 V, CL= 100 pF, See Figure 1 0.6 

tr Rise time 0.35 

tf Fall time 
AVo = 50 mV, CL= 100 pF, RL = 10 k.!1, 

0.35 

Overshoot factor 
See Figure 1 

20% 

Crossover distortion V1pp = 30 mV, Vopp = 2 V, f= 10 kHz 1% 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1-UNITY-GAIN AMPLIFIER 

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

INPUT BIAS CURRENT 

TEMPERATURE 

a; 
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FIGURE 2 
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See Figure 1 
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FIGURE 5 

TYPICAL CHARACTERISTlcst 
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LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

VS 

FREQUENCY 
106--~-~-~-~---~ 

Vee±= ±15 v 
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FIGURE 6 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
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FIGURE 4 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 
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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) 

'---+--+---i-i--+---i--4---<.__-i---i-......_~---..!...i--~~--o Vcc-
All component values shown are nominal I _____ _ 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES NE5532, NE5532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

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

• 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 = 600 n 

• High Slew Rate ... 9 V /µs Typ 

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

• Designed to be Interchangeable with Signetics 
N E5532 and N E5532A 

description 

BULLETIN NO. DL-S 12733, NOVEMBER 1979 

NE5532, NE5532A ••• JG OR P 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

NON· 
OUT· INV INV 

Vee+ PUT INPUT INPUT 

~~r .~~~T ~z~- Vee-
INPUT 

The NE5532 and NE5532A are monolithic high-performance operational amplifiers combining excellent de 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 N E5532 and N E5532A are characterized for operation from 0° C to 70° C. 

schematic (each amplifier) 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 

All component values shown are nominal. 

Copyright© 1979 by T.exas Instruments Incorporated 
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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, Vee+ (see Note 1) ........... . 
Supply voltage, Vee- (see Note 1) 
Input voltage, either input (see Notes 1 and 2) 
Input current (see Note 3) . . . . . . . . . . . . . ..... . 
Duration of output short-circuit (see Note 4) ...•.................. 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5): 

JG package ............... . 
P package ............ . 

Operating free-air temperature range: NE5532, NE5532A 
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 

NOTES: 1. All voltage values, except dlfferentlal voltages, are with respect to the midpoint between V cc+ and V CC-· 
2. The magnitude of the Input voltage must never exceed the magnitude of the supply voltage, 

22 v 
-22 v 
Vee± 

±10 mA 
unlimited 

825mW 
1000 mW 

0°C to 70°C 
-65°Cto 150°C 

300°C 
260°C 

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 ls used. 
4. The output may be shorted to ground or either power supply, Temperature and/or supply voltag~ 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 Deratlng Table. In the JG package, chips are glass-mounted. 

DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
PACKAGE 

RATING FACTOR TA 

JG (Glass-Mounted chip) 825mW 6.6 mW/°C 25°C 

p 1000 mW 8.0mW/°C 25°C 

Also see Dissipation Deratlng Curves, Section 2. 
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TYPES NE5532, NE5532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee±= ±15 V, TA= 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
NE5532, NE5532A 

UNIT 
MIN TYP MAX 

TA= 25°C 0.5 4 
V10 Input offset voltage 

TA = 0° C to 70° C 
mV 

5 

TA= 25°C 10 150 
110 Input offset current 

TA = 0° C to 70° C 
nA 

200 

TA= 25°C 200 800 
l1B Input bias current 

TA = 0° C to 70° C 
nA 

1000 

V1CA 
Common-mode input 

±12 ±13 v 
voltage range 

Maximum peak-to-peak Vee±= ±15 v 24 26 
Vopp AL;;. 600 .!1. v 

output voltage swing Vee±= ±18 v 30 32 

RL;;. 600 .!1., TA= 25°C 15 50 

Large-signal differential Vo= ±10 V TA = 0° C to 70° C 10 
Avo 

TA= 25°C 
V/mV 

voltage amplification RL;;. 2 k.!1., 25 100 

Vo=±10V TA = 0° C to 70° C 15 

Avd 
Small-signal differential 

voltage amplification 
f = 10 kHz 2.2 V/mV 

Maximum-output-swing RL = 600 .!1., Vo=±10V 140 
BoM kHz 

bandwidth RL = 600 .!1., Vee+= ±18 v, Vo=±14V 100 

B1 Unity-gain bandwidth RL = 600 .!1., CL=100pF 10 MHz 

q Input resistance 30 300 k.!1. 

Zo Output impedance Avo = 30 dB, AL= 600 .!1., f = 10 kHz 0.3 n 
CMRA Comm-mode rejection ratio 70 100 dB 

ksvR 
Supply voltage rejection 

ratio (AVcc±/AV1ol 
80 100 dB 

los Output short-circuit current 38 mA 

Ice Total supply current No load 8 16 mA 

Vo1IV02 Channel separation V01 = 10 V peak f = 1 kHz 110 dB 

operating characteristics, V CC± = ± 15 V, TA = 25° C 

TEST CONDITIONS 
NE5532 NE5532A 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

SR Slew rate at unity gain 9 9 V/µs 

Overshoot factor 
V1=100 mV, Avo= 1, 

10% 10% 
AL= 600 .!1., CL= 100 pF 

f = 30 Hz 8 8 10 
nV/yHz Vn Equivalent input noise voltage 

f = 1 kHz 5 5 6 

f = 30 Hz 2.7 2.7 
pA/yHz In Equivalent input noise current 

f = 1 kHz 0.7 0.7 

TEXAS INSTRUMENTS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES NE5533, NE5533A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

• Equivalent Input Noise Voltage ... _ 
3.5 nVl../Ffz Typ (NE5533A at 1 kHz) 

• Unity-Gain Bandwidth ... 10 MHz Typ 

• Common-Mode Rejection Ratio ... 
100 dBTyp 

• High DC Voltage Gain .•. 100 V/mV Typ 

• Peak-to-Peak Output Voltage Swing .•. 
32 V Typ with Vee±= ±18 V and 
RL = 600 n 

• High Slew Rate ... 13 V /µs Typ 

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

• 
• 

Low Harmonic Distortion 

Designed to be Interchangeable with Signetics 
N E5533 and N E5533A 

description 

BULLETIN NO. DL-S 12734, NOVEMBER 1979 

NE5533, NE5533A ••• J OR N 
DUAL·IN·LINE PACKAGE 

(TOP VIEW) 

~~~/ COMP OUTPUT Vee+ OUTPUT COMP c~:t 

INVERT· NONIN· VCC-
ING VEATING 

INPUT INPUT 

~ 

BAL NONIN· INVERT
VERTING ING 

INPUT INPUT 

'--v---' 
AMPLIFIER NO. 2 

The NE5533 and NE5533A are dual monolithic high-performance operational amplifiers combining excellent de 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 
the compensation terminals. The devices feature input-protection diodes, output short-circuit protection, and offset· 
voltage nulling capability. 

The NE5533A has guaranteed maximums on equivalent input noise voltage. 

The NE5533 and NE5533A are characterized for operation from 0°C to 70°C. 

schematic (each amplifier) 

BALANCE COMPENSATION/BALANCE COMPENSATION 

AU compunent v11 ... 1shown1re nomin•. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES NE5533, NE5533A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

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

Supply voltage, V CC+ {see Note 1) ............................... . 
Supply voltage, V cc- {see Note 1) .............................. . 
Input voltage either input {see Notes 1 and 2) ......................... . 
Input current {see Note 3) .......................................... . 

22 v 
-22V 
Vee± 

±10mA 

Duration of output short-circuit {see Note 4) ........................................ . unlimited 

Continuous total power dissipation at {or below) 25°C free-air temperature {see Note 5): 
J package ............................................. . 1025 mW 

N package ................................... . 
Operating free-air temperature range: NE5533, NE5533A 
Storage temperature range ................................ . 
Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds: J package 
Lead temperature 1/16 inch {1,~ mm) from case for 10 seconds: N package 

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. 

1150 mW 
0°C to 70°C 

-65°C to 150°C 
300°C 
260°C 

3. Excessive current will flow If a differential Input voltage In excess of approximately 0.6 V ls applied between the Inputs unless 

some limiting resistance ls used. 
4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure 

the maximum dissipation rating ls not exceeded. 
5. For operation above 25°C free-air temperature, refer to the Dissipation Deratlng Table. In the J package, these chips are glass

mounted. 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C 

N 1150mW 9.2 mW/°C 25°C 

Also see Dissipation Deratlng Curves, Section 2. 
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TYPES NE5533, NE5533A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

electrical characteristics, V CC± = ± 15 V, TA = 25° C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
NE5533, NE5533A 

MIN TYP MAX 
UNIT 

TA= 25°C 0.5 4 
V10 Input offset voltage 

TA = 0° C to 70° C 
mV 

5 

TA= 25°C 20 300 
110 Input offset current 

TA= 0°C to 70°C 
nA 

400 

TA= 25°C 500 1500 
118 Input bias current 

TA=0°Cto70°C 
nA 

2000 

V1cR 
Common-mode input 

±12 ±13 v 
voltage range 

Maximum peak-to-peak Vee±= ±15 v 24 26 
Vopp RL;. 600 n v 

output voltage swing Vee±= ±18 v 30 32 

Large-signal differential RL;. 600 n TA= 25°C 25 100 
Avo V/mV 

voltage amplification Vo=±10V TA = 0° C to 70° C 15 

Small-signal differential Cc= 0 6 
V/mV Avd f = 10 kHz 

voltage amplification Cc= 22 pF 2.2 

Vo=±10V, Cc =O 200 

Maximum-output-swing Vo=±10V, Cc= 22 pF 95 
BoM kHz 

bandwidth Vee±= ±18 v. Vo= ±14 V, AL= 600 n, 
70 

Cc= 22 pF 

81 Unity-gain bandwidth Cc= 22 pF CL= 100pF 10 MHz 

rj Input resistance 30 100 kn 

Zo Output impedance 
Avo = 30 dB, 

f = 10 kHz 

RL = 600 n Cc= 22 pF, 
0.3 n 

CMRR Common-mode rejection ratio 70 100 dB 

ksvR 
Supply voltage rejection 

80 100 dB 
ratio (AVcc±/AV1ol 

Ios Output short-circuit current 38 mA 

Ice Total supply current No load 8 16 mA 

Vo1IV02 Channel Separation Rs= 5 kn, f = 1 kHz, Avo = 100 110 dB 

operating characteristics, Vee±=± 15 V, TA= 25°C 

NE5533 NE5533A 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 
UNIT 

Cc= 0 13 13 
SR Slew rate at unity gain V/µs 

Cc= 22 pF 6 6 

tr Rise time 
V1=50mV, Avo= 1, 

20 20 ns RL=600n, Cc=22pF, 
Overshoot factor 

CL= 100 pF 20% 20% 

tr Rise time 
V1=50 mV, Avo= 1. 

50 50 
RL = 600 n, Cc= 47 pF, ns 

Overshoot factor CL= 500 pF 35% 35% 

f = 30 Hz 7 5.5 7 
nV/./Hz Vn Equivalent input noise voltage 

f = 1 kHz 4 3.5 4.5 

f = 30 Hz 2.5 1.5 
pA/./Hz In Equivalent input noise current 

f = 1 kHz 0.6 0.4 

F Average noise figure Rs= 5 kn, f = 10 Hz to 20 kHz 0.9 dB 
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TYPES NE5533, NE5533A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

NORMALIZED INPUT BIAS CURRENT 
1nd INPUT OFFSET CURRENT 
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FREE·AIR TEMPERATURE 
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TYPICAL CHARACTERISTICS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES RM4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12368, MARCH 1976 - REVISED OCTOBER 1979 

• Continuous-Short-Circuit Protection 

• Wide Common-Mode and 
Differential Voltage Ranges 

• 

J OR N DUAL-IN-LINE 

OR W FLAT PACKAGE 

(TOP VIEW) 

AMPLIFIER NO. 4 

• 
No Frequency Compensation Required 

Low Power Consumption 
--~~__,A•~~~~ 

INV NON·INV OUT-\ 

AMPLIFIER NO. 3 

" ''"o_U_T_· _N_O_N.,,·IN""v--IN_V_ 

INPUT INPUT PUT Vee+ PUT INPUT INPUT 
• No Latch-up 

• Unity Gain Bandwidth 3 MHz Typical 

• Gain and Phase Match Between Amplifiers 

• Designed to be Interchangeable with 
Raytheon RM4136 and RC4136 

description 

The RM4136 and RC4136 are quad high-performance 
operational amplifiers 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 comp
ensation ensures stability without external 
components. 

INV NON-INV OUT- OUT· NON-INV INV Vee-
{NPUT INPUT PUT / ,PUT INPUT INPUT / v v 

AMPLIFIER NO. 1 AMPLIFIER NO. 2 

The RM4136 is characterized for operation over the full military temperature range of -55° C to 125° C; the RC4136 is 
characterized for operation from 0°C to 70°C. 

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

RM4136 RC4136 UNIT 

Supply voltage Vee+ (see Note 1 l 22 18 v 
Supply voltage V cc- (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 to ground, one amplifier at a time (See Note 4) unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 800 800 mW 

Operating free-air temperature range -55 to 125 0 to 70 oc 
Storage temperature range -65 to 150 -65 to 150 oc 
Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds } J or W package 300 300 oc 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 10 seconds } N package 260 oc 

~ 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee+ and Vee-· 
2. Differential voltages are at the non inverting 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 Table. In the J package, RM4136 chips are alloy

mounted; RC4136 chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 800mW 11.0mWfC 77°C 

J (Glass-Mounted Chip) 800mW 8.2 mWfC 52°C 

N 800mW 9.2 mWfC 63°C 

w 800mW 8.0 mWfC 50°C 

Also see Dissipation Derating Curves, Section 2. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES RM4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Vee+= 15 V, Vee-= -15 V 

TEST CONDITIONSt 
RM4136 RC4136 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 0.5 5 0.5 6 
V10 Input offset voltage Rs.;; 10 kn 

Full range 
mV 

6 7.5 

25°C 5 ~ 200 5 200 
110 Input offset current 

500 
nA 

Full range 300 

25°C 40 500 40 500 
110 Input bias current 

1500 
nA 

Full range 800 
Common-m.ode 

25°C V1cR ±12 ±14 ±12 ±14 v 
input voltage range 

RL·= 10 kn 25°C 24 28 24 28 

Vopp 
Maximum peak-to-peak 

RL = 2 kn 25°C 20 26 20 26 v 
output voltage swing 

RL;;,, 2 kn Full range 20 20 

Large-signal differential RL;;,, 2 kn, 25°C 50 350 20 300 
Avo 

voltage amplification Vo=±10V Full range 25 15 
V/mV 

B1 Unity-gain bandwidth 25°C 2 3.5 3 MHz 

fj Input resistance 25°C 0.3 5 0.3 5 Mn 

CMRR Common-mode rejection ratio Rs.;;1okn 25°C 70 90 70 90 dB 

ksvs• Supply voltage sensitivity Rs.;;1okn 25°C 30 150 30 150 µVIV 

Equivalent input 
Avo = 100, 

Vn noise voltage 
Rs= 1 kn, 

25°C 10 10 nV/.,/Hi. 

(closed-loop) 
f = 1 kHz, 

BW = 1 Hz 

25°C 5 11.3 5 ·11.3 

Ice 
Supply current No load, 

MINTA 6 13.3 6 13.7 mA 
(All four amplifiers) No signal 

MAX TA 4.5 10 4.5 10 

25°C 150 340 150 340 

Po 
Total power dissipation No load, 

MINTA 180 400 180 400 mW 
(All four amplifiers) No signal 

MAX TA 135 300 135 300 

Vo1IV02 
1 Open loop Rs= 1 kn 25°C 105 105 

Channel separation l 
25°C 

dB 
Avo = 100 f=10kHz 105 105 

*ksvs = AV10/AVcc 

tAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is -55°C to 125°C and for 
RC4136 is 0°C to 70°C. 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 

RM4136 
PARAMETER TEST CONDITIONS 

MIN TYP 

tr Rise time 
V1 =20mV, 

CL= 100 pF 

RL = 2 kn, 
0.13 

SR Slew rate at unity gain 
V1=10V, 

CL= 100 pF 

RL =2 kn, 
1.5 

schematic (each amplifier) 

NONINVERTING 
INPUT <>----+--~ 

INVERTING 
INPUT 

TEXAS INSTRUMENTS 
INCORPORATED 
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RC4136 

MAX MIN TYP 
UNIT 

MAX 

0.13 µs 

1.0 V/µs 



LINEAR 
INTEGRATED 
CIRCUITS 

TYPES RM4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

BULLETIN NO, DL-S 12365, MARCH 1976 - REVISED OCTOBER 1979 

• 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 RM4558 and RC4558 

description 

JGORP 
DUAL·IN·LINE PACKAGE 

(TOP VIEW) 

AMPLIFIER NO. 2 

~ 
OUT· INV INV 

Vee+ PUT INPUT INPUT 

OUT· INV NON· Vcc
PUT INPUT INV 

~ 
AMPLIFIER NO. 1 

The RM4558 and RC4558 are dual general-purpose operational amplifiers with each half electrically similar to uA741 
except that offset null capability is notprovided. 

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°Cto 125°C;the RC4558 
is characterized for operation from 0° C to 70° C. 

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

RM4558 RC4558 UNIT 

Supply voltage V cc+ (see Note 1 I 22 18 v 
Supply voltage Vee- (see Note 1 I -22 -18 v 
Differential input voltage (see Note 21 ±30 ±30 v 
Input voltage (any input, see Notes 1 and 31 ±15 ±15 v 
Duration of output short-circuit to ground, one amplifier at a time (see Note 41 unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 680 mW 

Operating free-air temperature range -55 to 125 0 to 70 oc 
Storage temperature range -65 to 150 -65 to 150 oc 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds I JG package 300 300 oc 
Lead temperature 1 /16 inch (1,6.mm) from case for 10 seconds IP package 260 oc 

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

2. Differential voltages are at the nonlnvertlng 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 Deratlng Table. In the JG packages, RM4558 chips are alloy. 

mounted; RC4558 chips are glass-mounted. 

DISSIPATION DERATING TABLE 

POWER DERATING 
PACKAGE 

JG (Alloy-Mounted Chip) 

JG (Glass-Mounted Chip) 
p 

RATING 

680mW 

680mW 

680mW 
Also see Dissipation Deratlng Curves, Section 2. 

FACTOR 

8.4 mWfC 

6.6mWfC 

8.0mWfC 

ABOVE 

TA 
69°C 

47°C 

65°C 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES RM4558, RC4658 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Vee+= 15 V, Vee-= -15 V 

TEST CONDITIONSt 
RM4558 RC4558 

PARAMETER UNIT 
MIN TVP MAX MIN TVP MAX 

25°C 0.5 5 0.5 6 
V10 Input offset voltage Rs.;;; 10 kn mV 

Full range 6 7.5 

25°C 5 200 5 200 
llQ Input offset current nA 

Full range 500 300 

25°C 40 500 40 500 
110 Input bias current nA 

Full range 1500 800 

V1cR 
Common-mode 

input voltage range 
25°C ±12 ±14 ±12 ±14 v 

AL= 10 kn 25°C 24 28 24 28 

Vo pp 
Maximum peak-to-peak 

RL = 2 kn 25°C 20 26 20 26 v 
output voltage swing 

RL;. 2 kn Full range 20 20 

Large-signal differential RL;. 2 kn, 25°C 50 350 20 300 
Avo V/mV 

voltage amplification Vo=±10V Full range 25 15 

B1 Unity-gain bandwidth 25°C 2 3.5 3 MHz 

fj Input resistance 25°C 0.3 5 0.3 5 Mn 

CMRR Common-mode rejection ratio Rs..: 10 kn 25°C 70 90 70 90 dB 

ksvs• Supply voltage sensitivity Rs..: 10 kn 25°C 30 150 30 150 µV/V 

Equivalent input 
Avo = 100, 

Vn noise voltage 
Rs=1 kn, 

25°C 10 10 nv/.jHz 

(closed-loop) 
f = 1 kHz, 

BW = 1 Hz 

25°C 2.5 5.6 2.5 5.6 

•cc 
Supply current No load, 

MINTA 3.0 6.6 3.0 6.6 mA 
(Both amplifiers) No signal 

MAX TA 2.0 5 2.3 5 

25°C 75 170 75 170 

Po 
Total polM!r dissipation No load, 

MINTA 90 200 90 200 mW 
(Both amplifiers) No signal 

MAX TA 60 150 70 150 

Vo1IV02 
[open loop Rs= 1 kn, 25°C 105 105 

Channel separation l 
25°C 

dB 
. Avo=100 f = 10 kHz 105 105 

*ksvs = t:N10/t:..Vcc 
t All characteristics are specified under open-loop operation, unless otherwise noted. Full range for R M4558 is -55°C to 125° C and for 

RC4558 is 0°C to 70°C. 

operating characteristics, V CC+ = 15 V, V CC- = -15 V, TA = 25° C 

PARAMETER TEST CONDITIONS 
RM4558 

MIN TVP 

tr Rise time V1=20mV, RL = 2 kn, 0.13 

Overshoot CL= 100pF 5% 

SR Slew rate at unity gain 
V1=10V, 

CL= 100 pF 

RL = 2 kn, 
1.5 

schematic (each amplifier) 

NON INVERTING 
INPUT 0----t---, 

INVERTING 
INPUT 

TEXAS INSTRUMENTS 
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RC4558 
UNIT 

MAX MIN TVP MAX 

0.13 µs 

5% 

1.0 V/µs 



LINEAR 
INTEGRATED 
CIRCUITS 

TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12680, JULY 1979-AEVISED OCTOBER 1979 

• Equivalent Input Noise Voltage ... 
3.5 nV/y"Ri 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 Vee±= ±18 V and 
RL = 600 .n 

• High Slew Rate ... 13 V/µs Typ 

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

• Low Harmonic Distortion 

• Designed to be Interchangeable with Signetics 
SE5534, SE5534A, NE5534, and NE5534A 

descriotion 

SE5534, SE5534A ••• JG 
NE5534, NE5534A ••• JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

SE5534,SE5534A 
U FLAT PACKAGE 

(TOP VIEW) 

COMP/ 
NC BAL Yee+ OUTPUT COMP 

@©©0© 

0©0©© 
NC 

NC - No connection 

The SE5534, SE5534A, NE5534, and NE5534A are monolithic high-performance operational amplifiers combining 
excellent de 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 
pins 5 and 8. 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 0°C to 70°C. 

schematic 

INVEllflNQ 
INPUT 121 

All component values shown are nominal. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE 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- (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -22 V 
Input v<?ltage either input (see Notes 1 and 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Vee± 
Input current (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±10 mA 
Duration of output short-circuit (see Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . unlimited 
Continuous total power dissipation at (or below) 25°e free-air temperature (see Note 5): 

SE5534, SE5534A in JG package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1050 mW 
NE5534, NE5534A in JG package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 825 mW 
P package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 mW 
U package ....... · .............. ; .. · ... ·. . . . . . . . . . ... . . . .. . . . . 675 mW 

Operating free-air temperature range: SE5534, SE5534A . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55°e to 125°e 
NE5534, NE5534A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°e to 70°e 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to 150°e 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package . . . . . . . . . . . . . . . . . . . 300°e 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . . . . . . . . . . . . . . . . . . . . . . 260°e 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between V cc+ and V CC-· 
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 supply, 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 Dissipation Deratlng Table, In the JG package, SE5534 and SE5534A 

chips are alloy-mounted; NE5534 and NE5534A chips are glass-mounted. 

DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
PACKAGE 

RATING FACTOR TA 

JG (Alloy-Mounted Chip) 1050 mW 8.4 mW/°C 25°C 

JG (Glass-Mounted Chip) 825mW 6.6 mW/°C 25°C 

p 1000 mW 8.0 mW/°C 25°C 

u 675mW 5.4mW/°C 25°C 

Also see Dissipation Deratlng Curves, Section 2. 
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TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee+=± 15 V, TA= 25°C (unless otherwise noted) -

TEST CONDITIONst 
SE5534, SE5534A NE5534, NE5534A 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

TA= 2S'C 0.5 2 0.5 4 
mV V10 Input offset voltage 

TA =full range 3 5 

TA= 25°C 10 200 20 300 
110 Input offset current nA 

TA = full range 500 400 

TA= 25°C 400 800 500 1500 
IJB Input bias current nA 

TA= full range 1500 2000 

VJCR 
Common-mode input 

±12 ±13 ±12 ±13 v 
volt~ ra~e 

Maximum peak-to-peak Vee+= ±15 v 24 26 24 26 
Vopp 

output voltage swi.ng 
AL;;. 600 n v 

Vee+= ±18 v 30 32 30 32 

Large-signal differential AL;;. 600 n, TA= 25°C 50 100 25 100 
V/mV Avo 

voltage amplification Vo= ±lOV TA= full range 25 15 

Small-signal differential Cc =O 6 6 
V/mV Avd f=lOkHz 

voltage amplification Cc= 22 pF 2.2 2.2 

Vo=±lOV, Cc=O 200 200 

Maximum-output-swing Vo=±lOV, Cc= 22 pF 95 95 
BoM kHz 

bandwidth Vee±= ±18 v, Vo= ±14 V, 
70 70 

RL = 600 n, Cc= 22 pF 

Bl Unity-gain bandwidth Cc=22pF, CL= 100 pF 10 10 MHz 

11_ Input resistance 50 100 30 100 kn 

Output impedance 
Avo =30 dB, RL = 600 n, 

0.3 0.3 n Zo 
C_c_ = 22 pF, f = 10 kHz 

CMRR Comm-mode rejection ratio 80 100 70 100 dB 

ksvR 
Supply voltage rejection 

86 
ratio (..:1 Vcc±/..:1 V1ol 

100 80 100 dB 

'os Output short-circuit current 38 38 mA 

TA= 25°C 4 6.5 4 8 
Ice Supply current No load mA 

TA= full range 9 

tFull range for TA is -55°C to 125°C for SE5534 and SE5534A; and 0°C to 70°C for NE5534 and NE5534A. 

operating characteristics, V CC± = ± 15 V, TA = 25° C 

PARAMETER TEST CONDITIONS 
SE5534, NE5534 SE5534A, NE5534A 

UNIT 
MIN TYP MAX MIN TYP MAX 

Cc =O 13 13 
SR Slew rate at unity gain 

Cc= 22 pF 6 6 
V/µs 

tr Rise Time V1=50 mV, Avo= 1, 20 20 ns 
AL= 600 n, Cc=22pF, 

Overshoot factor CL= 100 pF 20% 20% 

tr Rise time VJ= 50 mV, Avo= 1, 50 50 ns 
RL=6oon, Cc=47pF, 

Overshoot factor CL= 500 pF 35% 35% 

f = 30 Hz 7 5.5 7 
nV/$z Vn Equivalent input noise voltage 

f = 1 kHz 4 3.5 4.5 

f = 30 Hz 2.5 1.5 pA/.,/HZ In Equivalent input noise current 
f = 1 kHz 0.6 0.4 

F Average noise figure Rs= 5 kn, f = 10 Hz to 20 kHz 0.9 dB 
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TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 

NORMALIZED INPUT BIAS CURRENT 
and INPUT OFFSET CURRENT 

1: FREE·AIR TEMPERATURE J 1.6 ~~-~~-~--~-~~ 
ii Vee±= ±15 V 

§ 1.4 I---+----+----+--+---<>---+--+---< 

~ 
:;; 1.2 1---+--"..i-""'· 

ii 

i , l---+--+---+---"-,.--+--+--1---l 
u 

~ 0.8 1---+--+---+---+---+---",..__._-l 

~ 
~ 0.6 

~ 0 4 L.-_..__...___.__......___. _ _.__.___, 
~ . -75 -50 

:; 1.2 

~ 
~ 
c: 1.1 

~ 
~ 

~ ,, 
c: 

a: 

-25 0 25 50 75 100 125 

TA-Free·Air Temperature-°C 

FIGURE 1 

NORMALIZED SLEW RATE and 
UNITY-GAIN BANDWIDTH 

FREE-AIR TEMPERATURE 

~ 
in 0.9 l---+---++---+--+---+--+--1---l ,, 

~ 
~ 0.8 

10 

L% 
~ 7 
I 

~ 
0 
> 
~ ·c; 
z 

-75 -50 -25 0 25 50 75 100 125 

TA-Free·Air Temperature-°C 

FIGURE 4 

EQUIVALENT INPUT NOISE VOLTAGE 

FREQUENCY 

llll. lIIIIII :s: Vee± =±15V 
hJ 

T~2~ 
~ lllllJL ill 

--..,.... ~N~ 
lllJ ll1L .lillJ 
S~N~34A 

10 100 1 k 10 k 100 k 
I-Frequency-Hz 

FIGURE 7 

TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

::;- 30 

~ 
~ 25 

5. 
'5 
0 20 
.>< 

~ 15 
i 
~ 
E 10 

~ 
·~ 

~ 

~ 
0 
> 0 

FREQUENCY 

Vee±= ±15 V I ~ 

TA= 25°C CcillUU 

r\ ] 
ccs 0 

""'"'~ ~ ~ 
\ I\ 

N 

100 1 k 10 k 100 k 1 M 
I-Frequency-Hz 

FIGURE 2 

NORMALIZED SLEW RATE and 
UNITY-GAIN BANDWIDTH 

SUPPLY VOLTAGE 

:; 1.
2 

TA=25°C 

~ 1.1 !----+----+----+---~ 
~ 
c: 

~ 
:~ 0.9 
::> 
i 0.8 1---~+--.... 

~ 0.7 t----1,....,.. 

" ~ 0.6 1----+----+----+-----t ,, 
- 0.5 I----+----+----+---~ 

~ 
z 0.4 ---~--~--~--~ 

·5 
z 1 

~ 0.7 

~ 0.4 
~ ·:; 
.ff 0.2 

1 
0.1 

0 10 15 20 

IVce±l-Supply Voltage-V 

FIGURE 5 

EQUIVALENT INPUT NOISE CURRENT 

FREQUENCY 

l=+1 v CC±= ±15 V 
3: ~T A= 25°C 

~~ 
~ t-; 

!'-; 

SE553kNE5534 

Ill 
IIIlIIJ[ II 
;!.~IJ:f!TII, _l,~_J 

s1TiiillCi5wi 
11111111 II 

10 100 1 k 10 k 100 k 

I-Frequency-Hz 

FIGURE 8 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREQUENCY 

106 

~ 
~ 102 
~ 
0 
l:i 10 
> 
<( 

Vee±= ±15 V 
TA• 25°C 

10 100 lk 10k 100k 1M 10M 100M 

> :;. 
I 

~ 
0 
> 
~ 
·c; 
z 

! 
c: 

~ 

~ 
] 
~ 

I-Frequency-Hz 

FIGURE 3 

TOTAL HARMONIC DISTORTION 

FREQUENCY 
0.01 
f-J~ f- cc±=±1 v_ 

f-~VD = 1 
Vl(rms) = 2 V v 

f-TA= 25°C 171 

0.007 

0.004 
v 

1Z 
0.002 1-1' 

0.001 
100 400 1 k 4 k 10 k 40k 100k 

I-Frequency-Hz 

FIGURE 6 

TOTAL EQUIVALENT INPUT NOISE VOLTAGE 

SOURCE RESISTANCE 
100 
70 

40 
Vee+ - ±15 v 

~TA=25°C 
20 

10 
7 

0.7 

0.4 

0.2 

0.1 

I 'Vi 
~'\, 

r;,'*" 
'\,.._ore ..JC. 

,r;,~ ~'\,+-,. b.'*""-t-
.._o 

~'\, 
'),<5l. 

1::::1 
,. 
llit I 1-1 
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100 1 k 10 k 100 k 1 M 
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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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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

BULLETIN· NO. DL-S 12038, SEPTEMBER 1973 - REVISED OCTOBER 1979' 

• Very Low Power Consumption 

• Typical Power Dissipation with ±2-V 
Supplies ... 170 µW 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 
description 

• Low Input Offset Voltage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Popular Dual Op Amp Pin-Out 

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 0°C to 70°C. 

terminal assignments 
JG OR P DUAL-IN·LINE 

PACKAGE (TOP VIEW) 

AMPLIFIER N0.2 

~ 
NON· 

OUT· INV INV 
Vee+ PUT INPUT INPUT 

OUT· INV NON· Vee
PUT INPUT INV 

~ 
AMPLIFIER N0.1 

U FLAT PACKAGE 

(TOP VIEW) 

AMPLIFIER NO. 2 _...__ 
NON 

NC Vee+ ~~~ .~~~T l~~~T 

Gm 
CDCDCD©© 

NC OUT INV NON Vcc-
PUT INPUT INV 

INPUT 

AMPLl~RN0.1 

NC-No internal connection 

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

TL022M TL022C 

Supply voltage Vee+ (see Note 1) 22 18 

Supply voltage Vee- (see Note 1) -22 -18 

Differential input voltage (see Note 2) ±30 ±30 

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

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

Continuous total dissipation at (or below) 25°C 
Each amplifier 500 500 

1 JG or P package 680 680 
free-air temperature range (see Note 5) Total package l 

675 U package 675 
Operating free-air temperature range -55 to 125 0 to 70 

Ster.age temperature range -65 to 150 -65 to 150 

Lead temperature 1 /16 inch ( 1,6 mm) from case for 60 seconds J JG or U package 300 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds JP package 260 

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. 

UNIT 

v 
v 
v 
v 

mW 

oc 
oe 
oe 
oc 

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 (or below) 125°C case temperature or 75°C free-air termperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL022M chips are alloy
mounted; TL022C chips are glass-mounted. 

Copyright© 1979 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 CONDITIONSt 
TL022M TL022C 

UNIT 
MIN TVP MAX MIN TVP MAX 

V10 Input offset voltage 
25°C 1 5 1 5 

Rs.;; 10 kn 
Full range 

mV 
6 7.5 

25°C 5 40 f5 80 
110 Input offset current nA 

Full range 100 200 

25°C 50 100 100 250 
110 Input bias current nA 

Full range 250 400 

V1cR 
Common-mode 25°C ±12 ±13 ±12 ±13 

v 
input voltage range Full range ±12 ±12 

·Maximum peak-to-peak -· RL=10kn 25°C 20 26 20 26 
Vopp v 

output voltage swing RL;;. 10 kn Full range 20 20 

Large-signal differential RL;;.1okn, 25°C 72 86 60 80 
Avo dB 

voltage amplification Vo=±lOV Full range 72 60 

Bt Unity-gain bandwidth 25°C 0.5 0.5 MHz 

CMRR 
25°C 60 72 60 72 

Common-mode rejection ratio Rs..:;;; 10 kn dB 
Full range 60 60 

ksvs 
Supply voltage sensitivity 25°C 30 150 30 200 

(4V 1o/4Vccl 
Rs< 10 kn 

Full range 150 200 
µ.V/V 

Avo = 2odB, 

Vn Equivalent input noise voltage B = 1 Hz, 25°C 50 50 nV/.jHz 

f = 1 kHz 

ios Short-circuit output current 25°C ±6 ±6 mA 

Supply current No load, 25°C 130 200 130 250 
Ice 

(Both amplifiers) No signal Full range 200 250 
µ.A 

Po 
Total dissipation No load, 25°C 3.9 6 3.9 7.5 

mW 
(Both amplifiers) No signal Full range 6 7.5 

t All characteristics are specified under open-loop operation, unless otherwise noted. Full range for TL022M is -55°C to 125°C and for 
TL022C Is 0°C to 70°C. • 

operating characteristics, V CC+ = 15 V, V CC- = -15 V, TA = 25° C 

PARAMETER TEST CONDITIONS 
TL022M TL022C 

UNIT 
MIN TVP MAX MIN TVP MAX 

tr . Rise time V1=20mV, RL=lOkn, 0.3 0.3 µ.s 

Overshoot factor CL=100pF, See Figure 1 5%. 5% 

SR Slew rate at unity gain 
V1 = lOV, RL = 10 kn, 

0.5 0.5 V/µ.s 
CL=100pF, See Figure 1 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

JG (Alloy-Mounted Chip) 680mW 8.4 mW/°C 69°C 

JG (Glass-Mounted Chip) 680mW 6.6mW/°C 47°C 

p 680mW 8.0mW/°C 65°C 

u 675mW 5.4 mW/°C 25°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS 

INPUT VOLTAGE 

WAVEFORM 

CL• 100 pf 

TEST CIRCUIT 

RL • 10 kn 

;:: 
E 
I 
c: 
0 

·;; 
('O 

c. 
-~ 

0 
~ 
0 
I-
I 
Cl 

a.. 

10 
7 

4 

2 

0.7 

0.4 

TOTAL POWER DISSIPATED 

t No load 
t No signal 

vs 
SUPPLY VOLTAGE 

~ TA = 25° C--t----it--t----11---+-~l""---:::........,t--i 
~ y 

v 
7 

7 
7 

11 0.2 1----#--1---4--1---4--1---4--~-4---I 

I 0.1 .__......__..____.__.L..-.......L..-.L..---'--.L..-__.____. 

0 2 4 6 8 10 12 14 16 18 20 

1Vcc±1-Supply Voltage-V 

FIGURE 1-RISE TIME, OVERSHOOT FACTOR, 
AND SLEW RATE FIGURE 2 

schematic 
OUTPUT 

r-------------

I 
I 
I 
I 
I 

EACH AMPLIFIER 

I -----------------------~...+-----------~--~vcc-L _______________ ~ 

TO OTHER 
SECTION 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12039, SEPTEMBER 1973 - REVISED OCTOBER 1979 

• Very Low Power Consumption 

• Typical Power Dissipation with ±2-V 
Supplies ... 340 µ.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 

JORN DUAL-IN-LINE 
description OR w FLAT PACKAGE 

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 (amp

1
lifiers 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 0°C 
to 70°C. 

Vee+ 
SECT A 

OUT· 
PUT 

(TOP VIEW) 

NON- NON-
OUT- INV INV Vee- INV INV 
PUT INPUT INPUT SECT B INPUT INPUT 

INV NON-
INPUT INV 

INPUT 

Vee- NON· 
SECT A INV 

INPUT 

INV 
INPUT 

OUT· 
PUT 

OUT
PUT 

Vee+ 
SECT B 

Pins 4 and 12 are Internally connected together In the N package only. 

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

TL044M TL044C UNIT 

Supply voltage Vee+ (see Note 11 22 18 v 
Supply voltage Vee- (see Note 1 I -22 -18 v 
Differential input voltage (see Note 2) ±30 ±30 v 
Input voltage (any input, ~ee Notes 1 and 3) ±15 ±15 v 
Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total dissipation at (or below) 25°C 1 Each amplifier 500 500 
mW 

free-air temperature range (see Note 51 J Total package 680 680 

Operating free-air temperature range -55 to 125 0 to 70 oc 
Storage temperature range -65 to 150 -65 to 150 oc 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J J or W Package 300 300 oc 
Lead temperature 1 /16 inch (1,6 mm) from case ·for 10 seconds JN Package 260 oc 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee+ end Vee-· 
2. Differential voltages are at the nonlnvertlng 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 TL044M only, the unlimited duration of the short-circuit 
applies at (or below) 125:c case temperature or 75°C free-air temperature. 

5. For operation above 25 C free-air temperature, refer to Dissipation Deratlng Table. In the J package,TL044M chips are alloy

mounted; TL044C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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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 

PARAMETER TEST CONDITIONSt 
TL044M TL044C 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 5 
V10 Input offset voltage Rs..;; 10 kn mV 

Full range 6 7.5 

25°C 5 40 15 80 
110 Input offset current nA 

Full range 100 200 

25°C 50 100 100 250 
l1B Input bias current nA 

Full range 250 400 

Common-mode 25°C ±12 ±13 ±12 ±13 
V1cR v 

input voltage range Full range ±12 ±12 

Vopp 
Maximum peak-to-peak RL = 10 kn 25°C 20 26 20 26 

v 
output voltage swing RL;;;. 10 kn Full range 20 20 

Avo 
Large-signal differential RL;;.10kn, 25°C 72 86 60 80 

dB 
voltage amplification Vo=±10V Full range 72 60 

B1 Unity-gain bandwidth 25°C 0.5 0.5 MHz 

CMRR 
25°C 60 72 60 72 

Common-mode rejection ratio Rs..;; 10 kn dB 
Full range 60 60 

Supply voltage sensitivity 25°C 30 150 30 200 
ksvs (.6 V10/.6 Vccl 

Rs..;; 10 kn 
Full range 150 200 

µVIV 

Avo = 20dB, 

Vn Equivalent input noise voltage B = 1 Hz, 25°C 50 50 nV /.,/Hi. 
f = 1 kHz 

ios Short-circuit output current 25°C ±6 ±6 mA 

Supply current No load, 25°C 250 400 250 500 
ice 

(Four amplifiers) No signal Full range 400 500 
µA 

Po 
Total dissipation No load, 25°C 7.5 12 7.5 15 

(Four amplifiers) 
mW 

No signal Full range 12 15 

t All characteristics are specified under open-loop operation, unless otherwise noted. Full range for TL044M is -55° C to 125° and for 
TL044C Is 0°C to 70°C. 

operating characteristics, V CC+ = 15 V, V CC- = -15 V, TA = 25° C 

PARAMETER TEST CONDITIONS 
TL044M TL044C 

UNIT 
MIN TYP MAX MIN TYP MAX 

tr Rise time V1=20mV, RL=10kn, 0.3 0.3 µs 

Overshoot factor CL= 100 pf, See Figure 1 5% 5% 

SR Slew rate at unity gain 
V1=10V, 

CL=100pF, 

RL = 10 kn, 

See Figure 1 
0.5 0.5 V/µs 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 680mW 11.0 mW/°C 88°C 

J (Glass-Mounted Chip) 680mW 8.2 mW/°C 67°C 

N 680mW 9.2 mW/°C 76°C 

w 680mW 8.0 mW/°C 65°C 

Also see Dissipation Deratlng Curves, Section 2. 
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TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

CL• 100pf 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT FACTOR, 

AND SLEW RATE 

schematic (each section} 

INVERT I 
INPUT 

OUTPUT 

AL• 10 kO 

10 

7 

::: 4 
E 
I 
c: 2 .g 
co a. 
·~ 

i5 
] 0.7 
0 
I-

0.4 I 
0 

Q. 

0.2 

0.1 

OUTPUT 

TYPICAL CHARACTERISTICS · 

TOTAL POWER DISSIPATED 
VS 

SUPPLY VOLTAGE 

1- No load 
~ 

~No signal ~ 
t- TA= 25°C y 

~ 
lZ 

[7 
7 

I 
I_ 

I 
_L 

[ 

1 

0 2 4 6 8 10 12 14 16 18 20 

1Vcc±1-Supply Voltage-V 

FIGURE 2 

'--~-+~-+~-+~~~~-+----1,......_~~-----~~-----~Y~-
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LINEAR 
INTEGRATED 
CIRCUITS 

- -
TYPES TLO&O, TLO&OA, TL061, TL061A, TL061B, 

TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12647, NOVEMBER 1978-REVISED OCTOBER 1979 

19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY 
TEMPERATURE RANGES 

• Very Low Power Consumption • High Input Impedance ... JFET-lnput 

• Typical Supply Current ... 200 µA Stage 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Low Input Bias and Offset Currents • High Slew Rate ... 3.5 V /µs Typ 

• Output Short-Circuit Protection 

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 0°C to 70°C. 

TL060, TL060A 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OFFSET 
OUT· NULL 

COMP v cc+ PUT (N2J 

OFFSET INV NON· Vcc
NULL/ INPUT INV 
COMP INPUT 
IN11 

TL062,TL062A,TL062B 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

NON· 
OUT· JNV INV 

Vee+ PUT INPUT INPUT 

NC-No internal connection 

TL061, TL061A, TL061B 
JG OR P DUAL-IN-LINE 
PACKAGE CTOP VIEW) 

OFFSET 
OUT· NULL 

Vee+ PUT INZI 

OFFSET INV NON· Vcc
NULL INPUT INV 
(N1J INPUT 

TL062 
U FLAT PACKAGE 

(TOP VIEW) 

NON· 
OUT· INV INV 

NC Vee+ PUT INPUT INPUT 

@©©0© 

©©©©© 
NC ~~- l~~T ~~- Vcc-

INPUT 

TL061 
U FLAT PACKAGE 

(TOPVIEW) . 

OFFSET 
OUT· NULL 

NC NC V CC+ PUT (N2l 

®©©0© 

©©©©© 
NC OFFSET INV NON· Vcc-

NULL INPUT INV 
INIJ INPUT 

TL064 ••• J, N, OR W PACKAGE 
TL064A, TL064B ••• JORN PACKAGE 

(TOP VIEW) 

INVERT· NJNIN· NONIN· INVERT-
ING VERTING VERTING ING 

OUTPUT INPUT INPUT Yee- INPUT INPUT OUTPUT 

OUTPUT INVERT· NONIN· Vee+ NONIN· INVERT· OUTPUT 
ING VERTING VERTING ING 

INPUT INPUT INPUT INPUT 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TLO&O, TLO&OA, TL061, TL061A, TL061B, 
TL062, TL062A, tL0628,. TL064, TL064A, tL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

b 
OFFSET OFFSET 
NULL NULL 
IN11 IN21 

'-..,---' 
TL061 ONLY 

Vee+ 

OUTPUT Vee-

Cl• 10 pf ON TL061, TL062. ANDTL0640NLY 
COMPONENT VALUES SHOWN ARE NOMINAL 

absolute maximum ratings over operating free-air temperature range {unless other wise noted) 

TL06_C 

TL06_M TL06_1 TL06_AC 

TL06_BC 

Supply voltage, Vee+ (see Note 1 l 18 18 18 

Supply voltage, Vee- (see Note 1 l -18 -18 -18 

Differential input voltage (see 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) l J, JG, N, P, or W package 680 680 680 

25°C free-air temperature (see Note 5) I U package 675 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

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

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds l J, JG, U, or W package 300 300 300 

Lead temperature 1 /16 inch (1,6 mm) from case for 10 seconds I Nor P package 260 260 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vee+ and Vee-· 
2. Dlfferentlal voltages are at the nonlnvertlng 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 

oc 
oc 
oc 
oc 

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 ls not exceeded. 

5. For operation above 25°e, free-air temperature, refer to Dissipation Oeratlng Table. In the J and JG packages, TL06_M chips are 
alloy-mounted; TL06_1, TL06_e, TL06_Ae, and TL06_Be chips ere glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 
RATING FACTOR TA 

J (Alloy-Mounted Chip) 680mW 11.0 mW/°C 88°C TL060 TL061 TL062 TL064 

J (Glass-Mounted Chip) 680mW 8.2 mW/°C 67°C TL06_M JG JG,U JG,U J,W 
JG (Alloy-Mounted Chip) 680mW 8.4 mW/°C 69°C TL06_1 JG,P JG,P JG,P J, N 
JG (Glass-Mounted Chip) 680mW 6.6 mW/°C 47°C TL06_C JG,P JG,P JG, p J, N 

N 680mW 9.2 mW/°C 76°C TL06_AC JG,P JG,P JG,P J, N 
p 680mW 8.0 mW/°C 65°C TL06_BC JG,P JG, p J, N 
u 675mW 5.4 mW/°C 25°C 

w 680mW 8.0 mW/°C 65°C 
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TYPES TL060, TLO&OA, TL061, TL061A, TL0618, 

TL062, TL062A, TL062 B, TL064, T L064A, TL0648 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee+= ±15 V 
TL06_C 

TEST CONDITIONSt 
TL06_M TL06_1 TL06_AC 

UNIT PARAMETER 
TL06_BC 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

'60, '61, '62 3 6 3 6 3 15 

Rs= 50 n, '64 3 9 3 6 3 15 

TA= 25°C '60A, '61 A, '62A, '64A 3 6 

'61 B, '62B, '64B 2 3 
V10 Input offset voltage mV 

'60, '61, '62 9 9 20 

Rs= 50 n, '64 15 9 20 

TA = full range '60A, '61A, '62A, '64A 7.5 

'61 B, '62B, '64B 5 

Temperature coefficient 
Rs= 50 n, TA= full range 10 10 10 µ.V/°C av10 

of input offset voltage 

'60, '61, '62, '64 5 100 5 100 5 200 

TA= 25°C '60A, '61 A, '62A, '64A 5 100 pA 

Input offset cu rrent:J: 
'61B, '62B, '64B 5 100 

110 
'60, '61, '62, '64 20 10 5 

TA= full range '60A, '61A, '62A, '64A 3 nA 

'61 B, '62B, '64B 3 

'60, '61, '62, '64 30 200 30 200 30 400 

TA= 25°C '60A, '61 A, '62A, '64A 30 200 pA 

l1B Input bias current:J: 
'61 B, '62B, '64B 30 200 

'60, '61, '62, '64 50 20 10 

TA= full range '60A, '61 A, '62A, '64A 7 nA 

'61 B, '62B, '64B 7 

Common-mode input 
'60, '61, '62, '64 ±11 ±12 ±11.5 ±12 ±10 ±11 

V1cR 
voltage range 

TA= 25°C '60A, '61 A, '62A, '64A ±11.5 ±12 v 

'61 B, '62B, '64B ±11.5 ±12 

Vopp 
Maximum peak-to-peak TA= 25°C, AL= 10 kn 20 27 20 27 20 27 

output voltage swing TA= full range, 
v 

AL;;;. 10 kn 20 20 20 

AL;;;. 10 kn, '60, '61, '62, '64 4 6 4 6 3 6 

Vo= ±10 V, '60A, '61 A, '62A, '64A 4 6 

Avo 
Large-signal differential TA= 25°C '61 B, '62B, '64B 4 6 

voltage amplification AL;;;. 10 kn, '60, '61, '62, '64 4 4 3 
V/mV 

Vo=±10V, '60A, '61 A, '62A, '64A 4 

TA = full range '61 B, '62B, '64B 4 

B1 Unity-gain bandwidth TA= 25°C, AL= 10 kn 1 1 1 MHz 

q Input resistance TA= 25°C 1012 1012 1012 n 

Common-mode rejection Rs<;;;10kn, 
'60, '61, '62, '64 80 86 80 86 70 76 

CMRR '60A, '61 A, '62A, '64A 80 86 dB 
ratio TA= 25°C 

'61 B, '62B, '64B 80 86 

Supply voltage rejection Rs.;;; 10 kn, 
'60, '61, '62, '64 80 95 80 95 70 95 

ksvR 
ratio (.C. Vcc±/.C. V1ol TA=25°C 

'60A, '61 A, '62A, '64A 80 95 dB 

'61B, '62B, '64B 80 95 

Po 
Total power dissipation No load, No signal, 

(each amplifier) TA= 25°C 
6 7.5 6 7.5 6 7.5 mW 

ice 
Supply current No load, No signal, 

(each amplifier) TA= 25°C 
200 250 200 250 200 250 µ.A 

Vo1IV02 Channel separation Avo = 100, TA= 25°C 120 120 120 dB 

t All characteristics are specified under open-loop conditions unless otherwise noted. Full range for TA is -55°C to 125°C for TL06_M; -25°C 
to 85°C for TL06_i; and 0°C to 70°C for TL06_C, TL06_AC, and TL06_BC. 

:J:1nput 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, 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TLO&O, TLO&OA, TL061, TL061A, TL061B, 
TLO&Z, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

operating characteristics, Vee±= ±15 V, TA= 25°C 

TL06 M 
PARAMETER TEST CONDITIONS 

MIN TVP MAX 

SR Slew rate at unltY gain 
V1=10V, 

CL= 100 pF, 

RL = 10 kn, 

See Figure 1 
2 3.5 

tr Rise time V1=20mV, RL=10kn, 0.2 

Overshoot factor c_t _= 100 pF, See Figure 1 10% 

Vn Equivalent input noise voltage Rs= 1oon, f = 1 kHz 42 

ALL OTHERS 
UNIT 

MIN TVP MAX 

3.5 V/µs 

0.2 µs 

10% 

42 nV/.,/Hz 

PARAMETER MEASUREMENT INFORMATION 

I 
I 
I 

~-~(J 
Cea 10pF 
forTL060 
andTL060A 

FIGURE 1-UNITY·GAIN AMPLIFIER 

10kn 

FIGURE 2-GAIN-OF-10 
INVERTING AMPLIFIER 

100 kn 

FIGURE 3-FEED-FORWARD 
COMPENSATION 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

*For best results use R = 20 Mn for 
Vee±= ±15 v to R = 5 Mn for 
Vee±= ±3 v. 

FIGURE 4 
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TYPES TL060, TLO&OA, TL061, TL061A, TL0618, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

> 
~ 30 
:I 
0 
> 25 

~ 
~ 20 

i 15 
~ 
~ 
E 10 
~ ·s 

::E 5 

t 
0 
> 0 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

RL':, 10 ~n 
~ TA= 25°c 

I- See Figure 2 

~ 
~ 

L 
~ 

~ 
v 

~ 

0 10 12 14 16 

IVcet ~Supply Voltage-V 

FIGURE 6 

MAXIMUM PEAK·TO-PEAK OUTPUT VOLTAGE 

> 30 
I 

! 25 ;g 
~ s 20 
0 ... 
~ 16 

~ 
~ 10 
E 
~ 
·~ 5 
::;: 

t 0 0 

FREQUENCY 

vbet -'~\
1

5 v il~· 1oknl 

Il[Ill[ N TA· 25•c 

vIT;~1~~2J 
See Figure 2 

1-vcc± • :1:5 v 

1111m 
Vee±• :1:2 V l~ 

ITllllll A 
> 1 k 10k 100k 1 M 10M 

250 

200 
< r 
~ 150 
u 

j 100 
I 

E 
50 

0 

I-Frequency-Hz 

FIGURE 9 

SUPPLY CURRENT PEFI AMPLIFIER 
vs 

SUPPLY VOLTAGE 

TA1 •2~C 
No Signal 

t- No Load 
r--1 ~ v 

~ 

0 10 12 14 16 

IVcc:1:~Supply Voltage-V 

FIGURE 12 

? 

TYPICAL CHARACTER IST1cst 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE 
vs 

~ 30 
!!. 
:I 

~ 25 
:> 
!: 
c5 20 ... 
~ 
g 16 

~ 
~ 
E 10 

~ 

~ 5 
I g; 
~ 0 

FREE·AIR TEMPERATURE 

Vcet•:t15V 
1-RL• lOkO 

Se~tT 
-75 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 7 

DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREE-AIR TEMPERATURE 
>10.----.--..--..-....---.-~--.-~ 

~ ~~~~1~ ~~ v-+---+--+----1--+----i g 7 t---+--+--t--+--+--t---+---1 

~ 
Q. 

~ 4 t---+--+--t--+--+--t---+---1 
l!J, 
:I 
0 
> 

~ 2 t---+--+---+----+--+--+--< 
!!! 
~ a 
I 
Q 

~ 1 ------~~-...._ _ ____. 
-75 -50 -25 0 25 50 75 100 125 

TA'-Free·Air Temperature-°C 

FIGURE 10 

SUPPLY CURRENT PER AMPLIFIER 

FREE-AIR TEMPERATURE 

250 ..---.--~-..-..---..-v-c~e±-=-±~1~5-v~ 

No Signal 

200 !---.+==+:==f:::::.4--..J~N~o~L~oa~dl._,-----1 

~ 
! 150t--+-+--+--+----l--t--l---i a 
> l 1001--+--+--+--+---+--+--l---i 
I 

E 

-75 -50 -25 25 50 75 100 125 

TA-Free· Air Temperature-° C 

FIGURE 13 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE 
VS 

LOAD RESISTANCE 

Vc1.:r:1:~ 
i-t-1 t-TA•25°C ~ 

See Figure 2 v 
v 

.! 
y 

v 
200 400 700 1 k 2 k 4 k 7k10 k 

R L -Load Resistance-n 

FIGURES 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 

FREQUENCY 
1o5..----.--.--....--..----..--.-~ 

c: Vcet•:l:15V 
o Rext • 0 
~ 104 t----+-,..+---+--+-RL = 10 kO 0° 

I ~-~c 

< 103 I---!--+-+-+--+---+--+~ 45° 
~ 
~ ~ 
... 102 t---+--+--+"---\---+---"':.....__.ig~ ~ 

f c: 
! 
~ 
a 10 
I 
Q (left scalel 
> 
< 

I ._____. ___ ....__,_____._....._.........., 180° 

1 10 100 1 k 10k 100k 1 M 10M 

I-Frequency-Hz 

FIGURE 11 

TOTALPOWER DISSIPATED 

FREE-AIR TEMPERATURE 
30 

;;:: 25 
E 
I 

~ 20 3. 

1-...... ~+--i::~il~-+--t---+---i 
Vc1=J15V~ 

I- No Signal b::.. 
·:: No Load 
a 

l 
15 

TLos2 

~ 10 
I-
I 

f 5 
TL06o. TL061 

o.__ __ ..__.__..___._ _ _.__.____. 
-75 -50 -25 0 25 50 75 100 125 

TA-Free·Air Temperature-°C 

FIGURE 14 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 1 O-pF 

compensation capacitor is used with TL060 ~nd TL060A. 
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TYPES TLO&O, TLO&OA, TL061, TL061A, TL0618, 
TL062, TL062A, TL0628, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

ALL EXCEPT TL06-C 

COMMON-MODE REJECTION RATIO 
vs 

FREE·AIR TEMPERATURE 

"' 
87 

v~·I15} 
b RL• 10k0 

TYPICAL CHARACTERISTlcst 

NORMALIZED UNITY-GAIN BANDWIDTH, 
SLEW RATE, and PHASE SHIFT 

100 

40 
~ 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

·;1!., 

~ 86 y L 
1.02 

< 10 

.g 85 i-----t--n.L.J-+--+--+--+-+--i 

! iT 
-& 84 I I 
1 83 1--_,_v __ l---+--+--+-+--+---t 
E I 
8 J 82 l----t--1---+--+--+-+--+---t 

~ 

> 
I 

~ 
l3 
0 
> 

01~~-~~-~~-~~~ 

-75 -60 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 15 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

~ 0 
0 ,, 
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24 

~ 20 
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t 16 
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FIGURE 16 

OUTPUT VOLTAGE 
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t-tr"i TA=25°C 
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FIGURE 17 

EQUIVALENT INPUT NOISE VOLTAGE 

FREQUENCY 

~100 

~ 90 
I 80 s 70 0 

m~J~I~ 
~ Rs= 10on 

T = 2s0 c 
~ 

> 
51 60 
·c; 
z 50 b-J 
c. 40 c: 

c: 30 
~ 

~ 20 

'c: 10 
> 

0 
10 40 100 400 1 k 4 k 10 k 40k100 k 

f-Frequency-Hz 

FIGURE 18 FIGURE 19 Fl_GURE 20 
toata at high and low temperatures ere applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF 

compensation capacitor is used with TL060 and T L060A. 

TYPICAL APPLICATION DATA 

Vee+ 

Vee- Vee-

FIGURE 21-INSTRUMENTATION AMPLIFIER 
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TYPES TL060, TLO&OA, TL061, TL061A, TL061B, 
TL062, TL062A, TL0628, TL064. TL064A, TL0648 

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIER-S 

TYPICAL APPLICATION DATA 
0.5-Hz SQUARE-WAVE OSCILLATOR 

Rf= 100kn 

+15 v 

Cf=3.3µF1 

R1 = R2 = 2R3 = 1.5 Mn 

C1=C2=~=110pF 
f• __ ,_ 

211 RF CF 

C1 C2 2 
1 

f0 =~=1kHz 

FIGURE 22-0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 23-HIGH.Q NOTCH FILTER 

TIL601 ...._, 
...._, 

1Mn 

1µF 

INPUT cr--f-----
100 kn 100 kn 

100 kn 

100µF 

1 
100 kn 

FIGURE 24-AUDIO DISTRIBUTION AMPLIFIER 

+15V 

vee+ 

O.lµF* 

10kn 

son 

lOkn 
0.1 µF 

-15V 

FIGUftE 25-LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER FIGURE 26-AC AMPLIFIER 
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TYPES TLO&O, TLO&OA, TL061, TL061A, TL0618, 
TL062, TL062A, TL0628, TL064, TL064A, TL064B, 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

+ 

100kn 

TYPICAL APPLICATION DATA 

1 µF 

0.002µF 

10 kn 1ookn 1 kn 

0.06µF 0.06µF -= 

....__~...,...SvOv.k.,-n-e---1 h 
0.02µF -= 

FIGURE 27-MICROPHONE PREAMPLIFIER WITH TONE CONTROL 

IC PREAMPLIFIER RESPONSE CHARACTERIST.ICS 

1 kn 

25 
MAX BASS Jj lill 'WW 

20 r""' Vee±• :t'fo V l:f 1:::: 
!g 15 TA•25°C 

.
g_I 10 ~ See Fi ure 30 

~ II 
~5 11- _y 
l 0 v --,.._ 
& -5 l-+--f+H11tt--17'1--++tt-ttt----t-f"lt-+ttttt--i 

~ -10 l--t-H+Hittr_L_++++ti11t-+-t-+~re+tt-i 
> IY 

100 kn 

1 kn 

-15 l--t-f-tM'1ftt-++++ti1#-+-t-++tMtttlNP.,'c-i 
-20 ~ llill _, 
-25 ~ TilflhE 

20 40 701002004007001k2k 4k7k10k20k 
f-Frequency-Hz 

FIGURE 28-INSTRUMENTATION AMPLIFIER FIGURE 29 

220kn 

0,00375,.F 

10kll 0.003,.F 

27k!l 

0.0111F vcc+ Vee+ 
MIN 

~~~n <'9------e--l\N1r-....... -¥..l\r-ll~ 
MAX 

10k!l 0.003,.F 

10pf 
47kn 5kn ~-------------' GAIN~ 

4711F 

68k!! 

10 pf 

50pf 

FIGURE 30-IC PREAMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES Tl0881, TLO&&C, TLO&&AC, TLO&&BC 
ADJUSTABLE LOW-POWER 

JFET-INPUT OPERATIONAL AMPLIFIERS 
BULLETIN NO. DL-S 12667, FEBRUARY 1979-REVISEO OCTOBER 1979 

5 DEVICES COVER COMMERCIAL, 
INDUSTRIAL, AND MILITARY 

TEMPERATURE RANGES 

• Very Low, Adjustable ("Programmable") 
Power Consumption 

• Adjustable Supply Current ... 5 to 200 µA 

• Very Low Input Bias and Offset Currents 

• Wide Supply Range ..• ±1.2 V to ±18 V 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Output Short-Circuit Protection 

• High Input Impedance ... JFET-lnput 
Stage 

• Typ Unity-Gain Bandwidth ... 1 MHz 
(100 kHz at 25 µW) 

• High Slew Rate ... 3.5 V/µs Typ 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

description 

TL066,TL066A,TL066B 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OFFSET 
PWR OUT- NULL 

CONT Vee+ PUT (N2) 

OFFSET INV NON- Vcc
NULL/ INPUT INV 
~~~p INPUT 

The TL066, TL066A, and TL0668 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. 

The TL0661 is characterized for operation from -25°C ·to 85°C, and the TL066C, TL066AC, and TL066BC are 
characterized for operation from 0°C to 70°C. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TLO&&I, TLO&&C, TLO&&AC, TLO&&BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

schematic 

NON-INVERTING 
INPUT 

OFFSET 
NULL 
(N1) 

OFFSET 
NULL 
(N2) 

Vee+ 

OUTPUT 

COMPONENT VALUES SHOWN ARE NOMINAL 

•cc-~·•cc101 
2.85+ Rext 

where Rex t is in kn 
end lcc(Ol • Ice with Rext • O 

POWER 
CONTROL 

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

TL066C 

TL0661 TL066AC 

TL066BC 

Supply voltage, V cc+ (see Note 1) 18 18 

Supply voltage, V CC- (see Note 1) -18 -18 

Differential input voltage (see Note 2) ±30 ±30 

Input voltage (see Notes 1 and 3) ±15 ±15 

Voltage between power-control terminal and Vee- ±0.5 ±0.5 

Duration of output short circuit (see Note 4) Unlimited Unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 680 

Operating free-air temperature range -25 to 85 0 to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds 1 JG Package 300 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P Package 260 260 

NOTES: 1. All voltage values, except differential voltages, 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. 

UNIT 

v 
v 
v 
v 
v 

mW 

oc 
oc 
oc 
oc 

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 Table. In the JG package, the TL0661, TL066C, 
TL066AC, and TL066BC chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 

JG (Glass-Mounted Chip) 

p 

POWER 

RATING 

680mW 

680mW 

DE RATING 

FACTOR 

6.6mWfC 

8.0mWfC 

Also see Dissipation Derating Curves, Section 2. 
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TYPES TLO&&I, TLO&&C, TLO&&AC, TLO&&BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee± = ± 15 V 

TL066C 

TEST CONDITIONSt 
TL0661 TL066AC 

PARAMETER UNIT 
TL066BC 

MIN TYP MAX MIN TYP MAX 

TL066 3 6 3 15 
Rs• 50 n. 

TL066A 3 6 
TA= 25°C 

TL066B 2 3 
V10 Input offset voltage mV 

TL066 9 20 
Rs= son. 

TL066A 7.5 
TA = full range 

TL066B 5 

Temperature coefficient 
As= 50 n. TA = full range 10 10 µ.VfC 0v10 of input offset voltage 

TL066 5 100 5 200 

TA= 25°C TL066A 5 100 pA 

Input offset current+ 
TL066B 5 100 

110 
TL066 10 5 

TA= full range TL066A 3 nA 

TL066B 3 

TL066 30 200 30 400 

TA= 25°C TL066A 30 200 pA 

Input bias current+ 
TL066B 30 200 

11B 
TL066 20 10 

TA = full range TL066A 7 nA 

TL066B 7 

TL066 ±12 ±10 

V1cR 
Common-mode input 

TA= 25°C TL066A ±12 v 
voltage range 

TL066B ±12 

Maximum peak-to-peak TA= 25°C, RL = 10 k.11 20 27 20 27 
Vopp v 

output voltage swing TA = full range, RL;;;. 10 k.11 20 20 

RL ;;ii 10 k.11, TL066 4 6 3 6 

Vo=±10V, TL066A 4 6 

Large-signal differential TA= 25°C TL066B 4 6 
V/mV Avo 

voltage amplification RL ;;ii 10 kn, TL066 4 3 

Vo=±10V, TL066A 4 

TA= full range TL066B 4 

B1 Unity-gain bandwidth TA= 25°C, RL = 10 kn 1 1 MHz 

rj Input resistance TA= 25°C 1012 1012 .n 
ro Output resistance TA= 25°C, f = 1 kHz 220 220 n 

TL066 80 86 70 76 

CMRR 
Common-mode rejection As< 10 k.11, 

TL066A 80 86 dB 
ratio TA= 25°C 

TL066B 80 86 

TL066 80 95 70 95 

ksvR 
Supply voltage rejection Rs<10kn, 

TL066A 80 95 dB 
ratio (L1 Vcc±/L1 Viol TA= 25°C 

TL066B 80 95 

Po Total power dissipation 
No load, No signal, 

6 7.5 6 7.5 mW 
TA= 25°C 

Ice Supply current 
No load, No signal, 

200 250 200 250 µ.A 
TA= 25°C 

t All ch
0

aracterlstlcs are specified Uhder open-loop conditions unless otherwise noted. Full range for TA is -2s0 e to 85°e for TL0661 and o0 e 
to 70 e for TL066e, TL066Ae, and TL066Be, The electrical parameters are measured with the power-control terminal (pin 8) connected 
to Vee-· 

:j: Input bias currents of a F ET-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. 
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TYPES TLO&ll, TLO&&C, TLO&&AC, TLO&&BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

operating characteristics, Vee±= ±15 V, TA= 25°C, Rext = O 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

SR Slew rate at unity gain 
V1=10V, RL = 10 kn, 

3.5 V/µs 
CL= 100 pF, See Figure 1 

tr Rise time V1=20mV, RL = 10 kn 0.2 µs 

Overshoot factor C_i.. = 100 pF, See Figure 1 10% 

Vn Equivalent input noise voltage Rs= 100 n, f = 1 kHz 42 nV/.,/HZ 

PARAMETER MEASUREMENT INFORMATION 

10kn 

FIGURE 1-UNITV-GAIN AMPLIFIER FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER 

INPUT OFFSET VOLTAGE NULL CIRCUIT 

FIGURE 3 
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TYPES TLO&&I, TLO&&C, TLO&&AC, TLO&&BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

INPUT BIAS CURRENT 
vs 

FREE·AIR TEMPERATURE 

100 

40 
FvcC:1:•:tt5V 

Rext • 0 

10 
_L 

7 z 
0.4 

7 

0.1 17 
0.04 

[ :::r :::r :2F 'I :::r 'I 
0.01 .J2t: 

-50 -25 25 50 75 100 125 

TA-Free·Air Temper1ture-°C 

FIGURE 4 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE 

=r 30 
& 
l! 

~ 25 
g. 
c5 20 ,,. 
Ls 
~ 
~ 
§ 10 

-~ 
2 5 

~ 0 

FREE·AIR TEMPERATURE 

VcC:1:•:1:15V 
Rext • 0 
RL•10k0 

Seeiigur12 

-75 -50 -25 25 50 75 100 125 

> B 
~-
I 7 
Ii 
"i 
.v 

i 5 
< 
J 
~ 

~ :! 2 

9 1 
0 
> < 0 

TA-Free·AirTemperature-°C 

FIGURE 7 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

EXTERNAL-CONTROL RESISTANCE 
r-

I-

I-

" I-

I-

I- f\ 
I- ~ 

Vce:t • :t15 V 
H RL• tOkO I- ._ I-

1ti,7l~c'""' '-
1 10 100 1 k 10k 100 k 

Rex1-Extern1l·Control Resistance-0 

FIGURE 10 

TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE 
vs 
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See Figure 2 
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FIGURES 
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MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE 
vs 

> 
I 30 
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t 

LOAD RESISTANCE 
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~ ~~~·!;~c v See Figure 2 
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LL 
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R L -Load Resistance-n 

FIGURES 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

FREE·AIR TEMPERATURE 
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FIGURE 11 
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FIGURE 6 

MAX I MUM PEAK· TO-PEAK OUTPUT VOLTAGE 
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See Figure 2 
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FIGURE 9 

LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

1nd PHASE SHIFT 
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FIGURE 12 

toata at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

127 



128 

TYPES TLO&&I, TLO&&C, TLO&&AC, TLO&&BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

SUPPLY CURRENT 

SUPPLY VOLTAGE 
250..---;r~ex_t_"~~o-.---r--....--~-~--. 

TA = 25°C 
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FIGURE 13 

TOTAL POWER DISSIPATION 
VS 

EXTERNAL·CONTROL RESISTANCE 
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FIGURE 16 

100 k 

TYPICAL 'CHARACTERISTICSt 

400 

200 

f 100 
ii 70 
~ 
u 
> 
Ci. 

l 
I 
tl 
~ 

40 

20 

10 

7 

4 

SUPPLY CURRENT 
VS 

EXTERNAL-CONTROL RESISTANCE 

..l 1111111 .l.WWlL lillMim vC:&·±1s'v J.llljfil l 
Vee±• ±6 V 

Vee± •±2 V ~ 

I-
it!.\ I-

" TA· 25°c ~ 
t= See Figure 1 
~ Nosignal 
I- No load 

J 111111 J. 
1 10 100 1 k 10 k 100 k 

!g 87 

i 86 
c: 
0 ! 85 

"O 84 
~ 
~ 
~ 83 
8 
~ 82 
:::; 
u 

8 1 

t-

1 

Rex1-External·Control Resistance-SJ 

FIGURE 14 
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FIGURE 17 
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toata at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TYPES TLO&&I, TLO&&C, TLO&&AC, TLO&&BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 
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FIGURE 21 

TYPICAL CHARACTERISTlcst 
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FIGURE 22 
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FIGURE 25 

toata at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 

TYPICAL APPLICATION DATA 
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FIGURE 26-INSTRUMENTATION AMPLIFIER 
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TYPES TLO&&I, TLO&&C, TLO&&AC, TLO&&BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 
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TYPICAL APPLICATION DATA 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL070, TL070A, TL071, TL071A, TL0718, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 
BULLETIN NO. DL-S 12640, SEPTEMBER 1978-REVISED OCTOBER 1979 

20 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 

• Low Noise ... Vn = 18 nV/v'Hz Typ • High Input Impedance ... JFET-lnput 

• Low Harmonic Distortion ... 0.01% Typ Stage 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 

description 

• Internal Frequency Compensation 

• Low Power Consumption 

• Latch-Up-Free Operation 

• High Slew Rate ... 13 V/µ.s Typ 

The JFET-input operational amplifiers of the TL071 series are designed as low-noise versions of the TL081 series 
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion .and low noise make 
the TL071 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 "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. 

TL070, TL070A 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OFFSET 
OUT NULL 

COMP Vee• PUT (N21 

OFFSET INV NON Vcc
NULL/ INPUT INV 
COMP INPUT 

(N11 

TL074,TL074A, TL074B 
J OR N DUAL-IN-LINE 

OR W PACKAGE (TOP VIEW) 

IN~:~T°.y~~!~~ V~R~l1~-GIN~NE:T· 
OUTPUT INPUT INPUT Vee- INPUT INPUT OUTPUT 

OUTPUT INVERT· NONIN- Vee ... NONIN· INVERT- OUTPUT 
ING VERTING VERTING ING 

INPUT INPUT INPUT INPUT 

TL071,TL071A,TL071B 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OUT NULL 
Vee+ PUT (N21 

OFFSET INV Vcc-
NUL l INPUT INV 

IN1r INPUT 

TL072,TL072A,TL072B 
JG OR P DUAL·IN-LINE 
PACKAGE (TOP VIEW) 

TL075 

-OUT· INV INV 
Vee• NT IN'UT INPUT 

OUT INV NON Vcc
'UT INPUT INV 

INPUT 

N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

INV NON·INV OUT-
INPUT INPUT PUT 

INV NON·INV OUT· 
INPUT INPUT PUT 

Vee+ 
OUT· NON·INV INV 
PUT INPUT INPUT 

vee-

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL070, TL070A, TL071, TL071A, TL0718, 
TL072, TL072A, TL0728, TL074, TL074A, TL0748, TL075 
LOW-NOISE JFET-INPUT OPERATIO-NAL AMPLIFIERS 

schematic (each amplifier) Vee• 

INVERTING 
INPUT 

{

OFFSET NULL/COMP INT) 0------- -

TL070 ONLY OFFSET NULL (N2) 0---

~--1----

r-
1 
I 
I 

Vee-o;1~+--~~+----<1>---+-.,__~~.,__~~~+-~~-4>--~~..._---J 
OFFSET 

NULL 
(Nil 

Tl071 ONLY 

C1•18 pF ON TL071, TL072, TL074, ANO TL075 ONLY. 
COMPONENT VALUES SHOWN ARE NOMINAL 

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

TL07_C TL07_1 

Supply voltage, V_c_c_+ (see Note 1) 18 18 

Supply voltage, V_c_c__ (see Note 1) -18 -18 

Differential input voltage (see Note 21 ±30 ±30 

Input voltage (see Notes 1 and 3) ±15 ±15 

Duration of output short circuit (see Note 4) Unlimited Unlimited 

Continuous total dissipation at (or below) 
680 680 

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

Operating free-air temperature range -55to 125 -25 to 85 

Storage temperature range -65 to 150 -65 to 150 

Lead temoerature 1 /16 inch (1.6 mm) from case for 60seconds1 J, JG or W package 300 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds] N or P package 260 

NOTES: 1. All voltage values, except dlfferentlal voltages, are with respect to the midpoint between V cc+ and V CC-· 
2. Dlfferentlal voltages are at the nonlnvertlng Input terminal with respect to the Inverting Input termlnal. 

TL07_C 

TL07_AC 

TL07 BC 
18 

-18 

±30 

±15 

Unlimited 

680 

0 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 ls less. 

UNIT 

v 
v 

1--y--i 

v 

mW 

··~ 

oc 
oc 
oc 

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

5. For operation above 25°C, free-air temperature, refer to Dissipation Deratlng Table. In the J and JG packages, TL07 _M chips are 
alloy-mounted; TL07 _I, TL07 _C, TL07 _AC, and TL07 _BC chips are glass-mounted. 

DISSIPATION DERATING TABLE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 

PACKAGE 
POWER DE RATING ABOVE 

TL070 TL071 TL072 TL074 TL075 
RATING FACTOR TA 

J (Alloy-Mounted Chip) 680mW 11.0 mW/°C 88°C 

J (Glass-Mounted Chip) 680mW 8.2 mW/°C 67°C 

JG (Alloy-Mounted Chip) 680mW 8.4 mW/°C 69°C 

JG (Glass-Mounted Chip) 680mW 6.6 mW/°C 47°C 

N 680mW 9.2 mW/°C 76°C 

TL07_M JG, JG, JG, J,W * 
TL07_1 JG,P JG,P JG,P J,N * 
TL07_C JG,P JG,P JG,P J,N N 

TL07_AC JG,P JG,P JG,P J,N * 
TL07_BC * JG,P JG,P J, N * 

p 680mW 8.0 mW/°C 65°C 
*These combinations are not defined by this data sheet. 

w 680mW 8.0 mW/°C 65"C 

Also see Dissipation Derating Curves, Section 2. 
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TYPES TL070, TL070A, TL071, TL071A, TL0718, 
TL072, TL072A, TL0728, TL074, TL074A, TL0748, TL075 

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics, V CC± = ± 15 V 

TL07_C 

PARAMETER TEST CONDITIONSt TL07_M TL07_1 TL07_AC UNIT 

TL07_8C 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

'70, '71. '72, •75:j: 3 6 3 6 3 10 

Rs= 50 n. '74 3 9 3 6 3 10 

TA =25°C '70A, '71A, '72A, '74A 3 6 

V10 In put offset voltage 
'71 B, '72B, '74B 2 3 

'70, '71. '72, •75:j: 13 
mV 

9 9 

Rs= 50 n, '74 15 9 13 

TA = full range '70A, '71 A, '72A, '74A 7.5 

'71 B, '72B, '74B 5 

Temperature coefficient 
Rs= 50 n, TA =full range 10 10 10 µVfC o:v10 

of input offset voltage 

'70, '71, '72, '74, •75:j: 5 50 5 50 5 50 

TA= 25°C '70A, '71 A, '72A, '74A 5 50 pA 

110 Input offset current§ 
'71 B, '72B, '74B 5 50 

'70, '71, '72, '74, •75:j: 20 10 2 

TA = full range '70A, '71 A, '72A, '74A 2 nA 

'71 B, '72B, '74B 2 

'70, '71, '72, '74, '75+ 30 200 30 200 30 200 

TA =25°C '70A, '71 A, '72A, '74A 30 200 pA 

118 Input bias current§ 
'71 B, '72B, '74B 30 200 

'70, '71, '72, '74, •75:j: 50 20 7 

TA =full range '70A, '71A, '72A, '74A 7 nA 

'71 B, '72B, '74B 7 

'70, '71, '72, '74, •75:j: ±11 ±12 ±11 ±12 ±10 ±11 

V1cR 
Common-mode input 

TA= 25°C '70A, '71 A, '72A, '74A ±11 v ±12 
voltage range 

'71 B, '72B, '74B ±11 ±12 

Maximum peak-to-peak 
TA= 25°C, RL = 10 kn '24 27 24 27 24 27 

Vopp RL ;;.10 kn 24 24 24 v 
output voltage swing TA = full range 

RL;;. 2 kn 20 24 20 24 20 24 

RL;;. 2 kn, '70, '71, '72, '74, •75:j: 35 200 50 200 25 200 

Vo=±10V, '70A, '71 A, '72A, '74A 50 200 

Large-signal differential TA= 25°C '71 B, '72B, '74B 50 200 
Avo 

voltage amp I ification RL;;. 2 kn, '70, '71, '72, '74, •75:j: 15 
V/mV 

20 25 

Vo=±10V, '70A, '71 A, '72A, '74A 25 

TA= full range '71 B, '72B, '74B 25 

B1 Unity-gain bandwidth TA=25°C, RL = 10 kn 3 3 3 MHz 

q Input resistance TA =25°C 1012 1012 1012 n 

'70, '71. '72, '74, •75:j: 80 86 80 86 70 76 

CMRR 
Common-mode rejection Rs.;; 10 kn, 

'70A, '71 A, '72A, '74A 80 86 dB 
ratio TA= 25°C 

'71 B, '72B, '74B 80 86 

'70, '71, '72, '74, •75:j: 80 86 80 86 70 76 

ksvR 
Supply voltage rejection Rs.;; 1okn, 

'70A, '71 A, '72A, '74A 80 86 dB 
ratio(~ Vee±/~ Viol TA= 25°C 

'71 B, '72B, '74B 80 86 

tee 
Supply current No load, No signal, 

1.4 2.5 1.4 2.5 1.4 2.5 
(per amplifier) TA= 25°C 

mA 

Vo1IV02 Channel separation Avo = 100. TA =25°C 120 120 120 dB 

t All characteristics are specified under open-loop conditions unless otherwise noted. Full range for TA is -55° C to 125° C for TL07 _M; -25° C 
to 85° C for TL07 _I; and 0° C to 70° C for TL07 _C, TL07 _AC, and TL07 _BC. 

fTypes TL0751 and TL075M are not defined by this data sheet. 
§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. 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 

operating characteristics, Vee±= ±15 V, TA= 25°C 

TL07 M 

SR 

tr 

Vn 

In 

THD 

PARAMETER 

Slew rate at unit gain 

Rise time 

Overshoot factor 

Equivalent input noise 

voltage 

Equivalent input noise 

current 

Total harmonic 

distortion 

I CL= 

1 j{ : 100 pF 
L-1\"J 

Cc= 18 pF 
for TL070 
and TL070A 

TEST CONDITIONS MIN TYP MAX 

V1=10 V, AL= 2 k.11., 
10 13 

CL= 100 pF, See Figure 1 

V1=20mV, AL= 2 k.11., 0.1 

CL= 100 pF, See Figure 1 10 

1 f = 1 kHz 18 
Rs= 100 n. l f = 10 Hz to 10 kHz 4 

Rs= 100 n., f = 1 kHz O.Q1 

Vo(rms) = 10 V, Rs~ 1 kn., 
O.Q1 

AL;;;. 2 k.11., f = 1 kHz 

PARAMETER MEASUREMENT INFORMATION 

10 kn 

FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

~Vee+ ! 1 Mn 

FIGURE 4 

11.5 kn 

Vee-

FIGURE 5 

TEXAS INSTRUMENTS 
INCORPORATED 
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ALL OTHERS 

MIN TYP MAX UNIT 

13 V/µs 

0.1 µs 

10 % 

18 nvb/J-lz 

4 µV 

0.01 pA/../Hz 

0.01 % 

100 kn 

FIGURE 3-FEED-FORWARO 
COMPENSATION 



TYPES TL070, Tl070A, TL071, TL071A, TL0718, 
TL072, TL072A, TL072B, TL074, TL074A, TL0748, TL075 

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

> FREQUENCY 
I 30 

]\,~~ R{
0

= 10 kn ~ 
0 TA=25°C 
> 25 llllll 

~ JU 
See Figure 2 

c. 

0 20 
Vce±=±10V 

"- Wl ]]]ill_ 

umu 0 15 

~ 
E 10 I--
~ 
·;; 

~ 
~ 

~ 
0 
> 0 

100 1 k 10k 100k 1 M 10M 

f-Frequency-Hz 

FIGURE 6 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

FREE-AIR TEMPERATURE 

~ 30.------.---..---.---R-L-r_-10-krn-...----.---. 

~ 
~ 25 i----r:::=t:::::+~R~Lr=-2_knr==1=:::::t:::-1 

r- r---1 
~ 0 20t---+--+--+--+--+--+--+----i 

°' 
~ e 15 

~ 
E 10 

~ ·s 
::;; 
I 
&: 
0 
> 

Vee±= ±15 V 
See Figure 2 

-75 -50 -25 25 50 75 100 125 

TA-Free-AirTemperature-°C 

FIGURE 9 

TOTAL POWER DISSIPATED 

FREE-AIR TEMPERATURE 
250 ~~-~~-~--r--..---.--, 

Vee± =±15v 
225 1----+--+--+-+--+-No signal 

~ 200 t--..-._,-t--t--+--+-N_o-..lo_ad__,_-t 
I [---_ 

.~':-"' 115075 l--t--+-+----+--f-..:::::.0-k:---f--i ;; N-.!L074, TL075 

~ 125 ~ 
cE 100 t---_,,.. ___ t:----t---r---+--,--r----t-"1 
-;; ~L072 f 75f---+--1---+-+-='i"'-_,_-....===-.11-----i 
~ 50 r-i-r-=rT.:_:L:,::Of70::.:_, ..:_TtL0::_7.:_:1-l:tr----=Jl--=J 

251----+--+--+-+--+--+--+-~--t 

o.___,__..___..._ _ _..___.__-+-~-~ 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-
0 ·c 

FIGURE 12 

TYPICAL CHARACTERIST1cst 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

~ 30r-T-rrnrmr-TrmFmRrETOUTIETINmC_YTTITTT111-0TTTlTT11 

~ 
~ 25FF~l!!l--f+rttt11---t-+ttl~TT 
~ 
0 20t-++ttiltttt-++ttttttr+tttttttt-tt-tiffitH-+-t
o< 

~ 15~+f1111!11=++m11!r=++ltilllf::~.ii-++w~ 

OL-L.llLIWIL-.W...Wl.LLL....L.1..WlllL.J....U.llllU--'-l:W.1~ 

100 1 k 10k 100k 1M 10M 

f-Frequency-Hz 

FIGURE 7 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

> 
~ 
E 
0 
> 

30 

25 

20 

15 

10 

LOAD RESISTANCE 

Vce±=I15V 
TA= 25°c b--t"" I- See Figure 2 v 

V'1 V'. 
v 

t 
0 
0.1 0.2 0.4 0.7 1 7 10 

2.0 

1.8 

<( 1.6 
E 

~ 1.4 

8 1.2 

> 1.0 

l 0.8 
I 
ti 0.6 
!:l 

0.4 

0.2 

0 

R L -Load Resistance-kn 

FIGURE 10 

SUPPLY CURRENT PER AMPLIFIER 

FREE-AIR TEMPERATURE 

vcc± = ±15 v 

r---
No signal 
No load 

~ 
~ 

N r---., 

-75 -55 -25 0 25 50 75 100 125 

TA-Free·Air Temperature-°C 

FIGURE 13 

::i 
c. 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

FREQUENCY 

DJl~IL-+- "vc~='±W-!r 
RL•2kn 

f---1 

0 20 

ie Figure 2 

:1 
~TA= -55°c °' 

~ 

TA=125°cl 

~ 

l ~ 

~ ~ 
0 
10 k 40 k 100 k 400 k 1 M 4 M 10 M 

f-Frequency-Hz 

FIGURE 8 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

10 12 14 16 

IVcc±l-Supply Voltage-V 

FIGURE 11 

SUPPLY CURRENT 

SUPPLY VOLTAGE 
2

.0 TA
1
= 25°~ 

1 ·8 1- No signal -1----+--+---+--+---< 

<( 1.6 I- No load 

E 

j : :: 1---+--+--+--+--+---+--+---l 

> 1.0 1---+--+---+--+--+---+---+--t 

l 0.81----+--+--+--+--+---+--+--t 

h 0.6 1---+--+--+--+--+---+---+--t 

~ 
0.41----+--+--+--+--+---+--+--t 

0.2 1---+--+--+--+--+---+---+--t 

o.__._ _ _..___,_ _ _.._____._ _ _,___._~ 
0 10 12 14 16 

IVcc±l-Supply Voltage-V 

FIGURE 14 

toata 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= ~ 
_§ 400 

j 200 

j 100 
~ 70 

t 40 

~ 20 

10 
7 

~ 

1 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

"' FREE-AIR TEMPERATURE 

-~ --

Vee±= ±15 V 
Vo=±10V 

R'=i 2 kf 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 15 

INPUT BIAS CURRENT 

FREE-AIR TEMPERATURE 
100 

~Vee+= ±l5V 

7 
7_ 

7 v 

-f 
7 

Q. 

~ 0.1 

0.01 
-50 -25 25 50 75 100 125 

89 

1 88 

c 
0 
-~ 87 

~ 
I 86 

~ 
E 85 
E 
8 
~ 84 
:l; 
u 83 

TA-Free-Air Temperature-°C 

FIGURE 18 

ALL EXCEPT TL07-C 

COMMON-MODE REJECTION RATIO 

FREE-AIR TEMPERATURE 

Vee±= ±15 V 
RLz10k!1 

... 

-75 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 21 

TYPICAL CHARACTER ISTICSt 

106 
c 
0 

105 
:f 

~ 104 <{ 

~ 
0 103 > 

J 102 

Ci 
I 101 0 
> 

<{ 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHI FT 

FREQUENCY 

Vcc±=±5Vta±15V 
RL = 2 k!1 

1----+---"..+--+-T A = 2s
0
c 

I I I 
k:-+--t--"<--t--DIF_FERENTIAL o• 

VOLTAGE 

45° 

.____,_ _ __.__ _ _,___..._____,_ _ __.__.....__, 1 so0 

10 100 lk 10k 100k 1M 10M 

I-Frequency-Hz 

FIGURE 16 

NORMALIZED UNITY-GAIN BANDWIDTH 
and PHASE SH I FT 

TEMPERATURE 

1.02 

] 0.9 1---+--+--+---+--+-""-<o+---+--I 0 .99 

~ 
~ O.B 

f = B 1 for Phase Shift 

0.7 '----'----'----'----'------'---'-----'-----' 0.97 
-75 -50 -25 25 50 75 100 125 

TA-Fr&·:;·,:t\_ir Temperature-°C 

FIGURE 19 

EQUIVALENT INPUT NOISE VOLTAGE 

FREQUENCY 

~ 
50 

~ 
40 I 

~JJ5v 

Ii AvD = 10 
Rs= 10011 

! 
0 
> 

30 :li 

I\ T = 25°c 

II 

"Ci 
z 
Q. 20 ~ 
c 

~ 

~ 
10 

~ 
> II 

0 
10 40 100 400 1 k 4k 10k 40k100k 

I-Frequency-Hz 

FIGURE 22 

c 
0 

] 
c. 
E 
<{ 

g 
0 
> 

~ 
~ 

TL070 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREQUENCY WITH FEED-FORWARD COMPENSATION 
10 6 

vcc= ±15V 

5 b,._ C2 = 3 pF 

fl 
TA= 25°C 
See Figure 3 

10 

3 h 
""'\ 

~ 
Ci 
I 
0 
> 

<{ 

10 I\ 
Ii 1 

100 1 k 10 k 100 k 1M 10 M 

f-Frequency-Hz 

FIGURE 17 

NORMALIZED SLEW RATE 

TEMPERATURE 

1.05 1---+---+----+-+---+--+--+--I 

o.95 1---+---+----+--+---+-N---+t::::,,.___.."'_____, 

0.90 1---+---+------+-+---+--+--+--I 

0.85 '----'----'------'---'----'---'------'__J 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 20 

TOTAL HARMONIC DISTORTION 
VS 

FREQUENCY 
1 
~ V CC± = ± 15 V r=ffi1 -=--+=++f-

04~AvD=1 
"#. . l--V1(RMS)=6V t=ff1 P:i 
§ l--TA=25°c t"""", 1 +--+---I 
-~ o.11- 11 I . 

Ci --, - !--+--
0.04 

"§ i-----t---t--Hrtt+tt----+--+-+-++-H-++---- -+-

v E r- -
:]'! 0.01 

~ 0.004 ~~ll~~Blf~~ll 
0 
:i:: 

1--

0.001 ~~~~~~-+-+-~~----'--~~ 
100 400 1 k 4 k 10 k 40 k 100 k 

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 18-pF 

compensation capacitor is used with TL070 and TL070A. 
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TYPES TL070, TL070A, TL071, TL071A, TL0718, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTlcst 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

Vcc±=±1sv 

:::- 41---+-----+f+-~:1 =::J=-~~~~c: ~o~~F 
~ /ou~PUT ll A= 25 C 

j _:I---->-+! 1-+-+--~l-\+-\---!---1 
-41---+--+-__,c--

1

+T_u_r-f--~i-+-+---4 
-- -4-

-6~_.____.____.'---'----'-----'~--'----' 
0 0.5 1 1.5 2 2.5 3 3.5 

t-_Time-µs 

FIGURE 24 

28 

24 

o/ 20 

F 16 
0 
> 12 
0. 

c3 8 

~ 

-4 

10% 

OUTPUT VOLTAGE 

ELAPSED TIME 

r_<2_':!~0T 

I' j 90% 

iJ 
I: 
[i 

I Vee± 0 ±15 v I 
I RL = 2 kl1 

li----lltr TA~ 25'j_ 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

t-Time-µs 

FIGURE 25 

tbata 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. 

0.5-Hz SQUARE-WAVE OSCILLATOR 

RF= 100 kn 

+15 v 

CF=J.JµF r 
1 

f=---
2rr RF CF 

TYPICAL APPLICATION DATA 

INPUT 

R1=R2=2R3=1.5Mn 
CJ 

C1=C2=2=110pF 

1 to = 2rrRi'C1 = 1 kHz 

FIGURE 26-0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 27-HIGH-Q NOTCH FILTER 

1Mn 

lµF 

INPUT <>---1-------1 
100 kn 

100µF r 
tor TL075 

FIGURE 28-AUDIO DISTRIBUTION AMPLIFIER 
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TYPES TL070, TL070A, TL071, TL071A, TL0718, 
TL072, TL072A, TL0728, TL074, TL074A, TL0748, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 

88.4 kn 

18 pF 

O.lµF~ 

10 kl! 

50 I! 

0.1 µF 

18 pF 

TYPICAL APPLICATION DATA 
6sin wt 

88.4 kn 

88.4kn 

1N4148 18 kn (See Note Al 
r--~-M--~~ .... ~~'V\il\r-~-0-15V 

18 pF 
1 kn 

1 kn 

L-~--1~~~~~~.._"'""'/V\,.......~---n+1sv 

1N4148 18 kn (See Note Al 

6 cos wt 

Note A: These resistor values may be adjusted for a symmetrical output, 

FIGURE 29-100-KHz QUADRATURE OSCILLATOR 

Vee+ 

co 
"O 

J 

IC PREAMPLIFIER RESPONSE CHARACTERISTICS 
25r-rTTITrTr--i-rrnrrn---r-r-rrrmr--, JIII[ 'W~I 
20 

15 

10 

MAX BASS 

N Vee±= ±15 v TREBL:::: 
1-+-++Pl..rtt--T A = 2 5° e 

b,. See Figure 30 

Ci. 
E 

<l: _5 1-+-+-+++ttt--+Av-++f++l+--"+N-N-++ttl+--I 

~ -1 o i-r-rt-tTHTv..,,..L-+-++Htttt---+-+-Nt-t'lctttt---1 

-151-+-+-H.1'1-+t----jl-+-+++++++----l-+--+-l-l-J..l.IJ">--I 

-20 kd-1 MIN ~ 
-25 ~ illJlliE-

20 40 100 200400 lk 2k4k !Ok 20k 

f-Frequency-Hz 

FIGURE 30-AC AMPLIFIER FIGURE 31 

220 kn 

0,00375µF 

27 kn 

0.01 µF Vee+ 

1 µF 

47 kll 

10 pF 

50 pF 

5kn 
GAIN 

10kn 

0.03 µF 

MIN 

1001\.11 
BASS ~~~~...-.--'l/'~--4._-'Vl....,__llJ>.> 

10 kn 3.3 kn 
MAX 

0.03µF 

10kn 

47 µF 

FIGURE 32-IC PREAMPLIFIER 

TEXAS INSTRUMENTS 
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0.003 µF 

Vee+ 

0.003/LF 

68 kn 

10 pF 

OUTPUT 



LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TLOBO THRU TL085, TLOBOA THRU TL084A, 
TL081B, TL0828, TL084B 

JFET-INPUT OPERATIONAL AMPLIFIERS 
BULLETIN NO. DL-S 12484, FEBRUARY 1977-REVISED OCTOBER 1979 

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 

• Low Power Consumption • High Input Impedance ... JFET-lnput 

• Wide Common-Mode and Differential Stage 

Voltage Ranges • Internal Frequency Compensation (Except 

• Low Input Bias and Offset Currents 
TLOBO, TLOBOA) 

Output Short-Circuit Protection • Latch-Up-Free Operation • 
• High Slew Rate ... 13 V /µs Typ 

description 

The TL081 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 ampli tiers 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 TL081 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. 

TL080, TLOSOA 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OUT NULL 
COMP VCCt PUT (N2) 

OFFSET INV NON Vcc
NUll/ INPUT INV 
COMP• INPUT 

(N1) 

TL083, TL083A 
J OR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OFFSET OFFSET 
NULL ~~~L Vee+ OUTPUT OUTPUT Vee+ 2N1 

INVERT· NONIN· OFFSET Vee- OFFSET NONIN· INVERT· 
ING VERTING NULL NULL VERTING ING 

INPUT INPUT 1 N2 2N2 INPUT INPUT 

PINS 9 AND 13 ARE INTERNALLY llrrERCDNNECTED 

NC-No internal connection 

TL081,TL081A,TL081B 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OFFSET 
OUT NULL 

Vee• PUT !N21 

OFFSET Vcc-
NULL INPUT INV 
tNH INPUT 

TL084~TL084A,TL084B 
JORN DUAL-IN-LINE 
OR W FLAT PACKAGE 

(TOP VIEW) 
NONIN· INVERT· 

ING VERTING VERTING ING 
OUTPUT INPUT Vee- INPUT INPUT OUTPUT 

OUTPUT INVERT· NONIN· Vee+ NON IN· INVERT· OUTPUT 
ING VERTING VERTING ING 

INPUT INPUT INPUT INPUT 

TL082,TL082A,TL082B 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

NON 
OUT· INV INV 

Vee+ PUT INPUT INPUT 

OUT INV NON Vcc
PUT INPUT INV 

INPUT 

TL085 
N DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

INVERT· NONIN· 
ING VERTING OUT

INPUT INPUT PUT Vee+ 

NONIN· INVERT· 
OUT· VERTING ING 
PUT INPUT INPUT 

OUT· NONIN· INVERT· Vee
PUT VERTING ING 

INPUT INPUT 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TLOBO THRU TL085, TLOBOA THRU TL084A, 
TL081B, TL0828, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

NON INVERTING 
INPUT o--------+-----.. 
INVERTING 

INPUT 

TL0800NLY OFFSETNULLIN2) o---

{

OFFSET NULL/COMP IN1) o--------

Vee-

r-
I 
I 
I 
I 
b 

OFFSET 
NULL 
IN1) 

1080 n 

~--+---.. 

OFFSET 
NULL 
IN2) 

Tl081 AND TL083 ONLY 

C1=18 pf ON TL081, TL082, TL083, TL084, AND TL085 ONLY. 
COMPONENT VALUES SHOWN ARE NOMINAL 

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

TLOS_C 

TLOB_M TLOS_I TL OS_ AC 

TLOB_BC 

Supply voltage, Vee+ (see Note 1) 18 18 18 

Supply voltage, Vee- (see Note 1) -18 -18 -18 

Differential input voltage (see 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) 25°C free-air temperature (See Note 5) 680 680 680 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

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

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J J, JG, or W package 300 300 300 

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

NOTES: 1. All voltage values, except di fferentlal voltages, are with respect to the midpoint between V CC+ and V CC-· 

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 
oc 
oc 
oc 
oc 

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 Table. In the J and JG packages, TLOS_M chips 

are alloy-mounted; TL08_1, TLOS_C, TLOS_AC, and TLOS_BC chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 
J (Alloy-Mounted Chip) 680mW 11.0mW/°C 88°C 

J (Glass·Mounted Chip) 680mW 8.2mW/°C 67°C TL080 TLOBl TL082 TL083 TL084 TL085 

JG (Alloy-Mounted Chip) 680mW 8.4 mW/°C 69°C TL08_M JG JG JG J J,W . 
JG (Glass-Mounted Chip) 680mW 6.6 mW/°C 47°C TL08_1 JG, P JG, P JG, P J, N J, N 

N 680mW 9.2mW/°C 76°C TL08_C JG, P JG, P JG, P J, N J, N N 

680mW 8.0mW/°C 65°c TL08_AC JG, P JG, p JG, P J, N J, N 

w 680mW 8.0mW/°C 6s0 c TL08_BC JG, p JG, P J, N 

Also see Dissipation Derating Curves, Section 2. *These combinations are not defined by this data sheet. 
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TYPES TLOBO THRU TL085, TLOBOA TH RU TL084A, 
TL081B, TL082B, TL084B 

JFET-INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics, V CC± = ± 15 V 

TLOS_C 

PARAMETER TEST CONDITIONSt 
TLOS_M TLOS_I TLOS_AC 

UNIT 
TLOS_BC 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

'80:81 '82 '83,'85_1_ 3 6 3 6 5 15 
Rs= 50 .11, TL084 3 9 3 6 5 15 

TA= 25°C TL08_A 3 6 
'81 B,'82B,'84B 2 3 

mV V10 Input offset voltage 
'80:81 :82.'83.'85:t: 9 9 20 

Rs= 50 .11, TL084 15 9 20 

TA= full range TL08_A 7.5 
'81 B,'82B.'84B 5 

av10 
Temperature coefficient 
of input offset voltage 

Rs= 50 .11, TA= full range 10 10 10 µV/°C 

TL08 :t: 5 100 5 100 5 200 
TA= 25°C TL08_A 5 100 pA 

Input offset current§ 
'81 B,'82B,'84B 5 100 

110 TL08_:j: 20 10 5 
TA =full range TL08 A 3 nA 

'81 B,'82B,'84B 3 
TL08_:j: 30 200 30 200 30 400 

TA= 25°C TLOS_A 30 200 pA 

Input bias current§ 
'81 B:82B:84B 30 200 

l1B TL08 :t: 50 20 10 
TA= full range TL08 A 7 nA 

'81 B,'82B:84B 7 
TL08_:j: ±11 ±12 ±11 ±12 ±10 ±11 

V1cR 
Common-mode input 

TA= 25°C TL08 A ±11 ±12 v 
voltage range 

'81 B,'828,'848 ±11 ±12 

Maximum peak-to-peak 
T_A = 2S°C R...L = 10 k.11 24 27 24 27 24 27 

Vopp Rt ;;;. 10 k.11 24 24 24 v 
output voltage swing TA =full range 

R...L ;;;. 2 k.11 20 24 20 24 20 24 
RL;;;.2k.11, TL08_:j: 25 200 50 200 25 200 
Vo=±10V, TL08_A 50 200 

Avo 
Large-signal differential T_A = 25°C '81 B,'82B,'84B 50 200 

V/mV 
voltage amplification RL;;;.2k.11, TL08 :t: 15 25 15 

Vo=±10V, TL08_A 25 
TA= full range '81 B,'82B:84B 25 

B, Unity-gain bandwidth TA= 25°C 3 3 3 MHz 
q Input resistance TA= 25°C 1012 101 2 101 2 .n 

Common-mode rejection Rs;;;. 10 k.11, 
TL08_:j: 80 86 80 86 70 76 

CMRR TL08 A 80 86 dB ratio TA= 25°C 
'81 B.'82B:848 80 86 

Supply voltage rejection Rs;;;. 10 k.11, 
TL08-_i 80 86 80 86 70 76 

ksvR TL08_A 80 86 dB 
ratio (~Vcc±/~V1ol TA= 25°C 

'81 B,'82B,'84B 80 86 

Ice 
Supply current No load, No signal, 

1.4 2.8 1.4 2.8 1.4 2.8 mA (per amplifier) TA= 25°C 
V o1 /V o2 Channel separation Avo = 100, TA= 25°C 120 120 120 dB 

t All characteristics are specified under open-loop conditions unless otherwise noted. Full range for TA is -55°C to 125°C for TL08_M; 
-25°C to 85°C for TL08_1; and 0°C to 70°C for TL08_C, TL08_AC, and TL08_8C. 

:j: Types TL0851 and TL085M are not defined by this data sheet. 
§ Input bias currents of a FET-input operational amplifier are normal juncfion reverse currents, which are temperature sensitive as shown in 

Figure 18. 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 TLOBO THRU TL085, TLOBOA THRU TL084A, 
TL0818, TL082B, TL0848 
JFET-INPUT OPERATIONAL AMPLIFIERS 
operating characteristics, Vee± = ± 15 V, TA= 25° C 

PARAMETER TEST CONDITIONS 
TLOB_M 

MIN TYP MAX 

SR Slew rate at unity gain 
V1=10V, RL = 2 kn, 

8 13 
CL= 100 pF, See Figure 1 

tr Rise time V1=20mV, RL = 2 kn, 0.1 

Overshoot factor C1 = 100 pF, See Figure 1 10% 

Vn Equivalent input noise voltage Rs= 1oon. f = 1 kHz 25 

ALL OTHERS 

MIN TYP MAX 
UNIT 

13 V/µs 

0.1 µs 

10% 

25 nV/../Hz 

PARAMETER MEASUREMENT INFORMATION 

V1 

10 kn 

I 
I 

RL= I 

L.~(J 2kn 

Cc= 12 pF 
for TL080 
andTLOBOA 

FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER 

FIGURE 3 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

FIGURE 4 
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100 kn 

FE ED-FORWARD COMPENSATION 

FIGURE 5 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
VS 

FREQUENCY 
~ 30 

Vee± ~"~15 V ~10k!1 
!? 

~ 25 1111111 

~ 
TA= 25°C 

1111111 

See Figure 2 

" c. 

" '.; 20 
Vee±= ±10 V 

0.. 

$ 15 l1lh l'l 
~ 
E 10 f- Vee±= ±5 V 

E ·;; 

~ 
:l 
~ 
0 
> 0 

100 lk !Ok 100k 1M lOM 

I-Frequency-Hz 

FIGURE 6 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

~ 3o~~-~~-R-L~=-10-k~!1-..--~----, 

S RL=2k!1 
~ 25f---t---lt---tt-:::::~:!:+-..:..:.:;..==:j:=::±: __ -i 

e 0 201---+---+--l--+--+-+--+---t 

~ 2 15 

~ 
~ 10!---+--+---+-+--+--t--+---1 

E 
·~ 
::;; 

~ 
0 
> 

J 
0 
I 
0 
> 

<( 

Vee±= ±15 V 

O See Figu_'.12 

-75 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 9 

LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREE-AIR TEMPERATURE 

1~~~~~~~~~~~~~ 
4 Vee'= ±15 V+----+--1----1-~1-----1 

Vo=!lOV 
2 I- RL = 2 kl! 

1 i _l 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 12 

TYPES TLOBO THRU TL085, TLOBOA THRU TL084A, 
TL0818, TL0828, TL084B 

JFET-INPUT OPERATIONAL AMPLIFIERS 
TYPICAL CHARACTER IST1cst 

> 
I 

~ 
0 
> 
c. 

0 

~ 
';' 

ct 

:l 
It 
0 
> 

MAXIMUM PEAK-TO-PEAK OUTPUT-VOLTAGE 
vs 

FREQUENCY 

lk 10k 100k lM lOM 

I-Frequency-Hz 

FIGURE 7 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

LOAD RESISTANCE 
30 

vcJ=11IT 

25 
TA= 25°c 1.-A-' 

1- See Figure 2 Vi 
20 

15 

10 

~ v 
J7 

IL 
0 
0.1 0.2 0-4 0.7 1 7 10 

AL-load Resistance-kn 

FIGURE 10 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 

MAXI MUM PEAK-TO-PEAK OUTPUT VOLTAGE 

FREQUENCY 

~~ oL-..LJJ.lillll_.Ll...l..IIItt:C::::::S!l!!!!W.U.llJ 
10k 40 k 100 k 400 k 1 M 4 M lOM 

I-Frequency-Hz 

FIGURE 8 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

SUPPLY VOLTAGE 

IVcc±l-Supply Voltage-V 

FIGURE 11 

TL080, TL080A 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

• 

FREQUENCY FREQUENCY WITH FEED-FORWARD COMPENSATION 

0 
o; 

~ 
c;_ 
E 

<( 

1 
:!'! 
Ci 

106~-.-~-~-~~-~~ 
Vcc±=±5Vto±15V 
RL= 10k!! 

105 t----+-->,rt--+-T A = 25° C 

I I I 
104'""""'--t---+--'<--+-- DIFFERENTIAL o' 

45° 

b 101 
> 

<( 

'------'----'---..l,__-'----'----'---"--' 1 so0 

10 100 1 k 10 k 100 k 1 M 10 M 

f-Frequency-Hz 

FIGURE 13 

c 
0 
o; 

.;: 

~ 
<( 

s 
0 
> 

~ 
~ 

:!'! 
Ci 
I 
0 
> 

<( 

106 
Vcc=±15V 

~ 
C2 = 3 pF 

~ 
TA=25°C --1 

See Figure 3 

f\. 

~ 
f\ s 10 

100 1k 10k 100k 1M 10M 

f-Frequency-Hz 

FIGURE 14 

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 TLOSOA. 
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TYPES TLOBO THRU TL085, TLOBOA THRU TL084A, 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 

TOTAL POWER DISSIPATED 
vs 

FREE-AIR TEMPERATURE 
250 

Vcc±=±15v 
225 1---4--+--+--+--+-No signal 

~ 200 1--~ "~+--+--+--+-N_o..,..lo_ad--t---1 
I ~ 

~a.~:: 117505'---+--+--+--+f.......-+--.r--+-.......... ~~ - I ~184, ~085 
0 1251---4--+--+--+--+-+~--+-~ 
~ 
~ 1001------+--=i---t--+--+--+--l----l 
;;; ~082, TL083 

~ 75 J ~ 
~ 50r---,.~r-=rT~L~0+80~,~TL+0:8~1.~4+-----=:J+-----:::=J 

251---+--+--+--+--~-+--l---+---1-
o...__.__..__~-~~--+-~~ 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-"C 

FIGURE 15 

INPUT BIAS CURRENT 

FREE-AIR TEMPERATURE 
100 

Fvcc+ = •15v 

7 z 
7: v 

I 
~ 0. 1 z 

0 

f-'---

0.0 1 I 
-50 -25 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 18 

ALL EXCEPT TL08-C 

COMMON-MODE REJECTION RATIO 

FREE-AIR TEMPERATURE 

·~ 87 

i 
~ 86 ...... 
:::; 
c 
~ 851---+--+--+-+---+--t--l-----l 
E 
8 
~ 841----+--<---+--~+--+-~-~---+---

~ 83..__1__.l___.__.i___,_ _ _.__,___..j 
-75 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-"C 

FIGURE 21 

TYPICAL CHARACTER ISTICSt 

2.0 

1.8 

<( 1.6 
E 

1.4 

~ 1.2 
u 
> 1.0 
Ci 

~ 0.8 
I 

SUPPLY CURRENT PER AMPLIFIER 
vs 

FREE-AIR TEMPERATURE 

vcc± = ±15 v 
>---+--+--+--+--+-No signal 

~ No load 

f--l 

tl 0.6 
~ 

0.4 

0.2 

0 
-75 -55 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 16 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

~ 41---+-~-+--+--t+ 
8, 
~ 21---+--l---+--+--t-+-+---t---1 

~ a. s 01---+-+-+--t-~t--t--1-+---t---1 
0 ,, 
c j-2 

~ 
~ 
I 
11. 
!! 
Ci 
> 
S! 
'i5 
z 

f 
c 
;;; 

i 
~ 

> 

t-Time-µs 

FIGURE 19 

EQUIVALENT INPUT NOISE VOLTAGE 

FREQUENCY 
70 

v~~~ = ±15 v 
60 l--l-+-l+wll-J-+,1-+HJ-ll-+-1AV D = 10 

so\ Rs= 1oon 
TA=25°C 

40 !\ 
]\ 

30 

20 

10 

10 40 100 400 1 k 4k 10k 40k 100k 

f-Frequency-Hz 

FIGURE 22 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
2

.0 TA
1
= 25~ 

1 ·8 t- No signal -~_._-~_..____.....__, 

1.6 J- No load 
<( 
E 
~ l .411--:t==t=+==+==:f==t==-1 
8 

1.2 

> 1.01---+--+--+--+---+--l----4--l 

l 0.81---+--+---t---+--+--+---+----l 

b 0.6 1---+--+--+---+--+--+---+----l 
!:! 

0.41---+--+--+--+---+--l----41--l 

0.2 1---+--+--+--+---+--i----41--l 

O'---'--"---'---'--~-_,___.~ 
0 

28 

24 

~ 20 
I 

3' 15 
0 
> 12 
a. 

c5 
~ 

-4 

10% 

10 12 14 16 

IVcc±l-Supply Voltage-V 

FIGURE 17 

OUTPUT VOLTAGE 

ELAPSED TIME 

L~~,~T 
rr J 90% 

7: 
]! 
~! 

I Vee±= ±15 v I 

Rtr RL=2kl! 

TA 7 25°~ 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

t-Time-µs 

FIGURE 20 

TOTAL HARMONIC DISTORTION 

FREQUENCY 

t=:vcc± -±15 v 
~AvD= 1 

~ 0.4 

-! 
~ 0.1 
Ci 

'g 0.04 

~ 
~ 0.01 

I g 0.004 
I-

i-Vl(RMS) = 6 V 
i-TA = 25°C 

II 

0.001 
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 TL080 and TL080A. 
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TYPES TLOBO THRU TL085, TLOBOA THRU TL084A, 
TL081B, TL082B, TL084B 

JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 
0.5-Hz SQUARE-WAVE OSCILLATOR 

RF=100kn 

+15V 

INPUT 

CF= 3.3µF J 
R 1 = R2 = 2R3 = 1.5 Mn 

C3 
C1 =C2=2=110 pF 

1 
to= 2rr R1 C1=1 kHz 

FIGURE 24-0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE25-HIGH-Q NOTCH FILTER 

88.4 kn 

= 

1Mn 

1µF 

INPUT o---1----4---t-
O,UTPUT B 

100 kn 100kn 

100 kn 

100kn 
100µF J OUTPUT C 

tor TL085 

18 pF 

vcc
FIGURE 26-AUDIO DISTRIBUTION AMPLIFIER 

6 sin wt 

88.4 kn 

1N4148 18 kn (See Note Al 

,....--+..r----..--"VV'.~-o-15V 

1kn 

....._---~----A-l\AJ\.---0+15V 

1N4148 18 kn (See Note A) 

Note A: These resistor values may be adjusted for a symmetrical output. 

FIGURE 27-100-kHz QUADRATURE OSCILLATOR 
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TYPES TLOBO THRU TL085, TLOBOA THRU TL084A, 
Tl081B, TL082B, Tl084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 

220 pF 

43kn 

Vee+ 
43kn 

INPUT 

1.5kn 

tor TL085 OUTPUT A 

TYPICAL APPLICATION DATA 
16kn 

30kn 

43kn 

Vee-

OUTPUT 
A 

220 pF 

43kn 

Vee+ 

16kn 

43kn 

OUTPUT B 

2 kHz/div 2 kHz/div 

30kn 

vee+ 

Vee-

SECOND-ORDER BANDPASS FILTER CASCADED BANDPASS FILTER 

1oon 

INPUT 

f 0 = 100 kHz, Q = 30, GAIN = 4 f 0 = 100 kHz, Q = 69, GAIN= 16 

220kn 

0,00375µF 

0.01 µF 

50 pF 

FIGURE 28-POSITIVE-FEEDBACK BANDPASS FILTER 

vee+ 

10 pF 

10kn 
0.03 µF 

MIN 

1ookn 
BASS 

10kn 3.3kn 
MAX 

O.OJµF 

10kn 

+ 
5kn ;..___Ji--------------' 
GAIN ~ 

47 µF 

FIGURE 29-IC PREAMPLIFIER 
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0.003µF 

Vee+ 

68 kl! 
10 pF 

OUTPUT 
B 

OUTPUT 



LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL087, TLOBB, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 
BULLETIN NO. DL-S 12642, MARCH 1979 - REVISED OCTOBER 1979 

• 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 

• High Input Impedance ... JFET-lnput 
Stage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• High Slew Rate ... 13 V/µs Typ 

description 

These JFET-input operational amplifiers incorporate 
well-matched high-voltage JFET and bipolar transis
tors in a monolithic integrated circuit. They feature 
low input offset voltage, high slew rate, low input 
bias and offset current, and low temperature co
efficient of input offset voltage. Offset-voltage 
adjustment is prcsvided for the TL087 and TL088. 

TL087, TL088 

JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OFFSET 
OUT· NULL 

NC Vee+ PUT IN2) 

o~~~~T 1~~~T ~~- Vcc-

IN11 INPUT 

TL287, TL288 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

NON· 
OUT· INV INV 

Vee+ PUT INPUT INPUT 

OUT· INV NON· GND 
PUT INPUT INV 

INPUT 

NC-No internal connection 

TLOBB 
U FLAT PACKAGE 

(TOP VIEW) 

0©©©© 
NC OFFSET INV NON- Vcc-

NULL INPUT INV 
IN!) INPUT 

TL288 
U FLAT PACKAGE 

(TOP VIEW) 

NON· 
OUT· INV INV 

@ © ©10'© 

0©©©© 
NC OUT· INV NON· GND 

PUT INPUT INV 
INPUT 

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. 

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

TL0871 TL087C 

TL088M TL0881 TL088C 

TL288M TL2871 TL287C 

TL2881 TL288C 

Supply voltage, Vee+ (see Note 1) 18 18 18 

Supply voltage, Vee- (see Note 1) -18 -18 -18 

Differential input voltage (see 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) IJG or P package 680 680 680 

25°C free-air temperature (see Note 5) J U package 675 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

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

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

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 1 P package 260 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between V cc+ and V CC-· 

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

300 

260 

3, The m11gnitude 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 

oc 
oc 
oc 
oc 

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 Table. In the JG package, TL088M and TL288M 

chips are alloy-mounted; TL0871, TL0881, TL2871, TL2881, TL087C, TL088C, TL287C and TL288C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL087, TLOBB, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics. Vee+=± 15 V -

TEST CONDITIONSt 
TLOBBM 

PARAMETER 
TL288M 

MIN TYP 

Rs= 50 n, TL087, TL287 

TA=25°C TL088, TL288 1 
V10 Input offset voltage 

Rs= 50 n, TL087, TL287 

TA = full range TL088, TL288 

Temperature coefficient 
Rs= 50 n, TA= full range 10 av10 

of input offset voltage 

Input offset current§ 
TA= 25°C 5 

110 
TA = full r·ange 

Input bias current§ 
TA= 25°C 60 

110 
TA= full range 

Common-mode input 
·vcc-+4 

V1cR TA=25°C to 
voltage range 

Vcc+-4 

TA= 25°C, RL = 10 kn 24 27 

Vopp 
Maximum peak-to-peak 

RL;;. 10 kn 24 
output voltage swing TA = full range 

RL;;. 2 kn 20 

RL> 2 kn, Vo=±10V, 
50 200 

Avo 
Large-signal differential TA=25°C 

voltage amplification RL;;. 2 kn, Vo=±10V, 
25 

TA = full range 

81 Unity-gain bandwidth TA=25°C 3 

q Input resistance TA=25°C 1012 

CMRR 
Common-mode rejection 

Rs<: 10 kn, 
ratio 

TA= 25°C 80 95 

ksvR 
Supply voltage rejection 

Rs<: 10 kn, TA= 25°C 80 95 
ratio (.6 Vcc±/.6 V10) 

Ice 
Suppy Current No load, No signal, 

1.4 
(per amplifier) TA=25°C 

TL0871 TL087C 

TL0881 TLOBBC 
UNIT 

TL2871 TL287C 

TL2881 TL288C 

MAX MIN TYP MAX MIN TYP MAX 

0.1 0.5 0.1 0.5 

3 1 3 1 3 
mV 

2 1.5 

6 6 5 

10 10 µ.VfC 

100 5 100 5 100 pA 

25 3 2 nA 

400 60 400 60 400 pA 

100 20 7 nA 

Vcc-+3.5 Vcc-+5 

to to v 

Vee+ Vee+ 

24 27 24 27 

24 24 v 

20 20 

50 200 25 200 

V/mV 

25 15 

3 3 MHz 

1012 1012 n 

80 95 70 95 dB 

80 95 70 95 dB 

2.8 1.4 2.8 1.4 2.8 mA 

t All characteristics are specified under open-loop conditions unless otherwise noted. Full range for TA is -55°C to 125°C for TL-SSM; 
-25°C to 85°C for TL_B_ I; and 0°C to 70°C for TL_B__c. 

§Input bias currents of a F ET-input operational amplifier are normal junction reverse curre.nts, which are temperature sensitive. Pulse 
techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 

operating characteristics Vee+= ±15 V, TA= 25°e 

PARAMETER TEST CONDITIONS 
TL088M, TL288M ALL OTHERS 

MIN TYP MAX MIN TYP MAX 

SR Slew rate at unitY gain 
V1=10 v. 

CL= 100 pF, 

RL = 2 kn, 
8 

Avo = 1 
13 13 

tr Rise time V1=20mV, AL= 2 kil, 0.1 0.1 

Overshoot factor CL= 100 pF, Avo= 1 10% 10% 

UNIT 

V/µs 

µs 

Vn Equivalent input noise voltage Rs=1oon, f = 1 kHz 18 18 nV/ 'R"z 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 
JG (Alloy-Mounted Chip) 680mW 8.4 mWf'C 69°C 

JG (Glass-Mounted Chip) 680mW 6.6 mwf'c 47°C 

p 680mW 8.0mWf'C 65°C 

u 675mW 5.4 mWf'C 25°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 
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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 
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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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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 

schematic 

description 

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 

TYPES TL321M, TL3211, TL321C 
OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12515, APRIL 1977 - REVISED OCTOBER 1979 

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 m V 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 

JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

NC-No internal connection 

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 current 
drain is independent of the magnitude of the supply voltage. 

Applications include transducer amplifiers, d-c 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 ±15-volt supplies. 

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

Supply voltage, V CC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 V 
Differential input voltage (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°C 

free-air temperature (V CC< 15 V) (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: TL321M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55°C to 125°C 

TL321 I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -25°C to 85°C 
TL321 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° C to 150° C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) 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 non inverting input terminal with respect to the inverting input terminal. 

3. Short circuits from the output to V CC can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL321M chips are alloy

mounted; TL321 I and TL321 C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL321M, TL3211, TL321C 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Vee= 5 V (unless otherwise noted) 

TEST CONDITIONSt 
TL321M, TL3211 TL321C 

PARAMETER 
MIN TYP MAX MIN TYP 

Vo=1.4V, 25°C 2 5 2 
V10 Input offset voltage 

V cc = 5 V to 30 V Full range 7 

Input offset current 
25°C 3 30 5 

110 Vo=1.4V 
Full range 100 

Vo=1.4V, 25°C -45 -150 -45 
llB Input bias current 

See Note 5 Full range -300 

25°C 
0 to Oto 

V1cR 
Common-mode input 

Vee= 30 v 
Vcc-1.5 Vcc-1.5 

voltage range 0 to 0 to 
Full range 

Vcc-2 Vcc-2 

Vee= 30 v. 
Full range 26 26 

VoH High-level output voltage 
RL = 2 kn 

Vee= 30 v. 
Full range 27 28 27 28 

RL;;;, 10 kn 

Vol Low-level output voltage RL.;;; 10 kn Full range 5 20 5 

Large-signal differential Vee= 15 v. 25°C 50 100 25 100 
Avo Vo = 1 v to 11 v, 

voltage amplification 
RL;;;, 2 kn 

Full range 25 15 

CMRR Common-mode rejection ratio Rs.;;; 10 kn 25°C 70 85 65 85 

ksvR* Supply voltage rejection ratio Rs.;;; 10 kn 25°C 65 100 65 100 

Vee= 15 v. 25°C -20 -40 -20 -40 
Vio=1V, 

Vo= OV 
Full range -10 -20 -10 -20 

'o Output current 
Vcc=15v, 25°C 10 20 10 20 
Vio=-1 V, 

Vo= 5V Full range 5 8 5 8 

V10=-1 V, 
25°C 12 50 12 50 

Vo=200mV 

'cc 
No load, 25°C 0.4 0.4 

Supply current 
No signal Full range 1 

*ksvR = A.Vcc/A.vw 

UNIT 
MAX 

7 

9 
mV 

50 

150 
nA 

-250 
nA 

-500 

v 

v 

20 mV 

V/mV 

dB 

dB 

mA 

µA 

mA 
1 

tAll characteristics are specified under open-loop conditions. Full range is -55°C to 125°C for TL321M, -25°C to 85°C for TL321, and 0°C 
to 70°CforTL321C. 

NOTE 5: The direction of the bias current is out of the- device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 

DISSIPATION DERATING TABLE 

POWER DE RATING 
PACKAGE 

JG (Alloy-Mounted Chip) 

JG (Glass-Mounted Chip) 

p 

RATING 

680mW 

680mW 

680mW 

Also see Dissipation Derating Curves, Section 2. 

FACTOR 

8.4 mW/°C 

6.6 mW/°C 

8.0 mW/°C 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

ABOVE 

TA 

69°C 

47°C 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL322M.TL3221.TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12731, OCTOBER 1979 

• 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 
uA741 but with several distinct advantages. 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. 

JG OR P 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER NO. 2 

~ 
NON· 

OUT· INV INV 
Vee+ PUT INPUT INPUT 

OUT· INV NON· GND 
PUT INPUT INV 

INPUT 

~ 
AMPLIFIER NO. 1 

The TL322M is characterized for operation over the full military temperature range of -55°C to 125°C. The TL3221 
is characterized for operation from -40°C to 85°C. The TL322C is characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
TL322M TL3221 TL322C UNIT 

Supply voltage Vee+ (see Note 1) 18 18 18 v 
Supply voltage Vee- (see Note 1) -18 -18 -18 v 
Supply voltage V CC+ with respect to ~- 36 36 36 v 
Differential input voltage (see Note 2) ±36 ±36 ±36 v 
Input voltage (see Notes 1 and 3) ±18 ±18 ±18 v 
Continuous total dissipation at (or below) 25° C l JG package 1050 825 825 

[ P package 
mW 

free-air temperature (see Note 4) 1000 1000 

Operating free-air temperature range -55to125 -40 to 85 0 to 70 oc 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 oc 
Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds J JG package 300 300 300 oc 
Lead temperature 1 /16 inch (1,6 mm) from case for 1 O seconds J P package 260 260 oc 

NOTES: 1. These voltage values are with respect to the midpoint between V CC+ and V CC-· 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Neither input must ever be more positive than V CC+ or more negative than V CC-· 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG packages, TL322M chips are alloy

mounted; TL3221 and TL322C chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 

JG (Alloy-Mounted Chip) 1050 mW 8.4 mW/C 25°C 

JG (Glass-Mounted Chip) 825mW 6.6 mW/C 25°C 

p 1000 mW 8.0 mW/C 25°C 

Also see Dissipation Derating Curves, Section 2. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL322M,TL3221,TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature: Vee+= 14 V, Vee-= 0 V for TL3221; 
VCC± = ±15 V for TL322M and TL322e 

TEST CONDITIONSt 
TL322M TL3221 TL322C 

PARAMETER 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TA= 25°C, See Note 5 2 8 2 8 2 10 
V10 Input offset voltage 

TA =full range, See Note 5 10 10 12 

Temperature coefficient 
TA.= 25°C 10 10 10 0v10 of input offset voltage 

TA= 25°C, See Note 5 30 75 30 75 30 50 
110 Input offset current 

TA= full range, See Note 5 250 250 200 

Temperature coefficient 
TA= 25°C 50 50 50 0'110 of input offset current 

l1s Input bias current 
TA=25°C -0.2 -0.5 -0.2 -0.5 -0.2 -0.5 

TA= full range -1.5 -1 -0.8 

Common-mode input 
Vee- Vee- Vee- Vee- Vee- Vee-

V1CR 
voltage range+ 

TA= 25°C to to to to to to 

13 13.5 12 12.5 13 13.5 

RL = 10 kn, TA=25°C ±12 ±13.5 ±12 ±12.5 ±12 ±13.5 

VoM 
Peak output 

RL=2kn, TA= 25°C ±10 ±13 ±10 ±13 ±10 ±12 
voltage swing 

RL=2kn, TA= full range ±10 ±10 ±10 

Large-signal differential RL=2kn, 1TA=25°C 200 20 200 20 200 
Avo 

voltage amplification Vo=±10V f TA= full range 25 15 15 

Maximum-output-
Vopp = 20 V, RL = 2 kn, 

BoM Avo= 1, TA= 25°C, 9 9 9 
swing bandwidth 

THD.;;; 5% 

81 Unity-gain bandwidth 
RL=10kn, Vo=50mV, 

1 1 1 
TA= 25°C 

<Pm Phase margin 
CL= 200 pF, RL = 2 kn, 

60° 60° 60° 
TA= 25°C 

q Input resistance f = 20 Hz, TA= 25°C 0.3 1 0.3 1 0.3 1 

ro Output resistance f = 20 Hz, TA= 25°C 75 75 75 

Common-mode 
TA= 25°C CMRR Rs<10kn, 70 90 70 90 70 90 

rejection ratio 

ks vs 
Supply voltage sensitivity 

(6V10/AVccl 
TA= 25°C 30 150 30 150 30 150 

ios 
Short-circuit output 

TA= 25°C ±10 ±30 ±45 ±10 ±30 ±45 ±10 ±30 ±45 
current § 

ice Total supply current 
No load, No signal, 

1.4 
TA= 25°C 

2.5 1.4 4 1.4 4 

UNIT 

mV 

j.uV/°C 

nA 

pA/°C 

µA 

v 

v 

V/mV 

kHz 

MHz 

Mn 

n 

dB 

µVIV 

mA 

mA 

t All characteristics are specified under open-loop conditions unless otherwise noted. Full range for TA is -55°C to 125°C for TL322M; -40°C 

to 85°C for TL3221 and 0°e to 70°C for TL322e. 

+The V1eR 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. 

NOTE 5: V10 and 110 are defined at Vo= 0 V for TL322M and TL322C and Vo= 7 V for TL3221. 
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TYPES TL322M, TL3221, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics, Vee+= 5 V, Vee-= 0 V, TA= 25°e (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

V10 Input offset voltage Vo= 2.5 V 

110 Input offset current Vo=2.5V 

11s Input bias current 

RL=10k!1 

VoM 
Peak output 

RL=10k.n, 
voltage swing§ 

V CC+ = 5 V to 30 V 

Avo 
Large-signal differential 

8L=2k!1,AVo=2V 
voltage amplification 

ks vs 
Power supply sensitivity 

I (AV10/AVcc±l 

ice Supply current No load, No signal 

V0 1/V0 2 Channel separation f = 1 kHz to 20 kHz 

t All characteristics are specified under open-loop conditions. 
§Output will swing essentially to ground. 

TL322M TL3221 TL322C 

MIN TYP MAX MIN TYP MAX MIN TYP 

2 8 8 2 

30 75 75 30 

-0.2 -0.5 -0.5 -0.2 

3.3 3.5 3.3 3.5 3.3 3.5 

Vee+ - 1.7 Vee+ - 1.7 Vee+ - 1.1 

20 200 20 200 20 200 

150 150 

1.2 2.5 1.2 4 1.2 

120 120 120 

UNIT 
MAX 

10 mV 

50 nA 

-0.5 pA 

v 

V/mV 

150 µVIV 

4 mA 

dB 

operating characteristics: Vee+= 14 V, Vee-= O V for TL3221, Vee±= ±15 V for TL322M and TL322e 
TL322e; TA= 25°e, Avo = 1 (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate at unity gain V1=±10V, CL= 100 pF, See Figure 1 0.6 V/µs 

tr Rise time 0.35 µs 

tf Fall time 
AVQ = 50 mV, CL= 100 pF, RL = 10 kn, 

0.35 µs 

Overshoot factor 
See Figure 1 

20% 

Crossover distortion V1pp = 30 mV, Vopp=2V, f = 10 kHz 1% 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1-UNITY-GAIN AMPLIFIER 
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TYPES TL322M, TL3221. TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

250 

< 200 

f 
~ 150 a 
iii 

~ 100 

~ 50 

0 

INPUT BIAS CURRENT 
vs 

TEMPERATURE 

Vee±• ±15 V - 1--
b.... r::::.:; 

"'-
N 

-.;;;: 

-75 -50 -25 25 50 75 100 125 

TA-Free·Air Temperature-"C 

FIGURE 2 

MAXIMUM PEAK· TO-PEAK OUTPUT VOLTAGE 

~ 30 

~ ;g 25 

~ 0 20 

""' 
~ e 15 

~ 
~ 
E 10 

~ ·;c 
i 5 
I 
8: 
? 0 

lk 

vs 
FREQUENCY 

\ 

[\ 
t\ 

Ve~± "2115 V 
CL= 0 
RL= 10kn 
TA= 2s

0
c 

See Figure 1 

t-+-
4k 10k 40k 100k 400k 1M 

I-Frequency-Hz 

FIGURE 5 

TYPICAL CHARACTERISTlcst 

INPUT BIAS CURRENT 

SUPP\. Y VOLTAGE 
250r---r-,.--.---,----,r--..---r---. 

TA•25°C 

'2 200 

~ f---+--+---+-+---!--+--+----1 
~ 1501---+---1----1---4---1--+--+---l 

iii 

~ 100 

~ >----+-....______. _ _,___+--_,__..___, 

SO>---+-..._-+-->--+---+--+--< 

c: 
£ 102 

0 
I 
c 10 
i 

IV cc ±I-Supply Voltage-V 

FIGURE 3 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

r---.,. 

VS 

FREQUENCY 

~cc± =115v 

~ 
RL=2kn _ 
TA= 2s

0
c 

~ 
~ 
~ 
~ 

10 100 lk 10k 100k 1M 

I-Frequency-Hz 

FIGURE 6 

'MAXIMUM PEAK·TO-PEAK OUTPUT VOLTAGE 

10 

-10 

SUPPLY VOLTAGE 

IVcc±l-Supply Voltage-V 

FIGURE 4 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

Jee±= ±1
1
s v 

v I\ RL • 2kn 
' TA•25°c ~ 

OUTPUTL : r\ See Figure 1 

~ 
I \ I 

i 
I 

~ I 

I 
I 

: 
~ rl-

I 
I 

llNPUT I\ 

0 10 20 30 40 50 60 70 80 90 

t-Time-µs 

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) 

INVl .. TING 
INPUT 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 12407, JUNE 1976-REVISED OCTOBER 1979 

• Open-Loop Voltage 
Amplification ... 2600 Typ 

• CMRR ... 80 dB Typ 

description 

The TL702 is a high-gain, wideband .pperational 
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 silicon monolithic 
circuit-fabrication techniques, produces an amplifier 

schematic 

INVERTING 
INPUT 

NON· 
INVERTING 

INPUT 

Component values shown 
ar1nomin1I 

OUTPUT 

with low-drift and low-offset characteristics. The TL 702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 

The TL702M is characterized for operation over the full military temperature range of -55°C to 125°C. The TL 702C 
is characterized for operation over the temperature range of 0°C to 70°C. 

terminal assignments 
J OR N DUAL-IN-LINE 

OR W FLAT PACKAGE (TOP VIEW) 

LAG LEAD 
NC Vee• NC OUTl'UT COMP COMP NC 

NC GND INV NON· Vee- NC 
INPUT INV 

INPUT 

NC-No Internal connection 

JG DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

GNO l~~~T ~z~· Vcc-
INPUT 

U FLAT PACKAGE 
(TOP VIEW) 

LAG LEAD 
VCC+ NC OUTPUT CC*r COW 

®©©CD© 

CD 0 <D © © 
NC GND INV NON· VCC-

INPUT INV 
INPUT 

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

TL702M TL702C 

Supply voltage Vee+ (see Note 11 14 14 
Supply voltage Vee- (see Note 1) -7 -7 
Differential input voltage (see Note 2) ±5 ±5 
Input voltage (either input, see Notes 1 and 3) -6 to 1.5 -6to1.5 
Peak output current ltw.;;;; 1 s) 50 50 
Continuous total dissJE.ation at (or below) 70°C free-air tem_Qerature (see Note 4) 300 300 
Operating free-air temperature range -55 to 125 Oto 70 
Stor~ tem_Qerature ra~ -65 to 150 -65 to 150 
Lead temperature 1/16 inch ( 1,6 mm I from case for 60 seconds ] J, JG, U, or W package 300 300 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 1 N package 260 

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. 

UNIT 

v 
v 
v 
v 

mA 
mW 
oc 
oc 
oc 
oc 

4. For operation of TL702M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, 
TL702M chips are alloy-mounted; TL702C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TL702M 

electrical characteristics at specified free-air temperature 

TL702M 

PARAMETER TEST eONDITIONSt 
Vee+ .;.12v Vec+•&V 

UNIT 
Vee-•-&V Vee-·-3 v 

MIN TYP MAX MIN TYP MAX 

25°e 2 5 2 5 
V10 Input offset voltage Rs.;;; 2 kn mV 

Full range 6 6 
Average temperature coefficient 

Rs= 50 n 
l-55°e to 25°C 10 10 

µVfe av10 of input offset voltage l25°C to 125°C .5 5 

25°C 0.5 2 0.3 2 

110 Input offset current -55°C 1 3 3 µA 

125°C 0.2 3 3 

Average temperature coefficient L-55°c to 25°c 6 5 
nAfC a110 

of input offset current l25°c to 125°C 3 2 

25°C 4 10 2.5 7 
119 Input bias current 

-55°C 6.5 20 14 
µA 

V1cR 
Common-mode input Positive swing 

25°C 
0.5 1 0.5 1 

voltage range 
v 

Negative swing -4 -5 -1.5 -2 

Maximum peak-te>-peak RL;;. 100 kn 10 10.6 5 5.4 
Vo pp v 

output voltage swing RL = 10kn 8 4 

l Vo= ±5 V 
25°C 1400 2600 

Avo 
Large-signal differential 

RL;;. 100 kn Full range 1000 
voltage amplification j Vo= ±2.5 V 25°C 380 700 

25°C 8 25 12 40 
fj Input resistance 

Full range 
kn 

3 4 

ro Output resistance Vo= 0, See Note 3 25°C 200 500 300 700 n 

CMRR Common-mode rejection ratio Rs c;;; 2 kn 25°C 70 80 70 80 dB 

ksvs* Supply voltage sensitivity Rs.;;; 2 kn 25°C 60 300 60 300 µVIV 

Ice Supply current No load, No signal 25°C 5 6.7 2.1 3.9 mA 

Po Total power dissipation No load, No signal 25°C 90 120 19 35 mW 

"ksvs = AV10/AVcc 
t All characteristics are specified under open-loop operation. Full range for TL 702M is -55° C to 125° c. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback, 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 300mW 11.0 mWfC 123°C 

J (Glass-Mounted Chip) 300mW 8.2 mWfC 113°C 

JG (Alloy-Mounted Chip) 300mW 8.4 mwtc 114°C 

JG (Glass-Mounted Chip) 300mW 6,6 mWfC 104°C 

N 300mW 9.2 mwtc 117°C 

u 300mW 5.4 mwtc 94°C 

w 300mW 8.0 mWfC 112°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TL702e 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -6 V 

TEST CONDITIONSt 
TL702C 

UNIT PARAMETER 
MIN TYP MAX 

25°C 5 10 
V10 Input offset voltage Rs.;;; 2 kn mV 

Full Range 15 

Average temperature coefficient 
Rs= 50 n Full Range 5 µ.V/°C av10 

of input offset voltage 

25°C 0.5 5 
110 Input offset current 

Full Range 7.5 
µ.A 

Average temperature coefficient 0°C to 25°C 5 
nA/°C a110 

of input offset current 25°Cto70°C 3 

25°C 4 15 
l1s Input bias current 

0°C 4.5 20 
µ.A 

Common-mode Positive swing 
25°C 

0.5 1 
V1cR input voltage range 

v 
Negative swing -4 -5 

Vo pp 
Maximum peak-to-peak 

RL;;;., 100 kn 25°C 10 10.6 v 
output voltage swing 

Large-signal differential 25°C 1000 2600 
Avo 

voltage amplification 
RL;;;., 100 kn, Vo= ±5 V 

Full Range 800 

25°C ,5 25 
fj Input resistance kn 

Full Range 3.5 

ro Output resistance Vo=O, See Note 3 25°C 200 600 n 

CMRR Common-mode rejection ratio Rs.;;; 2 kn 25°C 65 80 dB 

ksvs* Supply voltage sensitivity Rs.;;; 2 kn 25°C 60 300 µ.V/V 

Ice Supply current No load, No signal 25°C 5 7 mA 

Po Total power dissipation No load, No signal 25°C 90 125 mW 

0 ksvs = ~V10/~Vcc 
t All characteristics are specified under open-loop operation. Full range for TL702C is 0°C to 70°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 

TL702M, TL702e 

operating characteristics Vee+= 12 V, Vee-= -6 V, TA= 25°e 

TEST BOTH TYPES 
PARAMETER TEST CONDITIONS UNIT 

FIGURE MIN TYP MAX 

1 V1=10 mV, CL= 0 25 120 ns 
tr Rise time 

2 V1=1 mV 10 30 ns 

1 V1=10 mV, CL= 100pF 10% 50% 
Overshoot factor 

2 V1=1 mV 20% 40% 

1 V1=6 V, CL= 100 pF 1.7 
SR Slew rate V/µ.s 

2 V1=100mV 11 

TEXAS INSTRUMENTS 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 

WAVEFORM 

IV1 
_J ___ ov 

INPUT VOLTAGE 

WAVEFORM 

2 kn 

INPUT 

FIGURE 1-UNITY-GAIN AMPLIFIER 

s kn 

OUTPUT 

INPUT o+--------u----1 

son RL = 100 kn 

FIGURE 2-GAIN-OF-100 AMPLIFIER 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
V1 

100 

FREQUENCY 
(for various lag compensations) 

1 k 10k 100 k 

I-Frequency-Hz 

FIGURE 3 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

AVDIO) = Avo at I= 1 Hz 
vcc+•12v 

vcc- • -6 v 
C1=0.1µF 
R1=0 
RL = 100kn 
TA• 25°C 

1M 

c 
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~ 
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> 
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~ 
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c5 
I 
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LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 

10"' 

103 

102 

101 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

(for various lag compensations) 

vcc+ = 12 v 
Vee-= -6 v 
AL= 100kn 

t--+-++1f+H++--"'od--++-+++-H+ TA = 25• C 

10- 1 L...L..L.LLlllL...J...J..JJllllL...J~WIL....U.. 10-• 
100 

104 

103 
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10' 

1 k 10k 100k 1 M 10M 

I-Frequency-Hz 

FIGURE 4 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

V1 

FREQUENCY 
(for various lag compensations) 

I-Frequency-Hz 

FIGURE 6 

100k 1M 10M 100M 

f-Frequency-Hz 

FIGURE 5 

C3 

LEAD-LAG COMPENSATION CIRCUIT 
FOR FIGURE 6 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

BULLETIN NO. DL·S 12408, JUNE 1976-REVISEO OCTOBER 1979 

• Open-Loop Voltage 
Amplification ... 3600 Typ 

• Designed to be Interchangeable With 
Fairchild µA702 

• CMRR ... 100 dB Typ 

description 

The uA702 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 silicon monolithic 
circuit-fabrication techniques, produces an amplifier 

schematic 

INVERTING 
INPUT 

NON· 
INVERTING 

INPUT 

OUTPUT 

with low-drift and low-offset characteristics. The uA 702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 M.Hz. 

The uA702M is characterized for operation over the full military temperature range of -55°C to 125°C . 

terminal assignments 
J DUAL-IN-LINE 

OR W FLAT PACKAGE 
(TOP VIEW) 

LAG LEAD 
NC Vee~ NC OUTPUT COMP COMP NC 

NC NC GND INV NON· Vee- . NC 
INPUT INV 

INPUT 

NC-No Internal connection 

JG DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

GND INV NON· Vcc-
INPUT INV 

INPUT 

u 
FLAT PACKAGE 

(TOP VIEW) 

LAG LEAD 
Vee+ NC OUTPUT a- COW 

®©©0© 

CD 0 CD © © 
NC GND INV NON· VCC-

l~PUT INV 
INPUT 

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

Supply voltage Vee+ (see Note 1) 
Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) 
Peak output current (tw < 1 s) . . . . . . 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) 
Operating free-air temperature range . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . . . . 
Lead temperature 1 /16 inch ( 1, 6 mm) from case for 60 seconds 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the network ground terminal. 
2. Differential voltages are at the non inverting 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. 

14 v 
-7V 
±5 v 

-6Vto1.5 V 
50mA 

... 300 mW 
-55°C to 125°C 
-65°C to 150°C 

. 300°C 

4. For operation above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, uA702M chips 
are alloy-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 300mW 11.0mWfC 123°C 

JG (Alloy-Mounted Chip) 300mW 8.4 mWfC 114°C 

u 300mW 5.4 mWfC 94°C 

w 300mW 8.0mWfC 112°C 

Also see Dissipation Deratlng Curves, Section 2. 

electrical characteristics at specified free-air temperature 

Vee+• 12v Vee+•& v 
PARAMETER TEST CONDITIONSt Vcc-•-sv Vcc-•-3V UNIT 

MIN TVP MAX MIN TVP MAX 

25°C 0.5 2 0.7 3 
V10 Input offset voltage Rs<: 2 kn mV 

Full range 3 4 

Average temperature coefficient T -55°C to 25°C 2 10 3 15 
µVfC °'VIO of input offset voltage 

Rs= son j 25°c to 125°C 2.5 10 3.5 15 

25°C 0.2 0.5 0.12 0.5 

110 Input offset current -55°C 0.4 1.5 0.3 1.5 µA 

125°C 0.08 0.5 0.05 0.5 

Average temperature coefficient T -55°C to 25°C 3 16 2 13 
nA/°C °'110 of input offset current r 25°C to 125°C 1 5 0.7 4 

25°C 2 5 1.2 3.5 
11s Input bias current 

-55°C 4.3 10 2.6 7.5 
µA 

V1cR 
Common-mode Positive swing 0.5 1 0.5 1 

input voltage range 
25°C v 

Negative swing -4 -5 -1.5 -2 

25°C 10 10.6 5 5.4 
Maximum peak-to-peak 

RL;;. 100kn 
Full range 10 5 

Vo pp 
output voltage swing 

v 
Rt= 10kn 25°C 7 8 3 4 

RL;;>10kn Full range 7 3 

25°C 2500 3600 6000 

Large-signal differential 
Vo= ±5 V 

Full range 2000 7000 
Avo 

voltage amplification 
RL;;. 100 kn 

25°C 600 900 1500 
Vo= ±2.5 V 

Full range 500 1750 

25°C 16 40 22 67 
q Input resistance kn 

Full range 6 8 

ro Output resistance Vo =O, See Note 3 25°C 200 500 300 700 n 

25°C 80 100 80 100 
CMRR Common-mode rejection ratio Rs.;; 2 kn dB 

Full range 70 70 

ks vs 
Supply voltage sensitivity 25°C 75 75 

µVIV 
(iW1o/~Vccl 

Rs ... 2 kn 
Full range 200 200 

25°C 5 6.7 2.1 3.3 

ice Supply current No load, No signal -55°C 5 7.5 2.1 3.9 mA 

125°C 4.4 6.7 1.7 3.3 

25°C 90 120 19 30 

Po Total power dissipation No load, No signal -55°C 90 135 19 35 mW 

125°C 80 120 15 30 

t All characteristics are specified under open-loop operation. Full range is -55° C to 125° C. 
NOTE 3: 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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TYPE .uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

operating characteristics Vee+ = 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER 

tr Rise time 

Overshoot factor 

SA Slew rate 

Iv, 
_J---ov 

INPUT VOLTAGE 

WAVEFORM 

Iv, 
_J---ov 

INPUT VOLTAGE 

WAVEFORM 

TEST 
TEST CONDITIONS MIN 

FIGURE 

1 V1=10mV, CL= 0 

2 V1=1 mV 

1 V1=10mV, CL=lOOpF 

2 V1=1 mV 

1 V1=6 V, CL= 100pF 

2 VJ= 100mV 

PARAMETER MEASUREMENT INFORMATION 

2 kn 

INPUT 

FIGURE 1-UNITY-GAIN AMPLIFIER 

5 k!l 

son 

RL = 100 kn 

FIGURE 2-GAIN-OF-100 AMPLIFIER 
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25 120 ns 

10 30 ns 

100/o 50"/o 

200/o 400/o 

1.7 

11 
V/µs 

• 

165 



166 

TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

"' FREQUENCY 
(for various lag compensations) 

::-
14 

Vcc+•12V RL•100kn ! 
12 
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I-Frequency-Hz 

FIGURE 3 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

1M 
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Avo101 • Avo at I• 1 Hz 
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FIGURE 4 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

"' FREQUENCY 
(for various lag compensations) 
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FIGURE 6 
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LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 

104 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

(for various lag compensations) 

vcc+ = 12 v 
Vcc-=-sv 
AL= 100 kn 

103 t--t-++H+l-l+-"'"'d--H+H-+# TA = 25° C 

107 

101 

10-• 
100 k 1 M 10M 100M 

f-Frequency-Hz 

FIGURE 5 

C3 

LEAD-LAG COMPENSATION CIRCUIT 
FOR FIGURE 6 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 11447, FEBRUARY 1971-REVISED OCTOBER 1979 

• Common-Mode Input Range ... ± 10 V Typical 

• Designed to be Interchangeable with Fairchild µA709A, µA709, and µA709C 

• 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 uA709A circuit features improved offset 
characteristics, reduced input-current requirements, 

schematic 

IN~~~~~NG o-------;,__, 

NONINVERTING 
INPUT 

OUTPUT 
FREQUENCY 

COMPENSATION 

and lower power dissipation when compared to the uA709 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 0°C to 70°C. 

JORN DUAL-IN-LINE 
OR W FLAT 

PACKAGE (TOP VIEW) 

INPUT OUTPUT 
FREQ OUT· FREQ 

NC NC COMP A Vee+ PUT COMP NC 

NC NC INPUT INV NON- Vee- NC 
FREQ INPUT INV 

COMP B INPUT 

NC-No internal connection 

JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

INPUT OUTPUT 
FREQ OUT- FREQ 

COMP A Vee+ PUT COMP 

INPUT INV NON- Vcc
FREQ INPUT INV 

COMP B INPUT 

U FLAT PACKAGE 
(TOP VIEW) 

INPUT 
FREQ 

OUTPUT 
OUT- FREQ 
PUT COMP NC COMP A v cc+ 

®©©0© 

00©©© 
NC INPUT INV 

FREQ INPUT 
COMPB 

NON· 
INV 

INPUT 

Vee-
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TYPES uA709AM, uA709M, uA7iJ9C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

uA709AM 

uA709M 

Supply voltage Vee+ (see Note 1) 18 

Supply voltage Vee- (see Note 1) -18 

Differential input voltage (see Note 2) ±5 

Input voltage (either input, see Notes 1 and 3) ±10 

Duration of output short-circuit (see Note 4) 5 

Continuous total dissipation at (or below) 70°C free-air temperature (see Note 5) 300 

Operating free-air temperature range -55 to 125 

Storage temperature range -65 to 150 

Lead temperature 1 /16 inch (1,6 mrri) from case for 60 seconds i J, JG, U, or W package 300 

Lead temperature 1 /16 inch (1,6 mm) from case for 10 seconds N 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 non inverting input terminal with respect to the inverting input terminal. 

uA709C 

18 

-18 

±5 

±10 

5 

300 

0 to 70 

-65 to 150 

300 

260 

3. The magnitude 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 
oC 

oc 
oc 
oc 

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, uA709AM and uA709M chips are alloy-mounted,;uA709C chips are glass-mounted. 

electrical characteristics at specified free-air temperature, Vee± = ±9Vto±15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA709AM 

TVPl MIN MAX MIN 

25°C 0.6 2 
V10 Input offset voltage Rs.;;; 10 kn 

Full range 3 

Rs= 50 n Full range 1.8 10 
Average temperature coefficient 

( -55°C to 25°C 4.8 25 av10 
of input offset voltage Rs= 10 krl j 25°C to 125°C 2 15 

25°C 10 50 

110 Input offset current -55°C 40 250 

125°C 3.5 50 

Average temperature coefficient l-55°C to 25°C 0.45 2.8 
a110 

of input offset current . f 25°C to 125°C 0.08 0.5 

25°C 0.1 0.2 
llB Input bias current 

-55°C 0.3 0.6 
Common-mode 25°C ±8 ±10 ±8 

V1CR Vee±= ±15 v 
input voltage range Full range ±8 ±8 

RL;;:. 10 krl 
25°C 24 28 24 

Maximum peak-to-peak 
Vee±= ±15 v. 

Full range 24 24 
Vo pp 

25°C output voltage swing Vee±= ±15 v. RL = 2 krl 20 26 20 

Vee±= ±15 v, RL;;:. 2 krl Full range 20 20 

Large·signal differential Vee±= ±15 v. RL;;:.2krl, 25°C 45 
Avo 

voltage amplification Vo =±10V Full range 25 70 25 

25°C 350 750 150 
ri Input resistance 

-55°C 85 185 40 

ro Output resistance Vo= 0, See Note 6 25°C 150 

25°C 80 110 70 
CMRR Common-mode rejection ratio R5<10krl 

Full range 80 70 

ks vs 
Power supply sensitivity 25°C 40 100 

(AV10/AVccl 
Rs< 10 kl2 

Full range 100 

25°C 2.5 3.6 

Supply current 
Vee±= ±15 v. No load, 

-55°C 2.7 4.5 ice No signal 
125°C 2.1 3 

25°C 75 108 
Vee±= ±15 v. No load, 

-55°C 81 135 Po Total power dissipation 
No signal 

125°C 63 90 

t All characteristics are specified under open-loop operation. Full range for uA 709AM and uA 709M is -55° C to 125° C. 

:j: All typical values are at V CC± = ± 15 V. 

uA709M 

TVPl MAX 

1 5 

6 

3 
6 

6 

50 200 

100 500 

20 200 

0.2 0.5 

0.5 1.5 

±10 

28 

26 

45 

70 

400 

100 

150 

90 

25 150 

150 

2.6 5.5 

78 165 

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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UNIT 

mV 

µVfC 

nA 

nA/
0
e 

µA 

v 

v 

V/mV 

krl 

n 

dB 

µVIV 

mA 

mW 



TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature (unless otherwise noted Vee± = ± 15 V) 

TEST CONDITIONSt 
uA709C 

PARAMETER UNIT 
MIN TYP MAX 

V10 
Vee±= ±9vto±15 v, 25°C 2 7.5 

Input offset voltage mV 
Rs< 10 kn Full range 10 

25°C 100 500 
110 Input offset current Vcc±=±9Vto±15V nA 

Full range 750 

25°C 0.3 1.5 
119 Input bias current Vcc±=±9Vto±15V 

Full range 2 
µA 

V1 Input voltage range 25°C ±8 ±10 v 

25°C 24 28 

Maximum peak-to-peak 
RL;;>10kn 

Full range 24 
Vopp 

output voltage swing RL = 2 kn 25°C 
v 

20 26 

RL;;. 2 kn Full range 20 

Large-signal differential 25°C 15 45 
Avo 

voltage amp I ification 
RL<2k!1, Vo=±10V 

Full range 12 
V/mV 

25°C 50 250 
ri Input resistance kn 

Full range 35 

ro Output resistance Vo =O, See Note 6 25°C 150 n 

CMRR Common-mode rejection ratio Rs< 10 kn 25°C 65 90 dB 

~Viol~ Vee Supply voltage sensitivity Rs< 10 kn 25°C 25 200 µV/V 

Po Total power dissipation No load, No signal 25°C 80 200 mW 

t All characteristics are specified under open-loop operation. Full range for uA 709C is 0° C 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 Vee+ = ±9Vto±15 V, TA= 25°e -

PARAMETER 

tr Rise time 

Overshoot factor 

INPUT VOLTAGE 
WAVEFORM 

TEST CONDITIONS 

1 CL =0 
V1 = 20 mV, RL = 2 kn, See Figure 1 [ 

CL= 100 pF 

PARAMETER MEASUREMENT INFORMATION 

10kn 

200 pF 

INPUT 

FIGURE 1-RISE TIME AND SLEW RATE 
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uA709AM 

uA709M 
UNIT 

uA709C 

MIN TYP MAX 

0.3 1 µs 

6% 30% 

OUTPUT 

169 



170 

TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 

Ci 
~ 40 

"'j 

INPUT OFFSET CURRENT 

FREE-AIR TEMPERATURE 

2- 20 I---+---

·SO -25 0 2S SC 7S 100 125 

TA-Free-Air Temperature-°C 

FIGURE 2 
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vs 
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FIGURE 3 
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FIGURE 4 

uA709AM 
COMMON-MODE REJECTION RATIO 

vs 
FREE·AIR TEMPERATURE 
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IS 
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FIGURE 5 

TOTAL POWER DISSIPATION 
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FIGURE 6 

uA709AM 
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TA-Free-Air Temperature-°C 

FIGURE 7 

YA709M, YA709C 

TOTAL POWER DISSIPATION 

SUPPLY VOLTAGE 

200 
TA= 25°C 
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E 
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-~ 125 

a 
100 

~ 75 

~ 
50 I-
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IVcctl-SYpply Voltage-V 

FIGURE 10 



OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREE-AIR TEMPERATURE 

TA-Free-Air Temperature-°C 

FIGURE 11 

OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
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FIGURE 14. 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 

vs 
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FIGURE 16 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 

uA709AM, uA709M 
OPEN-LOOP LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 

SUPPLY VOLTAGE 
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FIGURE 12 

CLOSED-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

FREQUENCY 

f-Frequency-1Hz 

FIGURE 15 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 

SUPPLY VOLTAGE 

IVcctl-Supply Voltage-V 

FIGURE 17 
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When the amplifier is operated with 

capacitive loading, R2 = 50 .n. 
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FOR FIGURES 14, 15, AND 18 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

> 

uA709AM, uA709M 

VOLTAGE TRANSFER 
CHARACTERISTICS 

Vee±= ±15 v 
RL = 10 kn 

101-----1-----
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uA709C 

VOLTAGE TRANSFER 
CHARACTERISTICS 

Vee±= ±15 v 
RL = 10 kn 
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FIGURE 19 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Short-Circuit Protection 

TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 11363, NOVEMBER 1970-REVISED OCTOBER 1979 

• No Frequency Compensation Required 

• Offset-Voltage Null Capability • Low Power Consumption 

• Large Common-Mode and 
Differential Voltage Ranges 

description 

• No Latch-up 

The uA741 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-value potentiometer may be connected between the offset null inputs to null out the offset 
voltage as shown in Figure 2. 

The uA741 M is characterized for operation over the full military temperature range of -55°C to 125°C; the uA741C is 
characterized for operation from 0°C to 70°C. 

schematic 

NON
INVERTING 

INPUT 

OFFSET 
NULL 
(NI) 

Resistor values shown are nominal 

terminal assignments 

J OR N DUAL-IN-LINE OR 
W FLAT PACKAGE 

(TOP VIEW) 

OFFSET 
OUT- NULL 

NC NC COMP PUT (N21 NC 

NC NC OFFSET INV 
NULL INPUT 
(NI) 

NC-No Internal connection 

NON- VCC
INV 

INPUT 

NC 

JG OR P DUAL-IN-LINE 
PACKAGE 

(TOP VIEW) 

OFFSET 
OUT- NULL 

COMP Vee+ PUT (N2J 

OFFSET INV NON- Vcc
NULL INPUT INV 
(N1) INPUT 

OUTPUT 

u 
FLAT PACKAGE 

(TOP VIEW) 

OFFSET 
NULL 

NC COMP Vee+ OUTPUT (N2) 

®©©0© 

CD®©©© 
NC OFFSET INV 

NULL INPUT 
(N1) 

NON
I NV 

INPUT 

Vee-
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

uA741M 

Supply voltage Vee+ (see Note 1) 22 

Supply voltage Vee- (see Note 1) -22 

Differential input voltage (see Note 2) ±30 

Input voltage (either input, see Notes 1and3) ±15 
Voltage between either offset null terminal (N1/N2l and Vee- ±0.5 

Duration of output short<ircuit (see Note 4) unlimited 

Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 500 

Operating free-air temperature renge -55 to 125 

Storage temperature range -65 to 150 

Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds J J, JG, U, or W package 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds J N 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 noninverting input terminal with respect to the inverting input terminal. 

uA741e 

18 

-18 

±30 

±15 

±0.5 

unlimited 

500 

0 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 
v 

mW 
oc 

oc 

oc 

oc 

4, The output may be shorted to ground or either power supply, For the uA741M only, the unlimited duration of the short-circuit 
applies at (or below) 125°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 J and JG packages,uA 741 M 
chips are alloy-mounted; uA741C chips are glass-mounted, 

electrical characteristics at specified free-air temperature, Vee+= 15 V, Vee-= -15 V 

PARAMETER TEST eONDITIONSf 
uA741M uA741e 

MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 6 
V10 Input offset voltage Rs .i;; 10 kn 

Full range 6 7.5 

~VIO(adj) Offset voltage adjust range 25°C ±15 ±15 

25°C 20 200 20 200 
110 Input offset current 

Full range 500 300 

25°C 80 500 80 500 
110 Input bias current 

Full range 1500 800 

V1eR 
Common-mode 25°e ±12 ±13 ±12 ±13 
input voltage range Full range ±12 ±12 

RL = 10 kn 25°C 24 28 24 28 

Vo pp 
Maximum peak-to-peak AL ;;i. 10 kn Full range 24 24 

25°C output voltage swing RL=2kn 20 26 20 26 

AL ;;i. 2 kn Full range 20 20 

Large-signal differential RL ;;i. 2 kn, 25°C 50 200 20 200 
Avo 

voltage amplification Vo=±10V Full range 25 15 

q Input resistance 25°C 0.3 2 0.3 2 

ro Output resistance 
Vo= 0 V, 

25°C 75 75 
See Note 6 

Ci Input capacitance 25°C 1.4 1.4 

25°C 70 90 70 90 
CMRR Common-mode rejection ratio Rs .i;; 10 kn 

Full range 70 70 

ksvs 
Supply voltage sensitivity 25°C 30 150 30 150 

1~v10/~Vecl 
Rs.i;;1okn 

Full range 150 150 

las Short<ircuit output current 25°C ±25 ±40 ±25 ±40 

No load, 25°C 1.7 2.8 1.7 2,8 
Ice Supply current 

No signal Full range 3.3 3.3 

No load, 25°C 50 85 50 85 
Po Total power dissipation 

No signal Full range 100 100 

t All characteristics are specified under open-loop operation. Full range for uA 741 M is -55°C to 125°C and for uA741 C is 0° C 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. 
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TYPES uA741M. uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°C 

uA741M uA741C 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

tr Rise time V1=20mV, RL = 2 kn., 0.3 0.3 µ.s 

Overshoot factor CL= 100 pF, See Figure 1 5% 5% 

SR Slew rate at unity gain 
V1=10V, RL = 2 kn., 

0.5 0.5 V/µ.s 
CL= 100 pF, See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

INPUT 

INPUT VOLTAGE 
WAVEFORM 

CL= 100 pF 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

TYPICAL APPLICATION DATA 

TO Vee-

FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

TA-Free-Air Temperature-°C 

FIGURE 3 
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FIGURE 9 
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TYPES uA747M. uA747C 
DUAL GENERAL-PURPOSE 

OPERATIONAL AMPLIFIERS 

LINEAR 
INTEGRATED 
CIRCUITS BULLETIN NO. DL-S 11446, FEBRUARY 1971-REVISED OCTOBER 1979 

• No Frequency Compensation Required 

• Low Power Consumption 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

description 

The uA747 is a dual general-purpose operational 
amplifier featuring offset-voltage null capability. Each 

half is electrically similar to uA741. 

The high common-mode input voltage range and the 
absence of latch-up make this amplifier ideal for 
voltage-follower applications. The device is short
circuit protected and the internal frequency compen
sation ensures stability without external components. 
A low-value potentiometer may be connected be
tween the offset null inputs to null out the offset 

yoltage as shown in Figure 2. 

The uA747M is characterized for operation over the 
full military temperature range of -55° C to 125° C; 
the uA747C is chara_cterized for operation from 0°C 
to 70°C. 

• Wide Common-Mode and 
Differential Voltage Ranges 

• No Latch-up 

• Designed to be Interchangeable with 
Fairchild µA747M and µA747C 

J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW) 

AMPLIFIER N0.1 

,--J'-----... ~ 
O~~~~T 1 * * OFFSET 

2 NULL 
1N1 Vee+ OUTPUT NC OUTPUT Vee+ 2N1 

INVERT· NONIN· OFFSET Vee- OFFSET NONIN· INVERT· 
ING VERTING NULL NULL VERTING ING 

INPUT INPUT 1N2 2N2 INPUT INPUT 

'-v---' '-v---' 
AMPLIFIER NO. 1 AMPLIFIER NO. 2 

NC-No internal connection 

* On parts date-coded 7701 or higher, the two positive supply 

terminals ( 1 V cc+ and 2 V cc+> are connected together internally. 

For parts without this internal connection, order uA 74 7-1 M or 

uA747-1C. 

schematic (each amplifier) 

INy~:J~NGo-~~~~~~~~~....., 
,........-~~-+~-.~~---<.-~~~~~t--~-.~~~~~~~~~.._-ovcc+ 

NON· 
INVERTING 

INPUT 

OFFSET 
NULL 
(N1) 

OFFSET 
NULL 
(N2) 

Resistor values shown are nominal 

34 n 

OUTPUT 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
uA747M uA747C 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 any offset null terminal (N1 /N2) and Vee- ±0.5 ±0.5 v 

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

Continuous total dissipation at (or below) 25°C l Each amplifier 500 500 
mW 

free-air temperature (see Note 5) l Total package I J,N, or W package 800 800 

Operating free-air temperature range -55 to 125 0 to 70 oc 

Storage temperature range -65 to 150 -65 to 150 oc 

Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds l J or W package 300 300 oc 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds l N package 260 oc 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee+ and Vee-· 
2. Differential voltages are at the non inverting 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 uA747M only, the unlimited duration of the short-circuit 

applies at (or below) 125°e case temperature or 75°e free-air temperature. 
5. For operation above 25°e free-air temperature and for total package ratings, refer to Dissipation Derating Table. In the J package, 

uA 747 M chips are alloy-mounted; uA 747C chips are glass-mounted. 

electrical characteristics at specified free-air temperature, Vee+= 15 V, Vee-= -15 V 

PARAMETER TEST CONDITIONSt 
uA747M uA747C 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 6 
V10 Input offset voltage Rs~10kn mV 

Full range 6 7.5 

~VIO(adj) Offset voltage adjust range 25°C ±15 ±15 mV 

25°C 20 200 20 200 
110 Input offset current nA 

Full range 500 300 

25°C 80 500 80 500 
l1B Input bias current nA 

Full range 1500 800 
Common-mode 25°C ±12 ±13 ±12 ±13 

VICR input voltage range 
v 

Full range ±12 ±12 

RL=10kn 25°C 24 28 24 28 

Vopp 
Maximum peak-to-peak RL;.10kn Full range 24 24 

output voltage swing RL = 2 kn 25°C 
v 

20 26 20 26 

RL;. 2 kn Full range 20 20 

Large-signal differential RL;. 2 kn, 25°C 50 200 25 200 
Avo 

voltage amplification Vo= ±10V Full range 
V/mV 

25 15 
q Input resistance 25°C 0.3 2 0.3 2 Mn 

ro Output resistance 
Vo= OV, 

25°C 75 75 n 
See Note 6 

Ci Input capacitance 25°C 1.4 1.4 pF 

25°C 70 90 70 90 
CMRR Common-mode rejection ratio Rs~ 10 kn dB 

Full range 70 70 

ks vs 
Supply voltage sensitivity 25°C 30 150 30 150 

1~v10/~Vccl 
Rs~ 10 kn 

Full range 150 150 
µVIV 

ios Short-circuit output current 25°C ±25 ±40 ±25 ±40 mA 

Supply current No load, 25°C 1.7 2.8 1.7 2.8 
ice mA 

(each amplifier) No signal Full range 3.3 3.3 

Power dissipation No load, 25°C 50 85 50 85 
Po 

(each amplifier) 
mW 

No signal Full range 100 100 

Vo1IV02 Channel separation 25°C 120 120 dB 

t All characteristics are specified under open-loop operation. Full range for uA747M is -55ue to 125°e and for uA747C is 0°e to 70°e. 
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 uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°C 

tr 

SR 

uA747M 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 

Rise time V1=20mV, RL=2kn, 0.3 

Overshoot factor CL= 100 pF, See Figure 1 5% 

Slew rate at unity gain 
V1=10V, RL = 2 kn, 

0.5 
CL= 100pF, See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

INPUT 

= 

CL= 100 pF 

= 
TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

TYPICAL APPLICATION DATA 

TO Vcc-

FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 800mW 11.0m)IV/°C 77°C 

J (Glass-Mounted Chip) 800mW 8.2 mW/°C 52°C 

N 800mW 9.2 mW/°C 63°C 

w 800mW 8.0 mW/°C 50°C 

Also see Dissipation Derating Curves, Section 2. 

TEXAS INSTRUMENTS 
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uA747C 
UNIT 

MIN TYP MAX 

0.3 µs 

5% 

0.5 V/µs 

OUTPUT 

RL = 2 kn • 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES uA748M, uA748C 
GENERAL-PU RPO SE 

OPERATIONAL AMPLIFIERS 
BULLETIN NO. DL-S 11418, DECEMBER 1970-REVISED OCTOBER 1979 

• Frequency and Transient Response Characteristics Adjustable 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

• Wide Common-Mode and 
Differential Voltage Ranges 

description 

• Low Power Consumption 

• No Latch-up 

• Same Pin Assignments as uA709 

The uA748 is a general-purpose operational amplifier. It offers the same advantages and desirable features as the uA741 
with the exception of internal compensation. The external compensation of the uA748 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. This circuit features high gain, large differential and common-mode'input voltage range, output short
circuit protection, and may be compensated under unity-gain conditions with a single 30-pF capacitor. A potentiometer 
may be connected between the offset null inputs, as shown in Figure 12, to null out the offset voltage. 

The uA748M is characterized for operation over the full military temperature range of -55°C to 125°C; the uA748C 
is characterized for operation from 0°C to 70°C. 

schematic 

NON· 
INVERTING 

INPUT 

OFFSET 
NULL 
(N2) 

OFFSET 
NULUCOMP <>--------' 

(NI) 

Resistor values shown are nominal. 

JORN DUAL-IN-LINE PACKAGE 
ORW FLAT PACKAGE (TOP VIEW) 

OFFSET 
OUT- NULL 

NC NC COMP Vee+ PUT (N21 NC 

NC NC OFFSET INV 
NULL/ INPUT 
COMP 
(N11 

NC-No internal connection 

NON
I NV 

INPUT 

Vee- NC 

COMP 

JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OFFSET 
OUT- NULL 

COMP Vee+ PUT (N21 

OFFSET INV NON- Vcc
NULL/ INPUT INV 
COMP INPUT 
(N1) 

OUTPUT-

U FLAT PACKAGE 
(TOP VIEW) 

OFFSET 
NULL 

NC COMP Vee+ OUTPUT (N2) 

®©©0© 

00©©© 
NC OFFSET INV 

NULL/ INPUT 
COMP 
(N1) 

NON
I NV 

INPUT 

Vee-

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

uA748M uA748C 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 (either input, see Notes 1 and 3) ±15 ±15 v 
Voltage between either,offset null terminal (N1/N2) and Vee- -0.5 to 2 -0.5 to 2 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 0 to 70 oc 

Storage temperature range -65 to 150 -65 to 150 oc 

Lead temperature 1 /16 inch ( 1, 6 mm) from case for 60 seconds I J, JG, U, or W package 300 300 oc 

Lead temperature 1 /16 inch ( 1, 6 mm) from case for 10 seconds -r Nor P package 260 oc 

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

182 

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 uA748M only, the unlimited duration of the short-circuit 

applies at (or below) 125°e case temperature or 75°e free-air termperature. 
5. For operation above 25°e free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA 748M chips are 

alloy-mounted; uA748e chips are glass-mounted. 

electrical characteristics at specified free-air temperature, Vee+= 15 V, Vee- =-15 V, Cc= 30 pF 

TEST CONDITIONSt 
uA748M uA748C 

UNIT PARAMETER 
MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 6 
V10 Input offset voltage Rs.;;; 10 kn mV 

Full range 6 7.5 

25°C 20 200 20 200 
110 Input offset current nA 

Full range 500 300 

25°C 80 500 80 500 
118 Input bias current nA 

Full range 1500 800 

Common-mode 25°C ±12 ±13 ±12 ±13 
V1cR input voltage range 

v 
Full range ±12 ±12 

RL = 10 kn 25°C 24 28 24 28 

Maximum peak-to-peak RL;;;. 10 kn Full range 24 24 
Vopp 

25°C 
v 

output voltage swing RL = 2 kn 20 26 20 26 

RL;;;. 2 kn Full range 20 20 

Large-signal differential RL;;;. 2 kn, 25°C 50 200 20 200 
V/mV Avo 

voltage amplification Vo= ±10 V Full range 25 15 

fj Input resistance 25°C 0.3 2 0.3 2 Mn 

ro Output resistance 
Vo= 0 V, 

25°C 75 75 n 
See Note 6 

Ci Input capacitance 25°C 1.4 1.4 pF 

CMRR 
25°C 70 90 70 90 

Common-mode rejection ratio Rs.;;; 10 kn dB 
Full range 70 70 

ks vs 
Supply voltage sensitivity 25°C 30 150 30 150 

1 . .:W1ol~Vccl Rs.;;; 10 kn 
Full range 150 150 

µV/V 

tos Short-circuit output current 25°C ±25 ±40 ±25 ±40 mA 

No load, 25°C 1.7 2.8 1-7 2.8 
Ice Supply current mA 

No signal Full range 3.3 3.3 

No load, 25°C 50 85 50 85 
Po Total power dissipation 

-No signal 
mW 

Full range 100 100 

t All characteristics are specified under open-loop operation. Fu II range for uA 748M is -5 5° e to 125° e and for uA 748e is 0° e to 70° e. 
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 uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°C 

tr 

SR 

uA748M 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN 

Rise time V1=20 mV, RL = 2 kn, 0.3 
CL= 100 pF, Cc= 30 pF,. 

Overshoot factor See Figure 1 5% 

V1=10 V, RL=2kS1, 

Slew rate at unity gain CL=100pF, Cc= 30 pF, 0.5 

See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

,v. 
_J---ov 

~----------1-01 OUTPUT 

INPUT VOLTAGE 
WAVEFORM 

INPUT 

Cc= 30 pF 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLF.W RATE 

uA748C 
UNIT 

TYP MAX 

0.3 µs 

5% 

0.5 V/µs 

INPUT OFFSET CURRENT 
vs FREE-AIR TEMPERATURE 

TYPICAL CHARACTERISTICS 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TYPICAL APPLICATION DATA 

ri = 400 M.11, 

Ci= 1 pF, 

ro< 1 n, 
BW = 1 MHz 

FIGURE 11-UNITY-GAIN VOLTAGE FOLLOWER 
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FIGURE 12-INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 

COMPENSATION, AND OFFSET ADJUSTMEN.T 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Low Input Currents 

• Low Input Offset Parameters 

• Frequency and Transient Response 
Characteristics Adjustable 

• Short-Circuit Protection 

description 

TYPE uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

BULLETIN NO. DL·S 12307, SEPTEMBER 1973-REVISED OCTOBER 1979 

• Offset-Voltage Null Capability 

• No Latch-Up 

• Wide Common-Mode and 
Differential Voltage Ranges 

• Same Pin Assignments as uA748, uA709, 
LM101A/LM301 except U Package 

The uA777 is a precision operational amplifier. Low offset and bias currents improve system accuracy when used in 
applications such as long-term integrators, sample-and-hold circuits, and high-source-impedance summing amplifiers. 
This device is an excellent choice where a performance between that of super~beta·and general purpose operational 
amplifiers is required. 

External compensation of the uA777 may be implemented in either normal or feed-forward configuration to satisfy 
bandwidth and slew-rate requirements. This circuit features high gain, wide differential and common-mode input 
voltage range, output short-circuit protection, and null capability. 

The uA777C is characterized for operation from 0°C to 70°C. 

terminal assignments 
JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

NC OFFSET INV 
NULL/ INPUT 
COMP 
IN11 

OFFSET 
OUT- NULL 
PUT (N2) 

~~~- Vcc-
INPUT 

NC-No internal connection, 

schematic 

INVE~~!~~ --+----+--. 
NONINVEAT1NG 

INPUT 

OFFSET 
NULL 

(N2) 

OFFSET NULL/ COMP _____ _ 

(Nl) 

Resistor values shown are nominal and in ohms. 

JORN DUAL·IN·LINE 
PACKAGE (TOP VIEW) 

OFFSEl 
OUT- NULL 

COMP Vee+ PUT (N2) 

OFFSET INV NON- Vcc
NULL/ INPUT INV 
COMP INPUT 

IN11 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPE uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

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

uA777C UNIT 

Supply voltage V cc+ (see Note 1) 22 v 

Supply voltage V CC- (see Note 1) -22 v 

Differential input voltage (see Note 2) ±30 v 

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

Voltage between either offset null terminal (N1/N2) and Vee- -0.5 to 2 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 0 to 70 oc 
Storage temperature range -65 to 150 oc 
Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds I J or JG package 300 oc 
Lead temperature 1 /16 inch (1,6 mm) from case for 10 seconds l N or P package 260 oc 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between V cc+ and Vee-· 
2. Differential voltages are at the non inverting 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 vo Its, 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 Table. In the J and JG package, uA 777C chips are 

glass-mounted. 

electrical characteristics at specified free-air temperature, Vee+= 15 V, Vee-= -15 V, Cc= 30 pF 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX 

25°C 0.7 5 
V10 Input offset voltage Rs.;; 50 kn 

0°C to 70°C 5 

Average temperature coefficient 
Rs.;; 50 kn 0°C to 70°C 4 30 0v10 of input offset voltage 

25°C 0.7 20 
110 Input offset current 

0°C to 70°C 40 

Average temperature coefficient 0°C to 25°C 20 600 
0 110 of input offset current 25°C to 70°C 10 300 

118 
25°C 25 100 

Input bias current 
0°C to 70°C 200 

V1cR 
Common-mode input 

0°C to 70°C ±12 ±13 
voltage range 

Yopp 
Maximum peak-to-peak RL = 10 kn 0°C to 70°C 24 28 

output voltage swing 0°C to 70°C RL = 2 kn 20 26 

AvD 
Large-signal differential Vo=±10V, 25°C 25 250 

voltage amplification RL ;;i. 2 kn 0°C to 70°C 15 

ri Input resistance 25°C 1 2 

ro Output resistance 25°C 100 

Ci Input capacitance 25°C 3 
CMRR Common-mode rejection ratio Rs= 50 kn 0°C to 70°C 70 95 

ksvR 
Supply voltage rejection ratio 

Rs.;; 50 kn 0°C to 70°C 15 150 
(.6.Vcc/.6.V1ol 

los Short-circuit output current 25°C ±25 

25°C 1.9 3.3 

Ice Supply current 
No load, 

0°C 3.3 
No signal 

70°C 3.3 
t All characteristics are specified under open-loop operation. 
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TYPE uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

operating characteristics, V CC+ = 15 V, V CC- = -15 V, TA = 25° C 

PARAMETER TEST CONDITIONS 

V1=20 mV, Av= 1, Cc= 30 pF 
tr Rise time RL = 2 kn, 

CL= 100 pF Av= 10, Cc= 3.5 pF 

V1=20 mV, Av= 1, Cc= 30 pF 
Overshoot factor RL = 2 kn, 

SR Slew rate 

INPUT VOLTAGE 
WAVEFORM 

CL= 100 pF Av= 10, Cc= 3.5 pF 

RL=2kn, Av= 1, Cc= 30 pF 

CL= 100 pF Av= 10, Cc= 3.5 pF 

PARAMETER MEASUREMENT INFORMATION 

INPUT 
Nl 

OPEN 

Cc 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

DISSIPATION DERATING TABLE 

POWER 
PACKAGE 

DE RATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 500mW 11.0 mW/°C 105°C 

J (Glass-Mounted Chip) 500mW 8.2 mW/°C 89°C 

JG (Alloy-Mounted Chip) 500mW 8.4 mwtc 90°C 

JG (Glass-Mounted Chip) 500mW 6.6mW/°C 74°C 

N 500mW 9.2 mwtc 96°C 
p 500mW 8.0mW/°C 87°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPE uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 
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TYPICAL CHARACTERISTICS 

PULSE RESPONSE WITH 
FEED-FORWARD COMPENSATION 

l 

0 

10 kn 

10 kn 

Vee+= 15 v 
Vee-= -15 v 
Av= 1 

INPUT 

COMP OUTPUT 

CL= 10 pF 
Cc= 5 pF 
TA= 25°C 
See Figure 3 1 

150 pF 

2 3 4 5 6 7 

t-Time-µs 

FIGURE 2 
FIGURE 3-INVERTING CIRCUIT WITH UNITY GAIN 

AND FEED-FORWARD COMPENSATION 

TYPICAL APPLICATION DATA 

R2 

R1 •30 pF 
Cc ~ R1+R2 

FIGURE 4-INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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SELECTION GUIDE 

VOLTAGE COMPARATORS 

Military Temperature Range:(-55°C to 125°C) 

l1s V10 110 IOL 
RESPONSE TIME 

µA mV µA Ave mA POWER SUPPLIES DEVICE PACKAGE PAGE 
ns 

MAX MAX MAX MIN 

45 3 7 40,000 TYP 16 40 MAX 12 V, -3 V to -12 V LM106 J, JG, W 195 

0.15 4 0.02 200,000 TYP 8 140 TYP 15V,-15V LM111 J, JG 201 

0.05 4 0.02 200,000 TYP 8 210 TYP 15V,-15V TL111 J, JG, N, P 219 

Single 0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL331M JG 223 

25 3 7 10,000 MIN 0.5 80 MAX 12 V, -6 V TL510M J, JG, U 233 

150 6 20 500 MIN 1.6 40TYP 12 V, -6 V TL710M J, JG, U 239 

25 3 7 10,000 MIN 0.5 80 MAX 12 V, -6 V TL810M J, JG, U 245 

20 2 3 1250 MIN 2 40TYP 12 v. -6 v uA710M J,JG, U 259 

0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V LM193t JG,U 211 

45 3 7 40,000 TYP 16 40 MAX 12 V, -3 V to -12 V TL506M J,W 227 
Dual 

25 3 7 10,000 MIN 0.5 80 MAX 12 V, -6 V TL514M J,W 237 

25 3 7 10,000 MIN 0.5 80MAX 12 V, -6 V TL820M J 255 

Dual- 30 6 5 8,000 MIN 0.5 80 MAX 12 V, -6 V TL811M J, u 249 

Channel 150 6 20 500 MIN 0.5 80 MAX 12V,-6V uA711M J, u 263 

Quad 0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V LM139T J,W 209 

Hex 0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL336MT J 225 

Automotive Temperature Range (-40°C to 85°C) 

Dual 0.25 7 0.05 100,000 TYP 6 1300 TYP 2 V to 36 V LM2903t JG,P 215 

0.25 7 0.05 100,000 TYP 6 1300 TYP 2 V to 36 V LM2901t J, N 213 
Quad 

1300 TYP 2 V to 28 V LM3302t J, N 217 0.5 20 0.1 30,000 TYP 6 

tcapable of operating with a single 5-volt supply. 
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SELECTION GUIDE 

VOLTAGE COMPARATORS 

Industrial Temperature Range (-25°C to 85°C) 

110 V10 110 loL 
RESPONSE TIME 

µA mV µA AvD mA POWER SUPPLIES DEVICE PACKAGE P,AGE 
ns 

MAX MAX MAX MIN 

45 3 7 40,000 TYP 16 40 MAX 12 V, -3 V to -12 V LM206 J,JG,N,P 195 

0.15 4 0.2 200,000 TYP 8 140 TYP 15V,-15V LM211t J, JG, p 201 
Single 

0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL3111t JG,P 223 

0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL3311t JG,P 223 

Dual 0.25 5 0.005 200,000 TYP 6 1300 TYP 2 V to 36 V LM293t JG,P 211 

Quad 0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to 36 V LM239t J, N 209 

Hex 0.1 5 0.025 200,000 TYP 6 1300 TYP 2 V to 36 V TL3361t J, N 225 

Commercial Temperature Range (0°C to 70°C) 

40 6.5 7.5 40,000 TYP 16 28TYP 12 V, -3 V to -12 V LM306 J, JG, N, P 195 

0.3 10 0.07 200,000 TYP 8 165 TYP 15V,-15V LM311t J, JG, N, P 201 

0.01 13 0.004 200,000 TYP 8 210 TYP 15V,-15V TL311t N,P 219 

0.01 10 0.004 200,000 TYP 8 210 TYP 15V,-15V TL311At N, p 219 

Single 0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to 36 V TL331Ct JG,P 223 

30 4.5 7.5 8000 MIN 0.5 80MAX 12 v. -6 v TL510C J,JG,N,P 233 

150 10 25 500 MIN 40 MAX 12 v. -6 v TL710C J, JG, N, P 239 

30 4.5 7.5 8000 MIN 0.5 80MAX 12 v. -6 v TL810C J,JG,N,P 245 

25 5 5 1000 MIN 1.6 40TYP 12 v. -6 v uA710C J, JG, N, P 259 

0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to 36 V LM393t JG,P 211 

40 6.5 7.5 40,000 TYP 16 28TYP 12 V, -3 V to-12 V TL506C J, N 227 
Dual • 30 4.5 7.5 8000 MIN 0.5 80MAX 12 v. -6 v TL514C J, N 237 

30 4.5 7.5 8000 MIN 0.5 80 MAX 12 v. -6 v TL820C J, N 255 

Dual 50 10 10 5000 MIN 0.5 33 TYP 12 v. -6 v TL810C J,JG,N,P 245 

Channel 150 10 25 500 MIN 0.5 40TYP 12 v. -6 v uA711C J, N 263 

Quad 0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to 36 V LM339t J, N 209 

Hex 0.25 5 0.05 200,000 TYP 6 1300 TYP 2 V to 36 V TL336Ct N 225 

tcapable of operating with a single 5-volt supply. 
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GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 

Input Offset Voltage (V1ol 

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the 
specified level. 
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rs) are inserted in series 
with the input leads. 

Average Temperature Coefficient of Input Offset Voltage (av1ol 

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. 

a -1(V1o@TA(1)l-(V1o@TA(2)ll 
VIO - TA(1)-TA(2) 

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

Input Offset Current 010) 

The difference between the currents into the two input terminals with the output at the specified level. 

Average Temperature Coefficient of Input Offset Current (0:110) 

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. 

0 
-1(11o@TA(1)l-(11o@TA(2)ll 

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

Input Bias Current 01sl 

The average of the currents into the two input terminals with the output at the specified level. 

High-Level Strobe Current OtH(S)l 

The current flowing into or out of* the strobe at a high-level voltage. 

Low-Level Strobe Current OtL(S)l 

The current flowing out of* the strobe at a low-level voltage. 

High-Level Strobe Voltage (V1H(S)l 

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 (VtL(S)l 

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 (V1) 

The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly. 

•current out of a terminal is given as a negative value. 
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GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 

Common-Mode Input Voltage (V1c) 

The average of the two input voltages. 

Common-Mode Input Voltage Range (V1cR) 

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

Differential Input Voltage (Vm) 

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

Differential Input Voltage Range (Vm) 

The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning 
properly. 

Differential Voltage Amplification (AVD) 

The ratio of the change in output voltage to the change in differential input voltage producing it with the 
common-mode input voltage held _constant. 

High-Level Output Voltage (VoH) 

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 (Vod 

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, OoH) 

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, OoL) 

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 (r0 ) 

The resistance between an 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. 

•Current out of a terminal is given as a negative value. 
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GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 

Supply Current Occ+. tcc-l 

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+· Ice++ Vee-· Ice-. 

Response Time 

The interval between the application of an input step function and the instant 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-low-level 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. 

•Current out of a terminal is given as a negative value. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Fast Response Times 

• Improved Gain and Accuracy 

TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

BULLETIN NO. DL-S 11586, JANUARY 1972-AEVISED OCTOBER 1979 

• Strobe Capability 

• Short-Circuit and Surge Protection 

• Fan-Out to 10 Series 54/74 TTL Loads • Designed to be Interchangeable with National 
Semiconductor LM106, LM206, and LM306 

description 

The LM106, LM206, and LM306 are high-speed voltage comparators with differential inputs, a low-impedance high
sink-current (100 mA) 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 TL810 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 LM 106 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 0°C to 70°C. 

terminal assignments 
J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE 

(TOP VIEW) 

OUT-

JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

STROBE 

NC NC NC Vee+ NC PUT STROBE 2 OUT
Vcc+ PUT ~ 

NC GND NON- INV NC Vee- STROBE 1 GND NON- INV VCC
INV INPUT 

INPUT 

INV INPUT 
INPUT 

NC-No internal connection 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage Vee+ (see Note 1) 15 V 
Supply voltage Vee- (see Note 1) -15 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 Vee+ 
Output voltage (see Note 1) . . . . . . 24 V 
Voltage fro"m output to Vee- . . . . . 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 . 0°C to 70°C 

Storage temperature range . . . . . . . . . . . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J, JG, or W package . . . . . . . • • . . . . • 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Nor P package . . . . . . . . . . . . • . . . . • . 260°C 

NOTES: 1. All voltage values, except differential voltages and the voltage from the output to V CC-· 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 volts, whichever ls 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 Table. In the J and JG packages·, LM106 chips are 

alloy-mounted; LM206 and LM306 chips are glass-mounted. 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES LM10&, LM20&, LM30& 
DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature, Vee+ 
otherwise noted) 

12 V, Vee-= -3 V to -12 V (unless 

PARAMETER TEST CONDITIONSt 
LM106, LM206 LM306 

UNIT 
MIN TYP MAX MIN TYP MAX 

V10 Input offset voltage Rs.;;; 200 n, See Note 6 
25°C 0.5§ 2 1.6§ 5 
Full range 3 6.5 

mV 

Average temperature 

QVIO coefficient of input Rs= 50 n, See Note 6 Full range 3 10 5 20 µ.V/°C 
offset voltage 

25°C 0.7§_ 3 1.8§ 5 
110 Input offset current See Note 6 MIN 2 7 1 7.5 µ.A 

MAX 0.4 3 0.5 5 
Average temperature MIN to 25°C 15 75 24 100 

QllO coefficient of input See Note 6 nA/°C 
offset current 25°C to MAX 5 25 15 50 

11s Input bias current Vo= 0.5 v to 5 v 
MIN to 25°C 45 40 
25°C to MAX 7§ 20 16! 25 

µA 

l1L(S) Low-level strobe current V(strobe) = 0.4 V Full range -1.1§-3.2 -1.1§-3.2 mA 
V1H(S) High level strobe voltage Full range 2.2 2.2 v 
V1L(S) Low-level strobe voltage Full range 0.9 0.9 v 

V1cR 
Common-mode input 

Vee-= -7 v to -12 v Full range ±5 ±5 v voltage range 

Vio 
Differential input 

Full range ±5 ±5 v voltage range 

Avo 
Large-signal differential No load, 

25°C 40 § 40 § V/mV voltage amplification Vo= 0.5 v to 5 v 

VoH 
High-level 

loH = -400 µ.A 
V10 = 5 mV Full range 2.5 5.5 

v output voltage Vio = 8 mV Full range 2.5 5.5 

IOL = 100 mA 
Vio = -5 mV 25°C o.ss 1.5 
V10 = -7 mV 25°C 0.8§ 2 

Low-level V10 = -5 mV Full range 1 
Vol output voltage 

IOL = 50 mA 
V10 - -8 mV Full range 1 

v 

loL = 16 mA 
V10 = -5 mV Full range 0.4 
V_!Q_ = -8 mV Full range 0.4 

Vio = 5 mV 
MIN to 25°C o.02s 1 

High-level 25°C to MAX 100 
loH output current 

VoH = 8 v to 24 v 
V10 = 7 mV MIN to 25°C o.02s 2 

µ.A 

Vm = 8 mv 25°C to MAX 100 
ice+ Supply current from Vee+ Vio = -5 mV, No load Full range 6.6S 10 6.6 10 mA 
ice- Supply current from Vee- No load Full range -1.9§-3.6 -1.9§-3.6 mA 

tunless otherwise noted, all_ characteristics are measured with the strobe open. 
§These typical values are at Vee+= 12 V, Vee-= -6 V, TA= 2s

0
e. Full range (MIN to MAX) for LM106 is -55°e to 125°e; for LM206 is 

-25°e to 85°e; and for LM306 is o0 e to 70°e. 
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (VoLl or 

up to the high range (VoHl· 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= 25°e 

TEST CONDITIONst 
LM106, LM206 LM306 

UNIT PARAMETER 
MIN TYP MAX MIN TYP MAX 

Response time, low-to-high-level output RL=390nto5V, CL=15pF, SeeNote7 28 40 28 ns 

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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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

schematic STROBE 
1 

STROBE 
2 

NON INVERTING 
INPUT 

INVERTING 
INPUT 

Vee-,..,_ ______ _, 

Resistor values are nominal in ohms. 

TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS VS 

FREE-Al R TEMPERATURE FREE-Al R TEMPERATURE 

3 .-----r----ir-----,----.-----r----r-~---. 20.---r---ir----.,.-----.----.-----..-~--, 

<( 2.5 

vcc+ = 12 v 
Vee- =-6V 
Vo= 0.5 v to 5 v 

f\ Vee+= 12 v 
18 1-----4---1----'--',"---+--- V CC- = -6 V 

. \ Vo = 0.5 v to 5 v 
1 

16 
\I\. ~ lM3oci r ..... 

c: 
~ 
:::I 

(..) 

0 ,_____...____. _ ___. _ __.. _ ___._ _ _._ _ _.._ _ _, 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-cc 
FIGURE 1 

.!. 14 t---+->1.-1--~1----11~ '--+-----r---l----1 

~ ~ s :; 12 t---t---'~1s--+---+---'lr---4---4------< 

~ 10 ' ~ 
~ 8 r--t----1C-----i~--'"""~-+---4---4--+------< 
§" LM106, t-.. 
I 6 .____._ _ _.. LM206:j:-~+--' ...... ,4--1-----4----1 

cc 1'...... 
4 t---l-----i---l----+----+L____:-.......-~~-1----1 

~ 2 t---t----i---+---+--1-----1-----1-~-.-l~ 

0 ~-,______. _ __. _ ___. _ ___._ _ __._ _ _._ _ _, 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-cc 
FIGURE 2 

:j:Data for free-air temperatures below -25°C and above 85°C is applicable for LM106 only. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

197 



198 

TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS :j: 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

Vee+= 12 v 
> Vcc-=-3Vto-12V 
b 6 V10 = 5 mV 

~ ~=O 
~ 5 l-----"'lJ..---1=----4--4--4----1--~-~--l 
:J 

fr 
:J 

0 4 t---t~-+~-t-~-f=::=:l:----+-----+----t 
- I~ 
~ ~I IOH =-400µA 

....J 

-§, 3 t----it----t---t---t--+---+---+---1 
:c 
I 

::r: 
~ 2 

> 
I 

QJ 
Cl 

!9 
0 
> ..... 
:J s-
:J 
0 
I 
0 
> 

1 .____..____. _ _.... _ _.... _ _... _ ___._ _ ___._ _ _. 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 
FIGURE 3 

VOLTAGE TRANSFER CHARACTERISTICS 

7 
Vee+= 12 v 

6 Vee- =-6V 

5 

4 

3 

RL = oo 
'JrJ I .L 

v II LI 1 ~ 

TA= 0°C
1

_,./J 
17 

" ~TA =25°C 
.......... "'-I 1 0 

TA= 70 C 
2 T T 

TA= -55°C ...i 
~TA= 125°C 

l 1 
0 

-1 
-2 -1 0 2 

Vio-Differential Input Voltage-mV 
FIGURE 5' 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

1.2 
Vee+= 12 v 

> V CC- = -3 V to -12 V 
I 

QJ 
Vm = -5 mV 

Cl 

!9 
0 
> 0.8 
..... 

..,__ j l i.-i---

loL = 100 mA 
:J 

fr 
:J 
0 0.6 
(ij 
> 
QJ 

....J 

:!: 0.4 
0 

....J 
I 

....J 
0 0.2 
> 

1 1 l 
IOL =50 mA -.L ...1. 

1 1 
I I I 
IOL = 16 mA 

_l ...1. 

I T 
IOL =O 

0 I l 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 
FIGURE 4 

OUTPUT CURRENT 
VS 

DIFFERENTIAL INPUT VOLTAGE 

<( 
~ 10-2 
c: 
~ 10-31---1-----'------'-----t+----4--+--+---l 
:; 
~ 10-4i---t--t---t----1t-----i"""".-1---t-~ 
:J 

~ 10-5i---t--t---t----1t-----i~--'---'-~ 
0 
b 10-6t---t----1t-----i----i---t---~---t--i 

10-71---t---t--~ 

10-s Vee+= vo = 12 v 
V CC- = -3 V to -12 V 10-s..__,___,__ ___ .__ ___ .____._ ........... _ __. _ _, 

-5 -4 -3 -2 -1 0 2 

V10-Differential Input Voltage-mV 

FIGURE 6 

3 

:(:Data 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+ 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

VS 

FREE-AIR TEMPERATURE 

80000 ,-----..,.----.---1--~-~-~-~---. 
V CC- = -3 V to -12 V 

.....___. _____ Vo = 1 to 2 v 
RL = oo 

0.4 

<l'. 
.!. 
c: e 0.3 :; 
u .... 
:::! e 
:::! 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vee+= Vo= 12 v 
Vee-= -6 v 

v .......... 

~ 
V1D =-5 mV 

.L See Note 8 
I 

I~ 
""" 

-1 

-I 

0 0.2 .... ·:; ""' ~ 

0 '---~.._~_.._~....__~...._~...._~--~------' 
-75 -55 -25 0 25 50 75 100 125 

(I) 

ro gi 
·.;: .:!:: 
c: 0 e > 
(I) .... 

~ :::! 
·- 0. 0 c: 

> 
I 

(I) 
Cl 

!:! 
0 
> .... 
:::! 

TA-Free-Air Temperature-cc 

FIGURE 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

---, 
100 mV---+---+----+----1 

Vee+= 12 v 
Vee-= -6 v 
CL= 15 pF 
R L = 390 Q to 5 V 
TA= 25°C 

.s- 2 t----+--"l''t---_,.._-+-1----\--+----+----i 

c5 10 mV 
I 
0 
> 

0 20 40 

t-Time-ns 
FIGURE 9 

60 80 100 

~ 
q 
t: 
0 

.!: 
(/) 

I 
(/) 

9 

0.1 

0 
-75 -50 -25 0 25 50 75 100 125 

(I) 
Cl 

ro ro 
.+:i .:!::: 
c: 0 
e> 
(I) .... 

~ :::! 
·- 0. 
0 c: 

> 

TA-Free-Air Temperature-cc 
FIGURE 8 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

~ 4 t----r-
Cl 

!:! 
0 
> .... 
:::! 

% 2 
0 
I 
0 
> 

0 

Vee+= 12 v 
--t-+-#'~-1-- V CC- = -6 V 

CL=15pF 
~t-r--r--t-- R L = 390 Q to 5 V 

20 

TA=25°C 

40 

t-Time-ns 
FIGURE 10 

60 80 100 

:j:Data 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. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

199 



200 

TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTlcs·t 

<( 
E 
I 
+ u 
u 
> 
E 

_g 
.... 
c: 
t 
::J 
u 
> c. 
c. 
::J 

en 
I 
+ u 
~ 

10 

9 

8 

7 

6 

5 

4 

3 

2 

SUPPLY CURRENT FROM Vee+ 
vs 

SUPPL y VOLTAGE Vee+ 

V CC- = -3 V to -12 V 
TA=-55°C RL = oo 

TA= 25°C 

> TA= 125°C 
E 
tn 
I 

II TA= 25°C 
0 

> 

~ 
tn 
II 
0 

> 

9 10 11 12 13 14 15 16 17 

Vcc+-Positive Supply Voltage-V 

FIGURE11 

TOTAL POWER DISSIPATION 
VS 

FREE-AIR TEMPERATURE 

120 .------ir----TT----r-T-.-T-....,.....~~---. 
Vee+ = 12 v 

-
V10 = -5 mV Vee-= -:-6 V 

!::: 100 1---1---...,~--t---+--+ R L = oo r ~ 
§ ~ 
·~ 80 t---+---+---+---t---t--=.,._~=-rr-----i 
:~ _ VJD =5 mV 
0 ...,.-------+--. 

60 1-----t--+---+-""""--C::::----+--t---t--i ... 
CV 
:::: 
0 

a.. 
r---+--,_ 

ro 40 1---+---+---+---+---+---+--+-~ 
0 
I-
I 
~ 20 I---+---+---+---+---+--+--+-~ 

0 .....__.___...__...__..___..__..___.._____. 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 13 

SUPPLY CURRENT FROM Vee-
VS 

SUPPLY VOLTAGE Vee-

Vee+= 12 v 
RL = oo 

<( 
E 
II 
u 
u 

TA=-55°C 

> 
E 

_g 
.... 
~ 2 t---+--~-~~+---+---::t::;---+-~--1 
::J 
u 
> c. 
c. 
::J 

'1 
I 

u 
~ 

0 .___..__..__....._ _ _._ _ _._ _ _..__......_ _ __. 

0 -2 -4 -6 -8 -10 -12 -14 -16 

Vcc--Negative Supply Voltage-V 
FIGURE 12 

DISSIPATION DERATING TABLE 

PACKAGE 

J (Alloy-Mounted Chip) 

J (Glass-Mounted Chip) 

JG (Alloy-Mounted Chip) 

JG (Glass-Mounted Chip) 

N 

p 

w 

POWER DE RATING 

RATING 

600mW 

600mW 

600mW 

600mW 

600mW 

600mW 

600 mW 

FACTOR 

11.0mWfC 

8.2mWfC 

8.4 mWfC 

6.6mWfC 

9.2 mWfC 

8.0mWfC 
8.0 mWfC 

Also see Dissipation Derating Curves, Section 2. 

ABOVE 

TA 

95°C 

77°C 

79°C 

59°C 

85°C 

75°C 
75°C 

:j:Data 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 

TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

BULLETIN NO. DL-S 11797, SEPTEMBER 1973-REVISED OCTOBER 1979 

• Maximum Input Bias Current. .. 300 nA 

• Maximum Input Offset Current ... 70 nA 

• Designed to be Interchangeable with National 
Semiconductor LM111, LM211, and LM311 

• 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 ±15-volt supplies for operational amplifiers and 5-volt supplies for logic 
systems. The output levels are compatible with most DTL, 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, Vee+, or Vee-. Offset balancing and strobe 
capability are available and the outputs can be wire-OR connected. If the strobe input 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 LM111 is characterized for operation over the full military temperature range of -55°e to 125°e, the LM211 is 
characterized for operation from -25°e to 85°e, and the LM311 is characterized for operation from 0°e to 70°e. 

terminal assignments 
JORN DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

NC Vee+ 

vcc-

NC-No internal connection 

schematic 
BS 

IN+ 

B/S 

Resistor values shown are nominal and in ohms. 

JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

IN+ IN- Vee-

u· FLAT PACKAGE 
(TOP VIEW) 

NC B/S 

B Balance 

B/S Balance/Strobe 

C Collector Output 

E Emitter Output 

JN+ Noninvertir:ig Input 

JN- Inverting Input 

NC No Internal Connection 

Vee+ Positive Supply Voltage 

Vee- Negative Supply Voltage 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
LM111 LM211 LM311 UNIT 

Supply voltage, Vee+ (see Note 1) 18 18 18 v 

Supply voltage, Vee- (see Note 1) -18 -18 -18 v 

Differential input voltage (see Note 2) ±30 ±30 ±30 v 

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

Voltage from emitter output to Vee- 30 30 30 v 

Voltage from collector output to Vee- 50 50 40 v 

Duration of output short-circuit (see Note 4) 10 10 10 s 

Continuous total dissipation at (or below) 25° C free-air temperature (see Note 5) 500 500 500 mW 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 oc 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 oc 

Lead temperature 1 /16 inch (1,6 mm) from case for 10 secondsI J, JG, or U package 300 300 300 oc 

Lead temperature 1 /16 inch ( 1,6 mm) from case for 60 secondsl N or P package 260 260 oc 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee+ and Vee-· 
2. Differential voltages are at the non inverting 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 Deratlng Curves, Section 2. In the J and JG packages, LM 111 

chips are alloy-mounted; LM211 and LM311 chips are glass-mounted. 

electrical characteristics at specified free-air temperature, Vee± = ± 15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
LM111, LM211 LM311 

TYP:I: MAX TYP:I: MAX 
UNIT 

MIN MIN 

25°C 0.7 3 2 7.5 
V10 Input offset voltage Rs~5okn, See Note 6 mV 

Full range 4 10 

25°C 4 10 6 50 
110 Input offset current See Note 6 nA 

Full range 20 70 

25°C 75 100 100 250 
110 Input bias current Vo= 1vto14 v nA 

Full range 150 300 

l1L(S) Low-level strobe current V(strobe) = 0.3 V, V10 ~ -10 mV 25°C -3 -3 mA 

V1cR 
Common-mode input 

Full range 
voltage range 

±14 ±14 v 

AvD 
Large-signal differential 

voltage amplification 
Vo= 5 v to 35 v, AL= 1 kn 25°C 40 200 40 200 V/mV 

High-level (collector) 
25°C 0.2 10 nA 

IOH 
V1D=5mV, VoH = 35 V 

Full range 0.5 µA 
output current 

V1D=10mV VoH = 35 V 25°C 0.2 50 nA 

V10=-5mV 25°C 0.75 1.5 
IOL = 50 mA 

V10 = -10 mV 25°C 0.75 1.5 
Low-level (collector-to-emitter) Vee+= 4.5 v, v 

Vol V10 = -6 mV Full range 0.23 0.4 
output voltage Vcc-=OV, 

loL = 8 mA V10 = -10 mV Full range 0.23 0.4 

ice+ 
Supply current from Vee+. 

V1D = -10 mV, No load 25°C 
output low 

5.1 G 5.1 7.5 mA 

Ice-
Supply current from Vee-. 

output high 
V1D = 10 mV, No load 25°C -4.1 -5 -4.1 -5 mA 

- -

t Unless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded. 
Full range for LM111 Is -55°C to 125°C, for LM211 is -25°C to 85°C, and for LM311 is 0°C to 70°C. 

:j: All typical values are_ at TA = 25° C. 
NOTE 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 a pull-up resistor of 7.5 kS1 to Vee+· Thus these parameters actually define an error band and take Into account the worst
case effects of voltage gain and input impedance. 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

switching characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°C 
PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

Response time, low-to-high-level output 115 ns 
R c = 500 n to 5 v, CL= 5 pF, See Note 7 

Response time, high-to-low-level output 165 ns 

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. 

<t: 
c: 
.!. 
~ 
:::i 
u 

O> 

0 
; 
c. 
c: 
T 
Q 

TYPICAL CHARACTERISTICS 

20 

18 
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12 

10 
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4 

2 

INPUT OFFSET CURRENT 
VS 

FREE-AIR TEMPERATURE 

0 '--'-~_.___,..__,__~..____._~_,___,~-'-----' 

-60-40-20 0 20 40 60 80 100 120 140 

TA-Free-Air Temperature-°C 

FIGURE 1 

VOLTAGE TRANSFER CHARACTERISTICS 

LM111 
LM211 t 

0.5 

V10-Differential Input Voltage-mV 

FIGURE 3 

<t: 
c: 
.!. 
~ 
:; 
u 

"' iii 
; 
c. 
c: 
T 
~ 

500 

450 

400 

350 

300 

250 

200 
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100 

50 

INPUT BIAS CURRENT 
VS 

FREE-AIR TEMPERATURE 

LM311 

LM111 
LM211t 

0 '--~~-'-~~-'-~'---'-~-'---'-~-'---' 
-60 -40 -20 0 20 40 60 80 100 120 140 

TA-Free-Air Temperature-°C 

FIGURE 2 

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 

Vee+= Jo v 

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 8: Condition 1 is with the balance and balance/strobe terminals open, Condition 2 is with the balance and balance/strobe terminals 

connected to Vee+· 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

• 

203 



204 

TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

n; ~ 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

'E -B ~-r....-+--+-+--+--+-~--1 
100mV ~> 

~ 11--_..,-......__,._.,.__v ... c-c_-. _ ... _ ±-1-5..iv--+ 

t----+--+---+-4- Re = 500 n to 5 v 
TA~ 25°C 

> 5t---+--+--+--+-~J~-+---'f--~ 
I 
~ 4 t---+--+----+--....... '--+--+-_, _ _, 

~ 3 1----+--+---+-l-'l--------+-2mv 

" <> 

" 0 
bl 
> o t=::!:=~1-L_l__JL_L_J 

50 100 150 200 250 300 350 

t-Time-ns 

TYPICAL CHARACTERISTICS 

Vee+= 15 v 5V 

FIGURE 4 TEST CIRCUIT FOR FIGURES 4 AND 5 

;;; ~ 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

H l--"*"l-r-11-00-m+v__,t--+-:-v,.....c'-c±_= ..... ±""'1"'5 ""'v-'-~ 
:; ~ t--......, __ ...... __,_ Re= 2 k1l to -15 v 
C; TA= 25°C 

>-~ 10 T "T V ::· 5 mv--.. _L _L 
~ I-' !rl _L 

8 
_

5 
~ t-2mV 

b-101---+---ll-v~-L-+---+--+-f--+--+---+--j 
> -15 _J7 J J 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

t-Time-µs 

vcc+=15v 

Vo 

2 kl! 

Vee-= -15v 

FIGURE 6 TEST CIRCUIT FOR FIGURES 6 AND 7 

OUTPUT CURRENT and DISSIPATION SUPPLY CURRENT FROM Vee+ 
vs 

OUTPUT VOLTAGE SUPPLY VOLTAGE Vee+ 

160 800 

<t 140 700 

~ 120 600 ~ 
! 51---+--+--+--+--+-=-""I 

~ 100 500 ·~ 
~ ·a 
~ ea t-1~+-'<-+--+-o-..-+---+-___, 400 0 

9- " 6 60 1-+-~,.L-+o..~+---+---+-__.j 300 c. 
I 6 

.9 40 200 .P 

O<L--+---'---'---'--..J.._--J 
0 15 

Vo-Output Voltage-V 

FIGURE 8 
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> 

£ 

O'---+--+---'---'---'---.J 
0 10 

Vcc+-Positive Supply Voltage-V 

FIGURE 9 

15 
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OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

Vee±~ ±15 v 
I---+-+--+-+- Re~ 500 n to 5 v 

1---+-+--+-t- TA • 25°C 

> 5 l--+-+--+-rt-~--+--1----l 
I E 4 l--+-+---+--fl--~--+--1----l 

~ 3 

g_ 2 
s 2 mV 

'I 1 1---+--+--+--+H~--+--f--~ 
0 
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t-Time-ns 

FIGURE 5 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
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FIGURE 7 

SUPPLY CURRENT FROM Vcc
vs 

SUPPLY VOLTAGE Vee-

" u 
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II -1 1---+--+----1---1---+----l 
u 
!:} 

-5 -10 -15 
Vcc--Negative Supply Voltage-V 

FIGURE 10 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

Vee+ 

SQUARE WAVE 
OUTPUT 
(fan-out to two 
Series 54gates 
or equivalent) 

FIGURE 11-100-kHz 
FREE-RUNNING MUL Tl VIBRATOR 

Vee+ 

Vee-

FIGURE 14-ZERO-CROSSING DETECTOR 

MAGNETIC 
TRANSDUCER 

+5 v 

Vee+ 

---..., 
I 
I 
I 
I 

L------.....J 

FIGURE 12 
OFFSET BALANCING 

FIGURE 13-STROBING 

+5 v 

1 kl1 

-~--OUTPUT 

I 
I 

_J 

TO TTL 

t Resistor values shown are for a O-to-30-V logic swing and a 

15-V threshold. 
+May be added to control speed and reduce susceptibility 

to !)Oise spikes. 

FIGURE 15-TTL INTERFACE WITH HIGH-LEVEL LOGIC 

100 kfl 

Vee+ 

100 kf! 2 kl! 

100 kHz 10 pf 

~---1--1Dr--j 
---1 

,,...--+------ OUTPUT 

I 
I 

_J 50 kf! 

FIGURE 16-DETECTOR FOR MAGNETIC TRANSDUCER FIGURE 17-100-kHz CRYSTAL OSCILLATOR 

FROM D/A NETWORK 

Vee+ 
1N4001 

Typical input current is 50 pA with inputs strobed off. 

FIGURE 18-COMPARATOR AND SOLENOID DRIVER FIGURE 19-STROBING BOTH INPUT AND 
OUTPUT STAGES SIMULTANEOUSLY 
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TYPES LM111. LM211. LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

vee+ 

FIGURE 20-LOW-VOL TAGE 
ADJUSTABLE REFERENCE SUPPLY 

Vee+. SV 

3.lk!l 

t Adjust to set clamp level. 

+5V 

Vee+• s v 

Vee-· -10 v 

FIGURE 21- ZERO-CROSSING 
DETECTOR DRIVING MOS LOGIC 

Vee+· 5 v 

FIGURE 22-PRECISION SQUARER FIGURE 23-DIGITAL TRANSMISSION ISOLATOR 

Vee+· 1sv 

1Mll 

vcc-·-1sv 

OUTPUT 

Vee+· 1s v 

Vee-. -1SV 

FIGURE 24- POSITIVE-PEAK DETECTOR FIGURE 25- NEGATIVE-PEAK DETECTOR 
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2N3708 

TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

Vee+= 5 v 

--, 
-------OUTPUT 

TO TTL 

TTL 
STROBE 

Vee+ 

t R 1 sets the comparison level. At comparison, the photo
diode has less than 5 mV across it, decreasing dark current 
by an order of magnitude. 

+Transient voltage and inductive kickback protection. 

FIGURE 26-PRECISION PHOTODIODE COMPARATOR FIGURE 27-RELAV DRIVER WITH STROBE 

FIGURE 28-SWITCHING POWER AMPLIFIER FIGURE 29-SWITCHING POWER AMPLIFIERS 
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LINEAR 
INTEGRATED 
'CIRCUITS 

TYPES LM139, LM239, LM339 
QUADRUPLE DIFFERENTIAL COMPARATORS 

BULLETIN NO. DL·S 12236, MARCH 1975-REVISED OCTOBER 1979 

• Single Supply or Dual Supplies 
• Wide Range of Supply Voltage 

... 2 to 36 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 (LM139) 

schematic (each comparator) 
Vee 

.--~~~~~--t..-~~-<>(OR 

NON INVERTING 
INPUT 

Vcc+l 

OUTPUT 

GNO 
,__~--~~~~~----~------o(OR 

vcc-l 

Current values shown are nominal. 

description 

These devices consist of four independent voltage 
comparators that are designed to operate from a 
single power supply over a wid~ 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 

• 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, DTL, 

MOS, and CMOS 
J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE 

(TOP VIEW) 

COMPARATOR COMPARATOR 
N0.4 N0.3 

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

NON NON 
COMP COMP INV INV INV INV 
N0.3 N0.4 GND INPUT INPUT INPUT INPUT 

OUTPUT OUTPUT Vee INV NON· INV NON-
COMP COMP INPUT INV INPUT INV 
N0.1 N0.2 ~~ 

COMPARATOR COMPARATOR 
N0.2 N0.1 

than the input common-mode voltage. Current drain is independent of the supply voltage. The 
connected to other open-collector outputs to achieve wired-AND relationships. 

outputs can be 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, V CC (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) . . . . . . . . . . . . . . . . 900 mW 
Operating free-air temperature range: ·LM139 ...................... '.. . . . . . . . . . . -55°C to 125°C 

LM239 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -25°C to 85°C 
LM339 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° C to 150° C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J orW package . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) 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. 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to V cc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM139 chips are alloy. 

mounted; LM239 and LM339 chips are glass-~ounted, 
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TYPES LM139, LM239, LM339 
QUADRUPLE DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature, Vee= 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
LM139 LM239, LM339 

UNIT 
MIN TYP MAX MIN TYP MAX 

V10 Input offset voltage 
v cc = 5 v to 30 v I 25°C 2 5 2 5 

mV 
Vic= V1CR· Vo= 1.4V Full range 9 9 

llQ Input offset current 
25°C 3 25 5 50 

Vo=1.4V 
Full range 100 150 

nA 

llB 
25°C -25 -100 -25 -250 

Input bias current See Note 5 nA 
Full range -300 -400 

25°C 
0 to 0 to 

V1cR Common-mode input V cc = 2 V to 36 V 
Vcc-1.5 Vcc-1.5 

v 
voltage -range Oto 0 to 

Full range 
Vcc-2 Vcc-2 

Avo 
Large-signal differential Vee= 15 v, 

25°C 200 200 V/mV 
voltage amplification R L = 15 kn to V cc 

loH Hi~·level output current Vio = 1 V 
l VoH= 5V 25°C 0.1 0.1 nA 

j VoH = 30V Full range 1 1 µ.A 

25°C 250 500 250 500 
Vol Low~evel output voltage V10=-1V, loL =4mA 

Full range 700 700 
mV 

loL Low-level output current Vio = -1 V, VoL = 1.5 V 25°C 6 16 6 16 mA 

ice 
Supply current 

No load 25°C 0.8 2 0.8 2 mA 
(four comparators) 

tFull range (MIN to MAX) for LM139 is -55°C to 125°C, for the LM239 is -85°C to 125°C, and for the LM339 is 0°C to 70°C. 
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 

the state of the output, so no loading change is presented to the input lines. 

switching characteristics, Vee= 5 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

AL connected to 5 V through 5.1 kn, 
100-rnV input step 

1.3 
Response time 

CL= 15 pF * 
with 5-rnV overdrive LIS 

See Note 6 
TTL-level input step 0.3 

*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. 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 900mW 11.0mW/°C 68°C 

J (Glass-Mounted Chip) 900mW 8.2 mW/°C 40°C 

N 900mW 9.2 mW/°C 52°C 
w 900mW 8.0mW/°C 37°C 

Also see Dissipation Derating Curves, Section 2. 
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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 
••• 0.5 mA Typ 

• Low Input Bias Current ... 25 nA Typ 

• Low Input Offset Current 
•.. 3 nA Typ (LM193) 

• 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, DTL, 
MOS, and CMOS 

description 
These devices consist of two independent voltag~ 
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 tc 

TYPES LM193, LM293, LM393 
DUAL DIFFERENTIAL COMPARATORS 

BULLETIN NO, DL-S 12411, JUNE 1976-REVISED OCTOBER 1979 

JG OR P 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

OUT- INV NON- GND 
PUT INPUT INV 

~ 
COMPARATOR NO. 1 

U FLAT PACKAGE 

(TOP VIEW) 

AMPLIFIER NO. 2 

~ 
NON 

NC Vee+ ~~ l~~~T l~~~T 

®©©CD© 

CD 0 CD © © 
NC OUT INV NON GND 

PUT INPUT INV 
INPUT 

achieve wired-AND relationship~. AMPL1F1ER No.1 

·absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, V CC (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): -LM293JG,LM393JG... . . 825 mW 

LM 193JG, LM293P, LM393P. . . . . 900 mW 
LM193U, LM293U, LM393U ..... 675 mW 

Operating free-air temperature range: LM193 .......................................... -55°C to 125°C 
LM293 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -25°C to 85°C 
LM393 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 

Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 60 seconds: JG or U package . . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1 /16 inch (1,6 mm) 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 nonlnverting input terminal with respect to the inverting input terminal. 

3, Short circuits from outputs to V cc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Deratlng Table. In the JG package, LM193 chips are alloy

mounted; LM293 and LM393 chips are glass-mounted. 
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TYPES LM193, LM293, LM393 
DUAL DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature, Vee= 5 V (unless otherwise noted} 

LM193 LM293, LM393 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 
Vee = 5 v to 30 v. 25°C 1 5 1 5 

V10 Input offset voltage 
Vic= V1CR· Vo= 1.4 v 

mV 
Full range 9 9 

25°C 3 25 5 50 
Ito Input offset current Vo= 1.4 V nA 

Full ra~e 100 150 

25°C -25 -100 -25 -250 
Its Input bias current See Note 5 nA 

Full range -300 -400 

25°C 
0 to 0 to 

VtCR 
Common-mode input 

V cc = 2 V to 36 V 
Vcc-1.5 Vcc-1.5 

v 
voltage range 0 to 0 to 

Full range 
Vcc-2 Vcc-2 

Avo 
Large-signal differential IV cc= 15 v. 

25°C 50 200 50 200 V/mV 
voltage amplification R L = 15 V to V CC 

Vm=1 V, VoH = 5 V 25°C 0.1 0.1 nA 
IOH High-level output current 

Vto = 1 V, VoH = 30 V Full range 1 1 µA 

25°C 250 400 250 400 
Vol Low-level output voltage Vto = -1 V, IOL = 4 mA mV 

Full range 700 700 

IOL Low-level output current Vto = -1 V, Vo= 1.5 V 25°C 6 16 6 16 mA 

1Vee=5 v 25°C 0.8 1 0.8 1 
tee Supply current No load mA 

Jvcc = 30 v Full range 2.5 2.5 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 

switching characteristics, Vee= 5 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

RL connected to 5 V through 5.1 kn, 
100-mV input step 

1.3 
Response time 

CL= 15 pF * with 5-mV overdrive µs See Note 6 
TTL-level input step 0.3 

*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. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING 

RATING FACTOR 

JG (Alloy-Mounted Chip) 900mW 8.4 mWf'C 

JG (Glass-Mounted Chip) B25mW 6.6 mWf'C 
p 900mW 8.0 mWf'C 
u 675mW 5.4 mwf'c 

Also see Dissipation Deratlng Curves, Section 2. 

ABOVE 

TA 
43°C 

25°C 

37°C 

2S°C 

schematic (each comparator} 

NONINVERTING 
INPUT 

Vee 
.--~~~~~~-e~~~--o(OR 

vee+I 

OUTPUT 

GND 
'-~-er--~~~~ ........ ._~._~~roR 

Vee-I 

Current values shown are nominal. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE LM2901 
QUADRUPLE DIFFERENTIAL COMPARATOR 

BULLETIN NO, DL-S 12247, MARCH 1975-REVISED OCTOBER 1979 

• Eliminates Need for Dual Supplies 

• Wide Range of Supply Voltages 
... 2 to 36 Volts 

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

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV Typ 
Input Offset Current ... 5 nA Typ 
Input Bias Current ... -25 nA Typ 

schematic (each comparator) 

Vee 
.---------4~---o(OR 

NON INVERTING 
INPUT 

description 

Vee+> 

OUTPUT 

GND -------------------o(OR 
Vee-> 

Current values shown are nomlnal, 

The LM2901 consists of four independent voltage 
comparators designed specifically for automotive and 
industrial control systems. They operate from a single 
power supply over a wide range of voltages, and the 

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

• Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage ... ±36 V 

• Low Output Saturation Voltage 
... 1 mV Typ at 5 µA 
... 70 mV Typ at 1 mA 

• Output Compatible with TTL, 
DTL, MOS, and CMOS 

JORN DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW) 

OUTPUT OUTPUT 
COMP COMP 
N0.3 N0.4 GND 

OUTPUT OUTPUT Vee 
COMP COMP 
N0.1 N0.2 

COMPARATOR COMPARATOR 
N0.4 N0.3 

~,---"-.. 
NON NON 
INV INV INV INV 

INPUT INPUT INPUT INPUT 

INV NON· INV NON-
INPUT INV INPUT INV 

~~ 
COMPARATOR COMPARATOR 

N0.2 N0.1 

low supply current drain is independent of the magnitude of the supply voltage. A unique characteristic of these 
comparators is that the common-mode input voltage range includes ground even when a single supply voltage is used. 

The outputs can be connected to other open-collector outputs to achieve wired-AND relationships. Applications 
include limit comparators, simple analog-to-digital converters, wide-range VCO's, MOS clock timers, multivibrators, 
high-voltage digital logic gates, and pulse, square-wave, and time-delay generators. The LM2901 was designed to directly 
interface with CMOS-where the low power drain of the LM2901 is a large advantage over standard comparators. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (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) . . . 900 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . -40°C to 85°C 
Storage temperature range . . . . . . . . . . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J or W package . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) 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. 
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 destr_uction. 
4. For operation above 25° C free-air temperature, refer to Dissipation Derating Table. In the J package, LM2901 chips .are 9lass-

mounted. 
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TYPE LM2901 
QUADRUPLE DIFFERENTIAL COMPARATOR 

electrical characteristics at 25°C free-air temperature, Vee= 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

v cc= 5 v to 30 v. 25°C 2 7 
V10 Input offset voltage mV 

V1c=V1CR• Vo=1.4V -40°C to 85°C 15 

25°C 5 50 
110 Input offset current Vo= 1.4 V 

-40°C to 85°C 
nA 

200 

25°C -25 -250 
l1s Input bias current See Note 5 

-40° C to 85° C 
nA 

-500 

25°C 
0 to 

V1cR 
Input common-mode 

Vee= 2 v to 36 v 
Vee -1.5 

v 
voltage range 

-40° C to 85° C 
0 to 

Vcc-2 

Avo 
Large-signal differential Vee= 15 v. 

25 100 V/mV 
voltage amplification R L = 15 kn to V cc 

V1[)=1 V Vo=5V 25°C 0.1 nA 
loH High-level output current 

Vm = 1 V Vo= 30 V -40° C to 85° C 1 µA 

25°C 400 
Vol Low-level output voltage V10 = -1 V, IOL = 4 mA 

-40°C to B5°C 
mV 

700 

loL Low-level output current V10=-1V, VoL=1.5V 25°C 6 16 mA 

L Vee= 5 v 25°C 0.4 1 
ice Supply current No load mA J Vee= 30 v -40° C to 85° C 2.5 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current Is essentially constant, regardless of 

the state of the output, so no loading change Is presented to the Input lines. 

switching characteristics, Vee= 5 V, TA= 25°C 
PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

RL = 5.1 kn to 5 V 
100-mV input step 

1.5 
Response time 

CL=15pF t 
with 5-mV overdrive µs 

See Note 6. 
TTL-level input step 0.3 

*cL Includes probe and jig capacitance. 

NOTE 6: The typical value is for the Interval between the input step function and the time when the output crosses 1,4 V. 

TYPICAL APPLICATION DATA 
+V 

OUTPUT 

BASIC SINGLE-SUPPLY TRANSLATOR 

THERMAL INFORMATION 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 
J (Glass-Mounted Chip) 900mW 8.2mW/°C 40°C 

N 900mW 9.2mW/°C 52°C 

w 900mW 8.0mW/°C 37°C 

Also see Dissipation Deratlng Curves, Section 2. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Eliminates Need for Dual Supplies 

• Wide Range of Supply Voltages 
... 2 to 36 Volts 

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

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV Typ 
Input Offset Current ... 5 nA Typ 
Input Bias Current ... -25 nA Typ 

schematic {each comparator) 

Vee 
.--------+-----o(OR 

NON INVERTING 
INPUT 

description 

Vee+ I 

OUTPUT 

GND 1-.._...._ ____ .....__..._~ (OR 

vcc-1 

Current values shown are nominal. 

The LM2903 consists of two independent voltage 
comparators designed specifically for automotive and 
industrial control systems. They operate from a single 
power supply over a wide range of voltages and the 
low supply current drain is independent of the 
magnitude of the supply voltage. A unique character
istic of these comparators is that the common-mode 
input voltage range includes ground, even though 
operated from a single supply voltage. Applications 
include limit comparators, simple analog-to-digital 
converters, wide-range VCO's, MOS clock timers, 
multivibrators, high-voltage digital logic gates, and 
pulse, square-wave, and time-delay generators. The 
LM2903 was designed to directly interface with 
CMOS - where the low power drain of the LM2903 
is a large advantage over standard comparators. 

The outputs can be connected to other open-collector 
outputs to achieve wired-AND relationships. 

TYPE LM2903 
DUAL DIFFERENTIAL COMPARATOR 

BULLETIN NO. DL-S 12412, JUNE 1976-REVISED OCTOBER 1979 

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

• Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage ... ±36 V 

• Low Output Saturation Voltage 
... 1 mV Typ at 5 µA 
... 70 mV Typ at 1 mA 

• Output Compatible with TTL, 
DTL, MOS, and CMOS 

JG OR P 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER N0.2 

~ 
NON· 

OUT· INV INV 
Vee+ PUT INPUT INPUT 

OUT· INV NON- GND 
PUT INPUT INV 

INPUT 

~ 
AMPLIFIER NO. 1 

U FLAT PACKAGE 
(TOP VIEW) 

AMPLIFIER NO. 2 

~ 
NON 

OUT INV INV 
NC Vee+ PUT INPUT INPUT 

® CD © CD © 

CD00©® 
NC OUT INV NON GND 

PUT INPUT INV 
INPUT 

~ 
AMPLIFIER NO. 1 

NC-No internal connection 
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TYPE LM2903 
DUAL DIFFERENTIAL COMPARATOR 

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

Supply voltage, Vee (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage range (either input) 
Output voltage . . . . . . . . . . . . . . . . . . . . 
Output current . . . . . . . . . . . . . . . . . . . . 
Duration of output short-circuit to ground (see Note 3) ............ . 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 4): LM2903 JG/8838 

LM2903 JG 
P package 
U package 

Operating free-air temperature range 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 60 seconds: JG or U package . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package ...... . 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the non Inverting Input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to V CC can cause excessive heating and eventual destruction. 

36V 
±36V 

-0.3 V to 36 V 
.. 36 v 
. 20mA 
unlimited 

900mW 
825mW 
900mW 

... 675 mW 
. -40°e to 85°e 
-65°e to 150°e 
..... 300°e 
. .... 260°e 

4. For operation above 25° C free-air temperature, refer to Dissipation Derating Table. In the JG package, LM2903/883B chips are 
alloy-mounted; LM2903 chips are glass-mounted. 

electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

v cc= 5 v to 30 v, 25°C 2 7 
V10 Input offset voltage mV 

V1c = VICR• Vo=1.4V -40°C to 85°C 15 

25°C 5 50 
110 Input offset current Vo= 1.4 V 

-40°C to 85°C 
nA 

200 

25°C -25 -250 
119 Input bias current See Note 5 

-40° C to 85° C 
nA 

-500 

25°C 
0 to 

V1cR 
Input common-mode 

V cc = 2 V to 36 V 
Vee -1.5 

v 
voltage range 

-40° C to 85° C 
0 to 

Vcc-2 

Avo 
Large-signal differential Vee= 15 v. 

25 100 V/mV 
voltage amplification R L = 15 kn to V cc 

Vm = 1 V Vo=5V 25°C 0.1 nA 
IQH High-level output current 

VJD = 1 V Vo= 30 V -40° C to 85° C 1 µA 

25°C 400 
VoL Low-level output voltage V10=-1 V, loL = 4 mA mV 

-40°C to 85°C 700 

loL Low-level output current Vm = -1 V, VoL = 1.5 V 25°C 6 16 mA 

l Vee= 5 v 25°C 0.4 1 
ice Supply current No load mA 

1Vee=30 v -40° C to 85° C 2.5 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 

switching characteristics, Vee= 5 V, TA= 25°e 
PARAMETER TEST CONDITIONS MIN TYP MAX 

R L = 15 kn to 5 v. 100-mV input step 
1.5 

Response time 
CL=15pF * with 5-mV overdrive 

See Note 6 
TTL-level input step 0.3 

DISSIPAT!.QN_DERATING TABLE 
*cl includes probe and jig capacitance. POWER DERATING 
NOTE 6: The typical value is for the interval between the input 

step iunction and the time when the output crosses 1.4 V. 
PACKAGE RATING 

JG (Alloy-Mounted Chip) 900 mW 

JG (Glass-Mounted Chip) 825 mW 

P 900 mW 

U 675 mW 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

FACTOR 

8.4 mWfC 

6.6 mWfC 

8.0mWfC 

5.4 mWfC 

UNIT 

µs 

ABOVE 

TA 

43°C 

25°C 

37°C 

25°C 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

BULLETIN NO. D.L-S 12579, OCTOBER 1977-REVISED OCTOBER 1979 

• 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 
... 5nATyp 

schematic (each comparator) 

NON INVERTING 
INPUT 

description 

Vee 
.--~~~~~---4...,_~~-o(OR 

Vee+! 

OUTPUT 

GND 
.._~ .... ~~~~~--~6---o(OR 

vcc-l 

Currentvalues shown are nominal. 

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 is 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 iriput 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. 

• 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, DTL, 
MOS, and CMOS 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

COMPARATOR COMPARATOR 
N0.4 N0.3 

OUTPUT OUTPUT 
~~ 

NON NON 
COMP COMP INV INV INV INV 
N0.3 N0.4 GND INPUT INPUT INPUT INPUT 

OUTPUT OUTPUT Vee 
COMP COMP 

INV NON- INV NON-
INPUT INV INPUT INV 

N0.1 N0.2 ~~ 
COMPARATOR COMPARATOR 

N0.2 N0.1 

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

Supply voltage, V CC (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage range (either input) 
Output voltage . . . . . . 
Output current . . . . . . 
Duration of output short-circuit to ground (see Note 3) 
Continuous total dissipation at (or below) 25°C free·air temperature (see Note 4) 
Operating free·air temperature range . . . . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 

NOTES: 1. -All voffiiQe iialues, except dillerentia·1 voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninvertlng input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Vee can cause excessive heating and eventual destruction. 

28V 
±28V 

-0.3 V to 28 V 
28 v 

20mA 
unlimited 

. 900 mW 
-40° C to 85° C 

-65°C to 150°C 
300°C 

.... 260°C 

4. For operation above 25°e free-air temperature, refer to Dissipation Derating Table. In the J package, LM3302 chips are glass-

mounted. 
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TYPE LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR' 

electrical characteristics at specified free-air temperature, V CC = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Vee= 5 v to 28 v, v0 = 1.4 v. 25°C 3 20 

V10 Input offset voltage 
Vic= V1cR -40° C to 85° C 

mV 
40 

25°C 3 100 
110 Input offset current Vo=1.4V nA 

-40°C to 85°C 300 

25°C -25 -500 
119 Input bias current See Note 5 

-40° C to 85° C -1000 
nA 

25°C 
0 to 

Common-mode input 
vcc-1.s 

VICR V cc = 2 V to 28 V v 
voltage range 0 to 

-40° C to 85° C 
Vcc-2 

Avo Large-signal differential Vee= 15 v. 
25°C 2 30 V/mV 

voltage amplific;ation R L = 15 k.U to V CC 

25°C 0.1 nA 
loH High-level output current V10= 1 V, VoH = 5 V 

-40° C to 85° C 1 µA 

25°C 200 500 
VQL Low-level output voltage Vm = -1 V, laL = 4 mA mV 

-40° C to 85° C 700 

laL Low-level output current V10= -1 V, VoL=1.5V 25°C 2 16 mA 

Supply current 
25°C 0.8 'cc No load 2 mA 

(four comparators) 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no loading change is presented to the input lines. 

switching characteristics, Vee= 5 V, TA= 25°C 

PARAMETER TEST CONDITIONS MIN TYP MIN UNIT 

100-mV input 

step with 1.3 

Response time 
R L = 5.1 k.U to 5 V 5 mV overdrive 

CL=15pF* See Note 6 TTL-level 
µs 

input 0.3 

step 

+cl includes probe and jig capacitance. 

NOTE 6: The response time specified is the interval between the input step function and the instant when tlie output crosses 1.4 V. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 
J (Glass-Mounted Chip) 900mW 8.2mW/°C 40°C 

N 900mW 9.2mW/°C 52°C 

Also see Dissipation Derating Curves, Section 2. 

TEXAS INSTRUMENTS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES Tl111, TL311, TL311A 
JFET-INPUT DIFFERENTIAL COMPARATORS 

WITH STROBES 
BULLETIN NO. DL·S 12737, NOVEMBER 1979 

• Fast Response Times 

• Strobe Capability 

• Common-Mode Input Voltage Range 
Includes Vee-

• Designed to Replace LM111 and LM311 • N-Channel JFET High-Impedance Input 

• Can Operate From Single 5-V Supply 

description 

The TL111, TL311, and TL311A are high-speed 
voltage comparators. These devices use an N-channel 
JFET high-impedance input structure that extends 
the operating range of the common-mode input 
voltage to include the value of the Vee- supply. 
Designed for a wide variety . of applications, the 
TL111, TL311, and TL311A can be operated over 
a wide range of supply voltage, including ± 15-volt 
supplies for operational amplifiers and single 5-volt 
supplies for logic systems. The uncommitted output 
transistor can drive loads referenced to ground, Vee+, 
or Vee-· Additionally, it is capable of driving loads 
that require switching up to 50 volts. Outputs can be 
wire-OR connected. 

Offset balancing and strobe capability are available. 
If the strobe input is low (more negative than 
V1e + 0.3 V), the output will be in the off state 
regardless of the differential input. 

The TL 111 is characterized for operation over the 
full military temperature range of -55°e to 125°e. 
The TL311 and TL311A are characterized for 
operation from 0°e to 70°e. 

JG OR P DUAL·IN·LINE 
PACKAGE (TOP VIEW) 

IN- Vee-

JORN DUAL·IN·LINE 
OR W FLAT PACKAGE (TOP VIEW) 

Vee+ NC BIS 

NC NC Vee-

NC-No internal connection 

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

TL 111 TL311, TL311A 

Supply voltage, Vee+ (see Note 1 l 18 18 

Supply voltage, Vee- (see Note 1 l -18 -18 

Differential input voltage (see Note 2) ±30 ±30 

Input voltage range (either input, see Notes 1 and 3) Vee- to 15 Vee- to 15 

Voltage from emitter output to Vee- 30 30 

Voltage from collector output to Vee- 50 40 

Duration of output short-circuit (see Note 4) 10 10 

Continuous total dissipation at (or below 25° C free-air temperature (see Note 5) 500 500 

Operating free-air temperature range -55 to 125 0 to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds l J or JG package 300 300 

Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds l N or P package 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. The input voltage must never be more positive than V CC+ or 15 volts, whichever is less, or more negative than V CC-· 

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

UNIT 

v 
v 
v 
v 
v 
v 
s 

mW 
oe 

oe 

oe 

oc 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, TL 111 

chips are alloy-mounted; TL311 and TL311 A chips are glass-mounted. 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL111, TL311, TL311A 
JFET-INPUT DIFFERENTIAL COMPARATORS 
WITH STROBES 
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electrical characteristics at specified free-air temperature, Vee±= ±15 V {unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TL111 TL311 

TVP:t: TVP:t: MIN MAX MIN MAX 

V10 Input offset voltage Rs~50 k!l, See Note 6 
25°C 0.5 2 10 

Full range 13 

110 Input offset current See Note 6 
25°C 50 100 50 100 

Full range 20 4 

llB Input bias current Vo= 1vto14 v 
25°C 100 250 100 250 

Full range 50 10 

llL(S) Low-level strobe current -Vio;;. 10 mV, Vl(S) = V1c +0.3 V 25°C -3 -3 

Common-mode input 
V CC- = -18 V to 0 V, Vee- Vee-

V1cR V CC+ = 5 V to 18 V, Full range to to 
Voltage range 

See Note 7 Vcc+-3V Vcc+-3 v 

Avo 
Large-signal differential 

Vo= 5 v to 35 v, RL = 1 k.Q 25°C 200 200 
voltage amplification 

High-level (collector) Vio = 5mV, VoH = 35 V 
25°C 0.2 10 

loH Full range 0.5 
output current 

Vio = 10 mV, VoH=35V 25°C 0.2 50 

IOL = 50 mA 
V10 =-5 mV 25°C 0.75 1.5 

V10 =-10mV 25°C 0.75 1.5 

VoL 
Low-level (collector-to-emitter) 

Vcc+=4.5V, 
output voltage 

Vee-= OV, 
V10=-6mV Full range 0.23 0.4 

IOL = 8 mA Vio = -10 mV Full range 0.23 0.4 

•cc+ 
Supply current from Vee+. 

output low 
Vio = -10mV, No load 25°C 3 5 3 5 

ice-
Supply current from Vee-. 

V10 = 10mV, No load 25°C -2 -4 -2 -4 
output high 

tunless otherwise noted,-all characteristics are measured with the balance and balance/strobe terminals open and the emitter output is at O volts. 

Full range for TL 111 is -55°C to 125°C, and for TL311 and TL311A is 0°C to 70°C. 

+All typical values are at TA= 25°C. 

TL311A 

MIN TVP:t: MAX 
UNIT 

2 7.5 
mV 

10 

50 100 pA 

4 nA 

100 250 pA 

10 nA 

-3 mA 

Vee-
to v 

Vcc+-3 v 

200 V/mV 

nA 

µA 

0.2 50 nA 

0.75 1.5 

v 

0.23 0.4 

3 5 mA 

-2 -4 mA 

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 a pull-up resistor of 

7 .5 kfl. to V CC+· Thus, these parameters actually define an error band and take Into account the worst-case effects of voltage gain and input impedance. 

7. For VICR· all voltages are with respect to a common ground (0 V). 
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TYPES TL111, TL311, TL311A 
iFET-~iNPUT DIFFERENTIAL COMPARATORS 
WITH ___ Sf RO BES 

switching characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Response time, low-to-high-level output 115 ns 

Response time, high-to-low-level output 
Re= 500 .n to 5 V, CL= 5 pF, See Note 8 

165 ns 

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. 

Vee+= 30 v 

TYPICAL CHARACTERISTICS 

VOLTAGE TRANSFER CHARACTERISTICS 

TL 111 

0.5 

V10-Differential Input Voltage-mV 

FIGURE 1 

+V = 50 V (TL111) 
40 V (TL311, TL311Al 

1 kn 

vee+ = 30 v 

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 1 

EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 1 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL331M, TL3311, TL331C 
DIFFERENTIAL COMPARATORS 

BULLETIN NO. DL-S 12516, APRIL 1977-REVISED OCTOBER 1979 

• Single Supply or Dual Supplies • Low Input Offset Voltage •.. 2 mV Typ 
• Wide Range of Supply Voltage 

••. 2 to 36 Volts 
• Low Supply Current Drain 

Independent of Supply Voltage 
..• 0.8 mATyp 

• Low Input Bias Current ... 25 nA Typ 

• Common-Mode Input Voltage 
Range Includes Ground 

• Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage .•. ±36 V 

• Low Output Saturation Voltage 

• Low I np!Jt Offset Current 
... 3 nA Typ (TL331M) 

• Output Compatible with TTL, DTL, 
MOS, and CMOS 

schematic (each comparator) 

NON INVERTING 
INPUT 

Vee 
------~..,_---o(OR 

Vcc+l 

OUTPUT 

GND 
......_ _ _.__~~----4t------tt---o(OR 

Vee-I 

Current values shown are nominal. 

JGORP 
DUAL·IN·LINE 

PACKAGE (TOP VIEW) 

INV NON 
INPUT INV 

INPUT 

description 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. 

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

Supply voltage, Vee (see Note 1 ), 
Differential input voltage (see Note 2) 
Input voltage range (either input) 
Output voltage . . . . . . 
Output current . . . . . . 
Duration of output short-circuit to ground (see Note 3) 

36V 
±36 v 

-0.3 V to 36 V 
36V 

20mA 
unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 
Operating free-air temperature range: TL331M 

.................. 680 mW 

TL3311 
TL331C 

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 

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. 

-55°C to 125°C 
-25°C to 85°C 

0°C to 70°C 
-65°C to 150°C 

300°C 
.... 260°C 

4, For operation above 25°C free-air temperature, refer to Dissipation Deratlng Table. In the JG package, TL331M chips are alloy

mounted; TL331 I and TL331 C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL331M, TL3311, TL331C 
DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature, Vee= 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONst 
TL331M, TL331 I TL331C 

MIN TYP MAX MIN TYP 

V10 
V CC = 5 V to 30 V, 25°C 2 5 2 

Input offset voltage 
V1c = V1CR· Vo = 1.4V Full range 9 

110 Input offset current 
25°C 3 25 5 

Vo= 1.4V 
Full range 100 

119 
25°C -25 -100 -25 

Input bias current See Note 5 
Full range -300 

25°C 
0 to 0 to 

V1cR Common-mode input V cc = 2 V to 36 V Vcc-1.5 Vcc-1.5 

voltage range 0 to 0 to 
Full range 

Vcc-2 Vcc-2 

Avo 
Large-signal differential Vcc=1sv, 

25°C 200 200 
voltage amplification R L = 15 kU to V CC 

loH Hiltl-level output current 
l VoH= 5V 25°C 0.1 0.1 

V10 = 1 V 
Full range 1 l VoH = 30V 

Vol 
25°C 250 500 250 

Low-level output voltage V10=-1V, loL =4mA 
Full range 700 

loL Low-level output current Vm = -1 V, VoL = 1.5 V 25°C 6 16 6 16 

Ice Supply current No load 25°C 0.5 0.8 0.5 

MAX 

5 

9 

50 

150 

-250 

-400 

1 

500 

700 

0.8 

tFull range (MIN to MAX) for TL331M is -55°C to 125°C, for the TL3311 is -25°C to 85°C, and for the TL331C is 0°C to 70°C. 

UNIT 

mV 

nA 

nA 

v 

V/mV 

nA 

µ.A 

mV 

mA 

mA 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 
the state of the output, so no 'loading change is presented to the input lines. 

switching characteristics, Vee= 5 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

AL connected to 5 V through 5.1 kn, 
100-mV input step 

1.3 
Response time 

CL=15pF,* 
with 5-mV overdrive µ.s 

See Note 6 
TTL-level input step 0.3 

*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. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 
JG (Alloy-Mounted Chip) 680mW 8.4 mwrc 69°C 

JG (Glass-Mounted Chip) 680mW 6.6mWfC 47°C 
p 680mW 8.0mWfC 65°C 

Also see Dissipation Deratlng Curves, Section 2. 

TEXAS INSTRUMENTS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL336M. TL3361. TL336C 
HEX DIFFERENTIAt COMPARATORS 

BULLETIN NO. DL-S 12641, JUNE 1978 

• Single Supply or Dual Supplies • Low Input Offset Voltage ... 2 mV Typ 
• Wide Range of Supply Voltage 

... 2 to 36 Volts 
• Low Supply Current Drain 

Independent of Supply Voltage 
... 1 mA Typ 

• Low Input Bias Current ... 25 nA Typ 

• Common-Mode Input Voltage 
Range Includes Ground 

• Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage ... ±36 V 

• Low Output Saturation Voltage 
• Low Input Offset Current 

... 3 nA Typ {TL336M) 
• Output Compatible with TTL, DTL, 

MOS, and CMOS 

JORN schematic (each comparator) 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

NON INVERTING 
INPUT 

Vee 
....--------<111-----o(OR 

vee+l 

OUTPUT 

COMPARATOR 
N0.6 

NON· OUT· OUT- NON· OUT· 
INV INV PUT GND 

'-~--..~~~~~&-~,._---c(OR 
l~~~T l~~iT PUT PUT 

INPUT INPUT '--~~-.J 

Current values shown are nominal, vee-l 

description 

COMPARATOR 
N0.1 

COMPARATOR 
N0.2 

COMPARATOR 
N0.3 

The TL336 is a hex 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 V CC is at least 1.5 volts more positive than the input common-mode voltage. Current drain is independent 
of the supply voltage. 

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

Supply voltage, Vee (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage range (either input) 
Output voltage . . . . . . 
Output current . . . . . . 
Duration of output short-circuit to ground (see Note 3) 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 
Operating free-air temperature range: TL336M 

Storage temperature range 

TL3361 
TL336C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 

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 V CC can cause excessive heating and eventual destruction. 

36 v 
±36 v 

-0.3 V to 36 V 
36V 

20mA 
unlimited 

. 680 mW 
-55°C to 125°C 
-25°C to 85°C 

0°C to 70°C 
-65°C to 150°C 

300°C 
.... 260°C 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, TL336M chips are alloy
mounted; TL3361 and TL336C chips are glass-mounted. 

Copyright© 1978 by Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

225 



226 

TYPES TL336M, TL3361, TL336C 
HEX DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TL336M, TL3361 TL336C 

MIN TYP MAX MIN TYP 

V10 Input offset voltage 
V CC = 5 V to 30 V, 25°C 2 5 2 

V1c = V1CR· Vo= 1.4V Full range 9 

110 Input offset current 
25°C 3 25 5 

Vo= 1.4 V 
Full range 100 

119 Input bias current 
25°C -25 -100 -25 

See Note 5 
Full range -300 

25°C 
0 to Oto 

V1cR Common-mode input V cc = 2 V to 36 V 
Vcc-1.5 Vcc-1.5 

voltage range 0 to Oto 
Full range 

Vcc-2 Vcc-2 

Avo 
Large-signal differential Vee= 15 v, 

25°C 200 200 
voltage amplification R L = 15 kn to V cc 

loH Hig,·level output current V10= 1 V 
1 VoH = 5 V 25°C 0.1 0.1 

l VoH =30V Full range 1 

VoL Low~evel output voltage V10=-1V, 
25°C 250 500 250 

loL =4mA 
Full range 700 

IOL Low-level output current V10=-1V, Vol= 1.5V 25°C 6 16 6 16 

ice Supply current 
No load 25°C 1 3 1 (six comparators) 

MAX 

5 

9 

50 

150 

-250 

-400 

1 

500 

700 

3 

tFull range (MIN to MAX) for TL336M is -55°C to 125°C, for the TL3361 Is -85°C to 125°C, and for the TL336C is 0°C to 70°C. 

UNIT 

mV 

nA 

nA 

v 

V/mV 

nA 

µA 

mV 

mA 

mA 

NOTE 5: The direction of the bias current is out of the device due to the P-N·P input stage. This current is essentially constant, regard"less of 
the state of the output, so no loading change is presented to the input lines. 

switching characteristics, Vee= 5 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

RL connected to 5 V through 5.1 kn, 
100-mV input step 

1.3 
Response time 

CL= 15 pF * See Note 6 
with 5-mV overdrive µ1 

TTL-level input step 0.3 

*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. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 680mW 11.0mW/°C ss0 c 
J (Glass-Mounted Chip) 680mW 8.2 mW/°C 67°C 

N 680mW 9.2 mW/°C 76°C 

Also see Dissipation Derating Curves, Section 2. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Each Comparator Identical to LM106 or 
LM306 with Common Vee+, Vee-, 
and Ground Connections 

• Improved Gain and Accuracy 

description 

The TL506 is a dual high-speed voltage comparator, 
with each half having differential inputs, a low
impedance output with high-sink-current capability 
(100 mA), 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 TL810 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 
0°C to 70°C. 

TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS 

WITH STROBES 
BULLETIN NO. DL-S 11671, MARCH 1972 - REVISED JUNE 1976 

• Fan-Out to 10 Series 54/74 TTL Loads 
• Strobe Capability 
• Short-Circuit and Surge Protection 
• Fast Response Times 

J OR N DUAL-IN-LINE PACKAGE OR 
W FLAT PACKAGE (TOP VIEW) 

STROBE OUTPUT OUTPUT STROBE 
1B GND 1 Vee+ NC 2B 

STROBE INV NON-INV Vee- NON-INV INV STROBE 
IA INPUT 1 INPUT 1 INPUT 2 INPUT 2 2A 

NC-No internal connection 

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

Supply voltage Vee+ (see Note 1) 
Supply voltage V CC- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, seeNotes 1 and 3). 
Strobe voltage range (see Note 1) 
Output voltage (see Note 1) . . . . . . 
Voltage from output to Vee- . . . . . 
Duration of output short-circuit (see Note 4) . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5): 

15 v 
-15 v 

±5 v 
±7 v 

o v to Vee+ 
24 v 
30V 
10 s 

Each amplifier . 600 mW 
Total packaqe . . . 800 mW 

Operating free-air temperature range: TL506M Circuits -55°C to 125°C 
TL506C Circuits . . . . . . . 0°C to 70°C 

Storage temperature range . . . . . . . . . . . . . . . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J or W package . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . . . . . . . . . . . . . . . . . . . . . . 260°C 

NOTES: 1. All voltage values, except differential voltages and the voltage from the output to V CC-• are with respect to the network ground 

terminal. 

2. Differential voltages are at the non inverting 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. 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 Table. In the J package, TL506M chips are alloy

mounted; TL506C chips are glass-mounted. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

227 



TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

228 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -3 V to -12 V 
(unless otherwise noted) 

TEST CONDITIONSt 
TL506M TL506C 

PARAMETER 
MIN TYP MAX MIN TYP 

25° 0.5§ 2 1.6§ 
V10 Input offset voltage See Note 6 

Full range 3 

Average temperature coefficient 
See Note 6 Full range 3 10 5 0VIO of input offset voltage 

25°C 0.1§ 3 1.s* 

110 Input offset current See Note 6 MIN 2 7 1 

MAX 0.4 3 0.5 

Average temperature coefficient MIN to 25°C 15 75 24 
0110 See Note 6 

25°C to MAX of input offset current 5 25 15 

25°C 7§ 20 16§ 
•10 Input bias current Vo= 0.5 v to 5 v 

Full range 45 

l1L(S) Low-level strobe current V (strobe) = 0.4 V Full range -us -3.3 -1.7§ 

V1H(S) High-level strobe voltage Full range 2.5 2.5 

V1L(S) Low-level strobe voltage Full range 0.9 

V1cR 
Common-mode input 

V CC- = - 7 V to -12 V Full range ±5 ±5 
voltage range 

V10 
Differential input 

Full range :t5 :t5 
voltage range 

Avo 
Large-signal differential No load, 

25°C 40 ooo§ 40 ooo!l 
voltage amplification Vo= 0.5 v to 5 v 

VoH High-level output voltage V10 = 5mV, loH = -400µA Full range 2.5 5.5 2.5 

V10 = -5 mV, loL = 100 mA 25°C o.s!l 1.5 o.s§ 

Vol Low-level output voltage V10 = -:-5 mV, IOL = 50 mA Full range 1 

V10 = -5 mV, loL = 16 mA Full range 0.4 

25°C o.02T 1 0.02§ 
loH High-level output current V10 = 5 mV, VoH = B v to 24 v 

Full range 100 

•cc+ Supply current from V CC+ V10 = -5 mV, See Note 7 Full range 13.9S 20 13.9§ 

•cc- Supply current from Vee- See Note 7 Full range 3.2 § 7.2 3.2§ 

tunless otherwise noted, all characteristics are ·measured with the strobe open. 

UNIT 
MAX 

5 
mV 

6.5 

20 µV/°C 

5 

7.5 µA 

100 
nA/"C 

50 

25 

40 
µA 

-3.3 mA 

v 
0.9 v 

v 

v 

5.5 v 
2 

1 v 
0.4 

2 

100 
µA 

20 mA 

7.2 mA 

§These typical values are at Vee+= 12 V, Vee.= -6 V, TA= 25°C. Full range (MIN to MAX) for TL506M is -55°C to 125°C and for the 

TL506C Is 0°C to 70°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 (VoHl. 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 non-inverting inputs and inverting inputs of both comparators connected 

in parallel. The outputs are open. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

TEST CONDITIONst 
TL506M TL506C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

Response time, low-to-high-level output RL=39051to5V, CL=15pF, SeeNote8 28 40 28 ns 

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. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING ABOVE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 600mW 11.0 mWf'C 95°C 

J (Glass-Mounted Chip) 600mW 8.2 mWf'C 77°C 

N 600mW 9.2 mWf'C 85°C 

w 600mW 8.0 mWf'C 75°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

schematic (each comparator) 

NONINVERTING 
INPUT 

INVERTING 
INPUT 

Sk 

STROBE 
1 

6.3 v 

TO OTHER 
Vee- o---+---.... --........ COMPARATOR 

STROBE 
2 

Vee+ 

TO OTHER 
COMPARATOR 

6.3V 

Resistor values are nominal in ohms. 

~ 2.5 

t 

TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT 
VS 

FREE-AIR TEMPERATURE 

Vee+= 12 v 
Vee- =-6 v 
Vo= 0.5 v to 5 v 

INPUT BIAS CURRENT 
VS 

FREE-AIR TEMPERATURE 

20.------,----r--r-~-~--.---.---, I\ Vee+= 12 v 
rn 1----1---+---+-',~~ Vee- = -6 v 

~ Vo=0.5Vto5V 
~ 16 \ ~ I I 

c 
~ 2 1-----ltr----+--+--.-+---+---+--4-~ 

1 14 f\. ~ TL506C 

~ '\ '5: 
:; 12 ~ ~ ::I 

u 
~ 
~ 1.5 ~ 10 1-----1r----+I-'~--+---i~-.i...+---+---1 

ii5 1'. 0 .... 
::I 
a. 
c 
1 
Q 

0 '-----Jl------L--'---'--....L..--L--.L----J 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 
FIGURE 1 

5 8 1-----1r----+--+I__,., "-.-+---+---+--+---t 

§- TL506M '~ 
1 6 1-----1---+--+--+---3ioor-4---l---+------I 
co ~ 

4 t----t'----+--t---+-~~-~~-t---1 

~ 2 t-----l---+--+--+---4---1---+.-:::.._.j~ 

0 '-----'1-----'---'---'--....L..--L---L----' 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 
FIGURE 2 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS:j: 

> 
I 

Q) 
Cl 

.s 
0 
> .... 
::I e 
::I 

HIGH-LEVEL OUTPUT VOLTAGE 
VS 

FREE-AIR TEMPERATURE 

Vee+= 12 v 
V CC- = -3 V to -12 V 

6 V10 = 5 mV 

~=O 
5 .__.......:il---;:..._-+--+-~--4---+--..._---l 

0 4 t-----i--+--+--+==;::p.~-t----+---1 
~ ~ 
Q) -I-- IOH = -400µA 
_. 
-§, 3 l---i--+---+---+----+---+--4-----1 

:c 
I 

:::c 
!] 2 

> 
I 

Q) 
Cl 
ta .... 
0 
> .... 
::I e-
::I 
0 
I 
0 
> 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 
FIGURE 3 

VOLTAGE TRANSFER CHARACTERISTICS 

7 
Vee+= 12 v 

6 Vee- =-6 v 

5 

4 

3 

RL = oo 
'iL/_7_ J__ 

v 7 77 1 JI "" v f'.. ~TA =25°C TA=0°C
1

/ 

r"" 1 1 
""-TA= 70°C 

2 1 1 

TA= -55°C _.. 
"""'-TA= 125°C 

J 
0 

-1 
-2 -1 0 2 

V10-Differential Input Voltage-mV 
FIGURE 5 

> 
I 

Q) 
Cl 

.s 
0 
> .... 
::I e 
::I 
0 
a; 
> 
Q) _. 
~ 
0 _. 
I _. 
0 
> 

1.2 

0.8 

0.6 

0.4 

0.2 

0 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-Al R TEMPERA TU RE 

Vee+= 12 v 
V CC- = -3 V to -12 V 
V10 =-5 mV 

'"1-- J I J __ .....--
IOL = 100 ~A 

I I J 
IOL =50 mA 
I I 

1 T .,. 1 I 
loL=16mA 
I I 

1 1 
IOL =O 

J I 

-

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 
FIGURE 4 

OUTPUT CURRENT 
VS 

DIFFERENTIAL INPUT VOLTAGE 

4'. ~ 10~2 l---t----.J----4---+,~~--+--+-----I 
c: t 10-31---t----.J---4---4'1:__~--+--+-----I 
::I 

~ 10-4.__-l-----+--+--+-~~---------l 
::I 

S 10-s.__--of----+--+-~--Hll-\--......L..-..J_----l 
0 
b 10-6r---ii---t--+--+--+-...... -a----+---1 

10-7 ,_______. _ _...._ _ __.TA= -55°C 
I 

10-s Vee+= vo = 12 v 
Vee-= -3 v to -12 v 10-9L-_...____._ .......... _ _._ _ _.___.__...__-'----J 

-5 -4 -3 -2 -1 0 2 

V10-Differential Input Voltage-mV 

FIGURE 6 

3 

:j:Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS:j: 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

Vee-= -3 v to -12 v 
1--__,1----1--~- Vo = 1 to 2 v 

SHORT-CIRCUIT OUTPUT CURRENT 
VS 

FREE-AIR TEMPERATURE 

0.4 .....---..--..----,.-~-~---.----..----. 
Vee+= v0 = 12 v 

c:x: Vee-= -6 v 
~ v 1'.._ V1D=-5mV 
~ 0.3 1---++-'--+--+l_-"-__. See Note 9 

~ T ~ 
5 ~N 
~ 0.2 l----t---+---+---+---+---+--~~-----1 

-

-

~ 

2 
0 
~ 0.1 f-----jf------j---t---+---+--+--+--~ 
I 

Cl) 

0 

0 ,______......_____...____. _ __. _ __.. _ __.. _ _._ _ _, 0 ,_____. _ __. _ __. _ ___.. _ _._ _ __._ _ _._ _ _. 

OJ 
<ti g> 

·;::;::::.. 
c 0 e > 
~; 
·- c. 0 c 

> 
I 

OJ 
Cl 

!9 
0 
> ..... 
:J 

-75 -55 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-QC 

FIGURE 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

---J 
100 mV---+---1----+-------1 

Vee+= 12 v 
Vcc-=-6V 
CL=15pF 
R L = 390 Q to 5 V 
TA= 25QC 

-75 -50 -25 0 25 50 75 100 125 

QJ 
Cl 

ctl ctl 
.+:i .±: 
c 0 
e> 
£; 
·- c. 0 c 

> 

TA-Free-Air Temperature-QC 
FIGURE 8 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

~ 4 1----+--
Cl 

!9 
g 3 t----t---1---+-:~--J~+----+---f 
..... 
:J e 2 i----+--7'1t---tt--t--t---+--t-----t--~ 5 2 

Vee+= 12 v 
-+-+-+-+--+-v CC- = -6 V o 10mV 

I 
0 
> 

0 
I 
0 
> 

CL= 15 pF 
~H-+---+- R L = 390 Q to 5 V 

TA= 25QC 
0 ~-~--~---'---~-~-~ 

0 20 40 

t-Time-ns 

FIGURE 9 

60 80 100 

:j:Data for temperatures below 0°C 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 

TYPCIAL CHARACTERISTICS:!: 

SUPPLY CURRENT FROM Vee+ 
VS 

SUPPLY VOLTAGE Vee+ 

SUPPLY CURRENT FROM Vec
VS 

SUPPL y VOLTAGE Vee-

20 .------.-~--.-----.---.----..----,.-----. 
Vcc-=-6V 

8 ..-----.-~--,---.---.---...--.--,,...----. 

~ 18 RL = oo 
<t'. 
E 7 
I 

Vee+= 12 v 
RL = oo 

I c5 16 l----i---+---t----b-"~9-~ol------1t----1 (, 
(.) 6 1-~----4----+---+---+-(.) 

> 14 
E 
.g 12 
.... c: 
~ 10 
:::i 
(.) 8 
> 
0. 
a. 6 
:::i 

(/) 

~ 4 
(.) 

> 
E e 5 1-------i---+---+---+---:--.._ 
.... 
c: 
~ 4 
:::i 

c;. 3 t----+-""7"'1----::7~-~""---t
c. 
a. 
~ 2 1----+--+---+---+---+--+------i--1 

I 

!d 2 l-------i---+---+---+---+--+----11---1 

I 
(.J 

!d 
0 ._____. _ __._ _ __._ _ __.__ _ _.__.._____...____. 0 .____.... _ __,_ _ _,_ _ __.__ _ _.___..______. _ __. 

9 10 11 12 13 14 15 16 17 0 -2 -4 -6 -8 -10 -12 -14 -16 

Vcc+-Positive Supply Voltage-V 
FIGURE 11 

Vcc--Negative Supply Voltage-V 
FIGURE 12 
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0 
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0 
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TOTAL POWER DISSIPATION 
vs 

FREE·AIR TEMPERATURE 

~ V10=-5mV 

V10=5mV 

Vee+= 12 v 
V CC- = -6 V -+---+------t---+---+---i 

RL = oo 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-
0
e 

FIGURE 13 

:j:Data for temperatures below 0°C and above 70°C is applicable to 

TL506M circuits only. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

BULLETIN NO. DL-S 11452, MARCH 1971-REVISED OCTOBER 1979 

• Low Offset Characteristics 
• High Differential Voltage Amplification 
• Fast Response Times 
• Output Compatible with Most TTL 

and DTL Circuits 

description 

The TL510 monolithic high-speed voltage comparator 
is an improved version of the TL 710 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 

schematic 

NONINVERTING 
INPUT 

STROBE 

OUTPUT 

output cannot be more positive than the strobe, a vcc-

low-level input at the strobe will cause the output to ~:=~~::0:::;::~0;~:tms. 
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 applica
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector. 

The TL510M is characterized for operation over the full military temperature range of -55°C to 125°C; the TL510C 
is characterized for operation from 0°C to 70°C. 

terminal assignments 
u 

J OR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

JG OR P 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

FLAT PACKAGE 
(TOP VIEW) 

OUT-
Vcc+ PUT STROBE NC OUT-

Vee-~ STROBE PUT ®© ar0·0 

GND NON INV Vee- NC 

l~~~T INPUT 

NC-No internal connection 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage V CC+ (see Note 1) 
Supply voltage V CC- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Note 1) 
Strobe Voltage (see Note 1) 
Peak output current (tw <:1 s) 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 
Operating free-air temperature range: TL51 OM Circuits 

TL510C Circuits 
Storage temperature range . . . . . . . 

Lead temperature 1 /16 inch ( 1,6 mm) from case for 60 seconds: J, JG, or U package 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 10 seconds: N or P package . . 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground tE;rminal. 

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

14 v 
-7 v 
±5 v 
±7 v 

. 6V 
10mA 

300mW 
-55°C to 125°C 

0°C to 70°C 

-65°Cto 150°C 
300°C 
260°C 

3. For operation of the TL510M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, 

TL510M chips are alloy-mounted; TL510C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL510M. TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -6 V 
(unless o.therwise noted) 

PARAMETER TEST CONDITIONSt 
TL510M TL510C 

MIN TYP MAX MIN TYP 

Rs.;; 200 n. 25°C 0.6 2 1.6 
V10 Input offset voltage 

See Note 4 Full range 3 

Average temperature coefficient Rs= 50 n, MIN to 25°C 3 10 3 
av10 of input offset voltage See Note 4 25°C to MAX 3 10 3 

25°C 0.75 3 1.8 

110 Input offset current See Note4 MIN 1.8 7 

MAX 0.25 3 

Average temperature coefficient MIN to 25°C 15 75 24 
0 110 See Note4 

25°C to MAX 15 of input offset current 5 25 

25"C 7 15 7 
118 Input bias current See Note 4 

12 25 g MIN 

l1H(S) High-level strobe current 
V(strobe) = 5 V, 

25°C ±100 
Vio=-5mV 

l1L(SI Low-level strobe current 
V(strobel = -100 mV, 

25"C -1 -2.5 -1 
V10 = 5mV 

V1cR 
Common-mode input 

Vcc-=-7V 
voltage range 

Full range ±5 ±5 

Vio 0 ifferential input voltage range Full range ±5 ±5 

Large-signal differential No load, 25°C 12.5 33 10 33 
Avo-

voltage amplification Vo= Oto 2.5 v Full range 10 8 
V10 = 5 mV, 

Full range 4§ 5 4* 

VoH High-level output voltage 
loH = 0 

V10=5mV, 
Full range 2.5 3.6§ 2.5 3.6* 

loH = -5mA 

V10 = -5mV, 
Full range -1 -0.5~ ot -1 -o.5§ 

loL = 0 

Vol Low-level output voltage V(strobe) = 0.3 V, 

V10 = 5mV, Full range -1 ot -1 

loL = 0 

25°C 2 2.4 1.6 2.4 

IOL Low-level output current 
V10 = -5mV, 

MIN 1 2.3 0.5 2.4 
Vo= 0 

MAX 0.5 2.3 0.5 2.4 

ro Output resistance Vo=1.4V 25°C 200 200 

CMRR Common-mode rejection ratio Rs.;; 200 n Full range 80 100§ 70 100§ 

'cc+ Supply current from Vee+ Full range 5_5§ g 5.5* 

Ice- Supply current from Vee-
V10 = -5 mV, 

Full range -3.5* -7 -3.5S 
No load 

gos 150 go§ Po Total power dissipation Full range 

UNIT 
MAX 

3.5 
mV 

4.5 

20 
µV/°C 

20 

5 

7.5 µA 

7.5 

100 

50 
nA/°C 

20 

30 
µA 

±100 µA 

-2.5 mA 

v 

v 

V/mV 

5 

v 

ot v 

ot v 

mA 

n 
dB 

9 mA 

-7 mA 

150 mW 

tunless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAXI for TL510M is -55°.C to 125°c and 
for the TL510C is 0°C to 70°C. 

:J: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 0 V is the maximum, the minimum limit is a more-negative voltage. 

§These typical values are at TA = 25° C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL51 OM, v 0 = 1.8 V 

at TA= -55°C, Vo= 1.4 vat TA= 25°C, and Vo= 1 vat TA= 125°C; for TL510C, Vo= 1.5 vat TA= 0°C, Vo= 1.4 vat 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 
Strobe release time CL= 5 pF, See Note 6 25 

NOTES: 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. 

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 C)verdriven output voltage crosses the 1.4-V level. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

DISSIPATION DERATING TABLE 

POWER DERATING 
PACKAGE 

RATING FACTOR 

J (Alloy-Mounted Chip) 300mW 11.0 mW/°C 

J (Glass-Mounted Chip) 300mW 8.2 mW/°C 

·JG (Alloy-Mounted Chip) 300mW 8.4 mW/°C 

JG (Glass-Mounted Chip) 300mW 6.6 mW/°C 

N 300mW 9.2 mW/°C 
p 300mW 8.0 mW/°C 

u 300mW 5.4 mW/°C 

Also see Dissipation Deratlng Curves, Section 2. 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

FREE-AIR TEMPERATURE 

~ 80 vJ; •• Jv 
.~ IO f---+--+---+--+---+-~~~-0·1:~.~ V 
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FIGURE 1 

LOW· LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
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1-- TL510C --' ~ 

-76 -60 -26 0 25 60 75 100 125 

TA-Free-Air Temper1ture-°C 

FIGURE4 

TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
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TL510M 
VOLTAGE TRANSFER CHARACTERISTICS 
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FIGURE 5 
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TL510C 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

TYPICAL CHARACTERISTICS 

INPUT BIAS CURRENT 
Y1 

FREE·AIR TEMPERATURE 
14.,...--.--.,...--.--.--....-V-c~IC+---1~L2_v....., 

vcc-·-ev 
12 l---+--1---+--+--+-s.o N0111 4 -
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FIGURE 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERORIVES 
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COMMON-MODE REJECTION RATIO 
Y1 
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! 
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STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 
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TOTAL POWER DISSIPATION 
vs 

110 
FREE·AIR TEMPERATURE 
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Vee-• -6 V 
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~ eo 
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T A-Free·Air Temperature-°C 

FIGURE 12 

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 vat TA= 25°C, and Vo= 1 vat TA= 125°C; for TL510C, Vo= 1.5 vat TA= 0°C, Vo= 1.4 vat 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. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

• Fast Response Times 
• High Differential Voltage Amplification 

schematic (each comparator) 

NON INVERTING 
INPUT 

IN~~~J~NGo-----1-~ 

Resistor values shown are nominal in ohms. 

Component values shown are nominal. 

description 

STROBE 

OUTPUT 

BULLETIN NO. DL-S 11451, MARCH 1971-REVISED OCTOBER 1977 

• Low Offset Characteristics 
• Outputs Compatible with Most TTL 

and DTL Circuits 

JORN DUAL-IN-LINE PACKAGE 
OR W FLAT PACKAGE 

(TOP VIEW) 

AMPLIFIERNo.1 

~ I AMPLIFl,ERN~~~.I 
Vee- INPUT INPUT GND Vee+ STROBE PUT 

OUT·STROBEVcc+ NC 

~ 
AMPLIFIER NO. 1 

NC-No internal connection 

NON· INV Vcc
INV INPUT 

~ 
AMPLIFIER NO. 2 

The TL514 is an improved version of the TL720 dual high-speed voltage comparator. When compared with the TL720, • 
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°e 
to 125° C; the TL514C is characterized for operation from 0° C to 70° C. 

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

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 ~1 s) 
Continuous total dissipation at (or below) 70°C free-air temperature (See Note 3): 

each comparator 
total package 

Operating free-air temperature range: TL514M Circuits 
TL514C Circuits 

Storage temperature range . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J orW package. 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 10 seconds: N package. . . 

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. 

14 v 
-7V 
±5V 
±7 v 
.6V 

10mA 

300mW 
600mW 

-55°C to 125°C 
0°C to 70°C 

-65°C to 150°C 
300°e 

. . . . 260°C 

3. For operation of the TL514M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, 

TL514M chips are alloy-mounted; 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 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TL514M TL514C 

MIN TYP MAX MIN TYP MAX 
UNIT 

V10 Input offset voltage 
Rs..: 200 n. 25°C 0.6 2 1.6 3.5 

See Note 4 Full range 3 4.5 
mV 

Average temperature coefficient Rs= 50 n, MIN to 25°C 3 10 3 20 
av10 of input offset voltage See Note 4 25°C to MAX 3 10 3 20 

µVf'C 

25°C 0.75 3 1.8 5 

110 Input offset current See Note 4 MIN 1.8 7 7.5 µA 

MAX 0.25 3 7.5 

Average temperature coefficient MIN to 25°C 15 75 24 100 
"110 of input offset current 

See Note 4 
25°C to MAX 

nA/°C 
5 25 15 50 

25°C 7 15 7 20 
119 Input bias current See Note 4 µA 

MIN 12 25 9 30 

llL(SI High-level strobe current 
V(strobe) = 5 V, 

V10 = -5mV 
25°C ±100 ± 100 µA 

l1H(SI Low-level strobe current 
V(strobe) - -100mV, 

V10=5mV 
25"C -1 -2.5 -1 -2.5 mA 

V1cR 
Common-mode input 

Vcc-=-7V 
voltage range 

Full range ±5 ±5 v 

V10 Differential input voltage range Full range ±5 ±5 v 

Avo 
Large-signal differential No load, 25°C 12.5 33 10 33 
voltage amplification Vo= o to 2.5 v Full range 8 

V/mV 
10 

V10=5mV 
Full range 4~ 5 4* 5 

VoH High·level output voltage 
loH = 0 

v 
V10-5mV, 

Full range 2.5 3.6~ 2.5 3.6* 
loH = -5mA 

V10 = -5mV, 
Full range -1 -o.5* ot -1 -o.5* ot v 

IOL = 0 

VoL Low-level output voltage V(strobe) = 0.3 V, 

V10 = 5 mV, Full range -1 01: -1 ot v 

IOL = 0 
25°C 2 2.4 1.6 2.4 

IOL Low-level output current 
V10 = -5mV, 

MIN 1 2.3 0.5 2.4 mA 
Vo= 0 

MAX 0.5 2.3 0.5 2.4 

ro Output resistance Vo=1.4V 25°C 200 200 n 
CMRR Common-mode rejection ratio Rs.;; 200 n Full range 80 100~ 70 100* dB 

Ice+ Supply current from Vee+ • Full range 5.~ 9 5.5* 9 mA 

Ice- Supply current from Vee-~ 
Vio = -5mV, 

Full range -3.5* -7 -3.5~ -7 mA 

Po Total power dissipation• 
No load 

90* 90~ Full range 150 150 mW 

tunless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL514M is -55°C to 125°C and 

for the TL514C is 0°C to 70°C. 

:l: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 0 V is the maximum, the minimum limit is a more-negative voltage. 

§These typical values are at TA= 25°C. 

~ Suppy 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, Vo= 1.8 V 

at TA= -55°C, Vo= 1.4 v at TA= 25°C, and Vo = 1 v at TA= 125°C; for TL514C, Vo= 1.5 v at TA= 0°c. Vo= 1.4 v at 

25°C, and v 0 ~ 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 

Strobe release time See Note 6 25 ns 

NOTES: 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. 

6. r or testing purposes, the input bias conditions are seler.ted 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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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

BULLETIN NO, DL·S 11441, FEBRUARY 1971-REVISED OCTOBER 1979 

• Fast Response Times 

• Low Offset Characteristics 

• Output Compatible with Most TTL and 
DTL Circuits 

description 

schematic 

NONl~p~~TING o---+----1 

INVERTING 
INPUT 

The TL 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 charac
teristics. 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 opera
tion over the full military temperature range of 
-55°C to 125°C; the TL710C is characterized for 
operation from 0°C to 70°C. Component values shown are nominal. 

terminal assignments 

J OR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

Vee+ 

NC GNDNONIN INVERT NC Vcc
VERTING ING 
INPUT INPUT 

NC-No internal connection 

JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

Vee+ OUTPUT NC NC 

GND NON· INV Vcc
INV INPUT 

INPUT 

U FLAT PACKAGE 
(TOP VIEW) 

QB 
CD CD CD © © 
GNO NONIN INVERT• NC Vcc-

VERTING ING 
INPUT INPUT 

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

TL710M TL710C 

Supply voltage V cc+ (see Note 1) 14 14 

Supply voltage V CC- (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 hw.;;; 1 s) 10 10 

Continous total power dissipation 
300 300 

at (or· below)· 70°.C free-air temperature (see Note 3) 

Operating free-air temperature range -55 to 125 0 to 70 

Storage temperature range -65 to 150 -65 to 150 

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

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

oc 
oc 
oc 
oc 

3. For operation of the TL710M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, 
TL710M chips are alloy-mounted; TL710C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -6 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TL710M 

MIN TVP MAX 

25°C 2 5 
V10 Input offset voltage Rs.;;; 200 n, See Note 4 

Full range 6 

Average temperature coefficient 
Rs.;;; 200 n, See Note 4 Full range 5 0v10 of input offset voltage 

25°C 1 10 
110 Input offset current See Note 4 

Full range 20 

25°C 25 75 
l1s Input bias current See Note 4 

Full range 150 

Common-mode 
Vee-= -7 v 2soc ±5 V1cR 

input voltage range 

V10 Differenti11l_if1put voltage ra'nge 25°C ±5 

Large-signal differential 25°C 750 1500 
Avo No load, See Note 4 

Full range voltage amplification 500 

VoH High-level output voltage Vm = 15 mV, IOH = -0.5 mA 25°C 2.5 3.2 4 

VoL Low-level output voltage V10 = -15 mV, loL = 0 25°C -1 -0.5 o+ 

IQL Low-level output current V10 = -15 mV, Vo =O 25°C 1.6 2.5 

ro Output resistance Vo=1.4V 25°C 200 

CMRR Common-mode rejection ratio Rs.;;; 200 n 25°C 70 90 

Ice+ Supply current from Vee+ V10 = -5 V to 5 V 25°C 5.4 10.1 

ice- Supply current from Vee- (-10 mV for typ). 25°C -3.8 -8.9 

Po Total power dissipation No load 25°C 88 175 

TL710C 

MIN TVP 
UNIT 

MAX 

2 7.5 
mV 

10 

7.5 µV/°C 

1 15 

25 
µA 

25 100 

150 
µA 

±5 v 

±5 v 

700 150(' 

500 
V/mV 

2.5 3.2 4 v 

-1 -0.5 o+ v 

mA 

200 n 
65 90 dB 

5.4 mA 

-3.8 mA 

88 mW 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL 71 OM, v 0 = 1.8 v 
at"TA = ;-55°C, Vo= 1.4 vat TA= 25:c. and Vo= 1 vat TA= 125°C; for TL710C, Vo= 1.5 vat TA= 0°C, Vo= 1.4 Vat 
TA = 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. 

tFull range for TL 71 OM is -55° C to 125°C and for TL 71 OC is 0°c to 70°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 0 Vis the maximum, the minimum limit is a more-negative voltage. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

TL710M TL710C 
PARAMETER TEST CONDITIONS UNIT 

TVP TVP 

Response time No load, See Note 5 40 40 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. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING 

RATING FACTOR 

J (Alloy-Mounted Chip) 300mW 11.0mW/°C 

J (Glass-Mounted Chip) 300mW 8.2mW/°C 

JG (Alloy-Mounted Chip) 300mW 8.4 mW/°C 

JG (Glass-Mounted Chip) 300mW 6.6mW/°C 

N 300mW 9.2mW/°C 
p 300mW 8.0mW/°C 

u 300mW 5.4 mW/°C 
Also see Dissipation Derating Curves, Section 2. 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 

ITI 
Vee+= 12 v 

1--+---+- 1 oolm v 
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FIGURE 1 
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FREE-AIR TEMPERATURE 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

... 
::I 

E-

9 
0 
> 

TYPICAL CHARACTERISTICS 

TL710M TL710C 

VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 

4 J l J I 1 0 

I- v CC+ = 12 v -+-----+--+-----+--T A--+-=_-_55+-=C=l 
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ff1 .. --~:~J;o~ 
2 t---+--+----+----+1-+-+1TE.~l-- l I 

rft ." I J" Jl/j l-TA=25°C 
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FIGURE 5 

TOTAL POWER DISSIPATION 

vs 

FREE-AIR TEMPERATURE 
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FIGURE 7 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL720C 
DUAL DIFFERENTIAL COMPARATOR 

BULLETIN NO. DL-S 11440, MARCH 1971 - REVISED JUNE 1976 

NOT RECOMMENDED FOR NEW DESIGN 
FOR NEW DESIGN, USE TL820C 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

Vee+ 

COMPARATOR NO. 1 

~ COMPARATORN0.2 

INV INV ~ 
Vee- INPUT INPUT GND Vee+ NC OUTPUT 

NONINVERTING 
INPUT ---t----1 

INVERTING 
INPUT 

Component values shown are nominal. 

description 

\OUTPUT :c Vee+ I NC ~~~ l~~~T Vee-· 

COMPARATOR N0.1 ~ 

COMPARATOR NO. 2 

NC-No internal connection 

The TL720 is two high-speed comparators in a single package, each electrically identical to the TL710 and having 
differential inputs and a low-impedance output. Component matching, inherent in silicon monolithic 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 
TL 720C is characterized for operation from 0°C to 70°C. 

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

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) 
Peak output current, each comparator (tw ~ 1 s) 
Continuous total power dissipation: each comparator 

total package 
Operating free-air ~emperature range . . . . . 

14 v 
-7 v 
±5 v 
±7 v 

10 mA 
300mW 
600mW 

0°C to 70°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 

. . . . . . . . . . . . . . . . . . . . . . . 300°C 
. . . . . . . . . . . . . . . . . . . . . . 260°C 

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

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

TEXAS INSTRUMENTS 
INCORPORATED 
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TYPE TL720C 
DUAL DIFFERENTIAL COMPARATOR 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -6 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

V10 Input offset voltage Rs.:;; 2DD n, 
25°C 

See Note 3 
D~C to 1D°C 

Average temperature coefficient 
Rs.:;; 2DD n, See Note 3 D°C to 7D°C av10 

of input offset voltage 

25°C 
110 Input offset current See Note 3 

D°C to 7D°C 

25°C 
119 Input bias current See Note 3 

D°C to 7D°C 

V1CR Common-mode input voltage range Vee-= -7 v 25°C ±5 

VID Differential input voltage range 25°C ±5 

Large-signal differential 25°C 7DD 
Avo 

voltage amplification 
No load, See Note.3 

D°C to 7D°C 5DD 

VoH High-level output voltage V10 = 15 mV, loH = -D.5 mA 25°C 2.5 

Vol Low-level output voltage VID = -15 mV, IOL = D 25°C -1 

ro Output resistance Vo=1.4V 25°C 

CMRR Common-mode rejection ratio Rs.:;; 2DD.n 25°C 65 

Ice+ Supply current from Vee+ (each comparator) V10 = -5 V to 5 V 25°C 

'cc- Supply current from Vee- (each comparator) (-1D mV for typ). 25vC 

Po Total power dissipation (each comparator) No load 25°C 

TYP MAX UNIT 

2 7.5 
mV 

1D 

7.5 µV/°C 

1 15 

25 
µA 

25 1DD 

15D 
µA 

v 

v 

15DD 

3.2 4 v 

-D.5 D+ v 

2DD n 
9D dB 

5.4 mA 

-3.8 mA 

88 mW 

NOTE 3:These ~haracteristics are verified ~y measurements at the follow~ng temperatures and output voltage levels: Vo = ~ .5 V at 
TA= 0 C, Vo = 1.4 Vat TA= 25 C, and Vo = 1.2 Vat 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. 

fThe 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. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER TEST CONDITIONS TYP UNIT 

Response time No load, See Note 4 4D ns 

NOTE 4: 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 

TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 

BULLETIN NO. DL-S 11449, MARCH 1971 - REVISED OCTOBER 1979 

• Low Offset Characteristics 
• High Differential Voltage Amplification 
• Fast Response Times 
• Output Compatible with Most TTL 

and DTL Circuits 

description 
The TL810 is an improved version of the TL710 
high-speed voltage comparator with an extra stage 
added to increase voltage amplification and accu
racy. Typical amplification is 33,000. Component 
matching, inherent in monolithic integrated cir
cuit fabrication techniques, produces a compar
ator with low-drift and low-offsetJcharacteristics. 

schematic 

NON INVERTING 
INPUT 

IN~~~J~NGO----t--~ 

STROBE 

OUTPUT 

These circuits are particularly useful for applica
Resistor V1lu11 shown are nominal in ohmt. 

tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector. 

The TL810M is characterized for operation over the fu II military temperature range of -55°C to 125°C; the TL81 OC 
is characterized for operation from 0°C to 70°C. 

terminal assignments 

J OR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

vcc+ 

GNO NON• INV 
INV INPUT 

INPUT 

vcc-

NC-No internal connection 

JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

OUT
PUT 

NON... INV VCC
INV INPUT 

INPUT 

u 
FLAT PACKAGE 

(TOP VIEW) 

OUT-

@ 0 ara:r© 

©CD <D © © 
GND NON INV NC Vcc-

INV INPUT 
INPUT 

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

Supply voltage Vee+ (see Note 1) 
Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note.2) 
Input voltage (either input, see Note 1) 
Peak output current (tw <:1 s) 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 
Operating free-air temperature range: TL810M Circuits 

TL810C Circuits 
Storage temperature range . . . . . . . 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J, JG, or U package . 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Nor P package 

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

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

14 v 
-7 v 
±5 v 
±7 v 

10mA 
300mW 

-55°C to 125°C 
0°C to 70°C 

. -65°C to 150°C 
300°C 
260°C 

3. For operation of the TL81 OM above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, 

TL810M chips are alloy-mounted; TL81 OC chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 

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

PARAMETER TEST CONDITIONSt 
MIN 

V10 Input offset voltage 
Rs..: 200 n, 25°C 

See Note 4 Full range 

Average temperature coefficient Rs= son, MIN to 25°C 
av10 

of input offset voltage See Note4 25°C to MAX 

25°C 

110 Input offset current See Note 4 MIN 

MAX 

Average temperature coefficient MIN to 25°C 
a110 

of input offset current 
See Note 4 

25°C to MAX 

119 Input bias current See Note 4 
25°C 

MIN 

V1cR 
Common-mode input 

Vcc-=-7V Full range ±5 
voltage range 

V10 Differential input voltage range Full range ±5 

Avo 
Large-signal differential No load, 25°C 12.5 

voltage amplification Vo= Oto 2.5 v Full range 10 

V10 = 5 mV 
Full range 

VoH High-level output voltage 
loH = 0 

V10 = 5 mV, 
Full range 2.5 

loH = -5mA 

V10 = -5mV, 
Full range -1 Vol Low-level output voltage IOL = 0 

25°C 2 

IQL Low-level output current 
Vio = -5 mV, 

MIN 1 
Vo= 0 

MAX !:'.5 

ro Output resistance Vo=1.4V 25°C 

CMRR Common-mode rejection ratio Rs .s;; 200 n Full range 80 

Ice+ Supply current from Vee+ Full range 

Ice- Supply current from V CC-
Vio = -5 mV, 

Full range 
No load 

Po Total power dissipation Full range 

12 v, Vee-

TL810M 
TYP MAX MIN 

0.6 2 

3 

3 10 

3 10 

0.75 3 

1.8 7 

0.25 3 

15 75 

5 25 

7 15 

12 25 

±5 

±5 

33 10 

8 

4§ 5 

3.6§ 2.5 

-o.s§ o+ -1 

2.4 1.6 

2.3 0.5 

2.3 0.5 

200 

100§ 70 

5.5°'I g 

-3.5§ -7 

go§ 150 

fFull range (MIN to MAX) for TL810M is -55°C to 125°C and for the TL810C is 0°C to 70°C. 

-6 v 

TL810C 

TYP MAX 
UNIT 

1.6 3.5 
mV 

4.5 

3 20 
µVfC 

20 3 

1.8 5 

7.5 µA 

7.5 

24 100 
nAfC 

15 50 

7 20 
g 30 

µA 

v 

v 

33 
V/mV 

4§ 5 

v 

3.6§ 

-o.5§ o+ v 

2.4 

2.4 mA 

2.4 

200 12 

100§ dB 

5.5§ g mA 

-3.s* -7 mA 
go§ 150 mW 

+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 0 V is the maximum, the minimum limit is a more-negative voltage. 

~These typical values are at TA= 25° C. 
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TLB10M, Vo a 

1.8 Vat TA= -55°C, Vo= 1.4 Vat TA= 25°C, and Vo= 1VatTA=125°C; for TLB10C, Vo= 1.5 Vat TA= 0°C, Vo a 1.4 V 
at 25°C, and v0 = 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 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING 

RATING FACTOR 

J (Alloy-Mounted Chip) 300mW 11.0 mWfC 

J (Glass-Mounted Chip) 300mW 8.2mWfC 

JG (Alloy-Mounted Chip) 300mW 8.4mWfC 

JG (Glass-Mounted Chip) 300mW 6.6mWfC 

N 300mW 9.2mWfC 
p 300mW 8.0mWfC 

u 300mW 5.4 mWfC 

Also see Dissipation Derating Curves, Section 2. 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

FREE-AIR TEMPERATURE 

~ 80 vcci-12~ 
~ Vcc--=-6V g 50 t---+--t---+--+---+-v0 - a 10 2.5 v-1 

~ No load 

l ~ t---+--1---+--+---+--+--+----l 

~ ~ ! :YJ t---+--+---+--+-J:::::::,,J----"' ... ~~,+--+----l 

1---l-+---l-l--__ T.LBlOC --l ~ 
~>I 20 -,--- '\ 
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~ 
~ 
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0 

] 
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TA-Free-Air Temperature-°C 

FIGURE 1 

LOW-LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
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2.40 1---Vl---+-v--=,,,...l'l-+--+-+-~ 
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FIGURE 4 

TYPICAL CHARACTERISTICS 
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I 
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FIGURE 2 

TL810M 
VOLTAGE TRANSFER CHARACTERISTICS 
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Vee-. -6 

4 t-Rs·5on 

TA•-55°e--.,. 

-1~-~-~-~-~-~~ 

-3 -2 -1 

V1D-Differential Input Voltage-mV 

FIGURE 5 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 

14 

12 

1 
~ 10 
~ 

J 
; 
iii 

~ 

TYPICAL CHARACTERISTICS 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vee- - -6 v 
1----,~1----+--t---+--+-s.e Note 4 -1 

COMMON-MODE REJECTION RATIO 
vs 
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I I ' 
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FIGURE 7 FIGURE 8 

l c; COMMON-MODE PULSE RESPONSE 
> 

~ 31----+--+--+--+-+--+--+--+-t-1 

"8 2 l---.+----!l---l----l-+--t--11--+-l--f 
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~ 1.5 ~ l l l 
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FIGURE 9 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

110 

I-- 1odtv vJ;+ = 1
1
2 v 

Ji Vcc-=-sv 
CL= 5 pF 
RL=~ 

TA=25°C -1 

20mV°' ~ P' 

10 mV"\ fl !.t:_2 mV 

'-5~V 

~ lJ-
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:i 90 

Ci 
~ 80 

~ g 70 

~ 
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50 

TOTAL POWER DISSIPATION 

FREE-AIR TEMPERATURE 

Ve~+= 112 V 
vcc- = -6 v 

l-v1D = 5 mV 
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v D t--1--

!--TL810C__.: 
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t-Time-ns TA-Free-Air Temperature-°C 

FIGURE 10 FIGURE 11 

NOTE 4: These characteristics are verified by· measurements at the following temperatures and output voltage levels: for TLB 1 OM, Vo = 
1.8 v at TA = -55° C, Vo = 1 .4 v at TA = 25° C, and Vo = 1 v at TA = 125° C; for T LB 1 oc. Vo = 1.5 v at TA = 0° C, Vo = 1.4 v 

at 25° C, and v 0 = 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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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS 

WITH STROBES 
BULLETIN NO. DL-S 11464, MARCH 1971 - REVISED OCTOBER 1979 

Fast Response Times • 
• 
• 

Improved Voltage Amplification and Offset Characteristics 
Output Compatible with Most TTL and DTL Circuits 

description 
The TL811 is an improved version of the TL711 high
speed dual-channel voltage comparator. Voltage 
amplification is higher (typically 17 ,500) due to an 
extra stage, increasing the comparator 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. 

schematic 

These dual-channel voltage comparators are partic- Component values shown are nominal. 

ularly attractive for applications requiring an amplitude-discriminating sense amplifier with an adjustable threshold 
voltage. 

The TL811M is characterized for operation over the full military temperature range of -55°C to 125°C; the TL811C 
is characterized for operation from 0°C to 70°C. 

terminal assignments 
JORN 

DUAL-IN-LINE PACKAGE (TOP VIEW) 

STROBE STROBE 
1 GND Vee+ OUTPUT 2 

INV NON· Vee- OON· INV 
INPUT 1 INV INV INPUT 2 

INPUT 1 INPUT 2 

NC-No internal connection 

U FLAT 
PACKAGE (TOP VIEW) 

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

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) 

14 v 
-7 v 
±5 v 
±7 v 

. 6 v 
Peak output current (tw <1 s) 50 mA 
Continuou~ total power dissipation at (or below) 70°C free-air temperature (see Note 3) ·300 mW 
Operating free-air temperature range: TL811M Circuits -55°C to 125°C 

TL811C Circuits 0°C to 70°C 
Storage temperature range . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J or U package . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 Inch (1,6 mm) 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. 

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

3. For operation of the .TL811 M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J package, the TLS 11 M 

chips are alloy-mounted; TL811 C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL811M, TL811C 

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -6 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TL811M TL811C 

MIN TYP MAX MIN TYP 

Rs.;; 200 n. 25°C 1 3.5 1 
Vic= 0, 

V10 Input offset voltage See Note 4 Full range 4.5 

Rs.;; 200 n. 25°C 1 5 1 

See Note 4 Full range 6 

Average temperature coefficient 
Rs.;; 200 n. 

av10 V1c= 0, Full range 5 5 
of input offset voltage 

See Note 4 

25°C 0.5 3 0.5 
•10 Input offset current See Note 4 

Full range 5 

25°C 7 20 7 
llB Input bias current See Note 4 

Full range 30 

l:IL(S) Low-level strobe current V(strobe) = -100 mV 25°C -1.2 -2.5 -1.2 

V1CR 
Common-mode input 

Vee-= -7 v 
voltage range 

25°C ±5 ±5 

V10 
Differential input 

voltage range 
25°C ±5 ±5 

Large-signal differential Vo =Oto 2.5 v, 25°C 12.5 17.5 10 17.5 
Avo 

voltage amplification No load Full range 8 5 

V10 = 10 mV, 
25°C 4 5 4 

VoH High-level output voltage 
IOH = 0 
V10 = 10mV, 

25°C 2.5 3.6 2.5 3.6 
loH = -5mA 

V10 = -10mV, 
25°C -1 -0.4 o:t: -1 -0.4 

loL·= 0 

Vol Low-level output voltage V10 = 10 mV, 

V(strobe) = 0.3 V, 25°C -1 o:t: -1 

IOL = 0 

IOL Low-level output current 
V10 = -10mV, 

25°C 0.5 0.8 0.5 0.8 
Vo= 0 

ro Output resistance Vo= 1.4 V 25°C 200 200 

CMRR Common-mode rejection ratio Rs.;;; 200 n 25°C 70 90 65 90 

Ice+ Supply current from Vee+ V10 = -5to 5 V 25°C 6.5 6.5 

ice- Supply current from Vee- (-10 mV for typ), 25°C -2.7 -2.7 

Po Total power dissipation No load, See Note 5 25°C 94 150 94 

MAX 
UNIT 

5 

6 mV 

7.5 

10 

µvrc 

5 

10 
µA 

30 

50 
µA 

-2.5 mA 

v 

v 

V/mV 

5 

v 

o:t: 

v 

o:t: 

mA 

n 
dB 

mA 

mA 

200 mW 

tuntess 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 TL811 M is -55°C to 125°C and for the TL811C is 0°C to 70°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 0 Vis 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 TL811 M, 

Vo= 1.8 vat TA= -:s0 c, Vo= 1.4 vat TA: 25°C, and Vo= 1 vat TA= 125°C; for_ TL811C, ~o= 1.5 Va~TA =0°C, 
Vo = 1.4 V at TA = 25 C, and Vo = 1.2 V at 70 C. These output voltage levels were selected to approx 1mate the logic threshold 

voltages of the types of digital logic circuits these comparators are intended to drive. 

5. The strobes are alternately grounded. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

TL811M TL811C 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

Response time RL = oo, CL= 5 pF, See Note 6 33 80 33 ns 

Strobe release time RL = oo, CL=5pF, 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 when the output crosses 1.4 V. 

7. 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 TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

25 

20 

-
15 

10 

5 

0 

LARGE-SIGNAL DIFFERENTIAL 

VOLTAGE AMPLIFICATION 
VS 

FREE-AIR TEMPERATURE 

t---TL811C. __j 

Vee+= 12 v 
Vee-= -6 v -
Vo = o to 2.5 v _ 
No load 

l l 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 1 

TL811M 

40 

> 35 E 
> I 
c 30 
0 

·~ 
:E 
ii 

25 

E 
<( 

20 ., 
Cl 

~ 
0 

15 > 
~ 
~ 10 ., 

:::: 
i5 

5 I 
c 
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10 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

VS 

SUPPLY VOLTAGE 

Vo= o to 2.5 v 
No load 

TA= 25°C 

11 12 13 

Vcc+-Positive Supply Voltage-V 

FIGURE 2 

TL811C 
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 

5 

4 

1' 3 ., 
Cl 
J9 
0 
> 

TA= 0°C\ f T 
"-TA= 70°C 

~ I 
f\..-TA = 25°C 

.... 2 :I 
0. 
'5 
0 
I 
0 
> I 

Vee+= 12 v Vee+= 12 v 
0 Vee-= -6 v 

7..Jll Rs= 50 .n 
o l===l======t==._,,,..111~1 Vee-= -6 v -1 

1---4---+---..1 ) Rs= 50 .n 

-1 
No load 

.L _ 1 ..._~-'-~~-'-~~'--~-'--N-o~lo~ap~~-' 
-3 -2 -1 0 2 3 -3 -2 -1 0 2 

V1D-Differential Input Voltage-mV V1 D-Differential Input Voltage-mV 

FIGURE 3 FIGURE 4 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

100mV 

~ 
Q) 

E 
0 
> 

4 

3 

2 

STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 

LJ I I l 
Vee+= 12 v 

'V Vee-= -6V j_ 1l g 
en 

0 
_/ RL = oo 

CL= 5pF 

~ 3 1------i---+~"++,__,l'-+---+---t---;----i 
Q) 
Cl 

~ ;g 2 

:i Vee+= 12 v 

; Vee-= -6 v 

9 RL= 00 

~ 3 
Q) 
Cl 

~ 2 
0 
> 

TA= 25°C 

5mV 

r2mv 

_.ft_ o

1
mv 

lL 
~ 1---1 r--

-1mV 

~ 0 ,_____,,_____...,.,_..._.._-+--+-- CL = 5 pF 

TA= 25°C 

0 20 40 60 80 100 120 140 

t-Time-ns 

FIGURE 5 

COMMON-MODE PULSE RESPONSE 

If- ""'\ 

.L \ 

Vee+= 12 v 

Vcc-=-6V 

No load 

TA= 25°C 

0 40 80 120 140 

t-Time-ns 

FIGURE 7 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 
INPUT BIAS CURRENT 

vs 
FREE-AIR TEMPERATURE 

12.---.......--"""T"""--.---.----r--"""T"""--..,.---. 
V~c+= 12 V 

100 

Vee-= -6 v 98 

-10 1----:-'"---+--+----+----t- See Note 4 
:!: 96 

TOTAL POWER DISSIPATED 
VS 

FREE-AIR TEMPERATURE 

Vee+= 12 v 
- Vee-= -6V 

V10 = -10 mV 
No load 1~ E 

I 94 c: 

I---r--L 
~ 8 ~ 
~ I "'-
~ 6 1---1----1----1---+-t---.. __ .....+----+----+----1 

~ ~ 
~ !~ 
1 4 I 
!!! j.--- TL811C -I 

0 
-~ 

-~ 92 

Ci 90 ... 
Q) 

:!: 
0 88 ll.. 

~ 86 
~ 

,Y .............. t--t-- -

2 1----l----1---+----1----1---1----+--~ 
c 

84 ll.. 

82 

0 ._ _ _.__ _ __. __ ...._ _ _._ _ __. __ ..._ _ _._ _ ___. 
80 

-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-DC 
FIGURE 8 

TA-Free-Air Temperature-DC 

FIGURE 9 

NOTE 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811 M, 
Vo= 1.8 vat TA= -55DC, Vo= 1.4 vat TA= 25DC, and Vo= 1 vat TA= 125DC; for TL811C, Vo= 1.5 Vat TA= 0°C, 
Vo= 1.4 Vat TA= 25DC, and Vo= 1.2 Vat 70DC. 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. 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 300mW 11.0mW/°C 123°C 

J (Glass-Mounted Chip) 300mW 8.2mW/°C 113°C 

N 300mW 9.2mW/°C 117°C 

u 300mW 5.4 mW/°C 94DC 

Also see Dissipation Derating Curves, Section 2. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Fast Response Times 
• High Differential Voltage Amplification 

schematic (each comparator) 

NON INVERTING 
INPUT 

IN~~~J~NGO-----+----' 

Reslnor values lhown 11111 nominal in ohms. 

~·----..... 
description 

STROBE 

OUTPUT 

TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

BULLETIN NO. DL-S 11450, MARCH 1971-REVISED OCTOBER 1977 

• Low Offset Characteristics 
• Outputs Compatible with Most TTL 

and DTL Circuits 

J OR N DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

~AllATOllN0.1 

~ ~AllATOllNO.Z 
INV INY. ,---J"---,. 

Vee- INPUT INPUT GNO Yee+ NC OUTPUT 

OUTl'UT NC Vee+ NC 
'-.,.--..J 
COMPARATOR NO. 1 

NC-No Internal connection 

-· INV YeeINV INPUT 

~ 
~ARATOR NO. Z 

The TL820 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 TL720, these circuits feature high amplification (typi-
cally 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 TL820M is characterized for operation over the full military temperature range of -55°C to 125°C; 
the TL820C is characterized for operation from 0°C to 70°C. 

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

Supply voltage Vee+ (see Note 1) 14 V 
Supply voltage Vee- (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 ~1 s) 10 mA 
Continuous total power dissipation at (or below)" 70°C free-air temperature: each comparator. 300 mW 

total package, (see Note 3). 600 mW 
Operating free-air temperature range: TL820M Circuits 

TL820C Circuits 
Storage temperature range . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 

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. 

-55°e to 125°C 
0°C to 70°e 

-65°C to 150°C 
300°C 
260°e 

3. For operation of the TL820M above 70°C free-air temperature, refer to Dissipation Deratlng Table. ln·the J package, TL820M 

chips are alloy-mounted; TL820C chips are glass-mounted. 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -6 V 
(unless otherwise noted) 

TEST CONDITIONSt 
TL820M 

PARAMETER 
MIN TVP MAX MIN 

V10 Input offset voltage 
Rs<: 2000, 25°C 0.6 2 

See Note 4 Full range 3 
Average temperature coefficient Rs= son, MIN to 25°C 3 10 

av10 
of input offset voltage SeeNote4 25°C to MAX 3 10 

25°C 0.75 3 

•10 Input offset current See Note 4 MIN 1.8 7 

MAX 0.25 3 

Average temperature coefficient MIN to 25°C 15 75 
0 110 of input offset current 

See Note 4 
25°C to MAX 5 25 

119 Input bias current See Note 4 
25°C 

MIN 

7 15 

12 25 

V1cR 
Common-mode input 

Vee-=-7V 
voltage range 

Full range ±5 ±5 

V10 Differential input voltage range Full range ±5 ±5 

Large-signal differential No load, 25°C 12.5 33 10 
Avo 

voltage amplification Vo= Oto 2.5 v Full range 10 8 

Vio = 5 mV 
Full range 4§ 5 

VoH High-level output voltage 
IOH =O 

V10=5mV, 
Full range 2.5 3.6§ 2.5 

loH = -5mA 

Vol Low-level output voltage 
V10 = -5mV, 

Full range -1 -o.s§ o:I: -1 
IOL =O 

25°C 2 2.4 1.6 

IOL Low-level output current 
Vio = -5mV, 

MIN 1 2.3 0.5 
Vo= 0 

MAX 0.5 2.3 0.5 

ro Output resistance Vo=1.4V 25°e 200 

CMRR Common-mode rejection ratio Rs" 2oon Full range 80 100§ 70 

ice+ 
Supply current from Vee+ Full range 5.5§ 9 
(each comparator) 

ice-
Supply current from Vee-- V10 = -5 mV, 

-3.5§ -7 
(each comparator) No load Full range 

Po 
Total power dissipation Full range 90§ 150 
(each comparator) 

tfull range (MIN to MAX) for TL820M Is -55°e to 125°e and for the TL820e is 0°e to 70°e. 

TL820C 

TVP MAX 
UNIT 

1.6 3.5 
mV 

4.5 

3 20 
1NfC 

3 20 

1.8 5 

7.5 µA 

7.5 

24 100 
nAfC 

15 50 

7 20 

9 30 
µA 

v 

v 

33 
V/mV· 

4§ 5 

v 

3.6§ 

-o.s§ o:I: v 

2.4 

2.4 mA 

2.4 

200 n 

100§ dB 

5.5§ 9 mA 

-3.5§ -7 mA 

go§ 150 mW 

tThe 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 0 V is the maximum. the minimum limit is a more-negative voltage. 

§These typical values are at TA= 25°e. 

NOTE 4 : These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vo = 

1.8 v at TA .. -55°e. Vo - 1.4 v at TA= 25°e, and Vo= 1 vat TA= 125°C; for TL820C, Vo= 1.5 vat TA= 0°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 dlgltel 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 TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

llO 

50 

40 

30 

20 

10 

DISSIPATION DERATING TABLE 

POWER DE RATING 
PACKAGE 

RATING FACTOR 

J (Alloy-Mounted Chip) 600mW 11.0 mW/°C 

J (Glass-Mounted Chip) 600mW 8.2 mW/°C 

N 600mW 9.2 mWl°.C 

Also see Dissipation Derating Curves, Section 2. 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

FREE-AIR TEMPERATURE 

vee~· 12~ 
Vee-• -6V 
Vo • o to 2.5 v-

Nol~ 

l--t--t--t--...... 
~ 

"' 1--TL820C ___.; 

'\ 

TYPICAL CHARACTERISTICS 

> 
E 
> g 
] 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

Vo• Oto2.5 v 

70 No lo.cl 
TA•25"e 

l 501---+--+--+-+--+ ....... -+--..I~ 
~ 401---+--+--+--¥----t ....... -+-7""!-~ 
~ 
~ ~l--+-+-,.-:+-.,..:+,,'"""f--+---1-~ 
~ 

~ ~l--f.,~4-.:;..+-+--+--+---1-~ 
~>' 

10~:;.+-+--+--1---1~-+---1~~ 
< 

-75 -50 -25 25 50 75 100 125 10 11 12 13 14 

TA-Free-Air Temperature-°C V cc+-Po11tlve Supply Voltage-V 

FIGURE 1 FIGURE 2 

LOW-LEVEL OUTPUT CURRENT 
TL820M 

FREE-AIR TEMPERATURE VOLTAGE TRANS.FER CHARACTERISTICS 
2.50 5 

Vee+•12v vee+•12v 

2.45 

2.40 

2.35 

Vee-•--6v 
l-v10•-5mV 

Vo•O 

v v ~ 

~ 
71 I--T L820C ___, ~ 

Vee-• -6 
l-Rs•50n Noli r r-£ 

TA •-55"e-, 

"-
t'-TA • 25•e 

TA•125°e 

2.30 

2.25 

;.; 

2.20 -1 

-75 -50 -25 25 50 75 100 125 -3 -2 -1 

TA-Free-AirTemperature-°C V1D-Diflerential Input Voltage-mV 

FIGURE4 FIGURE 5 
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ABOVE 

TA 

95°C 

77°C 

85°C 

OUTPUT VOLTAGE LEVELS 

FREE-AIR TEMPERATURE 

1 1 1 1 
VoH (V10 = 5 mV. IOH = 0) 

~ 31--+-+--+-+--+-i+---1---1 
!- Vee+· 12 v 

g 21-V-eeT-_-_-+6-V-+-+--+-i+---1---1 

I-- TL820C --i 
9 11--+-+--+-+--+-H---l---I 

~ 

+--+--iioL (V10 = -5 mV. IOL = 01 
-1'-....J..-..L.-_;;;,=--.... ~---='--'----

-75 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 3 

TL820C 
VOLTAGE TRANSFER CHARACTERISTICS 

Vcc+· 12v 

1--~-+--IH--4 ~~:~~ ~6 v 
~ 

-3 -2 -1 

V10-0ifferential Input Voltage-mV 

FIGURE 6 
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TYPES Tl820M, Tl820C 
DUAL DIFFERENTIAL COMPARATOR 

TYPICAL CHARACTERISTICS 

14 

12 

1 10 i 
J 
! 
~ 

INPUT BIAS CURRENT ,,. 
FREE-AIR TEMPERATURE 

v~ •• Jv 
Vee-· -sv 
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-Note4 -I 

~ 
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9 0 
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FIGURE 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

1--1-1fmv 
vc6+ • 1

1
2 v 

Vee-· -sv 
CL• 5 pf 
RL ... 
TA•25°C --" 

20mV ~~ 
10mV~ llfJ_ if::._2 mV 
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20 40 60 80 100 120 140 

t-Time-ns 

FIGURE 10 

~ 
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~ COMMON-MODE PULSE RESPONSE 
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11 .------..+--i--+--1 

't, 
> •

11 
Vee+· 12v 
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t-Time-ns 

FIGURES 

115 
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: 
1105 
: I 100 

i . 
a 90 

115 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

Vee+· 12v 
Vee-· -sv 

~ 
V1c. -5to SV .., 

Rs" 200.11 

~ 
I 

t--l8l_..: 

-75 -50 -25 0 25 50 75 100 125 

TA-Froe-AlrTemporaturo...:•c 

FIGURE 8 

TOTAL POWER DISSIPATION 

FREE-AIR TEMPERATURE 
110 

vc~+-l2v 
~ 100 r-~~g: ~ ~~ v+--i--1---11---+--1 

:190 No Load~--r----,.....___ L I 

a so l---+-v_,_-+-~,_-1L.:!l_.14•.....;;;:~:;::::::i l 1-- TL820C -l 

~ 701---+--+--+-+--+--+--+~ 

1 601---+-~+--+~+--+-+---+----I 
50 ..___,__..___..... _ _._____._ _ _._____._____. 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 11 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, v 0 = 1.8 V 

atT A= -55°C, Vo= 1.4 vat TA= 25°C, and Vo= 1 v atT A= 125°C; for TL820C, Vo= 1.5 v atT A= 0°C, Vo= 1.4 vat 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. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE uA710M 
DIFFERENTIAL COMPARATOR 

BULLETIN NO. DL-S 12415, JUNE 1976-REVISED OCTOBER 1979 

• Fast Response Times 

• Low Offset Characteristics 

• Output Compatible with Most TTL and DTL 
Circuits 

• Designed to be Interchangeable with Fairchild 
µA710 

description 

schematic 

The uA710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance out
put. Component matching, inherent in silicon inte
grated circuit fabrication techniques, produces a 
comparator with low-drift and low-offset character
istics. This circuit is especially useful for applications 
requiring an amplitude discriminator, memory sense 
amplifier, or a high-speed voltage comparator. The 
uA710M is characterized for operation over the full 
military temperature range of -55°e to 125°e. 

NONl~Vp~~TING o---+---l 

terminal assignments 

J DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

Vee+ NC OUTPUT NC 

NC GND NON· INV NC Vee- NC 
INV INPUT 

INPUT 

NC-No Internal connection 

JG 

DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

Vee+ OUTPUT NC NC 

GND NON· INV Vcc
INV INPUT 

INPUT 

INVERTING 
INPUT 

u 
FLAT PACKAGE 

(TOP VIEW) 

NC NC Vee+ STROBE ~~~-

® © © 0 © 

CD 0 © © © 
GND NON INV NC Vcc-

INV INPUT 
INPUT 

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

Supply voltage Vee+ (see Note 1) 14 v 
-7V 
±5V 
±7V 

Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Note 1) 
Peak output current (tw ~ 1 s) 
Continuous total power dissipation at (or below) 25°e free-air temperature 
Operating free-air temperature range . . . . . . . . . . 
Storage temperature range . . . . . . . . . . 
Lead temperature 1/16 inch (1,6 mill) from case for 60 seconds 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network gr'ound terminal. 

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

10mA 
300mW 

-55°e to 125°e 
-65°e to 150°e 
.... 300°C 

3. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J and JG packages, uA710M chips 

are alloy-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -6 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 

25°C 
V10 Input offset voltage Rs< 200 n, See Note 4 

Full range 

Average temperature coefficient 
Rs.:;; 50 n, See Note 4 Full range av10 of input offset voltage 

25°C 
110 Input offset current See Note 4 

Full range 

Average temperature coefficient -55°C to 25°C 
a110 of input offset current 

See Note 4 
25°C to 125°C 

25°C 
118 Input bias current See Note 4 

Full range 

V1cR 
Common-mode 

Vcc-=-1v 25°C :t5 
input voltage range 

V10 Differential input voltage range 25°C ±5 

Large-signal differential 25°C 1250 
Avo No load, See Note 4 

voltage amplification Full range 1000 

VQH High-level output voltage V10 = 5mV, IQH = -5 mA 25°C 2.5 

VoL Low-level output voltage Vm = -5 mV, IQL =O 25°C -1 

25°C 2 

IQL Low-level output current V10 = -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 Rs.:;; 200 n 25°C 80 

Ice+ Supply current from Vee+ VI D = -5 V to 5 V 25°C 

ice- Supply current from Vee- (-10 mV for typ), 25°C 

Po Total power dissipation No load 25°C 

TYP MAX UNIT 

0.6 2 
mV 

3 

3 10 µVfC 

0.75 3 

7 
µA 

5 25 
nAfC 

15 75 

13 20 

45 
µA 

v 

v 

1700 

3.2 4 v 

-0.5 ll+ v 

2.5 

2.3 mA 

1.7 

200 n 
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: Vo = 1,8 V at 
TA = -55° C, Vo = 1.4 V at TA = 25° C, and Vo = 1 V at TA = 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. 

+The algebraic convention where the more-positive (less-negative) llmlt 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, 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER TEST CONDITIONS TYP UNIT 

Response time No load, See Note 5 40 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. 

DISSIPATION DERATING TABLE 

PACKAGE 

J (Alloy-Mounted Chip) 

JG (Alloy-Mounted Chip) 

u 

POWER DE RATING 

RATING 

300mW 

300mW 

300mW 

FACTOR 

11.0 mWfC 

8.4 mWfC 

5.4 mW/°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERORIVES 

;_!c J-t--t-1~V-1--1--+-+v-~+c-+~+.-1~+v--1--1 
Vcc-•-6V f-
No load 

1--t--+-+-+-+--+--+---t 
TA • 25°c 

20 40 60 80 100 120 

t-Time-ns 

FIGURE 1 

COMMON-MODE PULSE RESPONSE 

ELAPSED TIME 

It ~~=1~V H 2 1---+---+-+--+---1--+--tVcc- = -6 v 

3 ~ l>---+--+-+---+--1----+--+-TA--+-=2_5_·c.__~ 
I 5_ uc >-

> 
I 

f-----t-,p--vo 
f-----t-c? - -+---+--+---+--< 

~ 21---+----t-+---+--t---+---+-+--+---I 

~ r--+---i.. 
~ 1 

9 O'--~___.__..___~--''--~-'---..____.___. 
0 
> 

> 
I 

~ 
0 
> 
:> 
c. 
:> 

0 
I 
0 
> 

40 BO 120 160 

t-Time-ns 

FIGURE 3 

VOLTAGE TRANSFER CHARACTERISTICS 

vcc=12v TA= -55°C 

vcc= -6 v 

-1 
-5 -4 -3 -2 -1 0 3 4 

Vm-Differential Input Voltage-mV 

FIGURE 5 

> 

i 
0 
> 
0. 

6 
I 
0 
> 

~ 
I 
5 

:J c 

l 
! 
{!. 
I 

rE 

OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERORIVES 

Vee+· 12 v 
>---->--+--+-+--+--+---+---+Vee-· -6 v 1----i 

20 40 60 80 100 120 

t-Time-ns 

FIGURE 2 

OUTPUT VOLTAGE 

FREE-AIR TEMPERATURE 

VoH (Vfo = 15 mV, loH = -0.5 mAI 

-
21---+--+--+--"f---+--+--+---I 

t- ~~~~: ~6 vv -+--+---1'---+--+---l 

J_ 

'jJL (Vlo • -:J..5 mV, IQL = 01 

-1'-----'---'---'----'--'--~-.._____, 
-75 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-"C 

FIGURE 4 

TOTAL POWER DISSIPATION 

FREE-AIR TEMPERATURE 

100 

t- VJ+.JV 
Vee- •-SV 

t- Vro·o 
No load 

95 

v v N ~ 
90 

............ 
85 

BO 

-75 -50 -25 25 50 75 100 125 

TA-Free-AirTemperatun-°C 

FIGURE 6 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS 

WITH STROBES 
BULLETIN NO. DL-S 11442, FEBRU~RY 1971 - REVISED OCTOBER 1979 

• Fast Response Times • Output Compatible with Most TTL and DTL Circuits 

• Low Offset Characteristics • Designed to be Interchangeable with Fairchild µA711 and µA711C 

description 
The uA 711 is a high-speed dual-channel comparator 
with differential inputs and a low-impedance output. 
Component matching, inherent with silicon mono
lithic 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 
width may be "stretched" by varying the capacitive 
loading. These dual comparators are particularly 
useful for applications requiring an amplitude-

schematic 

INVERTING 
IH,UT2 

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 0°C to 70°C. 

terminal assignments 
J OR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

STROBE STROBE 
1 GND· Vee+ OUTPUT 2 

INV NON· Vee- NON· INV NC 
INPUT 1 INV INV INPUT 2 

INPUT 1 INPUT 2 

NC-No Internal Connection 

U FLAT PACKAGE 
(TOP VIEW) 

~ 
CD CD CD © CD 
INV NON VCC- NON- INV 

INPUT 1 tNV INV INPUT 2 
INPUT 1 INPUT 2 

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

uA711M uA711C 

Supply voltage Vee+ (see Note 1) 14 14 

Supply voltage Vee- (see Note 1) -7 -7 

Differential input voltage (see Note 2) ±5 ±5 
Input voltage (any input, see Note 1) ±7 ±7 

Strobe voltage (see Note 1) 6 6 
Peak output current (tw.;;; 1 s) 50 50 

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 0 to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1 /16 inch (1,6 mm) from case for 60 secondsj J or U package 300 300 

Lead temperature 1 /16 inch (1,6 mm) from case for 10 seconds} N package 260 

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

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

UNIT 

v 
v 
v 
v 
v 

mA 

mW 
oe 
oe 
oe 
oe 

3, For operation of uA 711 M above 70° C free-air temperature, refer to Dissipation Derating Table. In the J package, uA 711 M chips 

are alloy-mounted; uA 711 C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -6 V 
(unless otherwise noted) 

TEST CONDITIONst 
uA711M 

PARAMETER 
MIN TVP MAX 

Rs.;;; 200 n, Vic= 0, 25°C 1 3.5 

See Note 4 Full range 4.5 
V10 Input offset voltage 

25°C Rs.;;; 200 n. 1 5 

See Note 4 Full range 6 

Average temperature coefficient Rs.;;; 200.11, Vic= 0, 
Full range 5 av10 

of input offset voltage See Note 4 

25°C 0.5 10 
110 Input offset current See Note 4 

Full range 20 

25°C 25 75 
119 Input bias current See Note 4 

Full range 150 

l1L(S) Low-level strobe current V(strobe) = 0, Vio = 10 mV 25°C -1.2 -2.5 

V1cR 
Common-mode input 

Vcc-=-7V 25°C ±5 
voltage range 

Differential input 
25°C ±5 Vm 

voltage range 

Large-signal differential No load, 25°C 750 1500 
Avo 

voltage amplification Vo= o to 2.5 v Full range 500 

V10 = 10mV, IQH = 0 25°C 4.5 5 
VoH High-level output voltage 

V10 = 10mV, loH = -5 mA 25°C 2.5 3.5 

V10 = -10mV, loL = 0 25°C -1 -0.5 o:t: 
Vol Low-level output voltage V10 = 10 mV, V(strobe) = 0.3 V, 

o:t: 
IQL = 0 

25°C -1 

IOL Low-level output current Vm = -10 mV, Vo= 0 25°C 0.5 0.8 

ro Output resistance Vo= 1.4 V 25°C 200 

CMRR Common-mode rejection ratio Rs.;;; 200 n 25°C 70 90 

•cc+ Supply current from Vee+ V10 = -5 V to 5 V (-10mV for typ), 25°C 9 

'cc- Supply current from Vee- Strobes alternately grounded, 25°C -4 

Po Total power dissipation No load 25°C 130 200 

MIN 

±5 

±5 

700 

500 

2.5 

-1 

-1 

0.5 

65 

uA711C 

TVP MAX 
UNIT 

1 5 

6 
mV 

1 7.5 

10 

5 µV/°C 

0.5 15 

25 
µA 

25 100 

150 
µA 

-1.2 -2.5 mA 

v 

v 

1500 

4.5 5 
v 

3.5 

-0.5 o:t: 

o:t: 
v 

0.8 mA 

200 n 
90 dB 

9 mA 

-4 mA 

130 230 mW 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA 711 M, v 0 = 1.8 V 
at TA= -55°C, Vo= 1.4 vat TA= 25°C, and Vo= 1 vat TA= 125°C; for uA711C, Vo= 1.5 vat TA= 0°C, Vo= 1.4 Vat 
TA = 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. 

tunless otherwise noted, all characteristics are measured with the strobe of the channel under test open. l'he strobe of the other channel is 
grounded. Full range for uA 711 M is -55° C to 125° C and for the uA 711 C is 0° C to 70° 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 0 Vis the maximum, the minimum limit is a more-negative voltage. 

switching characteristics, V cc+ = 12 V, V CC- = -6 V, TA = 25° C 

uA711M uA711C 
PARAMETER TEST CONDITIONS UNIT 

MIN TVP MAX MIN TVP 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 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. 

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 

TYPICAL CHARACTERISTICS 

DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 300mW 11.0 mWfC 123°C 

J (Glass-Mounted Chip) 300mW 8.2mWfC 113°C 

N 300mW 9.2mWfC 117°C 

u 300mW 5.4 mWfC 94°C 

Also see Dissipation Derating, Section 2. 

TYPICAL CHARACTERISTICS 
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FIGURE 1 
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VS 
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FIGURE 3 
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LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 

Vo= 1.4 V 
TA - 25°e 
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FIGURE 2 

TOTAL POWER DISSIPATION 

FREE-AIR TEMPERATURE 
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FIGURE 4 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA 711 M, Vo = 1.8 V 

at TA = -55°C, Vo = 1.4 v at TA = 25°C, and Vo = 1 v at TA = 125°C; for uA 711 C, Vo = 1.5 v at TA =· 0°C, Vo= 1.4 vat 

TA = 25° C, and v 0 = 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 
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TYPICAL CHARACTERISTICS 

uA711M 

VOLTAGE TRANSFER 
CHARACTERISTIC 
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SELECTION GUIDE 

Timers 
SE555 

NE555 

SE556 

NE556 

uA2240 

Amplifiers 
MC1445 

TL441 

uA733 

SPECIAL FUNCTIONS 

General-purpose timers adjustable from 1 microsecond to 1 second 

Commercial-temperature version of SE555 

Dual version of SE555 ....•...... 

Commercial-temperature version of SE556 

Programmable timer and 8-bit counter specially designed for delays greater than 1 second 

2-channel-multiplexed video amplifier 

Logarithmic amplifier with 80-dB input range 

Differential video amplifier with 200-MHz bandwidth 

Voltage-Level Detectors 
TL480 

TL481 

TL487 

TL489 

TL490 

TL491 

10-level logarithmic converter in the J or N package 

10-level logarithmic converter in the J or N package 

5-level linear converter in the P or JG package 

5-level logarithmic converter in the P or JG package 

10-level linear converter in the J or N package 

10-level linear converter in the J or N package 

Analog-to-Digital Converter Components 
ADC0808: Successive-approximation converter 

ADC0809: 

ADC0816: 

ADC0817: 

TL500 

TL501 

TL502 

TL503 

TL505 

TL507 

Successive-approximation converter 

Successive-approximation converter 

Successive-approximation converter with 8-bit resolution 

Dual-slope-converter analog processor with 14-bit resolution 

Dual-slope-converter analog processor with 13-bit resolution 

Dual-slope-converter digital processor with 4Y:z-digit capability, seven-segment-display outputs 

Dual-slope-converter digital processor with 4Y:z-digit capability, BCD outputs 

Dual-slope-converter analog processor with 10-bit resolution 

Pulse-width modulator with 7-bit resolution 

Zero-Crossing Detector 
TL440 

Doubly-Balanced Mixer 
TL442 

Precision Level Detector 
TL560 

Overvoltage Sensing Circuits 
MC3423 

MC3523 

3-Channel Stepper-Motor Controller 
TL376 
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SPECIAL FUNCTIONS 

Analog Switches With 30-mA Capability (Bi-MOS) 

Zsw ANALOG 

DEVICE FUNCTION (TYP) RANGE 

TL182 Twin SPST 1oon ±10 v 
TL185 Twin DPST 15on ±10 v 
TL188 Dual Complementary SPST 1oon ±10 v 
TL191 Twin Dual Complementary 150n ±10 v 

SPST 

Analog Switches With 10-mA Capability (P-MOS) 

Zsw ANALOG 

DEVICE FUNCTION (TYP) RANGE 

TL601 SPOT 2oon ±10 v 
TL604 Complementary SPST 2oon ±10V 

TL607 SPOT 2oon ±10 v 
TL610 SPST 1oon ±10V 

Hall-Effect Devices 

DEVICE DESCRIPTION ON OFF 

TL170 General purpose switch >+350 G <-350 G 

TL172 Normally-off switch >+600 G <+100 G 

TL175 Latch >+350 G <-350 G 

TL176 Normally-off switch >+500 G <+100 G 

(Automotive Temp. Range) 

TL173 Linear sensor 1.5 mV /G Sensitivity 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

SELECTION GUIDE 

SUPPLIES PAGE 

±15, +5 303 

±15, +5 306 

±15, +5 309 

±15,+5 312 

SUPPLIES PAGE 

+10, -20 387 

+10, -20 387 

+10, -20 387 

+10, -20 387 

HYSTERESIS PAGE 

200G 293 

230 G 295 

400 G 299 

75 G 301 

297 

• 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES ADCOBOB, ADC0809 
DATA ACQUISITION SYSTEMS 

• Total Unadjusted Error ... ±% LSB Max for 
ADC0808 and ± 1 LSB Max for ADC0809 

• Resolution of 8 Bits 

• 100 µs Conversion Time 

• Ratiometric Conversion 

• Guaranteed Monotonicity 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• Latched Address Inputs 

• Single 5-Volt Supply 

• Low Power Consumption 

• Designed to be Interchangeable with 

INPUT 3 

INPUT 4 2 

INPUT 5 3 

INPUT6 4 

INPUT7 5 

START OF CONVERSION 6 

END OF CONVERSION 7 

OUTPUT CONTROL 9 

CLOCK 10 

National Semiconductor ADC0808, ADC0809 

Vee 11 

REF+ 12 

GND 13 

r7 14 
description 

N 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

JANUARY 1980 

28 INPUT2 

27 INPUT1 

26 INPUTO 

25ADDRESSA 

24 ADDRESSB 

23 ADDRESSC 

22 ADDRESS LOAD CONTROL 

21 2-1 MSB 

20 2-2 

19 2-3 

18 2-4 

17 2-B LSB 

16 REF-

15 2-6 

The ADC0808 and ADC0809 are monolithic CMOS devices with an 8-channel multiplexer, an 8-bit analog-to-digital 
(A/D) 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 any one of eight single-ended analog switches 
connected directly to the comparator. The 8-bit A/D converter uses the successive-approximation conversion technique 
featuring a high-impedance chopper-stabilized comparator, a 256R end-compensated voltage divider with analog switch 
tree, and a successive-approximation register (SAR). 

Each device features an overall error of ±1 LSB maximum at 25°C including resolution (quantization) error. 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. 

PRODUCT PREVIEW 

This document contains information 
on a product under development. Texas 
Instruments reserves the rigbt to change or 
discontinue this product without notice. 

Copyright© 1980 by Texas Instruments Incorporated 
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TYPES ADC0808, ADC0809 
DATA ACQUISITION SYSTEMS 

functional block diagram 
functional block diagram 

MULTIPLEXER FUNCTION TABLE 

INPUTS 
ADDRESS LOAD ADDRESS 

SELECTED 
ANALOG 

REF+ REF-

t---'=;..:..:..:=--+--=--=----'-:....+-C::;H:..::A:::N.::N.:.:E:.:L:_i r8-;T AA> - - ----------. 1 
0 

CONTROL c B A 

1 RE~~:OR I 
~ LADDER I 

L H 
H 

L H H 

: I 
H 
H H 

~ I 
H H L 
H H H 

H s high level I 
L =low level 
t = low-to-high-level transition 

COMPARATOR 

I 
I 3-STATE 

OUTPUT 
LATCH 

BUFFER } 

8-BIT 
OUTPUT 

I 
I 
I 
I 
I 
L_ 

CLOCK---------------------' 

_J 

END OF 
CONVERSION 

START 
CONVERSION 

OUTPUT-------------------------------' 
CONTROL 

operating sequence 

11/fl 
CLOCK~ 

START i::n.,_/l.i;nOL 
CONVERSION~ ~·1---------------

~tw(S) 
ADDRESS LOAD 50% y-r---\_ 503 CONTROL =::J: ~ ~ 

~1-1-1-~•~==~i\V~(~A~LC~):------~1-------------------
~ADDRESSSTABLE 

ADDRESS 50fil50% : 
tsu-+-r-!""-th------------,r1-----------------

ANALOG INPUT :J(~_: __,_ ___ A_N_A_L_o_G_v_A_L_u_E __ ~:.~-----------~ 
.,..___._ ___ INPUT STABLE 

I I r-See Note A 
MULTIPLEX~' 

OUTPUT ---+--!..J'~ 

1--:~--1 
co~~~~iioN ; \ 50% f 50% 

!---td(EOC)--1'------·o---------'I 
---------tconv--------

C~~~~~1;_ 50%f e__ ---------------fJ---------'-i ~ tpzx -1 t--tPXZ 

LATCH OUTPUTS SO%t ~ 
---------H-l--Z-S-TA_T_E--~~-------1-0"""'%~~------......-(10% 

NOTE A: Instant at which output is within 1/2 LSB of final value. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Total Unadjusted Error . .. ±% LSB Max for 
ADC0816 and ±1 LSB Max for ADC0817 

• Resolution of 8 Bits 

• 100 µs Conversion Time 

• Ratiometric Conversion 

• Guaranteed Monotonicity 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• 
• 
• 
• 

Latched Address Inputs 

Single 5-Volt Supply 

Low Power Consumption 

Designed to be Interchangeable with 

TYPES ADC0816, ADC0817 
DATA ACQUISITION SYSTEMS 

BULLETIN NO. DL-S 12672, DECEMBER 1979 

N 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

INPUT3 1 

INPUT 4 2 

INPUT7 5 

INPUT 8 6 

INPUTS 7 

INPUT 10 8 

INPUT 11 9 

INPUT 12 10 

INPUT 13 11 

INPUT 14 12 

END OF CONVERSION 13 

INPUT 15 14 

MUX OUTPUT 15 

40 INPUT2 

39 INPUT 1 

38 INPUTO 

37 EXPANSION CONTROL 

36 ADDRESS A 

35 ADDRESS B 

34 ADDRESSC 

33 ADDRESS D 

32 ADDRESS LOAD CONTROL 

31 2-1 MSB 

30 2-2 

29 2-3 

28 2-4 

27 2-5 

26 2-6 

25 2-7 

National Semiconductor ADC0816, ADC0817 

START CONVERSION 16 

Vee 17 
COMPARATOR IN 18 

REF+ 19 

GND 20 

24 2-8 LSB 

23 REF-

22 CLOCK 

21 OUTPUT CONTROL 

description 

The ADC0816 and ADC0817 are monolithic CMOS devices with a 16-channel multiplexer, an 8-bit analog-to-digital 
(A/D) converter, and microprocessor-compatible control logic. The 16-channel multiplexer can be controlled by a 
microprocessor through a 4-bit address decoder with address load and expansion control logic, to select any one of 
16 single-ended analog switches. The 8-bit A/D converter uses the successive-approximation conversion technique 
featuring a high-impedance chopper-stabilized comparator, a 256R end-compensated voltage divider with analog switch 
tree, and a successive-approximation register (SAR). 

Each device features an overall error of ±1 
LSB maximum at 25°C including resolution 
(quantization) error. The comparison and 
converting methods used eliminate the 
possibility of missing codes, non

monotonicity, 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 ADC0816 
and ADC0817 especially useful for a wide 
variety of applications. Ratiometric con
version is made possible by access to the 
reference voltage input terminals. 

The ADC0816 and ADC0817 are 
characterized for operation from -40°C 
to 85°C. 

functional block diagram 
REF-

r--------s-e1T AID 

16 
ANALOG 

INPUTS 

I 
I L _____ _ 

} 

8-BIT 
OUTPUT 

END OF 
CONVERSION 

Copyright© 1979 by Texas Instruments Incorporated 
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a new product. Specifications are subject 
to change without notice. 
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TYPES ADC0816, ADC0817 
DATA ACQUISITION SYSTEMS 

MULTIPLEXER FUNCTION TABLE 

INPUTS SELECTED 

ADDRESS LOAD EXPANSION ADDRESS ANALOG 

CONTROL CONTROL D c B A CHANNEL 

t H L L L L 0 

t H L L L H 1 

t H L L H L 2 

t H L L H H 3 

t H L H L L 4 

t H L H L H 5 

t H L H H L 6 

t H L H H H 7 

t H H L L L 8 

t H H L L H 9 

t H H L H L 10 

t H H L H H 11 

t H H H L L 12 

t H H H L H 13 

t H H H H L 14 

t H H H H H 15 

x L x x x x All channels OFF 

operating sequence 

H =high level, L =low level, X = irrelevant, t =low-to-high-level transition 

START en" rl.cnOL 
CONVERSION~ ~-------------

f--+-tw!S) 

ADg~~~~~AD ~503 
I ~\-+\-AD-D~R=E~==s~CTA~(:ut~M)----~-------------

ADDRE~ 50~-50%--------.,1-------------
.... -1-..i--t"ti. 

ANALOG INPUT "Y. : : ANALOG VALUE :.==J< 
fo+--J--INPUTSTABLE ----------

1 I ,..See Note A 
MULTIPLEX~= 

OUTPUT --+--+-"~ 
1--i1<1-l 

co~~~~iioN ! \ 503 f 503 

1--t.:i(EOC)--t I 
....-------'conv-------1 

OUTPUT 503.r---\_503 

CONTllOL ------------<.~ ~'PZX ~~ 
90%J ~90% 

LATCH OUTPUTS ---------,.~=-:::---<r-------:-::::1[ 
Hl-ZSTATE 10%}10% 

NOTE A: Instant at which output is within 1/2 LSB of final value, 

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

Supply voltage, Vee (see Note 1) ...... . 
Input voltage: control inputs ......... . 

all other inputs 
Continuous total dissipation 
Operating free-air temperature range ................ . 
Storage temperature range ....................... . 
Lead temperature 1 /16 inch ( 1,6 mm) from case for 10 seconds 

NOTE 1: All voltage values are with respect to network ground terminal.' 

TEXAS INSTRUMENTS 
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6.5 v 
-0.3 V to 15 V 

-0.3 V to V cc +0.3 V 
......... 500mW 

-40°C to 85°C 
-65°C to 150°C 

260°C 

• 
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TYPES ADC0816, ADC0817 
DATA ACQUISITION SYSTEMS 

recommended operating conditions 

Supply voltage, Vee 

Voltage at top of 256R ladder, Vref+ 

Voltage at bottom of 256R ladder, Vref-

Voltage across 256R ladder (see Note 2) 

Start pulse width, tw(S) 

Address load control pulse width, tw(ALC) 

Address setup time, tsu 

Address hold time, th 

Clock frequency, fclock 

Operating free-air temperature, TA 

Vee NOTE 2: For proper operation, the voltage across the ladder must be centered on -- ±0.1 V. 
2 

MIN 

4.5 

0.512 

200 

200 

50 

50 

10 

-40 

NOM MAX UNIT 

5 6 v 
Vee Vee +0.1 v 

0 -0.1 v 
5.12 5.25 v 

ns 

ns 

ns 

ns 

640 1200 kHz 

85 oc 

electrical characteristics over recommended operating free-air temperature range, Vee= 4.75 V to 5.25 V 
(unless otherwise noted) 

total device 

PARAMETER TEST CONDITIONS MIN TY Pt MAX UNIT 

V1H High-level input voltage Vee= 5 v Vcc-1.5 v 
V1L Low-level input voltage Vee= 5 v 1.5 v 
VoH High-level output voltage lo= -360 µA Vcc-0.4 v 

1 Data outputs lo= 1.6 mA 0.45 
Vol Low-level output voltage v J End of conversion lo=1.2mA 0.45 

Off-state (high-Impedance-state) Vo=5V 3 
loz 

-3 
µA 

output current Vo=O 

11 Input current at maximum control input voltage v, = 15 v 1 µA 

l1L Low-level control input current v1 =o -1 µA 

Comparator input current Vref+ =Vee. Vref- = 0, 
±0,5 ±2 µA 

fclock = 640 kHz, See Note 3 

Ice Supply current fclock = 500 kHz 0.3 1 mA 

1 Analog inputs 5 7,5 
Ci Input capacitance l Control inputs 10 15 

pF 

Co Output capacitance, data outputs 5 7.5 pF 

Ladder resistance from pin 19 to pin 23 1 4.5 kn 

analog multiplexer 

PARAMETER TEST CONDITIONS MIN TY Pt MAX UNIT 

l TA= 25°C 1.5 3 
ron Channel on-state resistance RL = 10 kn kn 

l TA= -40°C to 85°C 6 

Difference in on-state resistance 

between any two channels 
RL = 10 kn 75 n 

Vee= 5 v. 1 V1=5 v 10 200 
I off Channel off-state current nA 

TA= 25°C 1 Vt =O -10 -200 

tTyplcal values are at V cc = 5 V and TA = 25° C. 
NOTE 3: Comparator Input current Is the bias current into or out of the chopper stabilized comparator. The bias current varies directly with 

clock frequency and has llttle temperature dependence. 
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TYPES ADC0816, ADC0817 
DATA ACQUISITION SYSTEMS 

operating characteristics over recommended operating free-air temperature range, Vee= VREF+ = 5 V, 
VREF- = 0 V, analog input voltage= comparator input voltage (unless otherwise noted) 

ADC0816 ADC0817 
PARAMETER TEST CONDITIONS 

TV Pt TV Pt 
UNIT 

MIN MAX MIN MAX 

ksvs 
Supply voltage Vee= Vref+ = 4.75 V to 5,25 V, 

0.05 0.15 0.05 0.15 %/V 
sensitivity TA= -40°C to 85°C, See Note 4 

Linearity error 

(see Note 5) 
±0.25 ±0.5 ±0.5 ±1 LSB 

Zero error (see Note 6) ±0.25 ±0.5 ±0.25 ±0.5 LSB 

Full-scale error 
±0.25 ±0.5 ±0.25 ±0.5 LSB 

(see Note 7) 

Total unadjusted TA= 25°C ±0.25 ±0.5 ±0.5 ±1 
LSB 

error (see Note 8) TA= -40°C to 85°C ±0.75 
Resolution 

(quantization) error ±0.5 ±0.5 LSB 
(see Note 9) 

Overall error TA= 25°C ±0.75 ±1 ±1 ±1.5 

TA= -40°C to 85°C 
LSB 

(see Note 10) ±1.25 

Delay time, address 

load control to Rs+ Ran ~ 5 kn, CL=10pF, 
2.5 1 2.5 td 1 µs 

analog multiplexer Pin 15 connected to pin 18 

output 

tpzx Output enable time CL= 50pF, See Note 11 125 250 125 250 ns 

Output disable time 
CL=10pF, RL = 10 kn, 

125 250 125 250 ns tpxz 
See Note 11 

tconv Conversion time fclock = 640 kHz, See Note 11 90 100 114 90 100 114 µs 

Delay time, 
Clock 

td(EOC) end of conversion 1 8 1 8 
periods 

output 

t Typlcal values for all except supply voltage sensitivity at V CC = 5 V, and all are at TA= 25°C. • 

NOTES: 4. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage varies. 

The supply and Vref+ are varied together and the change In accuracy ls measured with respect to full-scale. 
5. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic. 

6. Zero error is the difference between the output of an Ideal converter and the actual A/D converter for zero input voltage, 

7. Full-scale error is the difference between the output of an ideal converter and the actual A/D converter for full-scale Input 
voltage. 

8. Total unadjusted error is the maximum sum of linearity error , zero error, and full-scale error. 

9, Resolution error is the ±Y:. LSB uncertainty caused by the converter's finite resolution. 

10. Overall error describes the difference between the actual Input voltage and the full-scale weighted equivalent of the binary output 

code. Included are resolution and all other errors. 
11. Refer to the operating sequence diagram, 
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TYPES ADC0816, AOC0817 
DATA ACQUISITION SYSTEMS 

PRINCIPLES OF OPERATION 

-

The ADC0816 and ADC0817 each consists of an analog-signal multiplexer, an 8-bit successive-approximation converter, 
and related control and output circuitry. 

multiplexer 

The analog multiplexer selects 1 of 16 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, and expansion control enables the 
output of the analog multiplexer. The analog signal output and comparator input pins allow additional conditioning 
(prescaling, sample and hold,· amplification, etc.) of the selected signal before conversion. 

converter 

The 8-bit analog-to-digital converter is the primary operating unit in the ADC0816 and ADC0817. It is partitioned 
into three major sections: the 256R resistor ladder and switch tree (see Figure 1 ), the successive approximation register 
(SAR), and the comparator. Output from the converter is parallel binary positive logic with three-state control. The 
256R resistor ladder and switch tree exhibits inherent monotonicity with no missing digital codes. This is particularly 
important in closed-loop feedback control systems, as a nonmonotonic relationship can cause oscillations that could 
be catastrophic for the system. The bottom resistor and the top resistor of the ladder are not the same value as the 
other resistors in the circuit. The difference in these resistors causes the output characteristic to be symmetrical with 
respect to the zero and full-scale points of the transfer curve. The first output transition corresponds to an analog 
signal equal to % LSB and each succeeding output transition equals 1 LSB up to full-scale. The 256R resistor ladder 
does not cause load variations on the reference voltage. The SAR performs eight iterations to approximate the input 
voltage. 

The comparator is chopper stabilized. It is this stabilization that reduces temperature sensitivity, input offset error, 
and long-term de drift. 

The SAR is reset on the low-to-high transition of the start conversion (SC) pulse. The conversion is begun on the 
high-to-low transition of the SC pulse. A conversion in process will be interrupted by receipt of a new SC pulse. 
Continuous conversion may be accomplished by connecting the end-of-conversion output to the SC input. If used in 
this mode, and external start pulse should be applied after power up. The end-of-conversion output will go low between 
one and eight clock pulses after the low-to-high transition of the SC pulse. 

REF+ 

r--
1 11/2R 

I 
I 

I Z56R : 

I 1/2R 

I 
L-

CONTROLS FROM SAR 

- Li. ___ l l .! !. !. !...•-L f __ 1 

• 
• 
• 
• 
• 
• 

• 
• 
• 
e 

• 
• 

• 
• 

I 
I 
I 
I 

• I . ---J+ 
0 

• --- I 

• 
~ • .. 
-~"---

I 
I 
I 
I 

---------------~--J 

REF-

FIGURE 1-256R RESISTOR LADDER AND SWITCH TREE 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

TO COMPARATOR 

127! 



-
LINEAR 
INTE.GRATED 
CIRCUITS 

TYPES MC1545, MC1445 
GATE-CONTROLLED 

2-CHANNEL-INPUT VIDEO AMPLIFIER 
BULLETIN NO. DL-S 12742, JANUARY 1980 

• Differential Inputs and Outputs • 16-dB Minimum Gain 

• Channel Select Time ... 20 ns Typ • Common-Mode Rejection Typically 85 dB 

• Bandwidth Typically 50 MHz 

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 unselected channel will 
have a gain of one or less. 

The MC1545 is characterized for operation over the 
full military operating temperature range of -55° C 
to 125° C. The MC1445 is characterized for operation 
from 0° C to 70° C. 

• Broadband Noise Typically 25 µ V 

MC1545 ••• J DUAL-IN-LINE OR 
W FLAT PACKAGE 

MC1445 ••• JORN DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

NC NC 

INV GATE 
OUTPUT 

NC 

NON· 
INV 

INPUT 
B 

NC - No internal connection 

NC 

INV 
INPUT 

B 

NC Vee+ Vee-

NON
I NV 

INPUT 

INV NON· 
INPUT INV 

A OUTPUT 

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

MC1545 MC1445 

Supply voltage V cc+ (see Note 1) +12 +12 

Supply voltage V CC- (see Note 1) -12 -12 

Differential input voltage (see Note 2) ±5 ±5 

Output current ±25 ±25 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) 675 675 

Operating free-air temperature range -55 to 125 0 to 75 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds l J or W package 300 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds J N .package 260 260 

NOTES: 1. Voltage values, except differential input voltage, are with respect to the midpoint of V cc+ and V CC-· 

UNIT 

v 
v 
v 

mA 

mW 
oc 

oc 

oc 

oc 

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 Table. In the J package, MC1 545 chips are alloy

mounted; MC1445 chips are glass-mounted. 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 
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TYPES MC1545, MC1445 
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J (Alloy-Mounted Chip) 675mW 11.0mW/C 89°C 

J (Glass-Mounted Chip) 675mW 8.2mW/C 68°C 

N 675mW 9.2mW/C 77°C 

w 675mW 8.0mW/C 66°C 

Also see Dissipation Deratlng Curves In Section 2. 

electrical characteristics at Vee+= 5 V, Vee-= -5 V, TA= 25°e 

MC1545 MC1445 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

Avs 
Large-sinnal-single-endcd 

voltage amplification 
f = 125 kHz, Vi= 20mV 16 19 21 16 19.5 23 dB 

BW Bandwidth Vi= 20 mV 40 50 50 MHz 

V10 Input offset voltage 1 5 7.5 mV 

llQ Input offset current 2 2 µA 

118 Input bias current 15 25 15 30 µA 

V_icR Common-mode voltage range ±2.5 ±2.5 v 

Vopp 
Maximum peak-to-peak 

f = 50 kHz, RL = 1 kn 
output voltage swing 

1.5 2.5 1.5 2.5 v 

Zi Input impedance f = 50 kHz 4 10 3 10 kn 

CMRR Common-mode rejection ratio f = 50 kHz 85 85 dB 

Vn 
Broadband equivalent input BW = 5 Hz to 10 MHz, 

25 25 µV 
noise voltage Rs= 50 n 

VTH High-level gate threshold voltage AVS1Al;;;> 16d8, Avs(B) < OdB 1.5 2.2 1.3 3 v 

VTL Low-level gate threshold voltage Avsis-1;;;. 16 dB, Avs(A).:;;; OdB 0.4 0.7 0.2 0.4 v 

l1H High~level gate current VJ_= 5 V 2 4 µA 

l1L Low-level gate current V1 =OV 2.5 4 mA 

Propagation delay time, 
.6.V1 =20mV, 50% to 50% 6.5 10 6.5 tPLH ns 

low-to-high-level output 

tPHL 
Propagation delay time, 

high-to-low-level output 
.6.V1=20mV, 50% to 50% 6.3 10 6.3 ns 

tTLH Transition time, low-to-high-level .6.V1=20mV, 10% to 90% 6.5 15 6.5 ns 

tTHL Transition time, high-to-low-level .6.V1=20mV, 10"/o to 90% 7 15 7 ns 

Ice+ Supply current from Vee+ No load, No signal 7 11 7 15 mA 

ice- Supply current from Vee- No load, No signal -7 -11 -7 -15 mA 

Po Power Dissipation No load, No signal 70 110 70 150 mW 

278 TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



LINEAR 
INTEGRATED 
CIRCUITS 

TYPES MC3523, MC3423 
OVERVOLTAGE-SENSING CIRCUITS 

• Commercial and Military Temperature 
Ranges Available 

• Separate Outputs for "Crowbar" and Logic 
Circuitry 

• Programmable Time Delay to Eliminate 
Noise Triggering 

• TTL-Level Activation Isolated from 
Voltage-Sensing Inputs 

• 2.6-Volt Internal Voltage Reference with 
Temperature Coefficient Typically 0.08%/° C 

description 

BULLETIN NO. DL-S 12611, APRIL 1978 

MC3523 ••.•• JG 
MC3423 •.••• JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

INDICATOR 
OUT- REMOTE 

OUTPUT VEE PUT ACTIVATE 

Vee SENSE SENSE CURRENT 
1 2 SOURCE 

These overvoltage-sensing circuits are 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 MC3523 is characterized for operation over the full military temperature range of -55°C to 125°C. The MC3423 is 
characterized for operation from 0°C to 70°C. 

functional block diagram 

CURRENT 
SOURCE 

SENSE1-1-2-1 -------------<~ 

SENSE2--
13

-
1·-----t-----+--------------t------• 

Vee 
(1) 

(7) (5) 

VEE REMOTE 
ACTIVATE 

.._ ______ _.... __ l_S_) OUTPUT 

(6) 

INDICATOR 
OUTPUT 
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TYPES MC3523, MC3423 
OVERVOLTAGE-SENSING CIRCUITS 

absolute maximum ratings 

Supply voltage, Vee (see Note 1) 
Sense 1 voltage . . . . . 
Sense 2 voltage . . . . . 
Remote activate input voltage 
Output current, lo 
Continuous dissipation at (or below) 25°C free-air temper~ture (see Note 2):MC3523JG 

MC3423JG 
P package 

Operating free-air temperature range: Me3423 
Me3523 

Storage temperature range 

NOTES: 1. Voltage values are measured with respect to the VEE terminal. 

40 v 
6.5V 
6.5V 
. 7 v 

300mA 

825mW 
. 1000 mW 
. 1000 mW 

0°C to 70°C 
-55°C to 125°C 
-65°e to 150°e 

2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the JG package, MC3523 chips are 
alloy-mounted; MC3423 chips are glass-mounted. 

recommended operating conditions 

Supply voltage, Vee 
High-level input voltage, remote activate input 
Low-level input voltage, remote activate input 

MIN 
4.5 

2 

electrical characteristics over operating free-air temperature range, Vee= 5 V to 36 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP 

MAX 
40 

0.5 

Output voltage 
Remote activate at 2 V, 

Vee-2.2v Vee-1.8 v 
lo= 100 mA 

Indicator low-level output voltage 
Remote activate 2 V, 

lo= 1.6 mA 

Threshold voltage at either sense input TA= 25°e 

Temperature coefficient at input threshold voltage 

Source current (pin 4) Sense 1 at 3 V, Pin 4 at 1.3 V 

High-level input current, remote activate input Vee= 5 v, V1=2V 

Low-level input current, remote activate input Vee= 5 v, V1=0.8 v 

Supply current 
l MC3423 

j MC3523 
Outputs open 

Propagation delay time, remote activate input to output TA= 25°e 

Output current rate of rise TA= 25°e 

DISSIPATION DERATING TABLE 

POWER DE RATING 
PACKAGE 

RATING FACTOR 

JG (Alloy-Mounted Chip) 1050 mW 8.4 mW/°C 

JG (Glass-Mounted Chip) 825mW 6.6 mW/°C 

p 1000mW 8 mW/°C 

Also see Dissipation Derating Curves, Section 2. 
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0.4 

2.75 
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TYPES SE555, NE555 
PRECISION TIMERS 

LINEAR 
INTEGRATED 
CIRCUITS BULLETIN NO. DL-S 12053, SEPTEMBER 1973-REVISED OCTOBER 1979 

• Timing from Microseconds to Hours 

• Astable or Monostable Operation 

• Adjustable Duty Cycle 

'• TTL-Compatible Output Can Sink or 
Source up to 200 mA 

• Designed to be ·interchangeable with 
Signetics SE555/N E555 

description 

The SE555 and NE555 are monolithic timing circuits 
capable of producing accurate time delays or oscilla
tion. In the time-delay or monostable mode of opera
tion, the timed interval is controlled by a single ex
ternal 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. When the threshold input rises above the 
threshold level, the flip-flop is reset and the output 
goes 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. When 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. 

JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

CONTROL 
DIS- TH RES- VOLT

Vcc CHARGE HOLD AGE 

GND TRIG- OUT- RESET 
GER PUT 

functional block diagram 

CONTROL 

Vee VOLTAGE RESET 

(8) (5) (41 

GND DISCHARGE 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES SE555, NE555 
PRECISION TIMERS 

schematic 

12) 
TRIGGER --------------1 

RESET _l_4'"-l ----t 
DISCHARGE _l

7
_l ----

10 k 

IJ) OUTPUT 

220 

4.7 k 

GROUND-'-11~1 ---------~---41~--------e----e,__--4._-------et-----4.,__--._ ____ _. __ __,t---e>------__, 

100 

Resistor values shown are ·nominal and in ohms. 

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

Supply voltage, V cc (see Note 1) . . . . . . . . 
Input voltage (control voltage, reset, threshold, trigger) 
Output current . . . . . . . . . . . . . . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range: SE555 

NE555 .......... . 
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 

NOTES: 1. All voltage values are with respect to network ground terminal. 

18 v 
Vee 

±225 mA 
. 600mW 

-55°C to 125°C 
0°C to 70°C 

-65°C to 150°C 
300°C 
260°C 

2. For operation above 25°C free-air temperature, refer to Dissipation Deratlng Table. In the JG package, SE555 chips are alloy

mounted, N E555 chips are glass-mounted. 

recommended operating conditions 

SE555 NE555 
UNIT 

MIN NOM MAX MIN l'JOM MAX 
Supply voltage, Vee 4.5 18 4.5 16 v 
Input voltage, Vi (control voltage, reset, threshold, trigger) Vee Vee v 
Output Current, lo ±200 ±200 mA 

Operating free-air temperature, TA -55 125 0 70 oc 
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TYPES SE555, NE555 
PRECISION TIMERS 

electrical characteristics at 25°e free-air temperature, Vee= 5 V to 15 V (unless otherwise noted) 
SE555 NE555 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

Threshold voltage level as a 
66.7 66.7 % 

percentage of supply voltage 

Threshold current (see Note 3) 0.1 0.25 0.1 0.25 µA 

Vee= 15 v 4.8 5 5.2 5 
Trigger voltage level v 

Vee= 5 v 1.45 1.67 1.9 1.67 

Trigger current 0.5 0.5 µA 

Reset voltage level 0.4 0.7 1 0.4 0.7 1 v 

Reset current 0.1 0.1 mA 

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 

loL = 10 mA 0.1 0.15 0.1 0.25 

loL = 50mA 0.4 0.5 0.4 0.75 
Vee= 15 v 

loL = lOOmA 2 2.2 2 2.5 
Low-level output voltage v 

loL = 200 mA 2.5 2.5 

Vee= 5 v 
loL = 5mA 0.25 0.35 

loL = 8 mA 0.1 0.25 

loH = -lOOmA 13 13.3 12.75 13.3 

High-level output voltage 
Vee= 15 v 

loH = -200mA 12.5 12.5 v 

Vee= 5 v loH = -100 mA 3 3.3 2.75 3.3 

Output low, Vee= 15v 10 12 10 15 

No load Vee= 5V 3 5 3 6 
Supply current mA 

Output high, Vee= 15 v 9 11 9 14 

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+R 8 ""20 Mn. 

operating characteristics, Vee= 5 V and 15 V 

TEST CONDITIONst 
SE555 

PARAMETER 
MIN TYP MAX MIN 

Initial error of 

timing interval 
RA= 1 kn to 100 kn, TA= 25°C 0.5 2 

Temperature coefficient 
RB = o to 1 oo kn, 

TA= MIN 
30 100 

of timing interval to MAX 

Supply voltage sensitivity 
C = 0.1 µF 

of timing interval 
TA= 25°C 0.05 0.2 

Output pulse rise time 
TA= 25°C 

100 

Output pulse fall time 
CL=15pF, 

100 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

DISSIPATION DERATING TABLE 

PACKAGE 

JG (Alloy-Mounted Chip) 

JG (Glass-Mounted Chip) 
p 

POWER 

RATING 

600mW 

600mW 

600mW 

Also see Dissipation Derating Curves, Section 2. 

FIGURE 1 

DE RATING 

FACTOR 

8.4 mWfC 

6.6mWfC 

8.0mWfC 
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ABOVE 

TA 

79°C 

59°C 

75°C 

NE555 
UNIT 

TYP MAX 

1 % 

50 ppmfC 

0.1 %/V 

100 ns 

100 ns 

-
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TYPES SE555, NE555 
PRECISION TIMERS 

~ 
~ 

10 
7 

~ 1 

~ ~:: 
0 
l 0.2 

i 0.1 
.3 0.07 

~ 0.04 
0 
> 0.02 

O.Q1 

LOW-LEVEL OUTPUT VOLTAGE 

LOW-LEVEL OUTPUT CURRENT 

Vee= 5 v 

I I 
55°c ~ ~.TA= 

~TA=25°c-1 t::Jj-_TA=125°C 

~ 

H 

~ 

1 2 . 7 10 20 40 70 100 

IQL -Low-Level Output Current-mA 

FIGURE 1 

DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 

HIGH-LEVEL OUTPUT CURRENT 

r 1 '2 f---f-T--IA>---=..J..1-+2-+5°-1-C++t-f--1--Hl--t:.-_....,H-++H 

~ 1.or,__-=~-+--t-T"R-ttt---+-+--Hr-H+H 

:i: t 0.8 

u 0.6 l----t--11-t-++++++--l--+-t-HH++t 
u 
> 0.4 1----t--lf-+--t-+++++--l--+-+--+-<H++< 

Vee= 5 v to 15 v 
0.2 l----t--li-t-+++1+++---+--+--t-11-H+H 

7 10 20 40 70100 

IOH-High-Level Output Current-mA 

FIGURE4 

NORMALIZED OUTPUT PULSE WIDTH 
(MONOSTABLE OPERATION) 

SUPPLY VOLTAGE 

> 1.015 I 
; 1.010 1---tl~--+-----t---t----i 
::> 1.005 1---...-+----+----+------< 

; ---+--
0 1.000 f--__,,,:1----==-+""'~--l-----l 

-~ t'--
~ 0.995 1----+----+---+----; 

:E 
~ 0.990 l----+---+---+------1 

~ 0.985 .___ __ ..__ __ ...__ __ ........_ _ __. 

0 10 15 20 

Vee-Supply Voltage-V 

FIGURE 7 

TYPICAL CHARACTERISTICSt 
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0.4 
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0.o7 

0.04 
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0. 

LOW-LEVEL OUTPUT VOLTAGE 

LOW-LEVEL OUTPUT CURRENT 

Vcc=1ov 
TA =J_25°c'" 

a: 
TA=25°C 

~ ~ 
TA= 55°c 

~ 
f:7 

~ 

.-=1 
p-
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IQL -Low-Level Output Current-mA 

FIGURE 2 

SUPPLY CUHnc1• 1 

SUPPLY VOLTAGE 

l 4 1--~'Si"\c-+->rt-
I 

ll 

6 7 B 9 10 11 12 13 14 15 

Vee-Supply Voltage-V 

FIGURE 5 

NORMALIZED OUTPUT PULSE WIDTH 
(MONOSTABLE OPERATION) 

FREE-AIR TEMPERATURE 

u 1.015 vJc = 16 v 

~ 1.010 l---+--+--+--+-1-t--+--+----1 
<( 
t-

3 
~ 

1.005 1---+--+---+--+--+-+--+----i 

t---t-+-. B 1.000 f---+-t--+--""'-t--::::-+-+--t--i 
ll f---.t-_ ·:;; r--.. 
~ 0.995 I---+--+---+--+--+--+--+---< 

:E 
~ 0.990 t---+--+---+--+--+--+----+----1 
ii! 
~ 

0.9B5 >--~-+----+--+--+-~~~ 
~~~ o ~ w n 1001~ 

TA-Free-Air Temperature-°C 

FIGURE 8 

. t Data for .temperatures below 0° C and above 70° Care applicable for SE555 circuits only. 
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IOL -Low· Level Output Current-mA 

FIGURE 3 

MINIMUM PULSE WIDTH REQUIRED 
FOR TRIGGERING 

vs 
LOWEST VOLTAGE LEVEL OF 

TRIGGER PULSE 

~ 1251---+--+---+--+--+-+--t-+----i 

~ 
~ 1001---+--+---+--+--+-~-t-+----; 

~ 
E 751---t--t-::71""--.._,,.-t---:~'1-t--i 

E ·c: 
~ 50 F--+-.,.,....,1'=--+ 
c: .E 
J 25 

'i' 250 

e 

o.1xVcc o.2xVcc o.3xVcc 0.4xVcc 

Lowest Voltage Level of Trigger Pulse 

FIGURE 6 

PROPAGATION DELAY TIME 
vs 

LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE 

~ 200 !---+--+---
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-~ 

~ 
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FIGURE9 



TYPES SE555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

monostable operation 

Vee (5 v to 15 VI 

__ <4_1....._ __ .....,_IB_I __ RL 

RESET 

INPUT 
121 

TRIGGER 

Vee 
OUTPUT .. <_3_I ---OUTPUT 

0.01µF

1 

SE555/NE555 
DISCHARGE <

7 l 

(5) CONTROL 
VOLTAGE THRESHOLD (SI 

GND 

(1) 

FIGURE 10-CIRCUIT FOR MONOSTABLE OPERATION 

> :g 
> 
N 

! 
Cl e 
0 
> 

RA•9.1 kll 
C•O.OlµF 

1-RL • 1 kll 
See Figure 11 

I( ~ ~ ~ JI 
INPUT VOLTAGE 

1-- I-- - ,.....+-

OUTPUT VOLTAGE 

A rl- r,11 t V' 
_J_ 

CAJCITJ VOLlAGE 

Time-0.1 ms/div 

FIGURE 11-TYPICAL MONOSTABLE WAVEFORMS 

For monostable operation, the SE555/NE555 may be connected as shown in Figure 10. If the output is low, applica
tion of a negative-going pulse to the trigger input sets the flip-flop (Q goes low), drives the output high, and turns off 
Q1. 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 (0 goes high), drive the output low, and discharge C through Q1. 

Monostable operation is initiated when the trigger input voltage falls below the trigger threshold. Once initiated, the se
quence 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 01, the output pulse width 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, Vee. The timing 
interval is therefore independent of the supply 
voltage, so long as the supply voltage is constant 
during the time interval. 

i 
-E 
"'C 10- 1 1----....Z..-

~ 
~ 

"'5 
': 10-2 F---------

::::1 s-
::::J 

0 
I 
J 

Applying a negative-going trigger pulse simul
taneously 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 V CC to prevent false 
triggering. 

10-5 '-----'----'-----L---L--__.J 
0.001 0.01 0.1 10 100 

C-Capacitance-µ-F 

FIGURE 12-0UTPUT PULSE WIDTH vs CAPACITANCE 
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TYPES SE555, NE555 
PRECISION TIMERS 

astable operation 
TYPICAL APPLICATION DATA 

Vee (5 v to 15 Vl 

__ (4_l..,_ ___ l_B_l -- AL 

RESET Vee 

OUTPUT 1-
13....;.1-e----t-OUTPUT 

(2) TRIGGER 

SE555/NE555 
DISCHARGE 

Rs 
OPEN (5) CONTROL 

(See Note A) VOLTAGE THRESHOLD ..... 1a_1 ___ ..... 

GND 

(1) 

NOTE A: Decoupling the control voltage Input (pin 5) to 
ground with a capacitor may Improve operation. 
This should be evaluated for lndlvldual applications. 

FIGURE 13-CIRCUIT FOR ASTABLE OPERATION 

RA•4k0 T 
Re• Jkn 

1-C • 0.15-F 
AL• 1 kn 
See Figure 14 

1---'H f"-1 

-t-1 'L 14- OUTPUT VOLTAGE 

~. ~ ri L ~ L ~ L v v v 'V ~ 
CAICITOl VOL IGE 

Time-0.5 ms/div 

FIGURE 14-TVPICAL ASTABLE WAVEFORMS 

Addition of a second resistor, Rs, to the circuit of Figure 10, as shown in Figure 13, and connection of the trigger 
input to the threshold input will cause the SE555/NE555 to self-trigger and run as a multivibrator. The capacitor C will 
charge through RA and Rs then discharge through Rs only. The duty cycle may be controlled, therefore, by the values 
of RA and Rs. 

This astable connection results in capacitor C charging and discharging between the threshold-voltage level 
(::::::0.67•Vccl and the trigger-voltage level (::::::0.33·Vccl. 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 (RA+ Rs) C 

tL = 0.693 (Rs) C 

Other useful relationships are shown below. 

period= tH + tL = 0.693 (RA+ 2Rsl C 

1.44 
frequency ::::::: -=-=--~=--,......,,,.. 

(RA+ 2Rsl C 

tL 
Output driver duty cycle = --

tH + tL 

Rs 

RA+ 2Rs 

tH Rs 

:I: 10 k ........ ---+-"~---+-
I 
> u 
c: 
3 1 k .-..------+...... 
C" 
Q) 

U: 
g> 100 ~--->or 
·c: 
c: 
:::I 
a: 
a., 10 
Q) 

i.t 
..!. 

Output waveform duty cycle =--- = 1 - R R 
tH + tL A+ 2 S 0.1 '----~---.__ __ ..........,.__ __ ........_ __ _,, 

L 
. . tL Rs 

ow-to-high ratio= ---
tH RA+ Rs 

0.001 0.01 0.1 10 

C-Capacitance-µF 

100 

FIGURE 15-FREE·RUNNING FREQUENCY 
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missing-pulse detector 

Vee (5 Vto 15 V) 

(4) (8) 

INPUT RESET Vee 

(2) OUTPUT 
TRIGGER 

SE555/NE555 
DISCHARGE 

(5) CONTROL 
VOLTAGE THRESHOLD 

0.01 µFJ 

TYPICAL APPLICATION DATA 

RL RA 

(3) 
OUTPUT 

(7) 

(6) 

A5T3644 

> 
'C 
> 
N 
I 

Q) 
Cl 

!9 
0 
> 

Vee! sv 
RA• 1 kn 

~~·;!,:'!,r 

] ] l 
1 l l 

21 LI LI 
~ J JV- ] 

TYPES SE555, NE555 
PRECISION TIMERS 

] l ] l 
1NPUT VOLT 2E 

l l 1 

OUTPUT VOLTAGE 

LI L LI LI Ll 
v- J 1U JV- ] ~l 

eAielTCl VOLlAGE 

Time-0.1 ms/div 

FIGURE 16-CIRCUIT FOR MISSING.PULSE DETECTOR FIGURE 17-MISSING.PULSE 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. 

> 

Vee· s v 
RA= 12501! 

f--e = 0.02 µF -+---+--+---+--+---+--+---+---f---1 
RL" 1 kH 
See Figure 11 

] 
1 l 

~ > f---+--+---+---f---+----<--+---1--+---t--t---i 

N 1---t----T-..., .+---+---+-. .+--+--+--. t--
1 f---+--1-44-1---f---l-~--l---l--J-.U---t--t---i 

~ 
!9 f---+--+--+-t+---f---+-++t--+---1-+-H----t--t---i 
0 
> 

f---t---i-'""'+---1--+-~--+---+--'+---+--+---t 
OUTPUT VOLTAGE 

v v V1 v 
Time-0.1 ms/div 

FIGURE 18-DIVIDE-BY-THREE CIRCUIT WAVEFORMS 
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TYPES SE555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 
pulse-width modulation 

CLOCK 
INPUT 

MODULATION 
INPUT 

(See Note Al 

Vee (5 v to 15 Vl 

(41 

RESET 

121 TRIGGER 

(81 

Vee 
OUTPUT ll-"(....;

31
--1---ouTPUT 

SE555/NE555 
DISCHARGE l7 l 

(51 CONTROL 
VOLTAGE THRESHOLD l5 l 

GND 

(11 

NOTE A: The modulating signal may be direct or capaci
tively coupled to the control voltage terminal. For 
direct coupling, the effects of modulation source 
voltage and impedance on the bias of the 
SE555/.NE555 should be considered, 

FIGURE 19-CIRCUIT FOR PULSE-WIDTH MODULATION 

> 
~ 
> 
IN 
I 

Q) 
Cl .s 
0 
> 

RA•3kn° 
C•0.02.'IF 

l-RL• 1kn 
Seefigure20 -~ ~ 

b-d v "' 1-. 
MODULATION INPUT VOLT AGE 

I Jl 
I I Pl 

CLOCK INPUT VOL AGE 

OUTPUT VOLT AGE 

_( AIAA /11A IA A 11-_J_ 

LI. ff]_ [ ~ 1Il lli Wljl_[ u h l_A_ 
CAjCITO VOL AGE 

Time-0.5 ms/div 

FIGURE 20-PULSE-WIDTH-MODULATIOl'J 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. 

pulse-position modulation 

Vee (5 v to 15 Vl 

(41 (81 

Vee 
OUTPUT t-

1-31
--11-----0UTPUT 

RESET 

121 
TRIGGER 

SE555/NE555 
DISCHARGE l7 l 

RB MODULATION (51 CONTROL 
INPUT VOLTAGE THRESHOLDll-"(_5 l....;.. __ __. 

(See Note Al 
GND 

(1 l 

NOTE A: The modulating signal may be direct or capaci
tively coupled to the control voltage terminal. For 
direct coupling, the effects of modulation source 
voltage and impedance on the bias of the 
SE555/NE555 should be considered. 

FIGURE 21-CIRCUIT FOR PULSE-POSITION MODULATION 

RA•3k1! 
Rs• 500 U 

I-~~ ~~~~!F +-___,l---+--+---+--+---t--+----1 
Seefigure22 

>v 1'+1 "' 
~ MODULATION INPUT VOLTAGE 

> 
~ h-r-r+t,--,.-+-wr-rirrrrii 

~ 
.s H-t--Htr-t-ttt-+tt+-1-tt a 
> 

OUTPUT VOLTAGE 

Time-0.1 ms/div 

FIGURE 22-PULSE POSITION-MODULATION WAVEFORMS 

The SE555/NE555 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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sequential timer 

s 

141 (8) 

RESET Vee 

o----(._2;..i) TRIGGER OUTPUT 

0.01 
µF 

SE555/NE555 
DISCHARGE 

5 CONTROL 
VOLTAGE THRES-

HOLD 
GND 

(1) 

CA= 10µF 
RA• 100kn 

S closes momentarily at t = O. 

TYPICAL APPLICATION DATA 

Vee 

(4) 

RESET 

(2) TRIGGER OUTPUT 
(3) 

0.001 SE555/NE555 
7 µF DISCHARGE 

(5) 

CA 0.01 
GND 

µF (1) 

-= 
OUTPUT A Ce =4.7 µF 

Re= 100 kn 

Ce 

0.001 
µF 

0.01 
µF 

OUTPUTS 

FIGURE 23-SEQUENTIAL TIMER CIRCUIT 

TYPES SE555, NE555 
PRECISION TIMERS 

TRIGGER 

SE55Wi~~~~8E 171 

15) CONTROL 
VOLTAGE THRES- (6) 

HOLD 
GND 

(1) 

Cc= 14.7 µF 
Re= 100 kn 

Re 

Cc 

OUTPUTC 

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. SE555/NE555 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. 

> :g 
> 
Ln 
I 

Q) 
Ol 
IO ... 
0 
> 

See FiJure 24 

OUTPUT A ~twA .. twA = 1.1 RACA 

-41 ~tws,.-1-
t I 

OUTPUT B tws = 1.1 RsCs 

OUTPUTC 14-1 t-twc -f9o twc = 1.1 RcCc 

...-t=O 

l 
t-Time-1 s/div 

FIGURE 24-SEQUENTIAL TIMER WAVEFORMS 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Two Precision Timing Circuits per Package 

• Astable or Monostable Operation 

• TTL-Compatible Output Can Sink or Source 
up to 150 mA 

• Active Pull-up and Pull-Down 

• Designed to be Interchangeable with Signetics 
SE556/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 

TYPES SE55&, NE556 
DUAL PRECISION TIMERS 

BULLETIN NO, DL-S 12609, APRIL 1978 

SE556 •••• J 
NE556 •••• JORN 

DUAL-IN-LINE PACKAGE (TOP VIEW) 

TIMER2 

CONTROL 
DIS. THRES. VOLT· OUT· TRIG· 

Vee CHARGE HOLD AGE RESET PUT GER 

DIS THRES CON· RESET OUT· TRIG· GND 
CHARGE HOLD TROL PUT GER 

VOLTAGE 

TIMER 1 

functional block diagram of each timer 
CONTROL 

Vee VOLTAGE RESET 

GND DISCHARGE 

OUTPUT 

The SE556 and NE556 provide two monolithic, independent timing circuits of the SE555/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 SE556 is characterized for operation over the full military temperature range of -55°C to 125°C. The NE556 is 
characterized for operation from 0°C to 70°C. 

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

Supply voltage, V CC (see Note 1) . . . . . . . . 
Input voltage (control voltage, reset, threshold, trigger) 
Output current . . . . . . . . . . . . . . . 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 2) 
Operating free-air temperature range: SE556 

NE556 
Storage temperature range 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 

NOTES: 1. All voltage values are with respect to network ground terminal. 

2, For operation of the SE556 above 77°C free-air temperature, derate linearly at the rate of 8.2 mW/°C. 

18 v 
Vee 

±225 mA 
. 600 mW 

-55°C to 125°C 
0°C to 70°C 

-65°C to 150°C 
300°C 

..... 260°C 

Copyright© 1978 by Texas Instruments Incorporated 
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TYPES SE556, NE556 
DUAL PRECISION TIMERS 

recommended operating conditions 

Supply voltage, Vee 

Input voltage, VI (control voltage, reset, threshold, trigger) 

Output Current, lo 

Operating free-air temperature, TA 

MIN 

4.5 

-55 

SE556 

NOM MAX 

18 

Vee 
±200 

125 

NE556 

MIN NOM MAX UNIT 

4.5 16 v 
Vee v 
±200 mA 

0 70 oc 

elect rical characteristics at 25°e free-air temperature, Vee = 5 V to 15 V (unless otherwise noted) 

TEST CONDITIONS 
SE556 

PARAMETER 
MIN TYP MAX 

NE556 

MIN TYP MAX 
UNIT 

Threshold voltage level as a 
66.7 66.7 % 

percentage of supply voltage 

Threshold current (see Note 3) 30 100 30 100 nA 

Vee"' 15 v 4.8 5 5.2 5 
Trigger voltage level 

Vee= 5 v 
v 

1.45 1.67 1.9 1.67 

Trigger current 0.5 0.5 µA 

Reset voltage level 0.4 0.7 1 0.4 0.7 1 v 
Reset current 0.1 0.1 mA 

Control voltage Vee= 15 v 9.6 10 10.4 9 10 11 

(open-circuit) 
v 

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 2.75 
Low-level output voltage v 

lni "'200 mA 2.5 2.5 

IOL = 5 mA 0.25 0.35 
Vee= 5 v 

loL = 8 mA 0.1 0.25 

IOH = -100 mA 13 13.3 12.75 13.3 

High-level output voltage 
Vee= 15 v 

loH = -200 mA 12.5 12.5 v 
Vee= 5 v IOH = -100 mA 3 3.3 2.75 3.3 

Output low, Vee= 15 v 10 11 10 14 

Supply current No load Vee= 5 v 3 5 3 6 
mA 

(average per timer) Output high, Vee= 15 v 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 on page 286, For example, 

when Vee= 5 V the maximum value is R =RA+ Rs"" 20 M11. 

monostablet operating characteristics, Vee = 5 V and 15 V 

TEST SE556 NE556 
PARAMETER 

CONDITIONS+ 
UNIT 

MIN TYP MAX MIN TYP MAX 

Initial error of Each timer 
TA= 25°C 

0.5 1.5 1 

timing interval§ 
% 

Timer 1 - Timer 2 ±0.05 ±0.1 ±0.1 ±0.2 

Temperature coefficient Each timer TA= MIN to 30 100 50 
ppm/°C 

of timing interval Timer 1 - Timer 2 MAX ±10 ±10 

Supply voltage sensitivity Each timer 
TA= 25°C 

0.05 0.2 0.1 
%/V 

of timing interval Timer 1 - Timer 2 ±0.1 ±0.2 ±0.2 ±0.5 

Output pulse rise time CL= 15 pF, 100 100 ns 

Output pulse fall time TA= 25°C 100 100 ns 

tvalues specified are for a device in a monostable circuit similar to Figure 10 on Page 285, with compGnent values as follow: RA= 2 k11, 

e = 0.1 µ.F, 

:!:For 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 RA e. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL170C 
SILICON HALL-EFFECT SWITCH 

BULLETIN NO. DL-S 12588, DECEMBER 1977-REVISED FEBRUARY 1979 

• Magnetic-Field-Sensing Hall-Effect Input LP SILECTt PACKAGE 

• On-Off Hysteresis TOP VIEW 

• Small Size 

• Solid-State Technology 
Vee 

GROUND 

• Open-Collector Output 
OUTPUT 

description 

The TL170C 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 170C is characterized for operation over the temperature range of 0°C to 70°C. 

FUNCTIONAL BLOCK DIAGRAM 

V+ 

Vee 

,---------------------, 
DTL 

{

TTL FUNCTION TABLE (TA= 25°C) 
I I 

I 
I 
I 
I 
I 
I 

SILICON 
HALL-EFFECT 

SENSOR 
SIGNAL CONDITIONING 

AND HYSTERESIS 

I I 
L------------- ______ J 

GROUND 

mechanical data 

RTL 
MOS 
TRANSISTORS 

OUTPUT SCR'S 

TRIAeS 
RELAYS 

FLUX DENSITY OUTPUT 

<;;-25 mT Off 

-25 mT < 8 < 25 mT Undefined 

;;. 25 mT On 

The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting Ml L-STD-202C, Method 1068. 

SEATING PLANE1 0.165 (4,19) 
0.050 (1,27) 0 125 (3 17) r (see Note b) 0.105 (2,67) ...., F o: 105 (2:67) t 0.080 (2,03)~ 0.080 (2,03) 

··~"'" ··~~e J : ~-0.175 (4,44) DIA. MIN' - - - ip- -. ~ -
0.100 ± 0.005 

0-110 (4•32l -1.----..i 0.500 (12,7) MIN I . . 0.210 (5,34) (2 54 ± 0 13) 

I I---- ~ 0.050 ± 0.005 3 LEADS 
(1,27 ± 0, 13) 

0.017 + 0.005, -0.001 WIDE 
0.015 ± 0.001 THICK 
(0,43+0,13, -0.03 WIDE 
0,38 ± 0,03 THICK) 
(see Note c) 

NOTES: a. Dimensions are in inches and parenthetically in mlllimeters. Inch dimensions govern. 

b. Lead dimensions are not controlled in this area. 

c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to ±0.001 (0,03). 

ALL JEDEC T0-226AA DIMENSIONS AND NOTES ARE APPLICABLE 

tTrademark of Texas Instruments Incorporated 

' 
Copyright© 1979 by Texas Instruments Incorporated 
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TYPE TL170C 
SILICON HALL-EFFECT SWITCH 

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

Supply voltage, Vee (see Note 1) .. 7 v 
30V 

20mA 
0°e to 70°e 

-65°e to 150°e 
unlimited 

Output voltage . . . . . . 
Output current . . . . . . 
Operating free-air temperature range 
Storage temperature range 
Magnetic flux density 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics at specified free-air temperature, Vee= 5 V ± 5% (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

BT+ 
Threshold of positive-going 25°e 25 

mT§ 
magnetic flux densityt 0°e to 70°e 35 

BT-
Threshold of negative-going 25°e -25~ 

mT§ 
magnetic flux densityt 0°e to 70°e -35~ 

BT+-BT- Hysteresis 0°e to 70°e 20 mT§ 

IQH High-level output current VoH = 20 V 0°e to 70°e 100 µA 

VoL Low-level output voltage Vee= 4.75 v. IQL = 16 mA 0°e to 70°e 0.4 v 

ice Supply current Vee= 5.25 v l Output low 
0°e to 70°e 

6 
mA 

( Output high 4 

tThreshold values are those levels of magnetic flux density 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 I nternatlonal System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter, 

Values expressed In mllliteslas 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, 

N 

s 
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 com· 
pass. 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 

MINBT

at 25°C 
I Vo 

VoH---+-BTP-_________ BT~+ 

off 

20mT 

Vo 
BT-

off 

BT+ 

MAX BT+ 
at 25°C Vo i 

BT+I 
VoH-+-.-..~~~--t I 

off I 

20mT 

I 
I 
I 
I 
I 

._ ___ o.n ...... __ _......,VoL BT-.._ __ o_n-t-----""'-----VoL __________ ...... ________ ~ ._ ____ o_n ____ ~~'-voL 

-25 0 0 0 25 

B (mT) B (mT) B (mT) 

The positive-going threshold (BT+I may be a negative or positive 8 level at which a positive

going (decreasing negative or increasing positive) flux density results in the TL 170 output turn

on. The negative-going threshold Is a positive or negative 8 level at which a negative-going (de

creasing positive or increasing negative) flux density results in the TL 170 turning off. 

FIGURE 2-REPRESENTATIVE CURVES OF Vo vs 8 
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LINEAR 
INTEGRATED 
CIRCUIT 

TYPE TL172C 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 

BULLETIN NO. DL·S 12643, AUGUST 1977-REVISED FEBRUARY 1979 

• Magnetic-Field-Sensing Hall-Effect Input LP SILECTt PACKAGE 

• On-Off Hysteresis TOP VIEW 

• Small Size 

• Solid-State Technology Vee 

• Open-Collector Output GROUND 

• Normally Off Switch OUTPUT 

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 172C output to be in a low-impedance state. Otherwise the output will present a high 
impedance. The output of this circuitry can be directly connected to many different types of electronic components. 

The TL 172C is characterized for operation over the temperature range of 0°C to 70°C. 

mechanical data 

TL 172C FUNCTIONAL BLOCK DIAGRAM 

,---------------------, 
I I 

I 
I 
I 
I 
I 
I 

SILICON 
HALL-EFFECT 

SENSOR 
SIGNAL CONDITIONING 

AND HYSTERESIS 

I I 
L-------------------J 

GROUND 

V+ 

DTL 
RTL 
MOS 
TRANSISTORS t
TTL 

OUTPUT SCR"S 

TRIACS 
RELAYS 

The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting Ml L-STD-202C, Method 1068. 

SEATING PLANE~ 0.165 (4,19) 

r 0.050 11.27) j F 0 125 (3 17) 

t .-E II 0.080 (2,03) - 0.080 (2,03) 

(sea Note bl 0.105 (2,67)~ 0:105 (2:67) 

0.205 (5,21) 0.135 (3 43) : 
0.175(4,44) DIA. MIN' - -: - -$--

• J__ . -
0.210 (5,34) ....J.----.1 (2 54 ± 0 13) 

- _J 0.100±0.005 

0·17014•321 I j.---o.5oo 112.11 MIN • • 
~;~: ~-~ 3 LEADS 

0.017 + 0.005, -0.001 WIDE 
O.D15 ± 0.001 THICK 
(0,43+0,13, -0.03 WIDE 
0,38 ± 0,03 THICK) 
(sea Note c) 

NOTES: a. Dimensions are In Inches and parenthetically in millimeters. inch dimensions govern. 

b. Lead dimensions are not controlled in this area. 

c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to ±0.001 (0,03). 

ALL JED EC T0-226AA DIMENSIONS AND NOTES ARE APPLICABLE 

tTrademark Registered U.S. Patent Office. 

' 
Copyright© 1979 by Texas Instruments incorporated 
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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 
30V 

20mA 
0°e to 70°e 

-65°e to 150°e 
unlimited 

Output voltage 
Output current 
Operating free-air temperature range 
Storage temperature range 
Magnetic flux density 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over rated operating free-air temperature range, Vee = 5 V ± 5% 
·(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP 

BT+ 
Threshold of positive-going 

Magnetic flux densityt 

BT-
Threshold of negative-going 

10 
magnetic flux densityt 

Bn-BT- Hysteresis 23 

IQH High-level output current VQH = 20 V 

Vol Low-level output voltage Vee= 4.75 v, IQL = 16 mA 

Ice Supply current Vee= 5.25 v 

MAX UNIT 

60 mT§ 

mT§ 

mT§ 

100 µA 

0.4 v 
6 mA 

tThreshold values are those levels of magnetic flux density at which the output changes state. For the TL 172C, a leveLmore 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 (SI) Is the tesla (T). The tesla Is equal to one weber per square meter. 

296 

Values expressed In milliteslas may be converted to gauss by multiplying by ten. 

Vo 

N 

s 
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 com
pass. By accepted magnetic convention, 
lines of flux emanate from the north 
pole of a magnet and enter the south 
pole. 

0 

0 

MINBT-

I 
VoH 

1 
I 
I 
I 
I 
I 
I 

10 

MA~BT+ 

I 
BT- BT+ I 

I 
I 

23mT I 
I 
I 
I 

VOL( 

B (mT) 60 

FIGURE 1-DEFINITION OF 
MAGNETIC FLUX POLARITY 

FIGURE 2-REPRESENTATIVE CURVE OF Vo vs B 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL1731, TL173C 
LINEAR HALL-EFFECT SENSORS 

BULLETIN NO. DL-S 1267B, MARCH 1979- REVISED OCTOBER 1979 

• 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 

LP SILECTt PACKAGE 

TOP VIEW 

Vee 
GROUND 

OUTPUT 

The TL 1731 and TL 173C are low-cost magnetic-field sensors designed to provide a linear output voltage proportional 
to the magnetic field they sense. These monolithic circuits incorporate a hall element as the primary sensor along with 
a voltage reference and a precision amplifier. Temperature stabilization and internal trimming circuitry yields a device 
that features high overall sensitivity accuracy with less than 5% error over its operating temperature range. 

The TL1731 is characterized for operation from -20°C to 85°C. The TL 173C is characterized for operation from 
0°C to 70°C. 

functional block diagram 

SILICON 
HALL-EFFECT 

SENSOR 

Vee 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . . . . . . . . . . . 775 mW 
Operating free-air temperature range: TL 1731 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -20°C to 85°C 

TL173C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to 150°C 
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/°C. 

recommended operating conditions 

TL1731 TL 173C 

MIN NOM MAX MIN 
UNIT 

NOM MAX 

Supply voltage, Vee 10.8 12 13.2 10.8 12 13.2 v 
Magnetic flux density, B ±50 ±50 mT 

l Sink 0.5 0.5 
Output current, lo mA l Source -2 -2 

Operating free-air temperature, TA -20 85 0 70 oe 

tTrademark of Texas Instruments Incorporated. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL1731, TL173C 
LINEAR HALL-EFFECT SENSORS 

electrical characteristics over full range of recommended operating conditions (unless otherwise noted} 

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT 

Vo Output voltage lo = -2 mA to 0.5 mA, 5.8 6 6.2 v 
ksvs Supply voltage sensitivity (AV107AVccl B = 0 mT§t TA .. 25°C 18 mV/V 

s Magnetic sensitivity (AVo/AB) B .. -50 to 50 mT§, TA= 25°C 13.5 15 16.5 V/T§ 

AS Magnetic sensitivity change with temperature AT A= 25°C to MIN or MAX ±5 % 

tee Supply current B=OmT§, lo= o 8 12 mA 

fmax Maximum operating frequency 100 kHz 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+Typical values are at V cc = 12 V and TA = 25° C. 
§The unit of magnetic flux density In the International System of Units (SI) Is the tesla (T). The tesla ls equal to one weber per square meter. 

Velues expressed In mllllteslas may be converted to gauss by multiplying by ten, e,g.,50 mlllltesla = 500 gauss. 

N 

s 
s 

N 

The north pole of a magnet is the pole 
that ls attracted by the geographical 
north pole. The north pole of a magnet 
repels the north-seeking pole of a com
pass. By accepted magnetic convention, 
llnes of flux emanate from. the north 
pole of a magnet and enter the south 
pole. 

FIGURE 1-DEFINITION OF 
MAGNETIC FLUX POLARITY 

OUTPUT VOLTAGE 
VS 

MAGNETIC FLUX DENSITY 

6.8 

6.6 .--+-+--+--+--+--+---'b''-t--.,,~-l 
> 
I 6.4 1---+--~-+--~-+--~-+-~l---h,.£.l 

~ 0 6.2 l---+-+--+-+-->l'~-+>"C-.!-"""'"-1---l 
> 
:l s-6 5.8 .--+-¥--+-'+--2"'--+--1---+-+--l 

6 5.6 h,.c+--1-7":::....+---.'4--+--''-+--t---t--r--l 
> 

5.4 .---.1<'--+-~--+--+--+--l---+-+--l 

5.2 .--+.,,C-+--+--+--+--+--1---+-+--l 

5LL-L.-...._-L--'---'-....1....-'---'--..___....J 
-50-40-30 -20-10 0 10 20 30 40 50 
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FIGURE 2 

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 R 1), and to set the sensitivity to 
exa.ctly -15 V/T (using R2), as depicted in Figure 4. 

COMPENSATED OUTPUT VOLTAGE 

12V 

TL173C 

-= 

R2 

10kn 10kn 

> 
I 
I!!. 

3.9kn B 
0 
> 

R1 
OUTPUT ; 

s-
:l 

2.5kn 0 
"t:l 
l!l 
:ll c: 

10kn 8. 
E 
8 

VS 

MAGNETIC FLUX DENSITY 

6.8 

6.6 

6.4 

6.2 

6 

5.8 

5.6 

5.4 

5.2 

v~c=~~.a1vtJ13.lv-1 
~ 

TA= 25 C 

~ 
' ~ 

r:...... 
~ 

"" ~ f'.... 
"' 5 

-50-40 -30-20-10 0 10 20 30 40 50 
B - Magnetic Flux Density - mT 

FIGURE 3-COMPENSATION CIRCUIT FIGURE 4 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Magnetic-Field-Sensing Hall-Effect Input 

• On-Off Hysteresis Assures Latched Output 

• Small Size 

• Solid-state Technology 

• Open-Collector Output 

description 

TYPE TL175C 
SILICON HALL-EFFECT LATCH 

BULLETIN NO. DL-S 12732, DECEMBER 1979 

LP SILECTt PACKAGE 

TOP VIEW 

Vee 

GROUND 

OUTPUT 

The TL 175C is a low-cost magnetically operated electronic switch that utilizes the Hall-Effect to sense the presence and 
the direction of a magnetic field. The built-in hysteresis of the switching thresholds is designed to provide a latched 
switch function. This means that the switch will retain its existing state when the magnetic field is removed and will 
change state only when the magnetic field is reversed and increased beyond the trigger threshold. This latching feature 
eliminates the need for external circuitry to record the occurrence of an intermittent fault condition. Additionally, 
the TL175C will always power-up in the latched-off state in the presence of zero magnetic field. 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 TL175C is characterized for operation over the temperature range of -40°C to 125°C. 

FUNCTIONAL BLOC°K DIAGRAM 

V+ 

Vee 

MOS 
I TRANSISTORS 

I 1~ ~ 

I 
SILICON I TRIACS 

FUNCTION TABLE 

(TA = 25° C, See Figure 2) 

FLUX DENSITY OUTPUT 

<;;;-35 mT High (off) 

:---------------------; {E~ 

HA~~~E:;cr s1G~~6~~~~~~1~si!NG I RELAYS 

I I 
-5mT< B <5 mT Latched in Previous State* 

I I ;;>35mT Low 
I I L-------------------J • During power-up ·the output will always assume the off state, 

mechanical data 

The LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MI L-STD-202C, Method 1068. 

SEATING PLANE, 0.165 (4,19) 

(see Note b) r0.050(1.27) j F 0.125(3.17) 

0.017 + 0.005, --0.001 WIDE 
0.015 t 0.001 THICK 
(0,43+0,13, --0.03 WIDE 
0,38 ± 0,03 THICK) 
(see Note c) 

NOTES: a. Dimensions are In Inches and parenthetically In millimeters. Inch dimensions govern. 

b. Lead dimensions are not controlled in this area. 

c, Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to ±0.001 (0,03), 

ALL JEDEC T0-226AA DIMENSIONS AND NOTES ARE APPLICABLE 

tTrademark of Texas Instruments Incorporated 

' 
Copyright © 1979 by Texas Instruments Incorporated 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 
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TYPE TL175C 
SILICON HALL-EFFECT LATCH 

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

Supply voltage, Vee (see Note 1) 18V 
30 v Output voltage ........... . 

Output current 
Operating free-air temperature range 

Storage temperature range 

....... 20mA 
-40°C to 125°C 
-65°C to 150°C 

Magnetic flux density unlimited 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

MIN NOM MAX UNIT 

I TA = -40° e to 125° e 10 16.5 
Vee Supply voltage 

TA = 0° e to 125° C 
v 

8.1 16.5 

electrical characteristics over rated operating free-air temperature range, Vee = 10.8 V to 13.2 V (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

BT+ 
Threshold of positive-going 

5 35 mT§ 
magnetic flux densityt 

BT-
Threshold of negative-going 

-351] -51] mT§ 
magnetic flux density t 

BT+-BT- Hysteresis 40 mT§ 

IQH High-level output current VoH = 20 V 100 µA 

VoL Low-level output voltage loL=16mA 0.4 v 
1 Output low 7 

Ice Supply current J Output high 
mA 

7 

tThreshold values are those levels of magnetic flux density at which the output changes state. For the TL 175C, 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 (SI) is the tesla (T). The tesla is equal to one weber per square meter. 

Values expressed in milllteslas may be converted to gauss by multiplying by ten, 

11 The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold levels 

only. 

N 

s 

The north pole of a magnet is the pole 
that is attracted by the geographlt:al 
north pole. The north pole of a magnet 
repels the north-seeking pole of a com
pass. 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 

rs--sT- RANGE 

I 

-35 -20 

off 

Mt.i1t-~~BT+RANGE____.., 
I I 

I 
I 

-5 0 +5 

B(mT) 

on 

+20 

I 
I 
I 
I 
I 

+35 

The positive-going threshold (BT+l is the positive B level at which a positive-going flux densitY 

results in the TL 175 output going low. The negative-going threshold (BT_) is the negative B 

level at which a negative-going flux densitY results in the TL 175 going high. 

FIGURE 2~REPRESENTATIVE CURVES OF Vo vs B 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL176C 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 

BULLETIN NO. DL-S 12729, OCTOBER 1979 

• Magnetic-Field-Sensing Hall-Effect Input LP SILECTt PACKAGE 

• On-Off Hysteresis TOP VIEW 

• Small Size 

• Solid-State Technology Vee 

• Open-Collector Output GROUND 

• Normally Off Switch OUTPUT 

description 

The TL 176C 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 176C output to be in a low-impedance state. Otherwise the output will present a high 
impedance. The output of this circuitry can be directly connected to many different types of electronic components. 

The TL 176C is characterized for operation over the temperature range of -40°C to 150°C. 

mechanical data 

FUNCTIONAL BLOCK DIAGRAM 

,---------------------, 
I I 

I 
I 
I 
I 
I 
I 

SILICON 
HALL-EFFECT 

SENSOR 
SIGNAL CONDITIONING 

AND HYSTERESIS 

I I 
L-------------------J 

GROUND 

V+ 

DTL 
RTL 
MOS 
TRANSISTORS 

{

TTL 

OUTPUT SCR'S 

TRIACS 
RELAYS 

The. LP Silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting Ml L-STD-202C, Method 1068. 

SEATING PLANE1 0.165 (4,19) 

r (see Note b) 0.105 (2,67) 0.105 (2,671 
0.050(1.27) j F0.125(3.17) , 'E J 0.080 (2.03)~ 0.080 (2.031 

0.205(5,21) 0.135(3.43) - : - ..m...._ 
0.175 (4,44) DIA. MIN - -------------': -W-. ~ -

_J 0.100±0.005 
0.210(5,34)~ (254±0,13) 
O.l70 (4•32l 0.500 (12,7) MIN ' 

0.050 ± 0.005 3 LEADS 
(1,27 ± 0,13) 0.017 + 0.005, -0.001 WIDE 

0.015 ± 0.001 THICK 
(0.43+0,13, -0.03 WIDE 
0,38 ± 0,03 THICK) 
(see Note c) 

NOTES: a. Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 

b. Lead dimensions are not controlled in this area. 

c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to ±0.001 (0,03). 

ALL JEDEC T0-226AA DIMENSIONS AND NOTES ARE APPLICABLE 

tTrademark of Texas Instruments Incorporated 

' 
Copyright© 1979 by Texas Instruments Incorporated 
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TYPE Tl171C 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 

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

Supply voltage, V CC (see Note 1) 30V 
30V 

20mA 
-40°C to 150°C 

Output voltage 
Output current 
Operating free-air temperature range 
Storage temperature range -65°C to 150°C 
Magnetic flux density 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics over rated operating free-air temperature range, Vee= 4.5 V to 24 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVP MAX 

By+ 
Threshold of positive-going 

magnetic flux densityt 50 

BT-
Threshold of negative-going 

10 
magnetic flux density t 

BT+-BT- Hysteresis 7.5 

IQH High-level output current VQH = 20 V 100 

Vol Low-level output voltage Vcc=4.75 v, IQL = 16mA OA. 

•cc Supply current Vee= 24 v 10 

unlimited 

UNIT 

mT§ 

mT§ 

mT§ 

µA 

v 

mA 

tThreshold values are those levels of magnetic flux density at which the output changes state. For the TL 176C, 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 (SI) Is the tesla (T). The tesla Is equal to one weber per square meter, 

Values expressed in milliteslas may be converted to gauss by multlplylng by ten. 

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 com
pass. 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 

Vo 

MINBT- MA~ BT+ 

I I 
VOH BT- BT+ I 

I I 
I I 
I .7,SmT I 
I I 
I I 
I I 
I VOLi 

0 10 B(mT) 50 

FIGURE 2-REPRESENTATIVE CURVE OF Vo vs B 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL182M, TL1821, TL182C 
TWIN SPST Bl-MOS ANALOG SWITCHES 

BULLETIN NO. DL-S 12416, JUNE 1976 

• 

• 
• 

Functionally Interchangeable with Siliconix 
DG182 with Same Terminal Assignments 

Monolithic Construction 

Adjustable Reference Voltage 

• 
• 

• 
• 

JFET Inputs 

Uniform On-State Resistance for Minimum 
Signal Distortion 

±10-V Analog Voltage Range 

TTL, MOS, and CMOS Logic Control 
Compatibility 

description 

The TL 182 is a twin, monolithic, high-speed SPST 
analog switch constructed using Bl-MOS technology. 
Each half consists of a JFET-input buffer, level 
translator, and output JFET switch. 

The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). The 
input threshold is related to the reference input by 
the equation V th = V ref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 

Vref + 1.4 V. 

The output switches are junction field-effect transis
tors featuring low on-state resistance and high off
state resistance. The monolithic structure ensures 
uniform matching. 

Bl-MOS technology is a major breakthrough in linear 
integrated circuit processing. Bl-MOS can have ion
implanted JFETs, p-channel MOS-FETs, plus the 
usual bipolar components all on the same chip. 
Bl-MOS allows circuit designs that previously have 
been available only as expensive hybrids to be 
monolithic. 

For the TL 182, a low level at the input turns the 
switch on. 

The TL 182M is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the TL 1821 is characterized for operation from 
-25°C to 85°C, and the TL 182C from 0°C to 70°C. 

FUNCTION TABLE 

(EACH HALF) 

INPUT SWITCH 

A s 
L ON (CLOSED) 

H OFF (OPEN) 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

2S 20 NC NC ?.A VEE Vref 

1S 10 NC NC 1A Vee VLL 

NC-No internal connection 

Switch positions shown are A Inputs low. 

functional diagram 

-:1""""C>---1s 

I 
I 

1A--D-C>---J 
SWITCH POSITIONS 
SHOWN ARE FOR 
A INPUTS LOW 

2A --D-C>----: 
I 
I 

20 :so-J--.o---~~2s 
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TYPES TL182M, TL1821, TL182C 
TWIN SPST Bl-MOS ANALOG SWITCHES 

schematic (each channel) 

I TO OTHER HALF 

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

Positive supply to negative supply voltage to either drain, V CC - VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 V 
Positive supply voltage to either drain, V CC - VD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Drain to negative supply voltage, v0 - VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Drain to source voltage, VD - VS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±22 V 
Logic supply to negative supply voltage, V LL - VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 V 
Logic supply to logic input voltage, V LL - V 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Logic supply to reference voltage, V LL - V ref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Logic input to reference voltage, V 1 - V ref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Reference to negatvie supply voltage, V ref - VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 V 
Reference to logic input voltage, V ref - V 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 V 
Current (any terminal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1 ): 

TL182MJ . . . . . . . . . . . . . . . . . . . . . 1375 mW 
TL1821J, TL182CJ . . . . . . . . . . . . . . . 1025 mW 
N package . . . . . . . . . . . . . . . . . . . . . . 1150 mW 

Operating free-air temperature range: TL 182M ................... -. . . . . . . . . . . . . . . -55°C to 125°C 
TL 1821 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -25°C to 85°C 
TL182C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 

Lead temperature 1 /16 inch (1,6 mm) from case for 60 seconds: J package . . . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1 /16 inch (1,6 mm) from case for 10 seconds: N package . . . . . . . . . . . . . . . . . . . . . . 260°C 

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Deratlng Table. In the J package, TL 182M chips are alloy-mounted; 
TL 1821 and TL 182C chips are glass-mounted. 

DISSIPATION DERATING TABLE 

POWER 
PACKAGE 

DERATING ABOVE 

RATING FACTOR TA 
J (Alloy-Mounted Chip) 1375mW 11.0 mW/°C 25°C 

J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C 

N 1150mW 9.2 mW/°C 25°C 

Also -see Dissipation Deratlng Curves, Section 2. 
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TYPES TL182M, TL1821, TL182C 
TWIN SPST Bl-MOS ANALOG SWITCHES 

electrical characteristics, Vee= 15 V, VEE= -15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 

TL182M TL 1821 TL182C 
PARAMETER TEST CONDITIONS UNIT 

MIN MAX MIN MAX MIN MAX 

V1H High-level control input voltage TA= MIN to MAX Vref+2 Vret+2 Vref+2 v 
V1L Low-level control input voltage TA = MIN to MAX Vret+0.8 Vref+o.8 Vref+o.8 v 

TA= 25"C 10 10 20 
l1H High-level control input current V1 =5 V 

TA= MAX 20 20 20 
µA 

l1L Low-level control input current V1 =OV TA= MIN to MAX -250 -250 -250 µA 

Vcc=15v, TA= 25°C 5 5 
Vo=10V, 

VEE=-15V TA= MAX 100 100 100 
lo(offl Off-state drain current Vs= -10 V, 

TA= 25°C 
nA 

Vee= 10 v, 5 5 
V1 =2 V 

VEE= -20 V TA =MAX 100 100 100 

Vee= 15 v, TA= 25°C 5 5 
Vo=-10V 

VEE= -15 V TA= MAX 100 100 100 
ls(offl Off-state source current Vs=10V, 

TA=25°C 
nA 

Vee= 10 v. 5 5 
V1 =2 V 

VEE= -20 V TA= MAX 100 100 100 

On-state channel -10 -10 Vo= -10 V,Vs = -10 v. TA= 25°C 
lo(on)+ls(onl nA 

leakage current V1=0.8 V TA= MAX -200 -200 -200 

Drain-to-source on-state Vo= -10 V,ls = 1 mA, TA= MIN to 25°C 75 100 100 
ros(on) n 

resistance V1=0.8V TA= MAX 100 1.50 150 

•ce Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 0 V, TA= 25°C 

-5 -5 -5 
mA 

ILL Supply current from VLL 4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 5 V, TA= 25°C 

-5 -5 -5 
mA 

ILL Supply current from VLL 4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

switching characteristics, Vee= 10 V, VEE= -20 V, VLL = 5 V, Vref = 0 V, TA= 25°e 

TL182M TL 1821 TL182C 
PARAMETER TEST CONDITIONS UNIT 

TYP TYP TYP 

ton Turn-on time 175 175 175 

to ff Turn-off time 
AL= 300 n, CL= 30 pF, See Figure 1 

350 350 350 
n:t 

PARAMETER MEASUREMENT INFORMATION 

tf<10ns L=tr<10ns 3V 

INP 

-:------OV 
ton-14---+1 I 

- - - - -+----~vat- - -- --3 v 
~toff 

TEST CIRCUIT 

OUTPUT -~---I av 
0.1 Vo 

Vo------------ ---------~V 

CL includes probe and jig capacitance. 

Vs= 3 V for ton and -3 V for toff· 

VOLTAGE WAVEFORMS 
Vo= Vs AL 

RL + ros(on) 

V 0 Is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail· 
Ing edges of the output waveform. 

FIGURE 1 
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• 

• 
• 

LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL185M, TL1851, TL185C 
TWIN DPST Bl-MOS ANALOG SWITCHES 

Functionally Interchangeable with Siliconix 
DG185 with Same Terminal Assignments 

Monolithic Construction 

Adjustable Reference Voltage 

• 
• 

• 
• 

BULLETIN NO. OL-S 12417, JUNE 1976 

JFET Inputs 

Uniform On-State Resistance for Minimum 
Signal Distortion 

±10-V Analog Voltage Range 

TTL, MOS, and CMOS Logic Control 
Compatibility 

description 

The TL 185 is a twin, monolithic, high-speed DPST 
analog switch constructed using BI-MOS technology. 
Each half consists of a JFET-input buffer, level 
translator, and two output JFET switches. 

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 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 

Vref + 1.4 V. 

The output switches are junction field-effect tran
sistors featuring low on-state resistance and high 
off-state resistance. The monolithic structure ensures 
uniform matching. 

Bl-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. 
Bl-MOS allows circuit designs that previously have 
been available only as expensive hybrids to be 
monolithic. 

For the TL 185, a high level at the input turns the 
switches on. 

The TL 185M is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the TL 1851 is characterized for operation from 
-25°C to 85°C, and the TL 185C from 0°C to 70°C. 

FUNCTION TABLE 

(EACH HALF) 

INPUT SWITCHES 
A S1 AND S2 

L OFF (OPEN) 
H ON (CLOSED) 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

1S1 1A Vee Vref VLL Vee 2A 2S2 

101 NC 102 1S2 2S1 201 NC 202 

NC-No Internal connection 

Switch positions shown are for A inputs high. 

functional diagram 

1S1 

101~ 
I 

102~ 
1S2 ----.f.---J 

L----, 

1A--[}-t>J 

251 

l-o-ri:-201 
I 

~202 
l-+--2s2 

L<lb2A 
SWITCH POSITIONS 
SHOWN ARE FOR 
A INPUTS HIGH 
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TYPES. TL185M, TL1851, TL185C 
TWIN DPST Bl-MOS ANALOG SWITCHES 

schematic (each channel) Vee 

Vref 

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

Positive supply to negative supply voltage, Vee - VEE 
Positive supply voltage to either drain, Vee - Vo 
Drain to negative supply voltage, Vo - VEE 
Drain to source voltage, Vo - Vs 
Logic supply to negative supply voltage, VLL - VEE 
Logic supply to logic input voltage, VLL - V1 
Logic supply to reference voltage, VLL - Vref 
Logic input to reference voltage, V1 - Vref 
Reference to negative supply voltage, Vref - VEE 
Reference to logic input voltage, Vref - V1 
Current (any terminal) . . . . . . . . . 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1 ): 

36V 
33V 
33V 

±22 v 
36V 
33V 
33V 
33V 
27 v 
2V 

30mA 

TL185MJ .................... . 1375 mW 
TL1851J, TL185CJ .............. . 1025 mW 

Operating free-air temperature range: TL 185M 
TL 1851 
TL 185C 

N package 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 

. . . . . . . . . . . . . . . . . . . . . 1150 mW 
-55°C to 125°C 

-25°C to 85°C 
0°C to 70°C 

.... 300°C 

..•. 260°C 
NOTE 1: For operation above 25° C free-air temperature, see Dissipation Derating Tabla. In the J package, TL 185M chips are alloy-mounted· 

TL 1851 and TL 185C chips are glass-mounted. 

DISSIPATION DERATING TABLE 

POWER DERATING 
PACKAGE 

RATING FACTOR 

J (Alloy-Mounted Chip) 1375 mW 11.0 mW!°C 

J (Glass-Mounted Chip) 1025 mW 8.2 mW!°C 

N 1150mW 9.2 mW/°C 

Also see Dissipation Derating Curves, Section 2. 
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TYPES TL185M, TL1851, TL185C 
TWIN DPST Bl-MOS ANALOG SWITCHES 

electrical characteristics, Vee= 15 V, VEE= -15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TL185M TL 1851 TL185C 

UNIT 
MIN MAX MIN MAX MIN MAX 

V1H High-level control input voltage TA= MIN to MAX Vref+2 Vref+2 Vref+2 v 

V1L Low-level control input voltage TA= MIN to MAX Vref+0.8 Vref+0.8 Vref+0.8 v 

l1H High-level control input current 
TA= 25°C 10 10 20 

V1 =5V 
TA= MAX 20 20 20 

µA 

l1L Low-level control input current V1 =OV TA = MIN to MAX -250 -250 -250 µA 

Vee= 15 v, TA= 2!>C 5 5 
Vo=10V, 

Vee= -15 v TA= MAX 100 100 100 
lo(off) Off-state drain current Vs= -10 V, nA 

Vee= 10 v, TA= 25°C 5 5 
V1=0.8V 

Vee= -20 v TA= MAX 100 100 100 

Vee= 15 v, TA= 25°C 5 5 
Vo= -10 V 

Vee= -15 v TA= MAX 100 100 100 
ls(off) Off-state source current Vs=10V, 

TA= 25°C 
nA 

Vcc=1ov, 5 5 
V1=0.8 V 

Vee= -20 v TA= MAX 100 100 100 

On-state channel Vo= -10 V,Vs = -10 V, TA= 25°C -10 -10 
lo(on)+ls(on) 

leakage current v .. =2 v 
nA 

TA= MAX -200 -200 -200 

Drain-to-source on-state Vo= -10 V,ls = 1 mA, TA= MIN to 25°C 125 150 150 
ros(on) 

resistance V1 =2V 
n 

TA= MAX 250 300 300 

'cc Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from Vee 
Both control inputs at 0 V, TA= 25°C 

-5 -5 -5 

ILL Supply current from VLL 
mA 

4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

•cc Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from Vee 
Both control inputs at 5 V, TA= 25°C 

-5 -5 -5 

ILL Supply current from Vu.: 
mA 

4.5 4.5 4.5 

lref Reference current -2 -2 -2 

switching characteristics, Vee= 10 V, VEE= -20 V, VLL = 5 V, Vref = 0 V, TA= 25°e 

PARAMETER TEST CONDITIONS 
TL185M TL 1851 TL185C 

UNIT 
TVP TVP TVP 

ton Turn-on time 175 175 175 

Turn-off time 
RL = 300 n, CL= 30 pF, See Figure 1 ns 

to ff 350 350 350 

PARAMETER MEASUREMENT INFORMATION 
tr< 10 ns t1<10 ns 

Vs S 

INPUTA ~----
::.;:-- ~ov 
ton *-+I I 

---;,;y-r-vci;-~.:- 3V 

OUTPUT ---~---l. OV 0.1 Vo 

- - - ~'!.:=- - - - - - - -3 v 

RL = OUTPUT 
3oon 

1 
CL •30pf 

D 

CL includes probe and jig capacitance. 

TEST Cl RCUIT VOLTAGE WAVEFORMS 
RL 

Vs= 3 V for ton and -3 V for toff· Vo= Vs _R_L_+_r_o_S_(-on-) 

Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail

ing edges of the output waveform. 
FIGURE 1 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 

• 

Functionally Interchangeable with Siliconix 
DG188 with Same Terminal Assignments 

Monolithic Construction 

• Adjustable Reference Voltage 

description 

The TL 188 is a monolithic, high-speed dual comple
mentary SPST switch constructed using Bl-MOS 
technology. It consists of a JFET-input buffer, 
level translator, and two output JFET switches 
that can easily be connected in SPDT configuration. 

The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). 
The input threshold is related to the reference input 
by the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
biploar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 

Vref+ 1.4 V. 

The output switches are junction field-effect tran
sistors featuring low on-state resistance and high off. 
state resistance. The monolithic structure ensures 
uniform matching. 

Bl-MOS technology is a major breakthrough in linear 
integrated circuit processing. Bl-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. 

For the TL 188, a high level at the input turns switch 
S1 on and S2 off. 

The TL 188M is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the TL 1881 is characterized for operation from 
-25°C to 85°C, and the TL 188C from 0°C to 70°C. 

FUNCTION TABLE 

INPUT SWITCHES 

A S1 S2 

L OFF (OPEN) ON (CLOSED) 

H ON (CLOSED) OFF (OPEN) 

TYPES TL188M. TL1881. TL188C 
DUAL COMPLEMENTARY SPST 

Bl-MOS ANALOG SWITCHES 
BULLETIN NO. DL-S 12418, JUNE 1976 - REVISED OCTOBER 1979 

• 
• 

• 
• 

JFET Inputs 

Uniform On-State Resistance for Minimum 
Signal Distortion 

±10-V Analog Voltage Range 

TTL, MOS, and CMOS Logic Control 
Compatibility 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

NC NC 02 S2 NC Vref 

NC NC 01 S1 A Vee VLL 

functional diagram 

01~ ~02 

S1 _ _r--Q__ S2 

I 
I 

A--Dt>--J 
SWITCH POSITIONS 

SHOWN ARE FOR 

INPUT A HIGH 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TL188M, TL1881, TL188C 
DUAL COMPLEMENTARY SPST Bl-MOS ANALOG SWITCHES 

schematic 

VLL Vee 

Vref 

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

Positive supply to negative supply voltage, V cc-VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 V 
Positive supply voltage to either drain, V CC - 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, V LL - VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 V 
Logic supply to logic input voltage, V LL - V 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Logic supply to reference voltage, V LL - V ref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Logic input to reference voltage, V 1 - V ref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Reference to negative supply voltage, V ref - VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 V 
Reference to logic input voltage, V ref- V 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 V 
Current (any terminal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1 ): 

TL188MJ ..................... 1375mW 
TL1881J, TL 188CJ .. _ ........... _ 1025 mW 
N package 1150 mW 

Operating free-air temperature range: TL188M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55°C to 125°C 
TL 1881 .... _ .................... _ . . . . . . . . . . -25°C to 85°C 
TL 188C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0°C to 70°C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package . . . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . . . . . . . . . . . . . . . . . . . . . . 260°C 

NOTE 1: For ~peration above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL 188M chips are alloy-mounted; 

TL 1881 and TL 188C chips are glass-mounted. DISSIPATION DE RATING TABLE 

POWER DERATING 
PACKAGE 

RATING FACTOR 

J (Alloy-Mounted Chip) 1375 mW 11.0 mW/°C 

J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 

N 1150mW 9.2 mW/°C 

Also see Dissipation Deratlng Curves, Section 2. 
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TYPES TL188M, TL1881, TL188C 
DUAL COMPLEMENTARY SPST Bl-MOS ANALOG SWITCHES 

electrical characteristics, Vee= 15 V, VEE= -15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 

TL188M TL 1881 TL188C 
PARAMETER TEST CONDITIONS UNIT 

MIN MAX MIN MAX MIN MAX 

V1H High-level control input voltage TA= MIN to MAX Vref+2 Vret+2 Vref+2 v 

V1L Low-level control input voltage TA= MIN to MAX Vref-0.8 Vref-0.8 Vref-0.8 v 

TA= 25°C 10 10 10 
l1H High-level control input current V1 =5V 

TA= MAX 20 20 20 
µ.A 

l1L Low-level control input current V1 =O V TA= MIN to MAX -250 -250 -250 µ.A 

Vo=10V, Vee= 15 v. TA= 25°C 5 5 

Vs= -10 V, Vee= -15 v TA= MAX 100 100 100 
lo(offl Off-state drain current 

TA= 25°C 
nA 

V1H = 2 V, Vee= 10 v. 5 5 

V1L=0.8V Vee= -20 v TA= MAX 100 100 100 

Vo=-10V Vee= 15 v. TA= 25°C 5 5 

Vs= 10 V, Vee=-15V TA =MAX 100 100 100 
ls(offl Off-state source current nA 

V1H = 2 V, Vee= 10 v, TA= 25°C 5 5 

V1L=0.8V Vee= -20 v TA= MAX 100 100 100 

On-state channel Vo= -10 V.Vs = -10 v. TA= 25°C -10 -10 
I D(on)+ls(onl nA 

leakage current V1H = 2 V, V1L = 0.8 V TA= MAX -200 -200 -200 

Drain-to-source on-state Vo= -10 V,ls = 1 mA, TA = MIN to 25° C 75 100 100 
ros(on) n 

resistance V1H = 2 V, V1L=0.8V TA= MAX 150 150 150 

ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
8-oth control inputs at 0 V, TA= 25°C 

-5 -5 -5 
mA 

ILL Supply current from VLL 4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

Ice Supply current from V cc 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 5 V, TA= 25°C 

-5 -5 -5 

ILL Supply current from VLL 4.5 
mA 

4.5 4.5 

I ref Reference current -2 -2 -2 

switching characteristics, Vee= 10 V, VEE= -20 V, VLL = 5 V, Vref = 0 V, TA= 25°e 

PARAMETER TEST CONDITIONS 
TL188M TL 1881 TL188C 

UNIT 
TYP TYP TYP 

ton Turn-on time 175 175 175 

Turn-off time 
RL = 300 n, CL= 30 pF, See Figure 1 ns 

toff 350 350 350 

PARAMETER MEASUREMENT INFORMATION 
VLL = 5 V Vee= 15 v 

Vee= -15 v 

CL includes probe and jig capacitance. 

TEST CIRCUIT 

Vs= 3 V for ton and -3 V for toff· 

AL 

INP~T~'j_"' ')Ctr<;:=------ 3V 

,, ~ 
I '-----Jf-" I OV 

ton 14 •1 I 
-- -- -+----- -1-- - --- 3V 

o.9/Vo S vo1 
~toff 

OUTPUT I 

--~0-----,0.tVo OV 

- - - - - - - - - - - - - - - - - - - -3 v 
Vo= Vs RL + ros(on) Input A: Solid for testing 51, dashed for testing 52. 

VOLTAGE WAVEFORMS 
Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail· 

ing edges of the output waveform. FIGURE 1 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Functionally Interchangeable with Siliconix 
DG191 with Same Terminal Assignments 

• Monolithic Construction 

• Adjustable Reference Voltage 

description 

Each TL 191 consists of two monolithic, high-speed 
dual complementary SPST analog switches con
structed using Bl-MOS technology, Each half consists 
of a JF ET-input buffer, level translator, and two 
output JFET switches that can easily be connect
ed in SPOT configuration. 

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 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 

Vref+ 1.4V. 

The output switches are junction field-effect tran
sistors featuring low on-state resistance and high off. 
state resistance. The monolithic structure ensures 
uniform matching. 

Bl-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. 
Bl-MOS allows circuit designs that previously have 
been available only as expensive hybrids to be 
monolithic. 

For the TL 191, a high level at the input turns switch
es Sl on and S2 off. 

The TL 191 is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the TL 1911 is characterized for operation from 
-25°C to 85°C, and the TL 191 from 0°C to 70°C. 

INPUT 
A 

L 

H 

FUNCTION TABLE 

(EACH HALF) 

SWITCHES 

S1 S2 

OFF(OPENI ON (CLOSED) 

ON (CLOSED) OFF (OPEN) 

TYPES TL191M, TL1911, TL191C 
TWIN DUAL COMPLEMENTARY 

SPST Bl-MOS ANALOG SWITCHES 
BULLETIN NO. DL-S 12419, JUNE 1976-REVISED OCTOBER 1979 

• 
• 

• 
• 

JFET Inputs 

Uniform On-State Resistance for Minimum 
Signal Distortion 

± 10-V Analog Voltage Range 

TTL, MOS, and CMOS Logic Control 
Compatibility 

J or N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

101 NC 102 1S2 2S2 202 NC 201 

NC-No Internal connection 

Switch positions showi are for A Inputs high. 

functional diagram 

1S1 

101~ 
I 

102_.r--. 

1S2__l__J 
I L----, 1A--D-I>-J 

2S1 

~201 
I 0:-202 
I 2S2 
I 

r----J L-<J-0-2A 
SWITCH POSITIONS 
SHOWN ARE FOR 
A INPUTS HIGH 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPES TL191M, TL1911, TL191C 
TWIN DUAL COMPLEMENTARY SPST Bl-MOS ANALOG SWITCHES 

schematic 

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

Positive supply to negative supply voltage, Vee - VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 V 
Positive supply voltage to either drain, Vee - Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 V 
Drain to negative supply voltage, Vo - VEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 33 V 

Drain to source voltage, Vo - Vs .....................•..................... · · · ... · 
Logic supply to negative supply voltage, VLL - VEE ..................................... . 
Logic supply to logic input voltage, VLL - V1 .......................................... . 
Logic supply to reference voltage, VLL - Vref ..........................•. · ..... · · · · · · · · 
Logic input to reference voltage, V1 - Vref ....•...................... · · · · · · · · .. · · · · · · · · 
Reference to negative supply voltage, Vref - VEE ....................................... . 
Reference to logic input voltage, Vref - V1 ............................................ . 

±22 v 
36 v 
33V 
33V 
33V 
27 v 
2V 

Current (any terminal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 mA 
Continuous dissipation at (or below) 25° C free-air temperature (see Note 1): 

TL191 MJ . . . . . . . . . . . . . . . . . . . . . 1375 mW 
TL1911J, TL191CJ ............... 1025mW 
N package 1150 mW 

Operating free-air temperature range: TL191M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55°C to 125°C 
TL 1911 . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . -25°C to 85°C 
TL191C ..................................... 0°Cto70°C 

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package . . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . . . . . . . . . . . . . . . . . . . . . . 260°C 

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL 191 M chips are alloy-mounted; 

TL 1911 and TL 191C chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 

J (Alloy-Mounted Chip) 

J (Glass-Mounted Chip) 

N 

POWER DE RATING 

RATING FACTOR 

1375 mW 

1025mW 

1150mW 

11.0mW/°C 

8.2mW/°C 

9.2mWl°C 

Also see Dissipation Deratlng Curves, Section 2. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

ABOVE 

TA 

25°C 

25°C 

25°C 

313 



TYPES TL191M, TL1911, TL191C 
TWIN DUAL COMPLEMENTARY SPST Bl-MOS ANALOG SWITCHES 

electrical characteristics, Vee= 15 V, VEE= -15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TL 191M TL 1911 TL 191C 

UNIT 
MIN MAX MIN MAX MIN MAX 

V1H High-level control input voltage TA= MIN to MAX Vref+2 Vref+2 Vref+2 v 

V1L Low-level control input voltage TA= MIN to MAX Vref+0.8 Vref+D.8 Vref+0.8 v 

TA= 25°C 10 10 20 
l1H High-level control input current Vi =5 v 

TA= MAX 20 20 20 
µA 

l1L Low-level control input current V1 =OV TA= MIN to MAX -250 -250 -250 µA 

Vo=10V, Vee= 15 v. TA= 25°C 5 5 

Off-state drain current 
Vs= -10 V, VEE= -15 V TA= MAX 100 100 100 

lo(offl 
TA= 25°C 

nA 
V1H = 2 V, Vee= 10 v. 5 5 

V1L=0.8V Vee= -20 v TA= MAX 100 100 100 

Vo=-10V, Vcc=15V, TA= 25°C 5 5 

Off-state source current 
Vs=10V, Vee=-15V TA= MAX 100 100 100 

ls(offl 
TA= 25°C 

nA 
V1H = 2 V, Vee= 1ov, 5 5 

V1L=0.8V VEE= -20 V TA= MAX 100 100 100 
On-state channel v 0 = -10 v. Vs= -10 v, TA= 25°C -10 -10 

lo(on)+ls(onl nA 
leakage current VfH = 2 V, V1L=0.8V TA= MAX -200 -200 -200 

Drain-to-source on-state Vo= -10 V,ls = 1 mA TA= MIN to 25°C 125 150 150 
ros(on) .n 

resistance V1H = 2 V, V1L=O.BV TA =MAX 250 300 300 

ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 0 V, TA= 25°C 

-5 -5 -5 

Supply current from VLL 
mA 

ILL 4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

ice Supply current from V CC 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 5 V, TA= 25°C 

-5 -5 -5 

ILL Supply current from VLL 4.5 
mA 

4.5 4.5 

I ref Reference current -2 -2 -2 

switching characteristics, Vee= 10 V, VEE= -20 V, VLL = 5 V, Vref = 0 V, TA= 25°e 

PARAMETER 
TL 191M TL1911 TL 191C 

TEST CONDITIONS UNIT 
TVP TVP TVP 

ton Turn-on time 175 175 175 
Turn-off time 

RL = 300 .n, CL= 30 pF, See Figure 1 ns 
to ff 350 350 350 

PARAMETER MEASUREMENT INFORMATION 

Vref = 0 Vee= -15 v 

INP~T~j"' Sx=tr<;.,.n=------3V 

,, /1 
1'----~f-~' ov 

ton 14 •1 I 
-----;-------!------ 3V 

o.9/v0 I Vo1 14---+j toff 
OUTPUT I 

- -- -- -- -,0.1 Vo OV 

Vo 
--- - ----- - -- ---- - - - -3V 

VLL = 5 V vcc=15v 

CL includes probe and jig capacitance. 

TEST CIRCUIT 
Vs= 3 V tor ton and -3 V for toff· 

RL Input A: Solid for tasting 51, dashed for tasting 52. 

Vo= VsRL + ros(onl VOLTAGE WAVEFORMS 
Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail· 
Ing edges of the output waveform. FIGURE 1 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL376C 
THREE-CHANNEL STEPPER-MOTOR CONTROL 

• Three Independent Inverting Stepper-Motor 
Control Circuits 

• High Output Source Current ... 500 mA Typ 

• High Output Sink Current ... 500 mA Typ 

• Inputs Are Compatible With Bipolar and MOS 

• Large Supply Voltage Range ... 4 V to 18 V 

• Threshold Voltage Range is Approximately 
One-Half Vee 

• Active Pull-Down on Each Input 

• Low Standby Power Dissipation 

• 14-Pin NE Power Package 

description 

BULLETIN NO. DL-S 12738, DECEMBER 1979 

NE DUAL-IN-LINE 
PACKAGE 

(TOP VIEW) 

The TL376e is a monolithic bipolar three-channel stepper-motor controller. The input signal is inverted through the 
device and drives a totem-pole output section. Each output can source or sink up to 500 milliamperes. The wide supply
voltage range coupled with a threshold voltage level of approximately one-half Vee allows this device to interface 
with MOS as well as bipolar outputs. An active-pull-down circuit is included on each input. In typical operation, a 
microprocessor supplies a three-phase signal to the device, which then drives a two-winding stepper-motor. 

The TL376C is characterized for operation from 0°C to 70°C. 

schematic 

INPUT 
r------1 

... --=-------....... ~,--1-------------------------------------------------1-----------vcc 

TO TWO 
OTHER AMPLIFIERS 

I 
I 
I 
I 
I 
I 
I 

r.J 
I 
I 
I 
I 
L1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

OUT 

'------=-1 ~._-----------e--4t-----------------------------e----.... ---GND ____ .J 

Resistor values shown are nominal. 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 

~opyright © 1979 by Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

315 



316 

TYPE TL376C 
THREE-CHANNEL STEPPER-MOTOR CONTROL 

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

Supply voltage, V cc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 V 
Input voltage, V1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Vee 
Output voltage range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.9 V to V CC + 1 V 
Output current, each amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550 mA 
Total power dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . . . . . . . . . . . . . . . 2075 mW 
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 the network ground terminal. 
2. For operation above 25°e free·air temperature, derate linearly at the rate of 16.6 mW/0 e. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee 
High-level input voltage, V1H --+0.8 Vee v 

2 

Vee 
Low-level input voltage, VIL ---0.2 v 

2 

Supply voltage range, Vee 4 11 18 v 
Operating free-air temperature, TA 0 70 c 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VoL Low-level output voltage loL = 500 mA, V1 = V1H min 

VoH High-level output voltage loH = -500 mA, v 1 = V1L max 

V1 =Vee 
11 Input current 

V1=1.8 V 

ice Supply current Inputs open, Outputs open, V cc = 18 V 

t Typical values are measured at Vee= 15 V, TA= 25°e. 

"' ::t 

.!. 
~ 
::i 
u .., 
::i 
Cl. 
c 
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2 

TYPICAL CHARACTERISTICS 
INPUT CURRENT 

vs 
INPUT VOLTAGE 

I I I 
Vee= 18 v 

f--TA = 25°C 

-

0 
0 2 4 6 8 10 12 14 16 18 20 

V1-lnput Voltage-V 
FIGURE 1 
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TYPE TL376C 
THREE-CHANNEL STEPPER-MOTOR CONTROL 

TYPICAL CHARACTERISTICS 

20 

18 

16 

~ 14 
QJ 

E 12 
0 
:: 10 
:l 

; 8 

9 
-J 6 

4 

2 

0 

OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 

I _I_ 
Vee= 18 v 

t----i 
lo=O 
TA= 25°C t----i 

0 2 4 6 8 1 0 1 2 14 16 18 20 

V1-lnput Voltage-V 

FIGURE 2 

HIGH-LEVEL OUTPUT VOLTAGE 
VS 

HIGH-LEVEL OUTPUT CURRENT 

> T T 
L Vee= 18 v E 17 .8 1-- v I = 0 -+----+---+---+---+--+-----i 

0 
> .... s. 17 .6 
:l 
0 
Qj 
> .5 17 .4 l----+---l---+---1---+--t--t---+--+----i 

-§, ~ TA=50°C 

i 17.2 ~ TA=25°C_ 

~ ~ 
17.___._ __ .____._ __ .___.____.. _ _,___._ _ _.__. 

0 -100 -200 -300 -400 -500 

loH-High-Level Output Current-mA 

FIGURE 4 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
.1 .---,----,~0--.---.---.--r--.--....--.-----. 

TA-O C ~ 

.... TA= 25°C s. 0.6 
:l 
0 
Qj 
> .5 0.4 .---+---il---+---l--+---+--t---+--+----1 

:!: 
.5 
~ 11---+---l---+----l--+---+ v cc = 18 v 1--
0 0.2 V1=18 V 
> t L 

<( 
E 
.!. 
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~ 
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a. 
:l 

(/J 

I 
(.) 

~ 
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0 100 200 300 400 

IOL -Low-Level Output Current-mA 

FIGURE 3 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

500 

0.9 ------------t---+---+--+---+--+---
Outputs Open 

0.8 1-- Inputs Open 
1 
/: 

TA= 25°C _z- . 
0. 7 l----+-->----+---t--+--L-+V1--+,....~-+----+---i 

o .6 f----+----1----+---+--L:l--+-v-...e+---+---+-f----l 

o.5 f----+----1----+--LJ---lv---+--------+---I 

o .4 t---+---+--~.-+-,v;<--+---+--t--+---1-1----i 

o .3 1---+---+-.v---------j 
0.2 i----+-7-4+--_-+---+--+----+--+---+-----i----i 

0.1 1----v+-+--+---l-----+----l----+--+----+-

-"'1 0 --~-L--1-_...Jl---'---'---'----'--'--J 
0 2 4 6 8 10 12 14 16 18 20 

Vee-Supply Voltage-V 

FIGURE 5 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Differential Amplifier Inputs 

• A-C Line Operation 

• Capable of Triggering Several 
Types of Triacs 

description 

The TL440 is a combination threshold detector 
and zero-crossing trigger, intended primarily for a-c 
power-control circuits. It allows a triac or SCR to be 
fired when the a-c input signal crosses through zero 
volts, thereby minimizing undesirable electromagnetic 
interference. In this manner, the load utilizes full 
cycles of line voltage as opposed to partial cycles 
typical with SCR phase-control power circuits. 

The circuit includes a zero-voltage detector, a differ
ential amplifier that may be used in conjuction with a 
resistance bridge to sense the parameter being con
trolled, the active elements of a saw-tooth generator, 
and an output section. Also included are resistors 

TYPE TL440C 
ZERO-VOLTAGE SWITCH 

BULLETIN NO. DL-S 11595, MAY 1972-AEVISED JUNE 1976 

• Internal Active Elements of Saw-Tooth 
Generator for Proportional Control 

• Wide Variety of Possible Connections of 
Input Section and of Output Section 

JOAN 
DUAL-IN·L~~~ PACKAGE (TOP VIEW) 

SENSOR OUT· 
NC INPUT V(refl VOA PUT A(high) R(low) 

AC/DC AC 0 DET DC INHIBIT S-T S-T 
INPUT COM INPUT COM GEN GEN 

INPUT OUTPUT 

which may be used as a voltage divider for the NC-No internal connection. 

reference side of the resistance bridge. An external sensor suitable for the application and an external potentiometer 
form the input side of the resistance bridge. 

The TL440 can be used either as an on-off control with or without hysteresis, or as a proportional control with the 
use of the internal saw-tooth generator. Although the principal application of this device is in temperature control, it 
can be used for many power control applications such as a photosensitive control, voltage level sensor, a-clamp flasher, 
small relay drive~. or a miniature lamp driver. 

The inhibit function prevents any output pulses from occurring when the applied voltage at the inhibit input is 
typically 1 volt or greater. Conversely, if the inhibit input is shorted to de common, an output pulse will be obtained 
for each zero-crossing of the a-c power input waveform regardless of the sensor input conditions. 

The TL440C is characterized for operation from 0°C to 70°C. 

schematic 

AC/DC 

AC COMMON 

SAW-TOOTH 
GENERATOR 

INPUT 

INPUT 1 i-e---------T----------t---e---e-----+-----. 

R(lowl 

Resistor values shown are nominal and in ohms. 

1.Sk 

SAW-TOOTH 
GENERATOR 

OUTPUT 

tp1n 11 Is usually connected to the AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 

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

Voltage applied to AC/DC input (See Note 1) 
Peak current into AC/DC input 
Peak current into zero-detector input 
Peak output sink current (See Note 2) . . . . . . . . . 
Continuous total power dissipation at (or below) 70°C free-air temperature range 
Operating free-air temperature range . . . . . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 

NOTES: 1. Voltage values are with respect to the de common terminal unless otherwise specified. 
2. This value applies for a maximum pulse width of 400 µsand for a maximum duty cycle of 2%. 

recommended operating conditions 

15 v 
40mA 
30mA 

250mA 
500mW 

0°C to 70°C 
-65°C to 150°C 

300°C 
260°C 

MIN NOM MAX UNIT 

D-c voltage applied to AC/DC input (See Note 3) 12 v 
Differential input voltage, V 13 - V 12 ±2 v 
Voltage at sensor or V (ref) input, V 13 or V 12 6 v 
Peak output current (See Note 4) 200 mA 

Output pulse width 100 400 µs 

Operating free-air temperature, TA 0 70 oc 

NOTES: 3. This is the recommended d-c supply voltage when the voltage across pins 1 and 4 Is not being maintained by charging an 
electrolytic capacitor from the line voltage. See typical application data. 

4. This value applies for tw <;; 400 µs, duly cycle < 2%. 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Sensor input voltage hysteresis Pin 11 connected to Pin 1 30 mV 
Voltage required at inhibit inputto inhibit output 1 3 v 
Current into sensor input V13=6V, V12 = 4 V 5 µA 

Current into V (ref) input V12=6V, V13 = 4 V 5 µA 

Current into inhibit terminal required to inhibit output 20 µA 

Peak output current (pulsing) VJi=O 75 100 mA 

Output current (inhibited) V10 = 13.5 V 1 µA 

25 kn connected to zero-

Output pulse width into resistive load detector input, 150 µs 

60-Hz power source 

Average temperature coefficient of output pulse width (0°C to 70°C) 0.7 µs/°C 

Peak output voltage of saw-tooth generator V1=12 V 9 v 
Voltage at AC/DC input(See Note 5) 9 11.5 v 

NOTE 5: This is the voltage across an electrolytic capacitor connected between pins 1 and 4 whose charge is maintained by the a-c line voltage. 
See Figures 1 and 3. 
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TYPICAL APPLICATION DATA 

TYPE TL440C 
ZERO-VOLTAGE SWITCH 

The circuit shown in Figure 1 provides on-off temperature control. Electrolytic capacitor C1 maintains the d-c 
operating voltage. Since the series combination of 05 and 06 is in parallel with the series combination of C1 and 07, 
the voltage developed across C1 is limited to approximately 12 V. Because the energy to fire the triac comes from C1, 
the voltage across pins 1 and 4 will fluctuate as the triac fires. If a more stable operation of the circuit is desired, a 
12-volt d-c supply should be connected between pins 1 and 4 in lieu of C1. The temperature sensor must have a 
negative coefficient in this circuit. 

During most of the a-c cycle, 01 is turned on by the current flow through either 01, 01, 04 or 02, 01, 03, depending 
on the polarity of the a-c voltage between pins 1 and 3. The collector current of 01 turns on 06. With 06 on, base 
drive to 07 and 08 is inhibited, resulting in no output pulse to fire the triac. When the a-c voltage crosses zero, 01 and 
06 are turned off. This enables 07 and 08 to turn on, thereby connecting d-c common to the triac trigger and firing the 
triac. This one output pulse per zero crossing is either inhibited or permitted by the action of the differential amplifier 
and resistance bridge circuit. 

As the controlled temperature begins to rise, the positive voltage applied to pin 13 increases. The differential control 
amplifier acts to lower the potential of the base of 01 enough to allow 01 to stay on for the complete cycle, thus 
inhibiting the output pulses as explained above. Similarly when the temperature being controlled falls, 01 is allowed to 
turn off during the intervals where the line voltage passes through zero, thus g~nerating output pulses. 

The width of the output pulse at pin 10 can be varied to suit the triggering characteristics of the triac to be used. Table 
I shows the output pulse lengths obtained as R20 is changed. For small load currents (less than 4-5 amps) a triac with 
high gate sensitivity may be required due to the high value of "latch-up" current of medium to high power triacs. 

TABLE I 

OUTPUT 
R20 PULSE 

WIDTH 
5kn 1s kn 100 s 

22 kn 150µs 
42 kn 300 µs 

6 --------.. 

1.Skn 

lOkn 

lOkn 

------------------- 7 -• 

FIGURE 1-0N-OFF HEATER CONTROL 

tR(trigger) is adjusted so that the peak output is less than 200 mA. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 

TYPICAL APPLICATION DATA 

The circuit shown in Figure 3 provides proportional control of a heating system. With the exception of the saw-tooth 
generator. the circuit of Figure 3 functions the same as that of Figure 1. The sensor of Figure 3 has a negative 
temperature coefficient. 

Transistors 09 and 010 are connected to function as an SCR in order to discharge external capacitor C2 very quickly. 
The time constant of the saw-tooth generator can be varied by changing either the external capacitor or the external 
resistor. However it is suggested that the capacitor be varied and not the resistor since too low a value of resistance 
would allow 09 and 010 to stay on continuously. The period of the saw-tooth generator is usually 10 to 100 times the 
period of the line voltage. 

At the start of the saw-tooth waveform the base of 01 is high and output pulses occur at pin 10. At the desired 
temperature a certain number of output pulses occur during each saw-tooth cycle as shown in Figure 2(a). At a slightly 
decreased temperature the resistance of the sensor increases, lowering the d-c potential of pin 13. This lowers the 
potential of the entire saw-tooth waveform as shown in Figure 2(b) which causes a few more output pulses to occur. At 
greatly decreased temperatures many more pulses occur each saw-tooth cycle as shown in Figure 2(c). 

~ 6 

0: 
g 5 

~ 

~ 4 

... 3 

~~::.~·111 11 1111 
Time---. 

(a) 

DESIRED TEMPERATURE 

~~:::~·11 1111111111 
Time__.. 

(b) 

SLIGHTLY DECREASED TEMPERATURE 

FIGURE 2 

ci: 
g 5 

~ 
~ 4 
0 
... 3 

~~:~~·111111111111111 
Time.__.... 

(cl 
GREATLY DECREASED TEMPERATURE 

Similarly, increases in temperature cause proportionately fewer output pulses than the normal number of Figure 2(a). 
Thus the proportional control feature allows a smoother control of temperature in this application by always providing 
output pulses during some portion of the saw-tooth generator cycle as opposed to the "full on/full off" circuit of 
Figure 1. 

FIGURE 3-PROPORTIONAL HEATER CONTROL 

tR(trigger) is adjusted so that the peak output is less than 200 mA. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 

TYPICAL APPLICATION DATA 

Hysteresis may be added to the TL440 by externally making the differential amplifier appear in Schmitt-trigger 
configuration. This is done by applying positive feedback from pin 11 to pin 13 through hysteresis resistors RA and RH. 
When the output is enabled, the voltage drop developed across resistor RA is fed through RH to the sensor input of the 
differential amplifier. This lowers the voltage at this point from the voltage level present when the output is inhibited. 
The resistance of the sensor must now decrease enough to overcome this additional ("hysteresis") voltage in order to 
inhibit the output. RH should have a typical value close to the value of the sensor used. The value of RA, which 
determines the amount of hysteresis, should be approximately one tenth the value of RH. In Figure 4 the 10 kn 
potentiometer is adjusted to set the voltage at pin 13 to the level at which the output is enabled. When precise control is 
not needed, such a circuit eliminates the small "uncertainty range" observed in time-proportioning systems. 

t A(trigger) is adjusted so that the peak output is less than 200 mA. 

FIGURE 4-0N-OFF HEATER CONTROL WITH HYSTERESIS ADDED 

B 
A 

/A 
,..-"--.. 

Output inhibited , 
I , 

/ I , 
I , 
I 

, 
J/ 

, 
I , , I ,# / I , 
I 

, , , 
Output enabled 

, 
I ,, , 
I , , 

/ I, 

• ., 
-........r 

' 
> y > v 

B 

V13-Voltage at Pin 13 

FIGURE 5-HYSTERESIS CURVE FOR FIGURE 4 

A-Circuit without added hysteresis (AV13"" 15 to 20 mV residual hysteresis) 
8-Circuit with added hysteresis (AV13 ""200 to 300 mV added hysteresis) 

, , , , 
' 

NOTE 1: Dotted lines represent discontinuous changes where the differential amplifier changes from inhibit to enable or vice-versa. Solid lines 
represent stable states (inhibit or enable) of the differential amplifier. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Excellent Dynamic Range 

• Wide Bandwidth 

• Built-In Temperature Compensation 

• Log Linearity (30 dBV Sections) ... 1 dBV 

• Wide Input Voltage Range 

description 

TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

BULLETIN NO, DL-S 11427, JANUARY 1971-REVISED JUNE 1976 

NC 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

OUTPUTS 
INPUT~ INPUT 

C821 GND 81 Z Z 82 

~ IN~~T Vee+ 

OUTPUTS 

Yo: log Al +log A2; Zo:: log 81 + 82 

where: Al, A2, 81, and 82 are in d8V, 0 dBV = 1 V. 

CA2• CA2" C92. and C92•. are detector compensation inputs. 
NC-No internal connection 

This monolithic logarithmic amplifier circuit contains four 30-dBV log stages. Gain in each stage is such that the output 
of each stage is proportional to the logarithm of the input voltage over the 30-dBV input voltage range. Each half of the 
circuit contains two of these 30-dBV stages summed together in one differential output which is proportional to the 
sum of the logs of the input voltages of the two stages. The four stages may be interconnected to obtain a theoretical 

input voltage range of 120 dBV. In practice, this permits the input voltage range to be typically greater than 80 dBV 
with log linearity of ±0.5 dBV (see application data). Bandwidth is from de to 40 megahertz. 

These circuits are useful in military weapons systems, broadband radar, and infrared reconnaissance systems. They serve 
for data compression and analog compensation. The logarithmic amplifiers are used in log IF circuitry as well as video 
and log amplifiers. The TL441 M is characterized for operation over the full military temperature range of -55°C to 
125°C; the TL441C is characterized for operation from 0°C to 70°C. 

schematic 

ouvuT &1------------------+--e 
OU~UT S·~-----------------

..,_+------------~------<nouyuT 
OUTPUT ..... ------------------{10 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

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

Supply voltages (see Note 1): 
Vee+ .... . 
Vee- .... . 

Input voltage (see Note 1) 
Output sink current (any one output) 
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 2) 
Operating free-air temperature range: TL441M Circuits 

TL441C Circuits 
Storage temperature range 

. BV 
-8V 

. 6V 
30mA 

500mW 
-55°C to 125°C 

0°C to 70°C 
-65°e to 150°e 

NOTES: 1. All voltages, except differential output vol~ages, are with respect to network ground terminal. 
2. For operation of the TL441M above 70 C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In the 

J package, TL441 M chips are alloy-mounted; TL441 C chips are glass-mounted. 

recommended operating conditions 

TL441M TL441C 

MIN NOM MAX MIN NOM MAX 

Input voltage for each 30-dBV stage O.Q1 1 O.Q1 1 

Operating free-air temperature, TA -55 125 0 70 

electrical characteristics, Vee+= 6 V, Vee-= -6 V, TA= 25°e 

PARAMETER 
TEST TL441M TL441C 

FIGURE MIN TYP MAX MIN TYP MAX 

Differential output offset voltage 1 ±25 ±60 ±40 

Quiescent output voltage 2 5.45 5.6 5.85 5.45 5.6 5.85 

D-c scale factor (differential output), 
3 

each 30-dBV stage, -35 dBV to -5 dBV 
7 8 10 6 8 12 

A-c scale factor (differential output) 8 8 

D-c error at -20 dBV (midpoint 
3 1 2 1 

of -35 dBV to -5 dBV range) 

Input impedance 500 500 

Output impedance 200 200 

Rise time, 10% to 90% points, CL = 24 pF 4 20 30 20 30 

Supply current from Vee+ 2 14.5 18.5 23 14.5 18.5 23 

Supply current from Vee- 2 -6 -8.5-10.5 -6 -8.5-10.5 

Power dissipation 2 123 162 201 123 162 201 

PARAMETER MEASUREMENT INFORMATION 

Vee+ Vee-

FIGURE 1 

Po =Vee+· ice++ vcc-· lcc

FIGURE 2 
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18mV 
100mV 
560mV 

TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 
vcc+ vcc- Vee+ Vee-

TEKTRONIX 
SAMPLING SCOPE 

WITH DIGITAL 
READOUT DR 
EQUIVALENT 

Scale Factor = [Vout(560 mV) - Vout(18 mV)l mV 
30 dBV 

NOTES: A. The input pulse has the following character

istics: tw = 50 ns, tr .;;; 2 ns, tt .;;; 2 ns, 

PAR= 10 MHz. 

Error lvout(100 mV) - 0.5 Vout(560 mV) -0.5 Vout(18 mv)I 
Scale Factor 

FIGURE 3 

B. Capacitor c 1 consists of three capacitors in 

parallel: 1µF,0.1 µF, and 0.01 µF. 

C. CL includes probe and jig capacitance. 

FIGURE4 

TYPICAL CHARACTERISTICS 
TL441M TL441M 

DIFFERENTIAL OUTPUT OFFSET VOLTAGE QUIESCENT OUTPUT VOLTAGE D-C SCALE FACTOR 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

50 l----\-'---ll---+----11---+----l--+---I 

40 l---+-~~1---+----11--~ 
30 i----+---+-~~-+--+--~ 
~ 20 l---+----ll---+---11--,....:--t--+----I 

vee+•6V ~ 
10 1-- Vee-. -6 v +--+--+--+--+---l 

-75 -50 -25 0 25 50 75 100 125 

TA-Fr ... Air Temperature-"C 

FIGURE 5 

TL441M 

D-C ERROR 

vs 

FREE-AIR TEMPERATURE 

2.0 .----.--.----.--.----,---.---,----, 

1.8 1---t--1---t---,1---t---,1---+---1 

1.6 l---t--1---+--l---+--l---+---I 

1.4 1---t--1---+--1---t-~1----i----1 

' 1.2 l--~~.,-,....__1---1--1---t--l---t----i 

1.01--+-~"'+-... _±_-t--+-t--j 
0.8 l---t--+---t--+---t--+-r--i_t--+---1 

0.6 1---t--+---t--+---t--+---t---t 

o.4 1-- Vee+. 6 v 
Vee-·-6V 

0.2 t-- Sr Fig~r 3 t---t--+--t--+--i 

0 
~ ~ ~ o 25 50 ~ ~ ~ 

TA-f,..AirTemperature-•c 

FIGURE 8 

1---+--+--+I-::::-- TL441 C ----'-· 1---+---I 

Vee+-6V 
1 t-- Vee- • -6 v-i---1--+---1--+---1 

See Figure 2 
o~--+--~--+--~--+--~~~ 

-75 -50 -25 o 25 50 75 100 125 

TA -frff-A ir Temperature-° C 

FIGURE 6 

OUTPUT RISE TIME 

VS 

LOAD CAPACITANCE 

25..---,...--,...--,...--r--r---i 

201---+---+---+---t---2""'~~--1 
~ 

151---l--,,.....~1---1----11-----11------i ,.r-

t- vee+·sv 

5 t- Vee-· -s v --+--+--+--1 
TA • 25"e 

0 1-- s .. 1~ur• 4, outputs loaded symmetrocally 

0 10 15 20 25 30 
CL -Load Capacitalce-pf 

FIGURE 9 
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vs 

FREE-AIR TEMPERATURE 

12 

10 

v 

Vee+· s v 
t-- Vee-· -6 v 

o :t·TJ1 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-"C 

FIGURE 7 

POWER DISSIPATION 

vs 

FREE-AIR TEMPERATURE 

180 l---+--+---+--+---+--+---+-----1 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

TYPICAL APPLICATION DATA 

Although designed for high-performance applications 
such as broadband radar infrared detection, and 
weapons systems, this device has a wide range of 
applications in data compression and analog 
computation. 

basic log function 

The basic log response is derived from the 
exponential current-voltage relationship of collector 
current and base-emitter voltage. This relationship is 
given in the equation: 

m·VBE = In [(le+ ICES)/ICES] 

where: le= collector current 
ICES =collector current at VBE = 0 
m = q/kT (in v-1) 

VBE =base-emitter voltage 

The differential input amplifier allows dual-polarity 
inputs, is self-compensating for temperature 
variations, and is relatively insensitive to noise. 

functional block diagra"!l 

INPUT 
A1 o-----t 

INPUT -----o B1 

~ 
OUTPUTS 

FIGURE 11 

log sections 

------0Cs2 

INPUT 
-----OB2 

As can be seen from the schematic, there are eight 
differential pairs. Each pair is a 15-dBV log 
subsection, and each input feeds two pairs for a range 
of 30 dBV per stage. 

Four compensation points are made available to allow 
slight variations in the gain (slope) of the two 
individual 15-dBV stages of input A2 and B2. By 
slightly changing the voltage on any of the 
compensation pins from its quiescent value, the gain 
of that particular 15-dBV stage can be adjusted to 
match the other 15-dB V stage in the pair. The 
compensation pins may also be used to match the 
transfer characteristics of input A2 to A 1 or B2 to 
B1. 

The log stages in each half of the circuit are summed 
by directly connecting their collectors together and 
summing through a common-base output stage. The 
two sets of output collectors are used to give two log 
outputs, Y and Y (or Z and Z) which are equal in 
amplitude but opposite in polarity. This increases the 
versatility of the device. 

By proper choice of external connections, linear 
amplification, linear attentuation, and many different 
applications requiring logarithmic signal processing 
are possible. 

input levels 

The recommended input voltage range of any one 
stage is given as 0.01 volt to one volt. Input levels in 
excess of one volt may result in a distorted output. 
When several log sections are summed together, the 
distorted area of one section overlaps with the next 
section and the resulting distortion is insignificant. 
However, there is a limit to the amount of overdrive 
that may be applied. As the input drive reaches 
±3.5 volts, saturation occurs, clamping the 
collector-summing line and severely distorting the 
output. Therefore, the signal to any input must be 
limited to approximately ±3 volts to ensure a clean 
output. 

output levels 

Differential-output-voltage levels are low, generally 
less than 0.6 volt. As demonstrated in Figure 12, the 
output swing and the slope of the output response 
can be adjusted by varying the gain by means of the 
slope control. The coordinate origin may also be 
adjusted by positioning the offset of the output 
buffer. 

TEXAS INSTRUMENTS 
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circuits 

-
TYPES TL441M, TL441C 

LOGARITHMIC AMPLIFIERS 

TYPICAL APPLICATION DATA 

Figures 12 through 19 show typical circuits using these logarithmic amplifiers. Operational amplifiers not otherwise 
designated are uA741. For operation at higher frequency, use of uA733 is recommended instead of uA741, with the 
differential outputs connected as in Figure 14. 

A1 y 

1/2 
TL441 

A2 y 
GND 

-= 

81 z 

1/2 
TL441 

INPUT 82 z 
GND 

-

1.4 

1.2 

1.0 

> 

t 0.8 

0 0.6 > 

~ 0.4 
0 

0.2 

-0.2 

TYPICAL TRANSFER 

CHARACTERISTICS 

J.,.-,.. 

;~~~=:E:DF~F:~:~REASEr 

LHm ~ 

um 
~ ADJUSTED FOR MINIMUM 

SLOPE WITH ZERO OFFSET 

[ JIII Ill 11 
Input Voltage-V 

FIGURE 12-0UTPUT SLOPE AND ORIGIN ADJUSTMENT 

2 kn, 1% 

FIGURE 13-UTILIZATION OF SEPARATE STAGES 

> 

t 

TRANSFER CHARACTERISTICS• 

OF TWO TYPICAL INPUT STAGES 

0.4 .-
f--

0.3 r--

r- I-

~ r--
If 

~ 0.2 

! 
0 

> 
I 

~ 

r--

f--

f--

o-1=: 0 
0.001 

v 
O.Ql 0.1 10 

Input Voltage-V 

TRANSFER CHARACTERISTICS 

WITH BOTH SIDES PARALLELED 
0.4 .-

r--
0.3 

+-
f--

111 

r-- l.t' 
Vl 

~ 0.2 

0.1 r--

r--
~ 0 

0.001 

ll' v 
O.Ql 0.1 10 

Input Voltege-V 

FIGURE 14-UTILIZATION OF PARALLELED INPUTS 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

TYPICAL APPLICATION DATA 

Al 
2 kri 

15 kri 

A2 y 

TL441 

B1 

82 z 

NOTES: A. Inputs are limited by reducing the supply voltages for the input amplifiers to ±4 V. 

B. The gains of the input amplifiers are adjusted to achieve smooth transitions. 

TRANSFER CHARACTERISTICS 

0.8 r-

0.7 t-

0.6 t-

> r·5 
~ 0.4 

i--
vf'1 

t- 1-1 

i 
; 0.3 
0 

t- v 
0.2 

0.1 

t-
vf1 

t-

~o~ 10-• 10-• 10-1 101 

Input Volt1199-V 

FIGURE 15-LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV 

INPUT 
A 

l 
-= 

INPUT 
B 

l 
NOTES: A. 

B. 

c. 

R R R 

R 
R 

Connections shown are for multiplication. For division, Zand Z connections are reversed. 

Output W may need to be amplified to give actual product or quotient of A and B. 

R designates resistors of equal value, typically 2 kil to 10 kil. 

Multiplication: W = A•B =>log W =log A+ log B, or W = aOoga A+ loga Bl 

Division: W = A/B =>log W = log A - log B, or W = aOoga A - loga Bl 

FIGURE 16-MUL TIPLICATION OR DIVISION 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

0---41------1A1 

INPUT 
A 

1/2 
TL441 

TYPICAL APPLICATION DATA 

nR R R 

">-------181 z 
v-vv.----..~ 1/2 

82 TL441 z 

OUTPUT 
w 

NOTE: A designates resistors of equal value, typically 2 kn to 10 kn. The power to which the input variable is raised is fixed by setting nR. 

Output W may need to be amplified to give the correct value. 
Exponential: W=An =>log W = n log A, C!r W = a<n ioga Al 

FIGURE 17-RAISING A VARIABLE TO A FIXED POWER 

INPUT 
A 

2kn 2kn 

2kn 

NOTE: Adjust the slope to correspond to the base "a". 

Exponential to any base: W = a 

OUTPUT 
w 

FIGURE 18-RAISING A FIXED NUMBER TO A VARIABLE POWER 

INPUT 
1 o-------------------1 

50 l1 

son 

0.2 µF 

Gain Adj. 
"'400!1 .__ ____ _. for 30 dB 

Al 

A2 

TL441 

Bl 

y 

y 

z 

Gain 
.___...__.Adj 

OUTPUT 
1 

1 kn 1 kn 

OUTPUT 

1 kn , kl1 

FIGURE 19-DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE PER CHANNEL AT 10 MHz 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL442M, TL442C 
BALANCED MIXERS 

BULLETIN NO. DL-S 11430, OCTOBER 1979 

FORMERLY SN56514, SN76514 

• Flat Response to 100 MHz 

• Local Oscillator IF Isolation ... 30 dB Typ 

• Local Oscillator RF Isolation ... 60 dB Typ 

• RF-IF Isolation ... 30 dB Typ 

• Conversion Gain ... 14 dB Typ 

• Use with 12-V or ±6-V Power Supplies 

description 

The TL442M and TL442C are doubly balanced mixers 
that utilize two cross-coupled, differential transistor 
pairs driven by a third balanced pair. The circuit 
features a flat response over a wide band of 
frequencies. Operation from single or split power 
supplies is possible. Refer to typical application data. 

NC 

JORN DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

RF DECOUPLE 
INPUT 2 1 NC 

The TL442M is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the TL442C is characterized for operation from 
0°C to 70°C. 

NC +Vee OUT;_ FLOAT- LQC -Vee NC 

schematic 

RF 
INPUT 

LOCAL OSCILLATOR 
INPUT 

+Vee 

PUT E ING OSC 
GND INPUT 

NC-No internal connection 

3kl! 
~--.._ ___ ---'11\/\r-O Rec 

----o OUTPUT E 

DECOUPLE 1 

1.05kl! 

All component values are nominal. 215 n 1.1 k!l 

-Vee 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL442M, TL442C 
BALANCED MIXERS 

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

Supply voltage, Vee (see Note 1) 
Input voltage (see Notes 1 and 2) 
Continuous output current (see Note 3) 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 4) 
Operating free-air temperature range: TL442M Circuits 

TL442C Circuits 
Storage temperature range 

recommended operating conditions 

Supply voltage, Vee . . . . . . · · 
Local oscillator input voltage (see Note 5) 
RF input voltage (see Note 5) 
Operating free-air temperature range: TL442M Circuits 

TL442C Circuits 

electrical characteristics at 25°e free-air temperature, Vee= 12 V 

TEST 
PARAMETER TEST CONDITIONS 

FIGURE 

Vo Quiescent output voltage 1 

ice Supply current 1 

Ge Conversion gain (single-ended output) 2 
fRF and fLQ = 100 kHz 

thru 40 MHz 

LOIFI Local oscillator to IF isolation 3 
fLO = 100 kHz 

thru 40 MHz 

LORFI Local oscillator to RF isolation 3 
fLo = 100 kHz 

thru 40 MHz 

RFIFI RF to IF isolation 4 
fRF = 100 kHz 

thru 40 MHz 

~The typical values are at 40 MHz. 

NOTES: 1. All d-c voltage values are with respect to -Vee terminal. 

2. This rating applies to the local-oscillator Input, RF Input, and Decouple 2. 

3. This value applies for both outputs simultaneously. 

TL442M 

MIN TYP 

9.6 10.5 

5.5 7.4 

11 14 

15 29t 

40 52t 

15 28t 

MIN 

-55 
0 

MAX MIN 

11.3 9.6 

10.9 5.5 

17 11 

18 v 
7V 

10 mA 
500mW 

-55°C to 125°C 
0°C to 70°C 

-65°C to 150°C 

NOM MAX UNIT 
12 v 

250 300 mVrms 
10 30 mVrms 

125 oc 
70 oc 

TL442C 
UNIT 

TYP MAX 

10.5 11.3 v 
7.4 10.9 mA 

14 17 dB 

29t dB 

52t dB 

28t dB 

4. For operation above 25°e free-air temperature, refer to Dissipation Deratlng Table. In the J package, TL442M chips are alloy

mounted; TL442C chips are glass-mounted. 

5. All signal voltages are with respect to the floating-ground terminal. Alternatively, the RF input may be applied differentially 

between the RF input terminal and Decouple 2. 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

J(Alloy-Mounted Chip) 500mW 11.0mW/°C 105°C 

J(Glass-Mounted Chip) 500mW 8.2 mW/°C 89°C 

N 500mW 9.2mW/°C 96°C 

Also see Dissipation Deratlng Curves, Section 2. 
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TYPES TL442M, TL442C 
BALANCED MIXERS 

PARAMETER MEASUREMENT INFORMATION 

OPEN 

OPEN 

Pozvccrcc 

\ 
\ 

\ 

/~ 
See Note 6 

FIGURE 1-Vo, Ice. and Po 

,--------o+- - - --a-----. 

L SPECTRUM 
ANALYZER 
(See Note 7) 

RF 
VOLTMETER 

See Note 6 

FIGURE 3-LOIFI and LORFI 

Pin Designations: For all test circuits appearing in this 
data sheet, terminal functions are def.ined by their 
relative positions as shown in the drawings in this 
block. 

FIGURE 2-Gc 

FIGURE 4-RFIFI 

NOTES: 6. Capacitor C comprises the following capacitors in parallel: 1 µF, 0.1 µF, and 0.0015 µF. 

7. The spectrum analyzer is used for frequencies above the normal range of the selective voltmeter. 

TEXAS INSTRUMENTS 
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TYPES TL442M, TL442C 
BALANCED MIXERS 

TYPICAL CHARACTERISTICS 

> 

QUIESCENT OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I 111---4---1---1--l--+--+--+---I 
! 
0 
> 

; ~ 
O lOt---+--t-----ii----T~L-44-2e~_.,--;,-t----t-~ 

I 
·5 
a 
I 

~ 

! 
~ 
e 
0 ·;;; 

0 
u 
J., 

<:J 

"' ~ 
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<:J 

0 
;;; 

~ 
J., 

<:J 

8'---'---'---'--'--..__.. _ _,____. 
-75 -50 -25 25 50 75 100 125 

TA-Free.Air Temperature-°C 

FIGURE 5 

CONVERSION GAIN 
vs 

SUPPLY VOLTAGES 
32 

Ve~• 12V 
28 VLO • 300 mV 

VRF•10mV 

24 I- ~~:~~re· 1 MHz -+--+---+--+---< 

See figure 2 
201---+-+--+--t---lf---+-+--i 

16t---+--+--+--t----ir--t--1---t 

~ 121---4--+--+-~t/7'-.,.jC'-+--+---I 

IL 
o.___.__..__.__....._~.___.__..__, 

0 10 12 14 16 

Vee-Supply Voltage-V 

FIGURE 7 

CONVERSION GAIN 
vs 

FREQUENCY 
25 

20 

15 

10 ~ 
h.. 
I\ 

-5 

Vee= 12v 

~ t-VLO •300mV 
VRF = 10mV 

-10 
fLQ-fRF • 1 MHz 

I-TA• 25°e 

-15 
SelFtu..lwi 

1 10 40 100 400 1000 

fRf-Frequency-MHz 

FIGURE 9 

100 

90 

80 

~ 
I 

TOTAL POWER DISSIPATION 
VS 

FREE-AIR TEMPERATURE 

~vde- ,Jv 
See Figure 1 

).-----i-- I "-t-
I 

y I 
~ TL442e-

~ 70 

! 
~ 
·~ 
ii; 

60 
-75 -50 -25 25 50 75 100 125 

TA-Free.Air Temperature-°C 

FIGURE 6 

CONVERSION GAIN 
VS 

LOCAL OSCILLATOR VOLTAGE 
40...--..--....---.--..--.---..-""T"""--. 

vee· 12v 

30 f-~~o,:~~re· 1 MHz -t---4---1---1-~ 
See Figure 2 

-30 

-40 
0 100 200 300 400 500 600 700 800 

VLo-Local Oscillator Voltage-mV 

FIGURE 8 

CONVERSION GAIN 
vs 

FREE-AIR TEMPERATURE 
16 

14 -
12 

i--TL442e + 
10 

i 
<:J Vee= 12v 

4 t-- VLo. 300 mV 
VRF=10mV 

2 1-- fLQ-IRF • 1 MHz-+-t---+--+--+--< 

0 rFr1 l 
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TA-Free-Air Temperature-UC 

FIGURE 10 
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TYPES TL442M, TL442C 
BALANCED MIXERS 

TYPICAL CHARACTERISTICS 

LOCAL OSCILLATOR TO IF ISOLATION 
VS 

FREQUENCY 
40r--"'T"""T""T"nn...--r"T"1-ni...,...---r-rT'T'lmn 

LOCAL OSCILLATOR TO IF ISOLATION 
VS 

FREE-AIR TEMPERATURE 

0 1-- TL442C + 
~ 201---t-+-t-tffirlt--t--+-l-+tjHft---!--+++ 201---+--t---jf--+--t----t-+--+--+--i 

'ii 
0 

~ 
.9 

ii 
0 

~ 
I 101---t-+-t-tffirtt---+-+-t-++Htt---t--+++ u: 

.3 10 1-vcc= 12v 

~ ~L~:11~~~V § 
vcc· 12v 

r~~c: ;;o°c° mV--1'-t-t+t-tttt--t-t-+t-

O See Figure~ 

0.1 0.4 1 10 40 100 

fLo-Frequency-MHz 

FIGURE 11 

LOCAL OSCILLATOR TO RF ISOLATION 
vs 

FREQUENCY 

60t---t-t+tffit+l-..... "'=lH~+tt11t--t-+t++t~ 

so t--+--++-H+--+-l-++l~N-+-t--.4-r-~~ 
401---t-t+tffif!f--t--Hl-++l+!l---t-t-++H+ff 

vcc=12v 

10 I-~~~;;.~ mV--1'--+t+t-tttt--t-t-t-t+t+tl 

0 
See Figure 3u_ 

0.1 0.4 1 10 ~ 100 

fLo-Frequency-MHz 

FIGURE 13 

RF TO IF ISOLATION 
vs 

FREQUENCY 

20t---t-+-t-ttt1rtt---+-+-t-++Htt---t-t-++1Httt 

10t---t-+-t-ttt1rtt---+-+-t-++tttt---t--+++1Httt 
Vee= 12v 

t-~=~ ;~.?tV --11-+~f+++i--!-+-l+H+H 
See Figure4 o.___.._ ............. ..._ ....... _._ ........ ....___.._.. ........ .....,. 
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fRf-Frequency-MHz 

FIGURE 15 

g r See Figure 3 ~----<-+---+--+-+---< 
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T A-Free·Air Temperature-°C 

FIGURE 12 

LOCAL OSCILLATOR TO RF ISOLATION 
vs 

FREE-AIR TEMPERATURE 
80 

, 

70 

60 ~ I--
I 
I 

i--·TL442C f-.i 
50 

40 

30 

20 r-Vcc -12 v 
VLo = 100mV 

10 
'Lo= 1 MHz 

t--see Figure 3 
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TA-Free-Air Temperature-°C 

FIGURE 14 

RF TO IF ISOLATION 
vs 

FREE-AIR TEMPERATURE 

-V1 
301:==4=-lo-~--+--+--+-,""l==-il--+--I 

I 

l--TL442C -+--: 
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FIGURE 16 
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TYPES TL442M, TL442C 
BALANCED MIXERS 

40 

OJ 35 
"O 
I 
u. 

30 a: 
.t: ... 
:5 +1 
wo 

25 ~..=I 
0 • 
a; "O 

OJ~ 
20 c: .0 

0 Ql 

'iii 32 
~~ 15 c."' c. .... 
:::Jc: 

TYPICAL CHARACTERISTICS 

SIDEBAND HARMONIC SUPPRESSION 
vs 

LOCAL OSCILLATOR FREQUENCY 

m 11 
2 fLQ ± fRFH 

N N 
~ "" 

~ 
2 f LO ± 2fR'F" 

L v 
Vee= 12 v 

3 fLQ ± fRF 

Cl)~ 
10 

"O 

t- fRF = 100 kHz 
VRF=10mV c: 

:::J 
u. VLo = 220 mV 

5 t-TA = 25°e 

0 
0.1 

See Figure 2 
J 11 _illill 

0.4 4 10 40 100 

fLQ - Local Oscillator Frequency - MHz 

FIGURE 17 

TYPICAL APPLICATION DATA 

The TL442M and TL442C balanced mixers are designed to have considerable circuit flexibility, which results in a wide 

range of applications. Typical applications include use as balanced modulators for sideband-suppressed-carrier generation, 
product detectors for demodulation, frequency converters, and frequency or phase modulators. In addition, the 
TL442M and TL442C may be used in control systems and analog computers as low-level multipliers or squaring circuits. 

For operation from a single 12-V supply, connect the positive terminal of the supply to +Vee, the negative terminal 
to -Vee. and the floating-ground terminal to Rec. For operation from two 6-V supplies, leave Rec open and connect 
the positive terminal of one supply to +Vee. the negative terminal of the other supply to -Vee, and the remaining 
terminals of the two supplies to the floating-ground terminal. Electrical characteristics will be unchanged with the use 
of either power supply option. External bypass capacitors, as shown in Figure 18, should be used for optimum 
i:terformance. 

The mixer's electrical performance and the inherent IC advantages of size, reliability, and component matching make it 
very desirable for use in communication and control systems. 

RF INPUT 

LOCAL OSCILLATOR 
INPUT 

OUTPUT E 

OUTPUTE 

NOTE: Capacitor C comprises the fol

lowing capacitors in parallel: 

1 µF, 0.1 µF, and 0.0015 µF. 

RF INPUT 

LOCAL OSCILLATOR 
INPUT 

FIGURE 18-EXTERNAL CAPACITOR CONFIGURATIONS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL480C 
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 

• 10 Comparators Logrithmically Digitize 
Analog Input Signals 

• High Input Impedance ... 100 kn. Typical 

• Open-Collector Outputs Capable of 
Sinking up to 40 mA and Withstanding 
up to 32 V 

• Economical 14-Pin Dual-In-Line 
Plastic Package 

• 2-dB Intervals 

description 

The TL480C consists of ten comparators and a 
reference voltage network to detect the level of 
a signal at the analog input. Output 01 is switched 
to a low logic level at a typical input voltage of 
218 millivolts. After each 2-dB increment, the next 
output is switched to a low logic level. All outputs 
are at low logic levels at a typical input voltage of 
1732 millivolts. The hysteresis of all trigger points 
is typically 10 millivolts. 

09 

010 

ANALOG 
INPUT 

GND 

01 

02 

BULLETIN NO. OL·S 12735, NOVEMBER 1979 

JORN 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

NC-No internal connection 

06 

NC 

04 

03 

The TL480C is especially designed to detect logrithmic analog-signal levels and may be used in various industrial, 
consumer, or automotive applications such as low-precision meters, warning-signal indicators, A/D converters, feedback 
regulators, pulse shapers, delay elements, and for automatic range switching. The open-collector outputs are capable of 
sinking currents up to 40 milliamperes and may be operated at voltages up to 32 volts. The power outputs are suitable 
for driving a variety of display elements such as LED's or filament lamps. The outputs may also drive digital integrated 
logic such as TTL, CMOS, or other high-level logic. 

The TL480C is characterized for operation from 0°C to 70°C. 

functional block diagram 

VOLTAGE 
REGULATOR 

ANALOG (4) 
INPUT -------------------. 

GND-t ... s ... l --.. 

/), 

______ (_21_010 

ONLY 
TWO 

OFTEN 
OUTPUTS 

SHOWN 

I 
I 
I 

(G) 01 

Copyright© 1979 by Texas Instruments Incorporated 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 
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TYPE TL480C 
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 

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

Supply voltage, V cc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 V 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 V 
On-state output current (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): J package . . . . . . . . 1025 mW 

N package . . . . . . . . 1150 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 
Storage temperature range ....... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package . . . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . . . . . . . . . . . . . . . . . . . . . . 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 
J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C 

N 1150mW 9.2 mW/°C 25°C 

Also see Dissipation Derating Curves, Section 2. 

recommended operating conditions 

Supply voltage, Vee ............... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Output voltage, Vo ....................................... · . · · · 
Output current, lo ............................................ . 
Operating free-air temperature, TA ................................. . 

MIN NOM MAX 
10.8 12 13.2 

32 
40 

0 70 

UNIT 
v 
v 

mA 
oc 

electrical characteristics over recommended operating free-air temperature, Vee= 12 V, (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS MIN TY Pt MAX UNIT 

Switching 01 197 218 242 

Switching 02 247 275 304 

Switching 03 311 346 383 

Switching 04 392 435 483 

Positive-going threshold Switching 05 
TA= 25°C 

494 548 607 
VT+ r-621 

mV 
voltage at input A Switching 06 690 765 

Switching 07 782 868 963 

Switching 08 985 1093 1212 

Switching 09 r-;-240 1376 1526 

Switching 010 1561 1732 1921 

VT+-VT- Input hysteresis 10 mV 

IQH High-level (off-state) output current VoH=32V 0.5 200 µA 

loL = 10 mA 0.12 0.3 
Vol Low-level (on-state) output voltage v 

loL=40mA 0.3 0.6 

1, Input current v, = 2 v 10 20 µA 

All outputs high Vee= 12 v, 7.5 12 
mA Ice Supply current 

All outputs low No load 24 38 

t All typical values are at Vee= 12 V and TA= 25°C. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL481C 
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 

• 10 Comparators Logarithmically Digitize 
Analog Input Signals 

• High Input Impedance ... 100 kn Typical 

• Open-Emitter Outputs Capable of Sourcing 
Up to 25 mA and Withstanding Up to 
35V 

• Supply Voltage Range of 10 to 35 V (Vcc2) 

• Economical 14-Pin Dual-In-Line Plastic 
Package 

• 2-dB Intervals 

description 

The TL481 C features open-emitter outputs capable 
of operating to 35 volts and sourcing 25 milliamperes 
for driving vacuum fluorescent displays. The TL481 C 
uses ten comparators and a reference voltage network 
to detect the level of a signal at the analog input. 
Output 01 is switched to a high logic level at a 
typical input voltage of 218 millivolts. As the input 
signal is increased, subsequent outputs are switched 
to a high logic level at 2-dB intervals. All outputs are 

ag 

010 

ANALOG 
INPUT 

GND 

a1 

02 

BULLETIN NO. DL-S 12736,DECEMBER 1979 

NG 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

as 

a1 

as 

as 

a4 

03 

at high logic levels at a typical input voltage of 1732 millivolts. The hysteresis of all trigger points is typically 1 O 
millivolts. 

The analog input has an impedance of 100 kilohms. This high input impedance can be driven directly from a high
impedance source; however, the addition of a capacitor may be required to reduce noise. 

The TL481 C is designed for logarithmic detection of analog signals and may be used in applications such as low-precision 
meters, warning signal indicators, AID converters, feedback regulators, pulse shapers, delay elements, and automatic 
range switching. 

The TL481C is characterized for operation from 0°C to 70°C. 

functional block diagram 

VOLTAGE 
REGULATOR 

ANALOG (4) 
INPUT -------------------. 

GNo-
1
-
5
-
1 
---J, 

Vcc2 
(11) 

(2) 
"""""'-+---------010 

ONLY 
TWO 

OF TEN 
OUTPUTS 

SHOWN 

I 
I 
I 
I 161 o1 

Copyright© 1979 by Texas Instruments Incorporated 
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This document contains information on 
a new product. Specifications are subject 
to change without notice. 
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TYPE TL481C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 

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

Supply voltage, Vcc1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 V 
vcc2 ............................................................ 40 v 

Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 V 
Output voltage range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 V to Vcc2 
On·state output current (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -30 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . . . . . . . . . . . . 2075 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°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. 
2. For operation above 25° C free-air temperature, derate II nearly to 1328 mW at 70° C at the rate of 16.6 mWf C. 

recommended operating conditions 

Supply Voltage, Vcc1 ... · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Vcc2 ... · .. ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

Output current, IQ ............................................ . 
Operating free-air temperature, TA ............................ · · . · · · · 

MIN 
10.8 

10 

0 

NOM 
12 
25 

MAX 
13.2 

35 
25 
70 

electrical characteristics over recommended operating free-air temperature and supply voltage ranges 
{unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVPt MAX 

Switching 01 197 218 242 

Switching 02 247 275 304 

Switching Q3 311 346 383 

Switching 04 392 435 483 

Positive-going threshold Switching 05 
TA=25°C 

494 548 607 
VT+ 

voltage at Analog input Switching 06 621 690 765 

Switching 07 782 868 963 

Switching Q8 985 1093 1212 

Switching 09 1240 1376 1526 

Switching 010 1561 1732 1921 

VT+-VT- Input hysteresis 10 

VoH High-level (on-state) output voltage 
loH = -10 mA Vcc2-1.3 Vcc2-o.s 

IQH = -25 mA Vcc2-1.5 Vcc2-0.9 

IQL Low-level (off-state) output current Vcc2 =35V 0.5 200 

11 Input current Analog input V1 =2 v 10 20 

lcc1 Supply current from Vcc1 
All outputs high 

Vcc1 =12 v, No load 
15 25 

All outputs low 9 15 

lcc2 
All outputs high Vcc1 =12 v, Vcc2 = 35 v, 15 27 

Supply current from Vcc2 
All outputs low No load 1 200 

t All typical values are at Vcc1 = 12 V, Vcc2 = 25 v, and TA= 25°C. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL487C 
5-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 

• 5 Comparators to Digitize Logarithmic 
Analog Input Signals in 3-dB Step 
Increments 

• High Input Impedance ... 100 kn Typ 

• Open-Collector Outputs Capable of 
Sinking up to 40 mA and Withstanding 
upto18V 

• Supply Voltage Range of 10 to 18 V 

• Economical 8-Pin Dual-in-Line Plastic 
Package and Ceramic Package 

FUNCTION TABLE 

INPUT A OUTPUTS 

(NOM) 01 02 Q3 04 as 
0-""266 mV H H H H 

""266 _,.,375 mV L H H H 

,.,375 -""530 mV L L H H 

,.,530 _,.,749 mV L L L H 

,..749 -""1058 mV L L L L 

>""1058mV L L L L 

H = high level, L = low level 

The nominal input voltage ranges shown are 
for rising Input voltage. Negative-going 
thresholds are typically 10 mV lower. 

description 

H 

H 

H 

H 

H 

L 

B~ULLETIN NO, DL·S 12675, FEBRUARY 1979 

JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW) 

ANALOG 
INPUT 

A Vee 

DIGITAL OUTPUTS 

~ 

DIGITAL OUTPUTS 

The TL487C is especially designed to detect and indicate analog signal levels. The device may be used in various 
industrial, consumer, or automotive applications such as low-precision meters, warning signal indicators, A/D 
converters, feedback regulators, pulse shapers, delay elements, and automatic range switching. The power outputs are 
suitable for driving a variety of display elements such as LED's or filament lamps. The outputs may also drive digital 
integrated logic such as TTL, CMOS, or other high-level logic. 

The TL487C consists of five comparators and a reference voltage network to detect the level of an analog input signal 
at the A input. Output 01 is switched to a low logic level at a typical input voltage of 266 millivolts. After each 3-dB 
increase, the next output is switched to a low logic level. All outputs are at low logic levels at a typical input voltage of 
1058 millivolts. The open-collector outputs are capable of sinking currents up to 40 milliamperes and may be operated 
at voltages up to 18 volts. The analog input has a high impedance of typically 200 kilohms. 

Since all five trigger points have a switching hysteresis of typically 10 millivolts, the circuit may be operated with slow 
input signals without the danger of oscillation at the outputs. To prevent pickup of noise, a capacitor should be 
connected between the high-impedance input and ground, especially when the input is driven from a high-impedance 

source. 

The TL487C is characterized for operation from 0°C to 70°C. 

Copyright © 1979 by Texas Instruments Incorporated 
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TYPE TL487C 
5-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 

absolute maximum ratings 

Supply voltage, V CC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 V 
Voltage at analog input A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 V 
Current through analog input A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -10 mA 
Low-level output current (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 mA 
Total low-level output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 mA 
Continuous total 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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°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. 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL487C chips are glass

mounted. 

DISSIPATION DERATING TABLE 

POWER DE RATING ABOVE 
PACKAGE 

RATING FACTOR TA 

JG (Glass-Mounted Chip) 825mW 6.6 mWfC 25°C 

p 1000 mW 8.0mWfC 25°C 

Also see Dissipation Derating Curves, Section 2. 

recommended operating conditions 

MIN NOM MAX UNIT 
Supply voltage, Vee 
Output voltage, Vo 
Low-level output current 
Operating free-air temperature, TA 

10 

0 

12 18 
18 
40 
70 

electrical characteristics over recommended operating ranges of V cc and TA (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TY Pt MAX 

Switching 01 237 266 298 

Switching 02 335 375 421 

VT+ 
Positive-going threshold 

Switching 03 TA=25°C 473 530 595 
voltage at input At 

Switching 04 668 749 840 

Switching 05 943 1058 1187 

Switching interval§ 3 

VT+ - VT- Input hysteresis 10 

loH High-level output current VoH = 18 V 0.5 20 

loL=16mA 0.15 0.3 
VQL Low-level output voltage 

loL =40 mA 0.25 0.5 

11 Input current V1=1 V 5 10 

All outputs high All outputs open, 8 12 
Ice Supply current 

All outputs low Vee= 12 v 18 27 

t All typical values are at Vee= 12 V, TA= 25°C. 
:!:These thresholds Increase with temperature at the approximate rate of 1 mV /°C. 
§switching interval is the ratio of (1) VT+ for switching output On+l to (2) VT+ for switching output On· 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 5 Comparators to Digitize Analog 
Input Signals in 200 mV Increments 

• High Input Impedance ... 100 kn Typ 

• Open-Collector Outputs Capable of 
Sinking up to 40 mA and Withstanding 
up to 18 V 

• Supply Voltage Range of 10 to 18 V 

• Economical 8-Pin Dual-in-Line Plastic 
Package 

FUNCTION TABLE 

INPUT A OUTPUTS 

(NOMI 01 02 03 04 05 

0-,.,200 mV H H H H H 

,.,200-,.,400 mV L H H H H 

"'400-,.,600 mV L L H H H 

,.,600-,.,800 mV L L L H H 

"'800-"' 1000 mV L L L L H 

>,.,1000 mV L L L L L 
---

H = high level, L = low level 

description 

TYPE TL489C 
5-STEP ANALOG LEVEL DETECTOR 

BULLETIN NO. DL-S 12584, JANUARY 1978 - REVISED OCTOBER'1979 

P DUAL-IN-LINE PACKAGE (TOP VIEW) 

ANALOG 
INPUT 

DIGITAL OUTPUTS 

A Vee ~ 

v 
DIGITAL OUTPUTS 

The TL489C consists of five comparators and a reference voltage network to detect the level of an analog input signal 
at the A input. Output 01 is switched to a low logic level at a typical input voltage of 200 millivolts. After each 
200-millivolt step, the next output is switched to low logic levels. All outputs are at low logic levels at a typical input 
voltage of 1000 millivolts. The open-collector outputs are capable of sinking currents up to 40 milliamperes and may 
be operated at voltages up to 18 volts. The analog input has a high impedance of typically 100 kilohms. 

Since all five trigger points have a switching hysteresis of typically 10 millivolts, the circuit may be operated with slow 
input signals without the danger of oscillation at the outputs. To prevent pickup of noise, a capacitor should be 
connected between the high-impedance input and ground, especially when the input is driven from a high-impedance 
source. 

The TL489C is especially designed to detect and indicate analog signal levels. The device may be used in various 
industrial, consumer, or automotive applications such as low-precision meters, warning signal indicators, A/D 
converters, feedback regulators, pulse shapers, delay elements, and automatic range switching. The power outputs are 
suitable for driving a variety of display elements such as LED's or filament lamps. The outputs may also drive digital 
integrated logic such as TTL, CMOS, or other high-level logic. 

The TL489C is characterized for operation from 0°C to 70°C. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPE TL489C 
5-STEP ANALOG LEVEL DETECTOR 

absolute maximum ratings 

Supply voltage, Vee (see Note 1) 
Voltage at analog input A 
Off-state output voltage 
Current through analog input A 
Low-level output current (each output) 
Total low-level output current 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range . . . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Derate linearly to 640 mW at 70°C free-air temperature at the rate of 8,0 mW/°C. 

recommended operating conditions 

Supply voltage, Vee 
Output voltage, Vo 
Low-level output current 
Operating free-air temperature, TA 

20 v 
. 8 v 
20 v 

-10mA 
80mA 

200 mA 
1000 mW 

0°C to 70°C 
... 260°C 

MIN NOM MAX UNIT 
10 12 18 v 

18 v 
40 mA 

0 70 °C 

electrical characteristics over recommended range of Vee and operating free-air temperature range 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TY Pt MAX UNIT 

Switching 01 160 200 240 

Switching 02 350 400 450 

VT+ 
Positive-going threshold 

Switching 03 TA= 25°C 540 600 660 mV 
voltage at input A 

Switching 04 730 800 870 

Switching 05 920 1000 1080 

VT+ -VT- Input hysteresis 10 mV 

IQH High-level output current VoH=18V 0.5 20 µA 

loL=16mA 0.15 
VQL Low-level output voltage v 

IQL = 40 mA 0.25 0.5 

11 Input current V1=1 v 0.5 µA 

All outputs high Vee= 12 v 8 12 
Ice Supply current mA 

All outputs low All outputs open 15 25 

t All typical values are at V CC = 12 V, TA = 25° C. 
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TYPE TL489C 
5-STEP ANALOG LEVEL DETECTOR 

ANALOG 
INPUT 

1ookn 
I 
I 
I 
I 

_i_ 0.001 
..,.... to 

I 10µF 

I 
I 
I 
I 
I 

TYPICAL APPLICATIONS DATA 

Vee 

A Vee 05 04 

TL489C 

02 

t Keep-alive resistors to avoid high switching current. 

ANALOG 
INPUT 

FIGURE 1-INTERFACING WITH INCANDESCENT LAMPS 

Vee 

1ookn A Vee as 04 

TL489C 

25µF GNO 01 02 03 

5Mn 

L1 ~ L2 1' L3 ~ L4 ,,, 
L5 'lLED's 

V+ 

Lamps L 1 through L5 illuminate as the input voltage increases in nominally 200-mV steps. 

Additionally, lamp L 1 will flash periodically when the input voltage at point P is below 200 mV. 

ANALOG 
INPUT 

FIGURE 2-LEVEL INDICATION WITH FLASHING FEATURE 

Vee 

TL489C 

GND 01 02 03 

1 kn 1 kn I kn 

~~~~~~~--~~~.-~v+ 

Lamp L 1 is turned on at input voltages (pin 8) ;;;. 200 mV and the alarm turns off. 

Lamp L2 is turned on at input voltages;;;. 600 mV to indicate correct operation. 

Lamp L3 is turned on at input voltages;;;. 1000 mV and the over-range alarm turns on. 

FIGURE 3-THREE-STAGE LEVEL INDICATION AND CONTROL 
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TYPE TL489C 
5-STEP ANALOG LEVEL DETECTOR 

INPUT 

*100pF 

I 
I 
I 
I 
I 

A 

GND 01 

INPUT 

OUTPUT01 

OUTPUT02 

OUTPUT03 

0UTPUT04 

0UTPUT05 

TYPICAL APPLICATION DATA 

The delay times are 
determined by the rate 
of change of the input 
signal. 

FIGURE 4-WAVEFORMS FOR FIVE DELAYED OUTPUTS 

05 04 

TL489C 

02 03 

~~~;5~ATURE T 

H' 
.~ 

~~R{ y 

Pulse shaping 
resistor 
network 

'-----OUTPUT 

INPUT 

OUTPUT 

FIGURE 5-PULSE-SHAPE CONVERTER 

A 

GND 

Vee 
10.5to 15V 

vec 

TL489C 

01 

05 04 

02 03 

S1 

Switch S1 selects the temperature at which the fan starts operating, and S2 selects the temperature at which the fan stops operating. 

FIGURE 6-TEMPERATURE FEEDBACK REGULATION WITH SELECTABLE SYSTEM HYSTERESIS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL490C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 

BULLETIN NO.DL-S 12677, JUNE 1979 - REVISED OCTOBER 1979 

• 10 Comparators to Digitize Analog 
Input Signals 

• Cascade Feature Allows Stacking 
Output Display Strings 

• Threshold Intervals Adjustable from 
200 mV to 100 mV 

• Open-Collector Outputs Capable of 
Sinking up to 40 mA and Withstanding 
up to 32 V 

• Supply Voltage Range of 10 to 18 V 

description 

The TL490C consists of ten comparators and a 
reference voltage network to detect the level of 
a signal at the analog input. Output 01 is switched 
to a low logic level at a typical input voltage of 200 
millivolts with Threshold-Adjust open and the cascade 
input grounded. After each 200-millivolt increment, 
the next output is switched to a low logic level. All 
outputs are at low logic levels at a typical input 
voltage of 2000 millivolts. The threshold-adjust 

09 

010 

Vee 

ANALOG 
INPUT 

CASCADE 
INPUT 

THRESHOLD 
ADJUST 

NC 

01 

J OR N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

NC-No internal connection 

as 

07 

06 

GND 

as 

04 

03 

Q2 

terminal allows the user to decrease the input voltage steps from 200-millivolt to 100-millivolt increments by 
connecting an external resistor from Threshold Input to ground. 

This level detector is directly cascadable requiring only two external resistors. The maximum number of devices that 
can be cascaded is determined by the threshold level and the maximum input voltage. See Figure 4 in Typical Applica
tion Data. If the cascade feature is not utilized, the cascade input must be grounded for proper operation. 

The TL490C is especially designed to detect and indicate analog signal levels and may be used in various industrial, 

consumer, or automotive applications such as low-precision meters, warning-signal indicators, AID converters, feedback 
regulators, pulse shapers, delay elements, and for automatic range switching. The open-collector outputs are capable 
of sinking currents up to 40 milliamperes and may be operated at voltages up to 32 volts. The power outputs are 
suitable for driving a variety of display elements such as LED's or filament lamps. The outputs may also drive digital 
integrated logic such as TTL, CMOS, or other high-level logic. 

The TL490C is characterized for operation from o0 c to 10°c. 

functional block diagram 

Vee l3l 

CASCADE (5) 

VOLTAGE 
REGULATOR 

INPUT --'V\/lr----e-t 

ANALOG (4) 
INPUT ...;....;.~vv...---...-i 
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GND (l3l -;;, 

Resistor values shown are nominal. 
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I 
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01 
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TYPE TL490C 
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 V 
Input voltage: Analog input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 V 

Cascade input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 V 
On-state output current (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): J package . . . . . . . . 1025 mW 

N package . . . . . . . . 1150 mW 
Operating free-air temperature range .............. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package . . . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . . . . . . . . . . . . . . . . . . . . . . 260°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DERATING ABOVE 

RATING FACTOR TA 
J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C 

N 1150mW 9.2 mW/°C 25°C 

Also see Dissipation Derating Curves, Section 2. 

recommended operating conditions 

MIN NOM MAX 
Supply voltage, Vee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 12 18 
Output voltage, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Cascade input voltage (Pin 5) (when not grounded) . . . . . . . . . . . . . . . . . . . . . . . 8 
Output current, IQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Operating free-air temperature, TA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 70 

electrical characteristics over recommended operating free-air temperature and supply voltage ranges, 
pin 5 at gnd, pin 6 open (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TY Pt MAX 

Switching 01 125 200 275 

Switching 02 325 400 475 

Switching 03 525 600 675 

Switching 04 725 800 875 

Positive-going threshold Switching 05 
TA= 25°C 

925 1000 1075 
VT+ 

voltage at input A Switching 06 1125 1200 1275 

Switching 07 1325 1400 1475 

Switching 08 1525 1600 1675 

Switching 09 1725 1800 1875 

Switching 010 1925· 2000 2075 

VT+-VT- Input hysteresis 10 

IQH High-level output current VoH =32V 0.5 200 

loL = 10 mA 0.12 0.3 
VQL Low-level output voltage 

loL=40mA 0.3 0.6 

Input current 
Analog input 

V1 =2V 
260 400 

11 
Cascade input 1000 1700 

All outputs high Vee= 12 v. 10 15 
ice Supply current 

All outputs low All outputs open 30 45 

t All typical values are at Vee= 12 V and TA= 25°C 
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TYPE TL490C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 

200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

TYPICAL CHARACTERISTICS 

THRESHOLD VOLTAGE INTERVAL 
vs 

THRESHOLD-ADJUST RESISTANCE 

vc6 =11~1J ....-v 
TA= 25°C lL 

L v 

" II 

LOW-LEVEL OUTPUT VOLTAGE 
VS 

OUTPUT CURRENT 

~ v 
QI IL 
~ 0.04 / 

~ r-
...J 

~ 0.02 

0 

100 
0.01 '----i...........1..--i......1.....i...i....1. ........ __ __.__...._ .... 

400 1 k 4 k 10 k 40 k 100 k 

Radj-Threshold-Adjust Resistance-!2 

FIGURE 1 

TYPICAL APPLICATION DATA 

Vee 
01 

(OPEN)n---1 TH RES Q2 
ADJ 

Q3 

04 

TL490C Q5 

06 
ANALOG 07 

INPUT 

ANALOG,,_ __ _ 

INPUT 
as 

CASCADE 09 INPUT 
010 

GND 

-

2 4 7 10 

lo-Output Current-mA 

FIGURE 2 

Lamps L 1 through L 10 sequentially illuminate as the input voltage increases in nominally 200-miilivolt steps. 

FIGURE 3-LEVEL INDICATION WITH LIGHT-EMITTING DIODES 
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TYPE TL490C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 

(OPEN) 

Vee 

TH RES 
ADJ 

ANALOG ANALOG 
INPUT ---.---4 INPUT 

CASCADE 
INPUT 

a1 

Q2 

Q3 

a4 

as 

as 

a7 

as 

ag 

a10 

TYPICAL APPLICATION DATA 

12 v 

Vee 
a1 

(OPEN) TH RES a2 
ADJ 

Q3 

a4 

as 
OUTPUTS TL490C OUTPUTS 

as 5V 
a7 

ANALOG 20on 
INPUT as 

ag 
CASCADE a10 400 n 

INPUT 

-= 400n 

-= 

NEXT STAGE: 
CASCADE INPUT 

ANALOG INPUT 

To cascade three TL490C detectors, parallel all analog inputs, connect cascade input 1 to ground, bias cascade input 2 to 2 volts (or 1 O times 

the threshold interval), and bias cascade input 3 to 4 volts (or 20 times the threshold interval). This provides drive for 30 output steps with one 

continuous 0- to 6-volt Input. The maximum number of devices that can be cascaded is determined by the threshold level and the maximum 

Input voltage rating. 

12V 
0 

FIGURE 4-CASCADING ANALOG LEVEL DETECTORS 

soo nJ> 
~ 

> > ~ 

EACH~ ?- '?' 
a1 t---' 

Vee 

a2 
Q3 

04 

s2on$ 

Vee TL490C 

TL 173C OUTt-----+----- ~~~b~G 05 

OS 
GND 

07 

~ > > 
~ ~ 

~ ? ~ > 

..-----<TH:~J~s~LDogt----------------------' 
~,Radj = Q10t----------------------~ 
,>500n GND 

where: 

The appropriate value of Radj• the external resistance between the threshold-adjust terminal and ground, may be calculated from: 

0.84 

VT 

IRadi + 100 nl • 2240 n 533 VT 
--------- + 1; or Radj,.. ---

700 n. Radj 0.2 - VT 

VT= threshold voltage interval, V 

Alternatively, Radj can be estimated using Figure 1. 

In the circuit shown with Radj = 500 fl, VT,.. 100 mV. 

FIGURE 5-LINEAR HALL-EFFECT SENSOR WITH 10-STEP ANALOG LEVEL INDICATOR 
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TYPE TL491C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 

BULLETIN NO. DL·S 12730, DECEMBER 1979 

• 10 Comparators to Digitize Analog 
Input Signals 

• Cascade Feature Allows Stacking 
Output Display Strings 

• Threshold Intervals Adjustable from 
200 mV to 100 mV 

• Open-Emitter Outputs Capable of 
Sourcing up to 25 mA and Withstanding 
up to 35 V 

• Supply Voltage Range of 10 to 35 V (Vcc2) 

description 
The TL491 C consists of ten comparators and a 
reference voltage network to detect the level of 
a signal at the analog input. Output 01 is switched to 
a low logic level at a typical input voltage of 200 
millivolts with Threshold Adjust open and the cascade 
input grounded. After each 200-millivolt increment, 
the next output is switched to a low logic level. All 
outputs are at low logic levels at a typical input 
voltage of 2000 millivolts. The threshold-adjust 

Q9 

010 

ANALOG 
INPUT 

CASCADE 
INPUT 

THRESHOLD 
ADJUST 

GND 

01 

NG DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

as 

07 

06 

05 

04 

03 

Q2 

terminal allows the user to decrease the input voltage steps from 200-millivolt to 1 OO·mill ivolt increments by connecting 
an external resistor from Threshold Adjust to ground. 

This level detector is directly cascadable requiring only two external resistors to establish a zero-reference level voltage 
for the cascade input. The maximum number of devices that can be cascaded is determined by the threshold level and 
the maximum input voltage. See Figure 4 in Typical Application Data. If the cascade feature is not utilized, the cascade 
input must be grounded for proper operation. 

The TL491C is especially designed to detect and indicate analog signal levels and may be used in various industrial, 
consumer, or automotive applications such as low-precision meters, warning-signal indicators, A/D converters, feedback 
regulators, pulse shapers, delay elements, and for automatic range switching. The open-emitter outputs are capable 
of sourcing currents up to 25 milliamperes and may be operated at voltages up to 35 volts. The power outputs are 
suitable for driving a variety of display elements such as vacuum flourescent displays, LED's, or filament lamps. The 
outputs may also drive digital integrated logic such as CMOS or other high-level logic. 

The TL491 C is characterized for operation from 0°C to 70°C. 

functional block diagram 
V (3) VOLTAGE 

CC1 · REGULATOR 

CASCADE (5) 
INPUT --""Nlr---e-"1-' 

ANALOG (4) 
INPUT ----'~--.-.. 

TH:~J~~LD~(G~l ___ __;;..;..;.. ___ __. 

GND~ 

Resistor values shown are nominal. 

Vcc2 
(13) 

<2) 010 

I 
I 
I 

ONLY 
TWO 

OFTEN 
OUTPUTS 

SHOWN 

I 
I 
I 
I 
I 
I 

(8) 01 

Copyright© 1979 by Texas Instruments Incorporated 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 
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TYPE TL491C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 

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

Supply voltage: Vcc1 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 V 
Vcc2 .......................................................... 40 v 

Input voltage: Analog input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 V 
Cascade input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 V 

Output voltage range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 V to V CC2 
On-state output current (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -30 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . . . . . . . . . . 2075 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°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. 

2. For operation above 25°C free-air temperature, derate linearly to 1328 mW et 70°C at the rate of 16.6 mWf C, 

recommended operating conditions 

MIN NOM MAX 
Supply voltage: Vcc1 

Vcc2 
Cascade input voltage (When not at ground) .......................... . 
Output current, lo .................................. · · · .. · · · · 

10.8 12 
10 25 

Operating free-air temperature, TA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

13.2 
35 

8 
25 
70 

electrical characteristics over recommended operating free-air temperature and supply voltage ranges, 
pin 5 at gnd, pin 6 open (unless otherwise noted) 

PARAMETERS TEST CONDITIONS MIN TYPt MAX 

Switching 01 125 200 275 

Switching 02 325 400 475 

Switching 03 525 600 675 

Switching 04 725 800 875 

Positive-going threshold Switching 05 
TA= 25°C 

925 1000 1075 
VT+ voltage at input A Switching 06 1125 1200 1275 

Switching 07 1325 1400 1475 

Switching 08 1525 1600 1675 

Switching 09 1725 1800 1875 

Switching 010 1925 2000 2075 

Vn-VT- Input hysteresis 10 

VQH High-level (on-state) output voltage 
loH = -10mA Vcc2-1.3 Vcc2-o.s 

•oH = -25mA Vcc2-1.5 Vcc2-0.9 

IQL Low-level (off-state) output current Vcc2 = 35 v 0.5 200 

Analog input 260 400 ,, Input current 
Cascade input 

V1 =2V 
1000 1700 

Supply current All outputs high Vcc1 =12 v. 15 25 
•cc 

from Vcc1 All outputs low No load 9 15 

Supply current All outputs high Vcc1 =12 v, Vcc2 = 35 v, 15 27 
•cc 

from Vcc2 All outputs low No load 1 200 

t All tYplcal values are at Vcc1 = 12 V, Vcc2 .. 25 V, and TA= 25°C. 
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TYPE TL491C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 

TYPICAL CHARACTERISTICS 

THRESHOLD VOLTAGE INTERVAL 
vs 

THRESHOLD-ADJUST RESISTANCE 

vc6 =11k 1J 1---1 i--
~ 

TA= 25°C 
L 

I/' 

I-
1/ 

100 400 1 k 4 k 10 k 40 k 100 k 

10 v 12 v 

Radj-Threshold-Adjust Resistance-n 

FIGURE 1 

TYPICAL APPLICATION DATA 

BAR GRAPH 
DISPLAY* 

Vcc1 Vcc2 
011-~+----..--+-~~l\/\1V~~~ 

(OPEN)---------"""""' TH RES 02------~---+------"""V'vv---~• 
ADJ 

Outputs 01 through 010 turn on LED's 
to represent the Input voltage level In 
multiples of the 200-mllllvolt threshold 
voltage. The threshold Interval can be 
reduced for greater accuracy by adding 
a shunt resistor between Threshold 
Adjust and ground. The appropriate 
value of shunt resistance; Radj• can be 
approximated from 

03 

TL491C 04 

05 

06 
ANALOG 07 

ANALOG ______ _ 
~"" (Radj + 700 fl)• 2240 .n +l or 

VT 700 .n • Radj 

INPUT INPUT 

CASCADE 
INPUT 

GND 

08 

09 

010 

533 VT 

Radj ""0.2 - VT 

where: VT = threshold voltage interval. 
Alternatively Rad) can be estimated using 
Figure 1. 

Lamps L 1 tnrough L 1 O sequentially illuminate as the input voltage increases In nominally 200-milllvolt steps. 
0
General Instruments MV57164 or equivalent. 

FIGURE 2-LEVEL INDICATION WITH LIGHT-EMITTING DIODES 
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TYPE TL491C 
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR 

TYPICAL APPLICATION DATA 

12 v 

Vcc1 
a1 

Vcc1 
a1 

(OPEN) TH RES Q2 (OPEN) TH RES a2 ADJ ADJ 
Q3 aJ 

a4 a4 
Q5 as 

OUTPUTS TL491C OUTPUTS TL491C 
as as 5V 
a7 a1 

ANALOG ANALOG 
as 

ANALOG 
as NEXT STAGE: 

INPUT INPUT INPUT CASCADE INPUT ag ag 
CASCADE 

a10 CASCADE a10 400n INPUT INPUT 

= 4oon 

= 
= 

ANALOG INPUT 

To cascade three TL491 C detectors, parallel all analog inputs, connect cascade Input 1 to ground, bias cascade Input 2 to 2 volts (or 1 O times 

the threshold Interval), and bias cascade input 3 to 4 volts (or 20 times the threshold Interval). This provides drive for 30 output steps with one 

continuous 0- to 6-volt input. The maximum number of devices that can be cascaded Is determined by the ·threshold level and the maximum 

input voltage rating. 

FIGURE 3-CASCADING ANALOG LEVEL DETECTORS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL500C THRU TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 

TL500C/TL501C 
ANALOG PROCESSORS 

• True Differential Inputs 
• Automatic Zero 
• Automatic Polarity 

BULLETIN NO. DL-S 12740, DECEMBER 1979 

• High Input Impedance ... 1090hms Typically 

TL500C CAPABILITIES TL501C CAPABILITIES 

• Resolution ... 14 Bits (with TL502C) • Resolution ... 10-13 Bits (with TL502C) 
• Linearity Error ... 0.001 % • Linearity Error ... 0.01% 
• 4 1/2-Digit Readout Accuracy with 

External Precision Reference 
• 3 1/2-Digit Readout Accuracy 

T L502C/T L503C 
DIGITAL PROCESSORS 

• Fast Display Scan Rates 
• Internal Oscillator May Be Driven 

or Free-Running 
• lnterdigit Blanking 
• Over-Range Blanking 
• Display Test 
• 4 1/2-Digit Display Circuitry 
• High-Sink-Current Digit Driver for 

Large Displays 

TL502C CAPABILITIES TL503C CAPABILITIES 

• Compatible with Popular Seven-Segment 
Common-Anode Displays 

• High-Sink-Current Segment Driver For 
Large Displays 

description of converter system 

• Multiplexed BCD Outputs 

• High-Sink-Current BCD Outputs 

The TL500C and TL501C 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 
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-logic 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 ). 

Vit1 
Vex= VcT- -

Rxcx 

Vref t2 
VcT = Vcx--

Rxcx 

Combining equations 1 and 2 resu Its in: 

Vref ti 

where: 

VcT =Comparator (offset) threshold voltage 

Charge 

Discharge 

Vex = Voltage change across Cx during t1 and during t2 (equal in magnitude) 

V1 =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-slope 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 th is 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 shifter. 

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 noninverting 
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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integrate-reference phase 

TYPES TL500C THRU TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 

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 integrate-input 
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 0 

I I I 
1AUTOZER01 INTEGRATEI 
: I INPUT 
1 I 
I I 
I I I 
I I 

INTEGRlTOR I 

INTEGRATE 
REFERENCE. 

OUTPUT,-----, I 
I V(pin 11<V(pin21 I 

I 
I 
I 
I 
I 
I 
I 

I (NEGATIVE ANALOG VOLTAGE) 
I 

COMPARATOR 

I 
I 
i 
I 

I 
I 
I 
I 
I 
I 

CONTR0_
1 
L_A___ I 

I I 
I I 

: I 
CONTROL B I 

Ii-----~ I 
I I 

20,000 30,000 0 

: I 1
, AUTO ZERO. I INTEGRATE: 

I I I INPUT I 
I I I 1 I 
I HOLD I I I 
I I I : I 

INTEGRATE 
REFERENCE 

I l I I I 
I I I I v(pin 11>V(pin21 
-1-- - , (POSITIVE.ANALOG VOLTAGE) 

I I I 
I I --r----
1 I I 

I I I 
I I I 
! I 

20,000 

I 
I 
I 
I 
I 
I 
I I 
------ ov 

I 
I I 

- - -V(pin2) 
I I 
I I 
I I 
I I 

~~~~I~~~~~--' I 
I I 

I 

I I 
I I ov 
I I I l 
I ,._ __ __...I ---------.;' I 

-1---~---- I L _____ J 
I I I I I 

I I I I I 
I I 

LL __ J ___ """ !'-I _______ : ______ J 
I I I I I 
I I I I I 

I I \ l J.----.™-~r-.~~DO~N~~..,cor~..,Rr"E'"W"'-,r"""W'"'~ l 0 J '--~ ........... _______ 1 ..... ,...,_ ..... __.. __ _ 

TRIGGER XXXX><J 
NCARE~ 

0
Thls step is the voltage at pin 2 with respect to analog ground. 

FIGURE 1-VOLTAGE WAVEFORMS AND TIMING DIAGRAM 
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Cref 

BUFFER 
OUTPUT 

ANALOG PROCESSOR 
TL500 OR TL501 

ex 

INTEGRATOR 
OUTPUT ------, 

LEVEL 
SHIFTER 

ANALOG SWITCH 
LOGIC CONTROL 

REFERENCE 
VOLTAGE 

I 
I 

I 
I 
I 
I 

fi I 
----1 • ANALOG -- _J 

w.. I GROUND DIGITAL 
COMMON 

OSCILLATQR 
INPUT 

DIGITAL PROCESSOR 
TL502 OR TL503 (See Note a) r-------------<r---, 

OSCILLATOR 

SIGN 
BIT 

CONTROL 
LOGIC 

BCD 
COUNTER 

17 

BUFFER 
REGISTER 

I 
I 

J 

•r BCD ~ Q OUTPUTS 
----L~(TL503CONLYl 

I : I I L BCD-TO-SEVEN- 8 SEVEN-SEGMENT 
I SEGMENT OUTPUTS 

I 
I 
I 
I 
I 
I 
L---

L - - - - AN~Eg~?JERRS I (TL502C ONLY) __ u _______ J 
DIGIT-ENABLE 

OUTPUTS 
COMMON 

NOTE a. Pin 18 of the TL502 provides an output of fosc (oscillator frequency)+ 20,000. 

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 AANDD CLOSED 

Auto Zero x Oscillation L L S3,S4,S7,S9,S10 
Hold* 

Integrate Positive H 
H H S1,S2 

Input Negative L 

Integrate Ht L H S3,S6,S7 x 
Lt S3,s5,sa Reference H L 

H = High, L = Low, X = Irrelevant 

*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. 

tThis is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase. 

lit -4 
z -< 
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TYPES TL500C, TL501C 
ANALOG PROCESSORS 

description of analog processors 

The TL500e and TL501 e 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 TL500e and TL501e 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 TL500e 
provides 4 1/2-digit readout accuracy when used with 
a precision external reference voltage. The TL501e 
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 
TL500e and TL501 e are intended for operation over 
the temperature range of 0° e to 70° C. 

schematics of inputs and outputs 

CONTROL A AND CONTROL B INPUTS 

ANALOG 
INPUTl 

ANALOG 
INPUT 2 

REF 
OUTPUT 

REF 
INPUT 

ANALOG 
GROUND 

Cref+ 

Cref-

CONTROL B 
INPUT 

CONTROL A 
INPUT 

N DUAL-IN-LINE PACKAGE 

COMPARATOR OUTPUT 

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

Positive supply voltage, Vee+(see Note 1) 
Negative supply voltage, V ec-
1 nput voltage, V1 . . . .. 
Comparator output voltage range (see Note 2) 
Comparator output sink current (see Note 2) 
Buffer, reference, or integrator output source current (see Note 2) 

Operating free-air temperature range . 
Storage temperature range 

Vee+ 

BUFFER 
OUTPUT 

INTEGRATOR 
INPUT 

INTEGRATOR 
OUTPUT 

Vee-

DIGITAL 
COMMON 

COMPARATOR 
OUTPUT 

+18 v 
-18 v 
±Vee 

o v to Vee+ 
20mA 
10 mA 

-40° C to 85° C 
-65°C to 125°C 

NOTES: 1. Voltage values, except differential voltages, are with respect to the analog ground and digital common pins tied together. 

2. Buffer, integrator, and comparator outputs are not short-circuit protected. 
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TYPES TL500C, TL501C 
ANALOG PROCESSORS 

recommended operating conditions 

Positive supply voltage, Vee+ 

Negative supply voltage, Vee-

Reference input voltage, V reg( I) 

Analog input voltage, V1 

Differential analog input voltage, V10 

Peak positive integrator output voltage, VoM+ 

Peak negative integrator output voltage, VoM-

Full scale input voltage 

Autozero and reference capacitors, Cz and Cref 

Integrator capacitor, Cx 

Integrator resistor, Rx 

Integrator time constant, RxCx 

Free-air operating temperature, TA 

Maximum conversion rate (see Figure 2) l 4 1/2 Digits 

r 31/2 Digits 

MIN NOM MAX 

7 12 15 

-9 -12 -15 
0.1 5 

5 

10 

+9 

-5 

2 Vref 
0.2 

0.2 

15 100 

See Note 3 

0 70 

15 

150 

system electrical characteristics at Vee= ±12 V, TA= 25°C (unless otherwise noted) ·see Figure 3 

PARAMETER TEST CONDITIONS 
TL501C TL500C 

MIN TYP MAX MIN TYP MAX 

Zero error 50 300 10 30 

Linearity error relative to full scale 0.005 0.05 0.001 0.005 

Full scale temperature coefficient TA = 0° C to 70° C 6 6 

Temperature coefficient of zero error TA = 0° C to 70° C 4 1 

Rollover error 200 500 30 100 

Equivalent peak-to-peak input noise voltage 20 20 

Analog input resistance Pin 1 or 2 1 ()9 109 

Common-mode rejection ratio Vic= -1 v to +1 v 86 90 

Current into analog input Vi= ±5 v 50 50 

-Supply voltage rejection ratio 90 90 

NOTE 3. The minimum Integrator time constant may be found by use of the following formula: 

V1o(full scale) t1 
Minimum RxCx = --------

VoM- - V1(pin 2) 
where 

V10 =voltage at pin 1 with respect to pin 2 

Vi (pin 2) =voltage at pin 2 with respect to analog ground 

t1 = input integration time seconds 
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UNIT 

v 
v· 
v 
v 
v 
v 
v 

µF 

µF 

kn 

""CJ'c 

conv/sec 

UNITS 

µV 

% 

ppmt'C 

µVt'C 

µV 

µV 

n 
dB 

pA 

dB 

127 



78 

TYPES TL500C, TL501C 
ANALOG PROCESSORS 

electrical characteristics at Vee= ±12 V, Vref = 1 V, TA= 25° e, see Figure 3 

integrator and buffer operational amplifiers 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

V10 Input offset voltage 15 mV 

l1B Input bias current 50 pA 

VoM+ Positive output voltage swing 9 11 v 

VoM- Negative output voltage swing -5 -7 v 

Avo Voltage amplification 110 dB 

B1 Unity-gain bandwidth 3 MHZ 

CMRR Common mode rejection Vic= -1 v to +1 v 100 dB 

SR Output slew rate 5 V/µs 

comparator 
PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

V10 Input offset voltage 15 mV 

l1B Input bias current 50 pA 

Avo Voltage amplification 100 dB 

VQL Low~evel output voltage loL = 1.6 mA 200 400 mV 

IQH High-level output current VoH = 3 v· 5 20 nA 

voltage reference output 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

Vref(O) Reference voltage 1.12 1.22 1.32 v 

Reference-voltage temperature 
TA= 0°C to 70°C 80 ppm/°C 

coefficient 

ro Reference output resistance 3 n 

logic control section 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

V1H High-level input voltage 2 v 

V1L Low~evel input voltage 0.8 v 

llH High~evel input current V1H = 2 V 1 µA 

l1L Low-level input current V1L = 0.8 V -40 -300 µA 

total device 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

ice+ Positive supply current 15 20 mA 

Ice- Negative supply current 12 18 mA 
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TYPES TL500C, TL501C 
ANALOG PROCESSORS 

PARAMETER MEASUREMENT INFORMATION 

100 kn 
ANALOG INPUTS 

100 kn 

,._ __ ...__"""COMPARATOR 
15 14 13 OUTPUT 

1° CONTROL A 

g CONTROLS 

Cref 

5V 

2 kn 

MPU 

LOGIC 

CONTROLLER 

Cx = 1 µF polypropylene capacitor 
TRW X363UW 

Rx= 27 kQ 

Vee=± 12 v 
ti= 100 ms 
Cz = Cref = 1 µF film-dielectric capacitor 

I 
V ref = 1.000 V 

PRECISION 
VOLTAGE 

SOURCE 

FIGURE 3-TEST CIRCUIT CONFIGURATION 

J 
Tests are started approximately 
5 seconds after power on. 

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 1/2-digit applications, polyester, polycarbonate, and other film dielectrics are usually 
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. 

Analog and digital common are internally isolated and may be at 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: 

V1D (full scale) ti 
Minimum RxCx = ------

VoM- -Vr(pin 2) 

Vm(full scale) =Voltage on pin 1 with respect to pin 2 

t1 =Input integration time in seconds 

V1(pin 2) =Voltage on pin 2 with respect to analog ground 
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TYPES TL502C, TL503C 
DIGITAL PROCECSSORS 

N DUAL-IN-LINE PACKAGE 

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 240 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 400. Each digit-enable output is capable of sinking 
20 milliamperes. 

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 at the trigger input starts the integrate
input phase and, in combination with the comparator 
input, can provide a system clear function to reset 
the display output to zero and restart the conversion 
cycle at the auto-zero phase. 

These devices are manufactured using (2L and bipolar 
techniques. The TL502C and TL503C are intended 
for operation from 0°C to 70°C. 

CONTROL B 
OUTPUT 

DIGIT 1 
(LSBI 

DIGIT2 

DIGITJ 

DIGIT4 

DIGITS 
(MSB AND SIGN) 

SEGMENT A 

SEGMENT B 

SEGMENTC 

CONTROL B 
OUTPUT 

DIGIT 1 
(LSB) 

DIGIT2 

DIGITJ 

DIGIT4 

DIGITS 
(MSB AND SIGN) 

Oo 

COMMON 

TABLE OF SPECIAL FUNCTIONS 

Vee= 5V ±10% 

TRIGGER COMPARATOR 
FUNCTION 

INPUT INPUT 

TL502C 

TL503C 

v, "0.8 v V1.s;;6.5V Hold at auto-zero cycle after completion of conversion 

2 v" V1 " 6.5 v V1 "6'.!~ v Normal operation (continuous conversion) 

V1"6.5 v V1;;;.. 7.9V Display Test: All segment or BCD outputs high 

V1;;;.. 7.9V V1 .s;; 6.5 V Internal Test 

Vee 

CONTROL A 
OUTPUT 

OSCILLATOR 
INPUT 

TRIGGER 

COMPARATOR 
INPUT 

01 

Both inputs go high (V1;;;.. 2 V) System clear: Sets outputs to zero and BCD counter to 20,000. 

simultaneously When normal operation is resumed, cycle begins with Auto Zero. 
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TYPES Tl502C, Tl503C 
DIGITAL PROCECSSORS 

DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES 

TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 

CHARACTER 03 02 01 00 
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 (See Figure 4) 

TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT 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 
L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

COMPARATOR AND TRIGGER INPUT 

~----<1-------------vcc 

2.5kn 

D 

L 

H 

L 

L 

H 

L 

L 

H 

L 

L 

2.5kn 5kn 

. ..----------DISPLAY 
TEST OR 
SYSTEM 
CLEAR 

INPUT 

CONTROL A AND B OUTPUTS 

Vee- - ---e-------..... 
16.Bkn 1okn 

OUTPUT 

4.4kn 

COMMON--...... ----4~---' 

E 

L 

H 

L 

H 

H 

H 

L 

H 

L 

H 

F G 

L H 

H H 

H L 

H L 

L L 

L L 

L L 

H H 

L L 

L L 

03 02 01 

8 4 2 

L L L 

L L L 

L L H 

L L H 

L H L 

L H L 

L H H 

L H H 

H L L 

H L L 

SEGMENT DRIVERS-TL502C 
BCD DRIVERS-TL503C 

750n 

5kn 1 kn 

00 

1 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

COMMON----------------

DIGIT-ENABLE OUTPUTS 

Vee-----------------. 

1kn 

1 kn 

5kn 
1 kn 

COMMON--- _______ ..__ ........ __ __, 

*Shorted on TL503C 
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TYPES TL502C, TL503C 
DIGITAL PROCESSORS 

absolute maximum ratings 

Supply voltage, Vee (sea Note 4) 

Input voltage, V1 
Oscillator 

Comparator or Trigger 

BCD or Segment drivers 

Output current Digit-enable outputs 

Pin 18 (TL502C only) 

Total power dissipation at (or below) 30° C free-air temperature (see Note 5) 

Operating free-air temperature range 

Storage temperature range 

NOTES: 4. Voltage values are with respect to the network ground terminal. 
6. For operation above 30°C free-air temperature, derete linearly at the rate of 9.2 mwfc. 

recommended operating conditions 

Supply voltage, Vee 

High-level input voltage, V1H J Comparator and trigger inputs 

Low-level input voltage, V1L J Comparator and trigger inputs 

Operating free-air temperature 

electrical characteristics at 25°C free-air temperature 

PARAMETER TERMINAL TEST CONDITIONS 

V1K Input clamp voltage All inputs Vee =4.5 v. 11 =-12mA 

VT+ Positive-going input threshold voltage Oscillator Vcc=5V 

VT- Negative-going input threshold voltage Oscillator Vee= 5 v 
VT+-VT- Hysteresis Oscillator Vee= 5 v 

IT+ 
Input current at positive-going 

Oscillator Vee· 5 v 
input threshold voltage 

IT-
Input current at negative-going 

Oscillator Vee= 5 v 
input threshold voltage 

Digit enable 

VoH High-level output voltage Pin 18 ITL502C only) Vee= 4.5 v. loH =O 
Control A and B 

Digit enable loL=20mA 

Pin 18 (TL502C only) loL = 10mA 

VoL Low-level output voltage Control A and B vcc·4.5V IOL =2 mA 

Segment drivers loL = 100mA 

BCD drivers loL = 100mA ,, Input current All inputs Vee= 5.5 v. v, .. 5.5 v 

l1H High-level input current 
Oscillator, Comparator, 

Vee .. 5.5 v. v1=2.4 v 
Trigger 

l1L Low-level input voltage 
Oscillator 

Comparator, Trigger 
vcc • s.sv. V1=0.4V 

Digit enable Vo =0.5 V 

High·level output current 
Pin 18 (TL502C only) Vo =0.5V 

IOH Control A and B Vee =4.5 v Vo =0.5V 
(Output transistor off) 

Segment drivers Vo•5.5V 

BCD drivers V_Q_"5.5V 

IQL Low-level output current Digit enable Vee= 4.5, v 0 = 3.55 v (Output transistor on) 

'cc Supply current Vee Vee" 5.5 v 

special functions§ operating characteristics at 25°C free-air temperature 

11 

PARAMETER 

Input current into 

comparator or trigger inputs 

Vee= 5.5 v. 
Vcc • 5.5 v. 

TEST CONDITIONS 

V1=8.55V 

V1 =6.25V 

7 v 
5.5 

9 
v 

120 

40 mA 

20 

1100 mW 

Oto 70 •c 

-65 to 150 •c 

MIN NOM MAX UNIT 

4.5 5 5.5 v 
2 v 

0.8 v 
0 70 •c 

TL502C TL503C 
UNIT 

MIN TYP MAX MIN NOM MAX 

-0.8 -1.5 -0.8 -1.5 v 
1.5 1.5 v 
0.9 0.9 v 

0.4 0.6 0.8 0.4 0.6 0.8 v 

-40 -94 -100 -40 -94 -100 µ,A 

-40 117 170 -40 117 170 µ,A 

4.15 4.4 4.15 4.4 

4.25 4.4 v 
4.25 4.4 4.25 4.4 

0.2 0.5 

0.15 0.4 

0.088 0.4 0.088 0.4 v 

0.17 0.3 

0.17 0.3 

65 100 65 100 µ,A 

-0.6 -1 -0.6 -1 mA 

-0.1 -0.17 -0.1-0.17 
mA 

-1 -1.6 -1 -1.6 

-2.5 -4 -2.5 -4 

-0.5 -0.9 

-0.25 -0.4 -0.25 -0.4 mA 

0.25 

0.25 

18 23 mA 

73 110 73 110 mA 

MIN TYP MAX UNIT 

1.2 1.8 mA 

0.5 mA 

§The comparator and trigger Inputs may be used In the normal mode or to perform special functions. See the Table of Special Functions. 
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TYPES TL502C, TL503C 
DIGITAL PROCECSSORS 

TYPICAL APPLICATION DATA 

o1 ~~~~~I --1~~......_~~1-6-.1-µ-s~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

r=--316.7 µs==-j : 

I 

02~~~~~~~~~-1 

FIGURE 4-TL502C, TL503C DIGIT TIMING WITH 240-kHz CLOCK SIGNAL AT OSCILLATOR INPUT 

This 4%-digit thermistor thermometer application will indicate the temperature inside a deep freeze, solution temperature 
in a darkroom, or any other temperature measureable with a thermistor. However, to ensure accuracy to 4% digits, an 
external precision reference and a very stable external oscillator should be used. The external oscillator could be crystal
controlled or stabilized with a phase-locked loop. For 3%-digit accuracy. The TLSOOC internal reference and the 
TL502C internal oscillator are sufficient. 

REF 
1 

1 (a) For 
0 c set to 0.153 Vref 

(b) For °F set to 0.085 Vref 

TO STABLE 
OSCILLATOR 

2 (a) For :c set to 0.258 Vref 

(b) For F setto0.231 Vref 

+5V 

FIGURE 5-4 1/2-DIGIT THERMISTOR THERMOMETER 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 

BULLETIN NO. DL-S 125BO, OCTOBER 1977 

• 3-Digit Accuracy (0.1%) 

• 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 

• Bl-MOS Technology 

• Only 40 mW Typical Power Consumption 

description 

Vee 

ANALOG INPUT 

REF OUTPUT 

REF INPUT 

GND 

BINPUT 

A INPUT 

N DUAL-IN-LINE 
(TOP VIEW) 

0 @ ZERO CAP2 

0 ® ZERO CAP 1 

0 @ INTEGRATOR RES 

0 @ INTEGRATOR IN 

© @ INTEGRATOR OUT 

© 0 GND 

0 © COMPARATOR OUT 

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 Tl's Bl-MOS process, which incorporates bipolar and MOSFET transistors on the same 
monolithic integrated circuit. The TL505C is characterized for operation from 0°C to 70°C. 

functional block diagram 

(12) (11) 001 Vee <11 . ------y---- -1 
I 
I 
I 
I <Bl 

,__.....__ __ ~ COMP 

I OUT 

Rz 

Cz 

I 
VOLTAGE 

S2C 

I 
I 
I 
I 
I 
I 
I 
I 
I 

(2)1 S3A 

ANALOG ~L.A~~
INPUT I 

REFERENCE 

LOGIC DECODE 
AND 

SWITCH DRIVERS 

I 
(3) I I 

L----------------------~---~-j FULL-SCALE (5) (9) 
ADJUST GNO GND 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . 
Input voltage, pins 2, 4, 6, and 7 . . . . . . . . . . . . . . . . . . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 

Operating free-air temperature range 
Storage temperature range 

NOTES: 1. Voltage values are with respect to the two ground terminals connected together. 

18 v 
vcc 

900mW 
0°C to 70°C 

-65°C to 150°C 

2. For operation above 25°C free-air temperature, derate linearly from 900 mW at 52°C to 736 mW at 70°C at the rate of 
9.2 mW/°C. 

recommended operating conditions 

MIN NOM MAX 

Supply voltage, Vee 7 9 15 

Analog input voltage, Vi 0 4 

Reference input voltage, V ref( I) 0.5 3 

Integrator capacitor, Cx See "component selection" 

·Integrator resistor, Rx 0.5 2 

Integration time, t1 16.6 500 

Operating free-air temperature, TA 0 70 

electrical characteristics, Vee= 9 V, Vref(I) = 1 V, TA= 25°e, connected as shown in figure 1 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 

V1H High-level input voltage at A or B 3.6 Vcc+1 

V1L Low-level input voltage at A or B 0.2 1.8 

VoH High-level output voltage at pin 8 IQH =O 7.5 8.5 

loH High-level output current at pin 8 VoH = 7.5 V -100 

VoL Low-level output voltage at pin 8 IQL =-100µ.A 120 

VoM 
Maximum peak output voltage 

Rx;;. soo kn Vcc-2 Vcc-1 
swing at integrator output 

Vref(O) Reference output voltage 1.15 1.22 1.35 

Temperature coefficient of 
TA = 0° C to 70° C ±100 

reference output voltage 

l1H High-level input current into A or B V1 =9V 1 10 

l1L Low-level input current into A or B V1=1 v 10 200 

11 Current into analog input V1=0 to4 V, A input at 0 V ±10 ±200 

Total integrator input bias current ±10 

ice Supply current No load 4.5 8 

UNIT 

v 
v 
v 

Mn 

ms 
oc 

UNIT 

v 
v 
v 

µ.A 

mV 

v 

v 

ppm/° C 

µ.A 

µ.A 

pA 

pA 

mA 

system electrical characteristics, Vee= 9 V, Vref(I) = 1 V, TA= 25°e, connected as shown in figure 1 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Zero error V1 =O 0.1 0.4 mV 

Linearity error V1=0to4V 0.02 0.1 % 

Ratiometric reading V1=Vref(I)""1 V, 0.998 1.000 1.002 

Temperature coefficient of Vref(I) constant and "" 1 V, 
±10 ppm/°C 

ratiometric reading TA = 0° C to 70° C 
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Zero Error 

TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 

DEFINITION OF TERMS 

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 (t2) to positive integration time (q ). 

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 A/D converter waveforms during the conversion process 
are illustrated in Figure 2. 

Vee 

RX 

11d~~--- 11_!1~~1..'.'.~-- (1'E_ _____ 111 ,----- -----i 
I I 
I I 
I I 

: I 

1 V ~._---41--+-c,......_---4-I e>-----0: 1-81
----1--tlN 

I I 
I I 
I I 
: I 

(131 S2C I 
Cz : l 10kn 

hF L:.;(1..;.;j4)'.l-I -- .------. 1(7) 
(
2
li S3A VOLTAGE LOGl;~~CODE i;;.A:...o----~A 

ANALOG~ REFERENCE SWITCH DRIVERs...,e~l .... 1s_> _1_o_kn-+-t 

INPUT : I 
(3) I ) 

L----------------------qs,--fi;-J 

MPU 
CONTROLLER 

FIGURE 1-FUNCTIONAL BLOCK DIAGRAM OF TL505C INTERFACE WITH A MICROPROCESSOR SYSTEM 

A _______ _, 

B 
_______ __. 

I 
I 
I 
I 

v I 
INTEGRATOR 1 - _r-vo(ofsl 

OUTPUT IUJWIWIU·-·-·-"' IT 
COMPARATOR W64MWIA11~'ml'ftffifff>fl1ffmt MIOl!lt1lm1111 

OUTPUT ~W~lllll"111 illl\\lalmrnum._ _______ -!,. ___ ..Jllll.lllWl~IHI 

I I I 

---to------1•Mol•----t1---... l ... •-t2-.... oio111 • ..__ __ to---

V1 • V2-V3= V1 +Vo(ofsl 

FIGURE 2-CONVERSION PROCESS TIMING DIAGRAMS 
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TYPE TL505C 
ANALOG-TO-DIGITAL 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 B 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 ez. The closed 
loop of A 1 and A2 will seek a null condition where the offsets of the integrator and ~omparator are stored in ez and 
ex, respectively. This null condition is characterized by a high-frequency oscillation at the output of the comparator. 
The purpose of S2s is to shorten the amount of time required to reach the null condition. 

At the conclusion of to, the MPU takes the A and B inputs both high. This closes S3 and turns all other switches off. 
The input sigl"lal VI is applied to the non inverting input of A 1 through ez. V 1 is then positively integrated by A 1. Since 
the offset of A 1 is stored in ez; the change in voltage across ex 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 ex (Vexl during t1 is given by 

(1) 

where R 1 = Rx + Rs3s and 

Rs3s is the resistance of switch S3s. 

At the end of q the MPU takes the A input low and the B 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 B inputs both low. During t2 the change in voltage across ex is given by 

- vref t2 
AVex(2)- --

R2 ex 

where R2 = Rx + Rss + Rref and 

Rref is the equivalent resistance of the reference divider. 

Since AV ex 1 = - AV ex2, equations (1) and (2) can be combined to give 

- R1 • t2 
V1-Vref -

R2. t1 

This equation is a variation on the ideal dual-slope equation, which is 

vi= vref t2 
t1 

(2) 

(3) 

(4) 

Ideally then, the ratio of R1 /R2 would be exactly equal to one. In a typical TL505e system where Rx = 1 Mn, 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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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 

TYPICAL APPLICATION DATA 

There are a wide variety of applications for the 
TL505C to convert signals to a more useful form 
from high-impedance sources; appliance controls; 
weight-scales; and temperature-, light-, or moisture
sensitive transducers. 

The TL505C can be used with the TL502, discrete 
logic, or with an MPU controller that has the control 
algorithm implemented in software. Figure 3 is a 
generalized flow chart for any ty~e of TL505C logic 
controller. The TL505C will directly interface with 
the TL502 as shown in Figure 4. The sign output 
of the TL502 will be negative and should be ignored. 

When used with the TMS 1000 microprocessor as 
illustrated in Figure 5, a 3-digit BCD conversion can 
be accomplished in about 500 ms. This combination 
is especially useful in applications that do not require 
fast updates such as temperature controllers or weight 
scales. The computing power of the TMS 1000 can be 
used to linearize responses from nonlinear transducers 
such as thermistors and to make control decisions. 
Both the TMS 1000 and TL505C can operate from a 
single 7- to 15-V supply making them ideally suited 
for battery operation. 

START 

SET AB• LL 

DELAY to 

SET AB= HH 

DELAY ti 

SET AB= LH 
SET tz COUNTER 

TOOOO 

DELAY 1/2 COUNT 

CHECK 
COMPARATOR LEVEL 

ANSWER IN 
tz COUNTER 

NO 

NO 
DELAY 
1 COUNT 

SET OVER· 
RANGE FLAG 

YES 

INCREMENT 
tzCOUNTER 

The TL505C can be used with the TMS 8080 
microprocessor for either binary or BCD conversion. 
Figure 7 shows a generalized system using the TL505C 
and TMS 8080. 

FIGURE 3-TL505C LOGIC CONTROL FLOW CHART 

ANALOG 
INPUT 

5V 

SIGNAL OUT COMP/LAMP 
COMP 11---------.i'-"t TEST 

TL505C 

LOGIC 
CONTROL LINES 

TL502 

IN } REF B 1---------t1.--1 B 
OUT 

GND OSC 

2.2 k.n 

2.2 k.n 

FIGURE 4-TL505C AND TL502 INPUT TO A 3-DIGIT DISPLAY APPLtCATION 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 

TYPICAL APPLICATION DATA 

9V 

ANALOG SIGNAL OUT 
INPUT COMP K(X) 

SEE NOTE 3 

Cz TMS 1000 
10 kn 10 SERIES kn 

LOGIC SEGMENT 
A R8 

CONTROL 
DRIVE 

IN } 
OUT REF B R9 DIGIT 

LINES 
DRIVE 

ADJUST '::' '::' 

-11-11-1 

1='-''-' TIL312 LED 
DISPLAYS 

NOTE 3: Connect to either +9 V or O V depending on which device In the TMS 1000 series Is used and how It Is programmed. 

FROM 
AUDIO 

SYSTEM 

FIGURE 5-TL505C IN CONJUNCTION WITH A TMS 1000 SERIES MICROPROCESSOR 

FOR A 3-DIGIT DIGITAL PANEL METER APPLICATION 

56 n 1N914 

0.5 
µF 

1 kO ANALOG 
<..,.,____ .... INPUT 

12V 

Vee 

OUT 

IN· 
REF 

TL505 

5V 

1N914 Vee 

COMP..----- COMP/ 
LAMP TEST 

A 11----------1 A 

B B 
osc 

INPUT 
TL502 

'-----------11,_--<----~GND 

470pFT-= 

Rx2 

Cz1 

6.SµF 

Cz2 

GND GND 

FIGURE 6-AUDIO POWER METER 
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TMS 8080 

CONTROL 

TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 

TYPICAL APPLICATION DATA 

ROM RAM 

ADDRESS 

DATA 

1/0 
PORT 

TMS 5501 

ANALOG 
INPUT 

FIGURE 7-TL505C WITH INTERFACE AND CONTROL OF A TMS 8080 MICROPROCESSOR 

component selection 

When the desired conversion speed and conversion control method have been selected, the passive components can be 
selected. The capacitor for the auto zero, Cz, is not critical and can be any value greater than 0.15 µF. The only 
restriction on this part is that it should not have high leakage. Almost any film capacitor and most tantalum 
electrolytics are suitable. Ceramic and aluminum capacitors are not recommended. 

The integrator capacitor should be a film capacitor. Good results have been obtained at the specified system accuracy 
for all film capacitors tried, including polycarbonate, polyester, and polypropylene capacitors. Electrolytic and ceramic 
capacitors are not suitable because of their high dielectric absorption characteristics. The absolute value of ex should 
be consistent with the equation 

V1max. t1 
Cx = ~-_,...,.--...,,,..,,..,.,..=--

(V cc-V lmax -2 V) Rx 

where V1 max is the most positive analog signal to be encountered in the specific application. 

This equation gives the maximum integrator output swing without saturating the integrator. A large integrator output 
swing is desired for best system performance. 

The resistor used for Rx is not critical in either absolute value or tolerance. The value should be selected per the 
guidelines given under "Recommended Operating Conditions" and the equation above. 

The input source resistance to pin 4 should be 2 kilohms or less. This ensures good operation with equation (4) as 
discussed on page 4. 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 

TYPICAL APPLICATION DATA 

design example 

---

Figure 8 is a schematic of a position indication and control system that uses a precision potentiometer to convert a 
mechanical displacement to an electrical signal. Note the following features of this system: 

o The output of the potentiometer is connected directly to the input of the TL505C. Since the TL505C 
input impedance is so high (1011 .Q typically) the TL505C does not load the potentiometer. 

• The reference output of the TL505C is connected directly to the reference input of the TL505C and also 
to the position potentiometer. In this application, the variable being measured is the voltage at the wiper of 
R1, which is a fraction N (directly related to the potentiometer position) of the reference voltage. Recalling 
equation (4) from the "Principles of Operation" and plugging in N • Vref for V1, we have 

t 
N • V ref = V ref ~ or 

t1 

Thus the absolute value of Vref is not critical as long as it is stable during a conversion cycle. Long-term 
changes in Vref due to time and temperature will have no effect on the accuracy of the system. 

• The TL505C communicates with the TMS 1000 via the R8 and R9 digit outputs and the KB input. The R 
outputs are latched outputs from the TMS 1000. Since the R outputs are open sources, pullups for the A 

and B inputs provided by R2 and R3 are required. 

• A 4-digit LED display is driven directly by the TMS 1000. The information displayed by the system is 
program dependent and can be either the value Nor some arbitrary function of N, such as the arcsin (N). 

• The TMS 1000 has three K inputs and three R outputs available for control purposes such as monitoring 
limit switches or controlling valve positions. 

100 kS1 

POSITION 
INPUT 

-= 
*R 

Cz 

0.22µF 

20 kS1 
R2 

REF Vee A 

OUT 

REF 
IN 

ANALOG 
INPUT TL505C 

Cz2 

Cz1 

B 

SEE NOTE 4 

20 kS1 
R3 

COMP 

*OPTIONAL VALUE 20 kS1to50 kS1 -= 

R9 RO 
RB R1 

} DIGITS 
R2 
R3 4-DIGIT 

LED 
DISPLAY 

00 

} SEGMENTS 

I 
TMS 1000 I 

I 
I 
I 
I 

CX 
K(X) 07 

0.05µF 

K1 } CONTROL 
K2 INPUTS 
K3 

-= 

NOTE 4: Connect to either +15 V or depending on which device in the TMS 1000 series is used and how it is programmed. 

FIGURE 8-TL505C SYSTEM FOR POSITION INDICATION AND CONTROL 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Low Cost 

• 7-Bit Resolution 

--

• Guaranteed Monotonicity 

• Rqtiometric 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 

• 12L Technology 

• Power Consumption at 5 V ... 25 mW Typ 

description 

The TL507C is a single-slope analog-to-digital 
converter designed for use with TMS 1000 type 

microprocessors. It contains a 7-bit synchronous 
counter, a bi nary weighted resistor ladder network, 
an operational amplifier, two comparators, a buffer 
amplifier, an internal regulator, and necessary logic 
circuitry. Integrated-injection logic (12L) technology 
makes it possible to offer this complex circuit at low 
cost in a small dual-in-line 8-pin package. 

In conrinuous 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°C 
to 70°C. 

functional block diagram 

RESET 

ENABLE----.. _ _,, 

CLOCK 

COUNTER 

TYPE TL507C 
ANALOG-TO-DIGITAL CONVERTER 

-BULLETIN NO, DL-S 12741, OCTOBER 1979 

P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

ENABLE RESET 

CLOCK 

GROUND 

OUTPUT 

FUNCTION TABLE 

ANALOG 
INPUT CONDITION 

ENABLE 

x Lt 

Vr < 200 mV H 

Vramp >Vi> 2i00 mV H 

Vr > Vramp H 

t Low level on enable also inhibits the reset function, 

H = high level, L = low level, X = irrelevant 

COMPARATOR 2 

Vcc1 

ANALOG 
INPUT 

OUTPUT 

H 

L 

H 

L 

OUTPUT 

Copyright© 1979 by Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

377 



378 

TYPE TL507C 
ANALOG-TO-DIGITAL CONVERTER 

schematics of inputs and outputs 
EQUIVALENT OF ENABLE 

AND RESET INPUTS 
EQUIVALENT OF CLOCK 

INPUT 

Ey(-
'"'UT J-J 

OUTPUT 

EQUIVALENT OF ANALOG 

INPUT 

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

Supply voltage, Vcc1 (see Note 1) 6.5 v 
20V 

6.5 v 
Supply voltage, Vcc2 . . . . . 
Input voltage at analog input 
Input voltage at enable, clock, and reset inputs 
On-state output voltage . . . . . . . . . 
Off-state output voltage . . . . . . . . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range . . . . . . . . . . 
Storage temperature range . . . . . . . . . . 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 

NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted. 

2. For operation above 25°C free-air temperature, derate linearly at 8 mWl°C. 

recommended operating conditions 

Supply voltage, V CC1 

Supply voltage, Vcc2 

Input voltage at analog input 

Input voltage at chip enable, clock, and reset inputs 

On-state output voltage 

Off-state output voltage 

Clock frequency, fclock 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

Mlt.I 

3.5 

8 

0 

±20 v 
. 6V 
20 v 

1000 mW 
0°C to 70°C 

-65°C to 150°C 
.... 260°C 

NOM MAX UNIT 

5 6 v 
15 18 v 

5.5 v 
±18 v 
5.5 v 
18 v 

125 150 kHz 



TYPE TL507C 
ANALOG-TO-DIGITAL CONVERTER 

electrical characteristics over recommended operating free-air temperature range, Vcc1 = Vcc2 = 5 V 
(unless otherwise noted) 

regulator section 

PARAMETER TEST CONDITIONS MIN TYP:J: MAX 

Vcc1 Supply voltage (output) V CC2 = 12 V to 18 V, lcc1 =Oto-1 mA 5 5.6 6 

1cc1 Supply current Vcc1 = 5 v. Vcc2 open 5 8 

1cc2 Supply current Vcc2 = 15 v, Vcc1 open 7 10 

inputs 

PARAMETER TEST CONDITIONS MIN TYP:J: MAX 

V1H High-level input voltage Reset and 2 

V1L Low-level input voltage Enable 0.8 

VT+ 
Positive-going 

2.5 3.5 4.5 
threshold voltage 

Clock 

VT-
Negative-going 

Input 0.4 0.9 1.2 
threshold voltage 

VT+-VT- Hysteresis 2 2.6 4 

l1H High-level input current 
Reset, V1=2.4 V 17 35 

Enable, and V1=18V 130 220 320 

l1L Low-level input current Clock V1=0 ±10 

11 Analog input current V1 =4 V 10 300 

output section 

PARAMETER TEST CONDITIONS MIN TYP:t: MAX 

IQH High-level output current VoH=18V 0.1 100 

loL Low-level output current VoL = 5.5 V 5 10 15 

VoL Low-level output voltage IQL = 1.6 mA 80 400 

UNIT 

v 
mA 

mA 

UNIT 

v 
v 

v 

v 

v 

µ.A 

µ.A 

nA 

UNIT 

µ.A 

mA 

mV 

operating characteristics over recommended operating free-air temperature range, Vcc1 = Vcc2 = 5 V 

PARAMETER TEST CONDITIONS MIN TYP+ MAX UNIT 

Resolution 7 Bits 

Overall error ±80 mV 

Differential nonlinearity See Figure 1 ±1 LSB 

Zero error Binary count= 0 ±80 mV 

Scal.e error Binary count= 127 ±80 mV 

Propagation delay time from reset or enable 2 µ.s 

+All typical values are at TA= 25°C. 
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TYPE TL507C 
ANALOG-TO-DIGIT AL CONVERTER 

10011.Hi 
CLOCK 
INPUT 

PARAMETER MEASUREMENT INFORMATION 
SN74191 

FIGURE 1-MONOTONICITY AND NONLINEARITY TEST CIRCUIT 

PRINCIPLES OF OPERATION 

The TL507 is a single-slope analog-to-digital converter. All single-slope converters a·re basically voltage-to-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 • Vcc1 down to 0.25 • Vcc1. Comparator 1 compares the ramp signal to the 
analog input signal. Comparator 2 functions as a fault detector. 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 Vcc1 = 5.12 V, 

0.25 • vcc1 = 1.28 v 

(0.75 - o.25) Vcc1 
1 binary count= 

128 
= 20 mV 

0.75 • Vcc1 - 1 count= 3.82 V 

The output is an open-collector n-p-n transistor 
capable of withstanding up to 18 volts in the off 
state. The output is current limited to the 8- to 
12-mill iampere 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 V CC2 source or a 
regulated 3.5- to 6-volt Vcc1 source. Regardless of 
which external power source is used, the internal 
circuitry operates at Vcc1. When operating from a 
Vcc1 source, Vcc2 may be connected to Vcc1 or 
left open. When operating from a Vcc2 source, 
V CC1 can be used as a reference voltage output. 

OUTPUTFOR JUUL 
INPUT LEVEL 1 

OUTPUTFOR II II II 
INPUTLEVEL2 J LJ LJ L 

FIGURE 2 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TYPE TL560C 
PRECISION LEVEL DETECTOR 

LINEAR 
INTEGRATED 
CIRCUITS BULLETIN NO, DL-S 12400, MAY 1976-REVISED OCTOBER 1979 

• Stable Threshold Level • Threshold Hysteresis 

• Low Input Current • Wide Supply Voltage Range 

• High Output Sink Current Capability 

ascription 

The TL560C is a precision level detector intended for applications that require a Schmitt-trigger function. The detector 
has excellent voltage and temperature stability and an internal voltage reference for the input threshold level. The 
reference-voltage pin is available for external adjustment of the positive-going threshold voltage level. 

The TL560C is characterized for operation from 0°C to 70°C. 

schematic 

OUTPUT 

REFERENCE 

Resistor values shown are nominal and In ohms. 

JG OR P DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

Vee NC INPUT NC 

GND REF NC OUTPUT 

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

Supply voltage, V cc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Vee 
Output voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 V 
Output sink current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . . . . . . . . . . . . 800 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . . . . . . . . . . . . . . . . . . . . . . 260°C 

NOTES: 1. All voltage values are with respect to the network ground terminal. 

2. For operation above 25°C free-air temperature refer to the Dissipation Derating Table. In the JG package, TL560C chips are 

glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE 

JG (Glass-Mounted Chip) 

p 

POWER 

RATING 

BOO mW 

BOO mW 

DE RATING 

FACTOR 

6.6 mW/°C 

8.0 mW/°C 

Also see Dissipation Derating Curves, Section 2. 

ABOVE 

TA 
29°C 

50°C 

Copyright (!;) 1979 by Texas Instruments Incorporated 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 

recommended operating conditions 

Supply voltage, Vee . . . . . 
Low-level output current, IQL 
Operating free-air temperature, TA 

MIN 
2.5 

0 

NOM 
5 

electrical characteristics over recommended operating free-air temperature range, Vee= SV 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVP 

VT+ Positive-going threshold voltaget 2.8 3 

VT+IVee 
Ratio of positive-going threshold 

Vee= 2.5 v to 7 v 0.6 
voltage to supply voltage 

VT- Negative-going threshold voltage+ 0.4 0.6 

IT+ 
Input current below 

positive-going threshold voltage 
V1 = 2.75V, Output on 2 

IT-
Input current above 

negative-going threshold voltage 
V1=1 V, Output off 1.2 

lo(offl Off-state output current V1 =4 v, Vo= 25 V 

Vo(on) ·on-state output voltage Vi= o. lo= 48mA 0.2 

lee(offl Supply current, output off (each detector) V1 =4V 4.8 

Ice Ion I Supply current, output on (each detector) V1=0 10 

MAX UNIT 
7 v 

48 mA 
70 °e 

MAX UNIT 

3.2 v 

0.8 v 

30 nA 

µA 

10 µA 

0.4 v 
6.5 mA 

15 mA 

tpositive-going threshold voltage, VT+· is the input voltage level at which the output changes state as the input voltage is increased. 
:I: Negative-going threshold voltage, VT_, is the input voltage level at which the output changes state as the input voltage is decreased. 

TYPICAL CHARACTERISTICS 
POSITIVE-GOING THRESHOLD VOLTAGE 

vs 
ON-STATE OUTPUT VOLJAGE 

vs 
SUPPLY VOLTAGE 

TA•25°C 

bd z y 
~ 

ILi7 

Vcc--Supply Voluge-V 

FIGURE 1 

.L 

0.8 

~ 0.7 

f 
~ 0.6 
> 
~ 0.6 

c3 0.4 

~ 0.3 

i 0.2 
.2. 
~ 0.1 

0 

ON-STATE OUTPUT CURRENT 

Vee· sv 
V1 •O 
TA· 2s0 c 

v 
v v 

IL 
L 

L 
0 25 50 75 100 125 150 

IO(on)-On-State Output Current-mA 

FIGURE 2 

TYPICAL APPLICATION DATA 

The TL560e performs the function of a Schmitt-trigger circuit. The logic function is noninverting and has a wide 
hysteresis between the positive-going and negative-going threshold voltage levels (see Figure 3). 

Operation of the TL560e is specified at a Vee of 5 V, although 2.5-V to 1-V supply operation is possible. The device 
can be used with popular logic systems (such as Series 54n4 TTL) and standard battery voltages. 

Figure 4 is used to illustrate operation of the TL560e circuit. The input stage is a differential amplifier composed of 01, 
02, 03, and 04. The input signal is applied at the base of 01 while the base of 02 is connected to an internal reference 
voltage determined by resistors R4 and R5 and Vee; Vref =Vee· R5/(R4+R5). 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 

TYPICAL APPLICATION DATA 

INPUT

0

_Ffu 
I HYSTERESIS I 
I I r-----i- Vee 

OUTPUT _j __ Vo(onl L-. 

INPUT D ...____..__OUTPUT 

OPEN 

FIGURE 3-INPUT-OUTPUT TRANSFER FUNCTION 

DIFFERENTIAL 
INPUT 

AMPLIFIER 

HYSTERESIS 
(POSITIVE FEEDBACK) 

CIRCUIT 

REFERENCE 

I 

I THRESHOLD I 
REFERENCE 

I CIRCUIT I 

FIGURE 4-FUNCTIONAL CIRCUIT DIAGRAM 

Vee a 5 V 
TA• 25~C 

VT- VT+ 

t-HYSTERESIS I- 1--

0 
0 0.5 1 1.5 2 2.5 3 3.5 4 

OUTPUT 
DRIVER 
CIRCUIT 

R6 

V1-lnput Voltage-V 

OUTPUT 

If the base of Q1 is less positive than the base of Q2, 02 conducts and causes Q4, Q5, Q7, QB, and the output 
transistor, Q9, to conduct. Transistors Q2 and Q5 share the current in emitter resistor R 1. Since Q 1 does not conduct, 
Q3 and Q6 do not conduct. There is no base current in Q1, and therefore no current required from the input source. A 
very high input impedance therefore exists. Since Q2 is conducting, a small voltage drop exists across R3 due to Q2 
base current. 

If the input voltage is increased, Q1 does not conduct until the input voltage (base voltage of Q 1) approaches the base 
voltage of Q2. Current is then switched from the emitters of Q2 and Q5 to the emitter of Q 1. Conduction in Q 1 causes 
current to flow in Q3 and Q6 which results in additional voltage drop in R3 and therefore a reduction in the base 
voltage of Q2. This positive feedback accelerates switching action and causes conduction to rapidly cease in Q2, Q4, 
Q5, Q7, QB, and the output transistor, Q9. Conduction in Q6 causes the base of Q2 to assume a voltage (approximately 
0.6 V) much lower than the original reference voltage (approximately 3 V). This results in hysteresis between the 
positive-going and negative-going threshold levels. 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 

TYPICAL APPLICATION DATA 

After switching occurs, the base current of 01 increases to a somewhat higher value than just below threshold because 
of higher 01 operating currents. Once the positive-going threshold level (~3 V) has been reached, the input voltage 

·must be reduced to the negative-going threshold level (~0.6 V) before switching back to the original state will occur. 
Figure 3 illustrates the threshold levels of the TL560C. Because the input current increases after the positive-going 
threshold voltage level has been exceeded, the input voltage will be reduced by an amount dependent on the source 
resistance. If the reduced input voltage is not below the negative-going threshold voltage level, a stable state will exist. If 
the source resistance is too high, oscillation or periodic switching may occur. 

The positive-going threshold voltage level (VT+) is guaranteed to be 3.00 ± 0.20 volts at a Vee of 5 V. It is also 
approximately 60% of the supply voltage over the supply voltage range of 2.5 V to 7 V. With a resistor-capacitor 
network as illustrated in Figure 6, a VT+IVcc ratio of 60% results in a timed interval of approximately RC seconds, 
independent of the Vee level. Since the input current is nominally 2 nA just below the VT+ level, very large values of 
R and/or large values of C may be used to achieve long-timed intervals. The duration of the timed interval may be 
greatly increased (at the expense of accuracy) by using a P-N-P transistor as shown in Figure 10 in a 
capacitance-multiplication technique. The timed interval is, however, sensitive to variations in the hFE of the P-N-P 
transistor. Also for any of the timing applications, very-low-leakage capacitors are necessary for accurate operation. 

The low input current (30 nA maximum for IT+) and high output sink current (160 mA maximum) make the TL560C 
excellent in applications of interfacing between low-level systems and TTL systems where precision level detection is 
required. The output is capable of sinking up to a maximum of 160 mA with a TTL-compatible on-state voltage of 
0.4 V maximum guaranteed at a sink current of 48 mA. With an appropriate output pull-up resistor 
(RL ~ 2 k.Q to 5 V), a fan-out of approximately 30 Series 74 TTL loads can be accomodated. 

lri addition to applications interfacing with TTL systems, the TL560C finds application in driving relays, lamps, 
solenoids, thyristors (SCRs and triacs), and other peripheral devices. 

Al 

R2 

t------Vo 

REF 

':" 
OPEN 

Output turns off when Vi ;;.. VT+ 
Output turns on when VI <>: VT_ 

where Vi= Vcc.....BL 
Rl+R2 

----vo 

REF 

-=- OPEN 

FIGURE 5-BASIC SENSOR CIRCUIT FIGURE 6-BASIC TIMED-INTERVAL CIRCUIT 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 

TYPICAL APPLICATION DATA 

OPEN 

FIGURE 7-EXTERNAL N-P-N TRANSISTOR 
FOR INCREASING SINK CURRENT 

OPEN 

V1 

REF 

OPEN 

----+Vo 
SOURCE CURRENT 

FIGURE 8-EXTERNAL P-N-P TRANSISTOR 
FOR INCREASING SOURCE CURRENT 

Vo 

V1 

REF 

OPEN 

II RELAY 

i: 

FIGURE 9-RELAY DRIVER 

Vo 

REF 

OPEN 

FIGURE 10-LONG-TIMED-INTERVAL CIRCUIT FIGURE 11-BOUNCELESS SWITCH 

.-----.... - .... -Vee 

OFF__, 

Vo 

ON---1 

A feedback 

OPEN 

NOTE A: This circuit can be used as a touch

control switch with Rteedback "" 10 Mn. 
FIGURE 12-SWITCH WITH TWO 

STABLE STATES 

REF 

OPEN 

PHOTO .I 
TRANSISTOR ,I 

OPEN 

Vo 

FIGURE 13-LIGHT-LEVEL SENSOR FIGURE 14-LIQUID-LEVEL SENSOR 

..----------e-~vcc 

OPEN 

AL .fU1_ 

Vo 

FIGURE 15-THYRISTOR DRIVER CIRCUIT FIGURE 16-SINE-WAVE-TO-SQUARE
WAVE CONVERTER 
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LINEAR 
INTEGRATED 
CIRCUITS 

• 
• 

Switches ± 10-V Analog Signals 

TTL/DTL Logic Capability 

• 5- to 30-V Supply Ranges 

• Low ( 100 n) On-State Resistance 

• High (1011 n) Off-State Resistance 

• 8-Pin Functions 
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 wil I accept analog signals up to ±10 volts and 
are controlled by TTL-compatible logic inputs. The 
monolithic structure is made possible by Bl-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, AID and DI A 
converters, MODEMS, sample-and-hold systems, sig
nal multiplexing, integrators, programmable oper
ational amplifiers, programmable voltage regulators, 
crosspoint switching networks; logic interface, and 
many other analog systems. 

The TL601 is an SPOT switch with two logic control 
inputs. The TL604 is a dual complementary SPST 
switch with a single control input. The TL607 is an 
SPOT 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 rofflr0 n 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 TL601 I, 
TL6041, TL6071, and TL6101 are characterized for 
operation from -25°C to 85°C, and the TL601 C, 
TL604C, TL607C, and TL610C are characterized for 
operation from 0°C to 70°C. 

TYPICAL OF 
ALL INPUTS 

TYPICAL OF 
ALL SWITCHES 

TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

BULLETIN NO. DL-S 12401, JUNE 1976-REVISED OCTOBER 1977 

JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW) 
TL601 

Vee+ 52 51 Vee-

GND A 

TL604 

Vee+ 51 52 Vee-

GND A 51 52 

TL607 

Vee+ 52 51 Vee-

GND A ENABLE 5 

TL610 

Vee+ c 5 Vee-

GND A 

Switch positions shown are for all inputs high. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

TL601 TL604 

I 
s 

S1 s1------------°'-r"C------s1 

I 

I .__S2 
I 

I 
s2------------~~T 1 -•-------s2 

'--1 

:::[)-c>--J A-i»_J 
FUNCTION TABLE FUNCTION TABLE 

LOGIC INPUTS ANALOG SWITCH LOGIC INPUT ANALOG SWITCH 

A B S1 S2 A S1 S2 

L x OFF (OPEN) ON (CLOSED) H ON (CLOSED) OFF (OPEN) 

x L OFF (OPEN) ON (CLOSED) L OFF (OPEN) ON (CLOSED) 

H H ON (CLOSED) OFF (OPEN) 

TL610 

TL607 
s o--r-.c-.__----s 

I 
s I 

s1------s2 

I I 
g=:[)-r>--J 

I I 
FUNCTION TABLE 

'-----, I 
_J I INPUTS ANALOG SWITCH 

I 
A I 

I 

ENABLE------------__..,__. 

FUNCTION TABLE 

INPUTS ANALOG SWITCH 

A ENABLE S1 S2 

x L OFF (OPEN) OFF (OPEN) 

L H OFF (OPEN) ON(CLOSED) 

H H ON (CLOSED) OFF (OPEN) 

A B 

L x 
x L 

x x 
H H 

c s 
x OFF (OPEN) 

x OFF (OPEN) 

L OFF (OPEN) 

H ON (CLOSED) 

H .. high logic level 

L .. low logic level 

X = irrelevant 

Switch positions shown are for 

all Inputs high. 

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

Supply voltage, Vee+ (see Note 1) . . . 
Supply voltage, Vee-:- . . . . . . . 
Vee+ to Vee- 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. 
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. 30V 

. -30V 
35V 

. Vee+ 
30V 

. .. 10mA 
-55°C to 125°C 
-25°C to t35°C 

0°C to 70°C 
. -65°C to 150°C 

. 300°C 
. . . . . 260°C 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

recommended operating conditions 

TL601M, TL604M TL6011, TL6041 TL601C, TL604C 

TL607M..L TL610M TL6071, TL6101 TL607C..L TL610C UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee+ (see Figure 1) 5 10 25 5 10 25 5 10 25 v 
Supply voltage, V_c_c_- (see Figure 1) -5 -20 -25 -5 -20 -25 -5 -20 -25 v 
Vee+ to Vee- supply voltage differential (see Figure 1) 15 30 15 30 15 30 v 
Control i'!E_ut volt~ 0 5.5 0 5.5 0 5.5 v 
Switch on-state current 10 10 10 mA 

Operating free-air temperature, TA -55 125 -25 85 0 70 oc 

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 supply Vee- from -5 V to -25 V 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. 

> 
I 

Cl) 

E 20 
0 
> 

RECOMMENDED COMBINATIONS 
OF SUPPLY VOL TAG ES 

-E: 15 1----..,1---~---
a. 
::J 

Cl) 

I + 10 t----+---
u 
u 
> 

0 __________ __. __ __._ __ _._ __ _._ __ _ 

-30 -25 -20 -15 -10 

Vee- -Supply Voltage-V 

FIGURE 1 

-5 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

electrical characteristics over recommended operating free-air temperature range, 
Vee+= 10 V, Vee-= -20 V, analog switch test current= 1 mA (unless otherwise noted) 

TL6--M 
TL6--C 

PARAMETER TEST CONDITIONst TL6--I 

MIN TYP:I: MAX MIN TYP:I: 

V1H High-level input voltage 2 2 

l Enable input of TL607M 0.6 
V1L Low-level input current l All other inputs 0.8 

l1H High-level input current V1=5.5 V 0.5 10 0.5 

l1L Low-level input current V1=0.4 v -50 -250 -50 

Vl(swl = -10 V, TA= 25°C -400 -800 -500 
I off Switch off-state current 

See Note 2 TA= MAX -50 -100 -10 

TL601 

Vl(swl = 10 V, TL604 55 100 75 

IQ(swl = -1 mA TL607 

TL610 40 80 40 
ron Switch on-state resistance 

TL601 

Vl(sw) = -10 V, TL604 220 400 220 

IO(swl = -1 mA TL607 

TL610 120 300 120 

roff Switch off-state resistance 1x1011 5 x 1010 

Con Switch on-state input capacitance Vl(sw) =OV,f= 1 MHz 16 16 

Co ff Switch off-state input capacitance Vl(sw) =OV,f= 1 MHz 8 8 

TL601 
10 

Logic input(s) 
5 5 

TL604 

at 5.5 V, Enable 
5 10 5 

Ice+ Supply current from Vee+ All switch input high 

Enable 
TL607 

terminals 
3 5 3 

open input low 

TL610 5 10 5 

TL601 
-1.2 -2.5 -1.2 

Logic input(s) TL604 

at 5.5 V, Enable 
-2.5 -5 -2.5 

Ice- Supply current from Vee- All switch input high 
TL607 

terminals Enable 
-0.05 -0.5 -0.05 

open input low 

TL610 -1.2 -2.5 -1.2 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
:j:All typical values are at TA= 25°C. 
NOTE 2: The other terminal of the switch under test is at V CC+ = 1 O V. 

switching characteristics, Vee = 10 V, Vee-= -20 V, TA= 25°e 
PARAMETER TEST CONDITIONS MIN TYP MAX 

to ff Switch turn~ff time 400 500 

ton Switch turn~n time 
RL = 1 kH, CL= 35 pF, See Figure 2 

100 150 
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UNIT 

MAX 

v 

v 
0.8 

10 µA 

-250 µA 

-1000 pA 

-20 nA 

200 

100 
n 

600 

400 

n 
pf 

pF 

10 

10 
mA 

5 

10 

-2.5 

-5 
mA 

-0.5 

-2.5 

UNIT 

ns 



TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

2.4 v +10V 

PULSE 
GENERATOR--

(See Note A) 

OR _01"'()tt OUTPUT 
-10V IR = _ -----J L CL-35pF 

1 kn T (See Note Bl 
~

"" ,---5V 
INPUT 50% 50% 

I '-----/I OV 
ton-1 ! toff -i----.t 

. ~t-_Vo 

TEST Cl RCUIT 

OUTPUT________,/ --·- ~% 

VOLTAGE WAVEFORMS 

1 kn 
Vo= (10 V) 1 kn+ ron 

NOTES: A. The pulse generator has the following characteristics: Zout = 50 n, tr= 15 ns, tf = 15 ns, tw = 500 ns. 

B. CL includes probe and Jig capacitance. 

FIGURE 2 

TYPICAL CHARACTERISTCS 

SWITCH ON-STATE RESISTANCE 
VS 

SWITCH ANALOG VOLTAGE 
1000~~~~-~--~--~---. 

700 ~--++--.i.-+----4----+--- TA = 25° C 

1 400~---'l\-41o(sw) = -10 mA i----1-----1 

8 I 
~ lo(sw) = -1 mA 
·;;; 200~--~---+----+-·---+---

QJ 

a: 
QJ I 

~ 100 lo(sw) =-100µA~~--+----+------l 
C:: 70~--+---+----+==,,..,,~-+------l 

0 
.l: 
~ 40 
"§ 
en 
I 
c: 20 .9 

10 
-15 -10 -5 0 5 10 

V1(sw)-Switch Analog Voltage-V 

FIGURE 3 

SWITCH ON-STATE RESISTANCE 
vs 

FREE-AIR TEMPERATURE 
1000~-~-~-~~---.---.----.---. 

700f---l---l---l-----1---t--+--+-..... 
Vr(sw) = -12 V 

1 400 ,_____,_ __ 
QJ 
u 
c: 

~ 2001--~1"""""=:....f----lf-----+---f---+--+----l ·c;; 
QJ 

a: 
2 
(ti 

ci5 
C:: 70 t---t----t--::;...a_....,,,'"-" 

0 

~ 40f---=i'----l----+--+--+--+---+-----l 
.9 

lo(sw) = 1 mA 

10'---'----.JL----'--...J.---'---'---'----' 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 4 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES uA733M, uA733C 
Dlf FERENTIAL VIDEO AMPLIFIERS 

BULLETIN NO. DL-S 11415, 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 µA733M and µA733C 

description 

The uA733 is a monolithic two-sta,ge 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 
G 1 A and G 1 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 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 
0°C to 70°C. 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

GAIN GAIN 
INPUT ·SELECT SELECT OUTPUT 

2 NC G2B G1B Vee+ NC 2 

INPUT NC s.rL~~T si~~~T Vee- NC OUTPUT 
1 

G2A G1A 
1 

NC-No internal connection 

INPUT 
2 

® 

U FLAT PACKAGE 
(TOP VIEW) 

GAIN GAIN 
SELECT SELECT OUTPUT 

G2B G1B Vee+ 2 

©©CD© 

000©© 
INPUT GAIN GAIN Vee- OUTPUT 

1 SELECT SELECT 1 
G2A G1A 

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

uA733M uA733C 

Supply voltage V cc+ (See Note 1 I 8 8 
Supply voltage Vee- (See Note 1 I -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 21 500 500 

Operating free-air temperature range -55 to 125 0 to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1 /16 inch ( 1,6 mm) from case for 60 seconds J J or U package 300 300 

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds JN package 260 

NOTES: 1. All voltage values, except differential input voltages, are with respect to the midpoint between V cc+ and V CC-• 

UNIT 

v 
v 
v 
v 

mA 

mW 
oc 
oc 
oc 
oc 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, uA733M chips are alloy

mounted; uA733C chips are glass-mounted. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

DISSIPATION DERATING TABLE 

PACKAGE 
POWER DE RATING 

RATING FACTOR 

J (Alloy-Mounted Chip) 500mW 11.0 mWf'C 

J (Glass-Mounted Chip) 500mW 8.2 mWfC 

N 500mW 9.2 mWf'C 

u 500mW 5.4 mW('C 

Also see Dissipation Deratlng Curves, Section 2. 

electrical characteristics, Vee+= 6 V, Vee-= -6 V, TA= 25°e 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

GAINt 

SELECT 

1 
Large-signal differential 

Avo 1 v 00 =1 v 2 
voltage amplification 

3 

1 

BW Bandwidth 2 Rs= 50 n 2 

3 

110 Input offset current Any 

11B Input bias current Any 

cOmmon-mode 
1 V1cR Any 

input vo1!!!9e range 

Voe 
Common-mode 

1 Any 
output voltage 

1 
Voo Output offset voltage 1 

2&3 

Vopp 
Maximum peak-to-peak 

1 Any 
output voltage swing 

1 

q Input resistance 3 v 00 .;; 1 v 2 

3 

ro Output resistance 

Cj Input capacitance 3 v 00 .;; 1 v 2 

Common-mode V1c=±1V, f.;;; 100 kHz 2 
CMRR 4 

rejection ratio V1c=±1V, f = 5 MHz 2 

Supply voltage 
AV cc+=± o.5 v. 

ksvR rejection ratio 1 
AV cc-=± o.5 v 2 

(AVcc/AV1ol 

Vn 
Broadband equivalent 

input noise voltage 
5 BW = 1 kHz to 10 MHz Any 

Rs= 50 n. 1 

tpd Propagation delay time 2 
Output voltage step = 1 V 

2 

3 

Rs= 5051, 
1 

tr Rise time 2 2 
Output voltage step = 1 V 

3 

lsink(max) 
Maximum output 

Any 
sink current 

Ice Supply current No load, no signal Any 

tThe gain selection is made as follows: 
Gain 1 •. , Gain Select pin G 1 A is connected to pin G 1 B, and pins G2A and G2B are open. 
Gain 2.:. Gain Select pin GlA and pin GlB are open, pin G2A is connected to pin G2B. 
Gain 3 ... All four galn·select pins are open. 
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ABOVE 

TA 

105°C 

89°C 

96°C 

57°C 

uA733M uA733C 
UNIT 

MIN TYP MAX MIN 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 µA 

9 20 9 30 µA 

±1 ± l 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 µ.V 

7.5 7.5 

6.0 10 6.0 10 ns 

3.6 3.6 

10.5 10.5 

4.5 10 4.5 12 ns 

2.5 2.5 

2.5 3.6 2.5 3.6 mA 

16 24 16 24 mA 

1C 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

electrical characteristics (continued), Vee+= 6 V, Vee-= -6 V 
TA= -55°e to 125°e for uA733M, 0°e to 10°e for uA733e · 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

Large-signal differential 
Avo 1 Voo= 1 v 

voltage amplification 

rro Input offset current 

'rs Input bias current 

Common-mode 
VrcR input voltage range 

1 

Voo Output offset voltage 1 

Vopp 
Maximum peak-to-peak 

1 
output voltage swing 

rj Input resistance 3 Voo..: 1 v 

CMRR 
Common-mode 

4 
V1c=±1v, f..; 100 kHz 

rejection ratio Vrc = ±1 v, f = 5 MHz 

Supply voltage 

ksvR rejection ratio 1 AVcc+ = ±O.s v, 

(AVcc/AVrol 
AVq:- = ±0.5 V 

lsink(max) 
Maximum output 

sink current 

rcc Supply current No load, No signal 

tThe gain selection is made as follows: 

GAINt uA733M 

SELECT MIN 

1 200 

2 80 

3 8 

Any 

Any 

Any ±1 

1 

2&3 

Any 2.5 

2 8 

2 50 

2 

2 50 

Any 2.2 

Any 

Gain 1 ••• Gain Select pin G1 A is connected to pin G18, and pins G2A and G28 are open. 
Gain 2 ••• Gain Select pin G1A and pin G18 are open, pin G2A is connected to pin G2B. 
Gain 3 ••• All four gain-select pins are open. 

schematic 

INPUT 1 INPUT 2 

son son 7kn 

590n 

1.4kn 300n 

uA733C 

MAX MIN MAX 

600 250 600 

120 80 120 

12 8 12 

5 6 

40 40 

±1 

1.5 1.5 

1.2 1.5 

2.8 

8 

50 

50 

2.5 

27 27 

40on 

'--~~~~~~~~---j--~~~~~~--<a-~~~~~~--~~~a--<"IVCC-

Component values shown are nominal. 
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µA 

µA 

v 

v 

v 

k.!1 

dB 

dB 

mA 

mA 

• 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

DEFINITION OF TERMS 
Large-Signal Differential Voltage Amplification (Avol 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 (t 10) The difference between the currents Into the two input terminals with the inputs grounded. 

Input Bias Current (118) The average of the currents into the two input terminals with the inputs grounded. 

Input Voltage Range (Vt) The range of voltage that if exceeded at either input terminal will cause the amplifier to cease 
functioning properly. 

Common-Mode Output Voltage (Voe) The average of the d-c voltages at the two output terminals. 

Output Offset Voltage (VQQ) The difference between the d-c voltages at the two output terminals when the input 
terminals are grounded. 

Maximum Peak-to-Peak Output Voltage Swing (VQpp) 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 (q) The resistance between the input terminals with either input grounded. 

Output Resistance (r0 ) The resistance between either output terminal and ground. 

Input Capacitance (Ci) The capacitance between the input terminals with either input grounded. 

Common-Mode Rejection Ratio (CMRR) 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 (AV cc/ AV tol The absolute value of the ratio of the change 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 nl The vol'tage 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 (tr) The time required for an output voltage step to change from 10% to 90% of its final value. 

Maximum Output Sink Current (lsink(max)l The maximum available current into either output terminal when that 
output is at its most negative potential. 

Supply Current (Ice) The average of the magnitudes of the two supply currents tcc1 and ICC2· 
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test circuits 
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-10° 

-1s0 

-20° 

f'b.. 
['-... 

TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

2k!l 

FIGURE 1 

FIGURE 3 

2k.11 

FIGURE 5 

0.2µF 

son ~lkn 
FIGURE 2 

FIGURE 4 

G2B GlB 

G2A GlA 

VOLTAGE AMPLIFICATION ADJUSTMENT 

FIGURE 6 

TYPICAL CHARACTERISTICS 

PHASE SHIFT 

vs 

FREQUENCY 

v6e+7.6J -
Vee-= -6 v 
TA=2s

0
e -1 

J_ 

~ GAIN 2 

~ 
b:,.. 

f'h 
N 

so• 

o· 
-so• 

-100° 

.::: -1so0 

~ 

~ -200° 

&. -2so0 

-300° 

-350° 

-400° 

-450° 

PHASE SHIFT 
VS 

FREQUENCY 

h Vee+= G v 

Vee-= -6 v 
T A= 2s

0
e 

GAIN 2 ~ 

~ 

1 
I 

0 1 2 3 4 s 6 7 8 9 10 
I-Frequency-MHz 

1 10 40 100 400 

I-Frequency-MHz 

FIGURE 7 FIGURE 8 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 
VOLTAGE AMPLIFICATION 

(SINGLE-ENDED OR DIFFERENTIAL) 
vs 

~ 
1
.
2 
~-...-~T_E_M~P_E_R~A~T~U_R_E~---

~ 1.1 t--_ __,,..+--+--+--+---1--+-~ 

; 
E 

·~ 1.0 t--::;:=::;:===:e--....,..:--t-~==---t---1 ;; 
a: 
c: 
.'2 
5 
;;: 0.9 t-----+--1--+--+---'-1-"'--+-~ :a 
E 
< 

25 50 75 100 125 
E 
:g 0

.:.
8
75 -50 -25 

TA- Free-Air Temperature-° C 

FIGURE 9 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
VS 

RESISTANCE BETWEEl-J G1A AND G1B 

1000 

.§ 700 

~ 
~ 400 
ii 
E 
< 200 

~ 
:g 100 

~ 70 

~ = 40 
i5 
I 
c 20 
~ 

10 

Vcc+=6V L 

vcc-=-6V 

Voo = 1 v 

1' TA= 25°C 

~ 
See Figure 6 

~ 

l"" 

~ 
l'j... 

10 40 100 400 1 k 4k 10k 
Radj-Resistance Between G1A and G1B-!1 

FIGURE 11 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 
20~-...-~--~-~--~~ 

181----+---+--I----+---+----!--+----< 

161--..,,,;:==+:==:t==--1-~-.,.+_-l--_j 

~ 14 t---+-+---+1== u~73~ 
~ 121---+--+--+---+---+--I----'-~ 

a 101----+--1--+--+---1--+-___, 
> 
~ 81---+--+--+---+---+--I----'-~ 
~ Vcc+=6V 
i.J 6 1--- Vee-= -6 v-+---1--+--1---< 

~ 1-- No Load 
No Signal 

o.___.. _ _,__.___._ _ _.___..___.____J 
-75 -50 -25 25 50 75 100 125 

TA.:..Free-Air Temperature-°C 

FIGURE 13 

VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) 

vs 
> 
to SUPPLY VOLTAGE 

1 l .4 TI= J°C-+--+-l--+--+-1-+---I 

!1.2 1 _y~ 
~ 1 /".~ 
E 1.0~ .!--I/" 
·~ G~y 
~ 0.8V' 1 I / 
0 GAIN 11_,iVL-+--+--+--l---+--+-l--I 5 "1''/ 

i 0.6vf-

; 0.4 F---!1-+--+--+-+--+--+-·--ll--+-~ 

-3 3 
> IVcc±l-Supply Voltage-V 

FIGURE 10 

SINGLE-ENDED VOLTAGE AMPLIFICATION 

~ 50 

~ 
~ 40 

~ 
< 30 

0 
> I 20 

., 
g. 10 
Vi 
&, 
> 
< 0 

J: T 
f-GAiN I 

TT 
'-GAtl 

tt 
GAIN 3 

TT 

vs 
FREQUENCY 

-f-t::, 

f-Vcc+ = 6 v 

l-Vcc-=
0

-6V 

TAI= ~5 1 ~I 11 

1 10 40 
I-Frequency-MHz 

FIGURE 12 

~ 
~ 

b-. 
\ 

100 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

24 I 1 1 
No Load 

20 f- No Signal 
TA=25°C 

f'\ 
400 

O'--'--'--'---'--'---'--'---L..--1---' 
3 

IVcc±l-Supply Voltage-V 

FIGURE 14 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

LOAD RESISTANCE 

VI 1_1
6
-vn 

cc+- ~ 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 
s.--~1~1~0--.-~.-,---.---.--,-~.---.--~ 

TA= 25 C 
t- Vee-= -6 v Q) 7 1----+.--l----l--+---+--+--+--1---1---1 

! 

10 

1 

TA= 25°C 

~ 

l 
7 

II 
j_ 

v 
~ 

40 100 400 1 k 4k 10k 

RL -Load Resistance-n 

FIGURE 15 

~ 6 l--~--+---1--+--+---+---1---vl---"'4'=-v-----< 
S- I / 
6 51----+---l----l--+--+--~-....G"'--+--+------l 
~ v 6 4 / z 17 
&'l ./" 

l 3

V ·;c 2 ic---+---1----l--+---+--+--+---1-----+---1 
la 
~ 
I ll:: 1 1----+.--l----l--+---+--+--+---l-----+----I 
0 
> O.__ .......... ~....____.~_._-..___._~_._~..__ .......... ___. 

3 4 5 6 7 8 

lvcc± I-supply Voltage-V 

FIGURE 16 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE INPUT RESISTANCE 
vs 

2 

vs 
FREQUENCY 

~+=iv I 
Vee-= -6 v 
TA= 25°C 

~ 
A 

~ 
~~ 

~ 
\ 

-

4 7 10 20 40 70 100 200 400 

f-Frequency-MHz 

FIGURE 17 

FREE-AIR TEMPERATURE 
40 r---1.----.,-..... ,-~--.--.---.----T-....----i 

Vcc+=6V Y 
35 1-- V CC- = -6 V -+--+---1-----+.--1-,,,c.L-+---1 

30 v 
~ I Ji 
~ )/" I 

1ij 
25 

GAIN .2 ,,)7 I 
~ .V I 
·~ 20 ;i:;;;;o --r: _j_...- I+- uA 733C f-i 
::I 

g 15 l----+---1----l--+--+--+--+--1---1---1 

I-
10 1----+.--l----l--+--+--+--+--1---1---1 

5 l----+---1----l--+--+--+--+--1---1---1 

0 L----..L...-..L--..l--l--..L..-...i.-....l....-J..---L.---1 

-60-40 -20 0 20 40 60 80 100 120 140 

TA-Free-Air Temperature-°C 

FIGURE 18 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

OJ 
"'C 
I 

.g 
ca 
cc 
c: 
0 
·~ 
Q) 

'ii) 
cc 
Q) 

"'C 
0 
:: 

C:: 
0 
E 
E 
0 

(.) 
I 

cc 
cc 
:: 
(.) 

> 
I 

Q) 

N 
0 
> .... 

::::J 

9-
::::J 
q 
~ c: 
~ 
£ 
0 
I 
0 
0 
> 

100 

TYPICAL CHARACTERISTICS 

COMMON-MODE REJECTION RATIO 
VS 

FREQUENCY 

"v~c+ = 6 v 

DIFFERENTIAL INPUT OVERLOAD RECOVERY TIME 

"' 40 
c: 

vs 
DIFFERENTIAL INPUT VOLTAGE 

I T I 

90 1--+-+-+-++++111--+-+-+-+++#1--+-+-++ Vcc-=-6V I 
E 35 
i= 

Vee+= 6 v 
t- Vee-= -6 v 

80 
V1c=±1V 

1---1--1--1-+-l+++l---l--l--l-+-l+++,..._~.!-N--H-+ TA = 25° c 
GAIN 2 ~ 

> 
Iii 30 
~ 

TA= 25°C 

~ 
70 

60 

50 

40 

30 

20 

10 

0 
0.01 0.1 

1.4 1 1 
TA= 25 C 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

-0.2 

f-Frequency-MHz 

FIGURE 19 

PULSE RESPONSE 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

~ 
~ j 

v 

10 100, 

Vcc±=±8V 

Vee±= ±6 v 
l l 

Vee±= ±3 v 

al 
cc 25 
-g 
0 

~ 20 
0 .... 

::::J 

g. 15 

m 
·.;:; 
c: 10 
~ 
Q) 

:i: 

9 5 
'2 
.9 0 

GAIN 2 V1 
[7 

L v 
L v L 

0W~00M1001W1~1001MWO 

V1D-Differential Input Voltage-mV 

FIGURE 20 

PULSE RESPONSE 
AS A FUNCTION OF GAIN 

1 1.2 1---+---if--+---t-,{ .... \c+---t---+----+-+----t 

Q) GAIN3~ ~ 
~ 1.0 f----t-1T-JT--tf"Fl"ft'"-.~~~::==o-t--t-""""1 g G°AIN 2- P' 
:; 0.8 1---+--+----+--t--++11-f'lc~--+---+--+--+--t 
~ ll~GAIN1 

~ GAIN 2 

~ 0.6 1----1--4----1--IHT-4---+--+---l---l----I 

I 
~ £ 0.4 
o Vee+= 6 v 

_l 

j_ 
b 0.2 >---+-----+--].......+--+----<>-- V CC- = -6 V __, 

~ TA= 25°C 
01----+-~-+----+-C...-+--+--+--+--+---+----l 

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 
t-Time-ns 

t-Time-ns 

FIGURE 21 FIGURE 22 
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LINEAR 
INTEG:RATED 
CIRCUITS 

TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

BULLETIN NO. DL-S 12610, JUNE 1978-AEVISED DECEMBER 1979 

• Accurate Timing from Microseconds 
to Days 

uA2240C ••• JORN 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

OUTPUTS INPUTS ----"--- A~--~-'R E GU· TIME' I MODU- TRIG- \ 
LATOR BASE RIC LATION GER RESET GND 

• Programmable Delays from 1 Time Constant 
to 255 Time Constants 

• Outputs Compatible with TTL, DTL, CMOS 

• Wide Supply-Voltage Range 

• External Sync and Modulation Capability 

00 01 02 

description 

TIME-BASE 
GENERATOR 

03 04 

OUTPUTS 

CONTROL 
FLIP-FLOP 

OS 06 07 

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 modulated 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 timecbase 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 uA2240 will ignore any signals at the trigger input until it is reset. 

The uA2240C timer/counter may be operated in the free-running mode or with output-signal feedback 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 uA2240C is intended for operation from 0°C to 70°C. 

ADVANCE INFORMATION 

This document contains information on 
a new product. Specifications are subject 
to change without notice. 

Copyright© 1979 by Texas Instruments Incorporated 
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TYPE uA2240C 

402 

PROGRAMMABLE TIMER/COUNTER 

functional block diagram 

Vee 
(16) 

GND-l_9 l_.,.__ _______ _. - ~1:- -

Q ... open-collector outputs I' 
TBO 

absolute maximum ratings 

REGULATOR 
OUTPUT 

(15) 

VOLTAGE 
REGULATOR 

(1) 

00 

(2) (8) 

01 07 

Supply voltage, Vee (see Note 1 ................................................... . 18 v 
18 v 

10mA 
Output voltage: 00 thru 07 ...................................................... . 
Output current·: 00 thru 07 .................................................... . 
Regulator output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -5 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 2): J package . . . . . . . . . . . . 750 mW 

N package . . . . . . . . . . . . 650 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70° C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J Package . . . . . . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N Package . . . . . . . . . . . . . . . . . . . . . . 260°C 

NOTES: 1. Voltage values are with respect to the network ground terminaL 
2. For operation above 25°e, see the Dissipation Oerating Table. In the J package uA2240e chips are glass-mounted. 

recommended operating conditions 

uA2240C 

MIN NOM MAX 
UNIT 

Supply voltage, Vee (see Note 3) 4 15 v 
Timing resistor 0.001 10 Mn 

Timing capacitor 0.01 1000 µF 

Counter input frequency (Pin 14) 1.5 MHz 

Pull-up resistor, time-base output 20 kn 

Trigger and reset input pulse voltage 2 3 v 
Trigger and reset input pulse width 2 µs 

External clock input pulse voltage 3 v 
External clock input pulse width 1 µs 

NOTE 3: For operation with Vee< 4.5 V, short regulator output to Vee· 

TEXAS INSTRUMENTS 
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electrical characteristics at 25° C free-air temperature 

PARAMETER 
TEST 

CIRCUIT 
TEST CONDITIONS 

1 Vcc=5v, Trigger and reset open or grounded 
Regulator output voltage 

2 Vcc=15V, Trigger and reset open or grounded 

Modulation input open-
1 

Vee= 5 v. Trigger and reset open or grounded 

circuit voltage vcc=15V, Trigger and ·reset open or grounded 
Trigger threshold voltage 1 Vcc=5v, Reset atO V 

High-level trigger current 1 Vcc=5v, Trigger at 2 V, Reset at 0 V 

Reset threshold voltage 1 Vcc=5V, Trigger at 0 V 

High-level reset current 1 Vcc=5V, Trigger at 0 V 

Counter input (time base) 

threshold voltage 
2 Vee= 5 v. Trigger and reset open or grounded 

Low-level output current, 
2 

Vcc=5V, Trigger at 2 V, Reset at 0 V, 

ao thru 07 VoL < 0.4 V 

High-level output current, 

ao thru 07 
2 VoH=15V, Reset at 2 V, Trigger at 0 V 

1 Vee= 5 v. Trigger at 0 V, Reset at 5 V 

Supply current 1 Vee= 15 v. Trigger at 0 V, Reset at 5 V 

3 V+ = 4 V 

operating characteristics at 25° C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST 

CIRCUIT 
TEST CONDITIONSt 

Initial error of time base* 1 Vee= 5V, Trigger at 5 V, Reset at 0 V 

Temperature coefficient 

of time-base period 
1 TA= 0°C to 70°C 

Supply voltage sensitivity 

of time-base period 
1 Vee;;. 8 v 

Time-base output frequency 1 Vee= 5V, R=MIN, C=MIN 

Propagation delay time See Note 4 

Output rise time 

Output fall time 
2 AL =3 kn, CL= 10pF 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*This Is the time-base period error due only to the uA2240 and expressed as a percentage of nominal (1.00 RC). • 

uA2240C 
UNIT 

MIN TYP MAX 

3.9 4.4 
v 

5.8 6.3 6.8 

2.8 3.5 

10.5 

4.2 
v 

1.4 2 v 

10 µ.A 

1.4 2 v 

10 µ.A 

J 
1 1.4 v 

2 4 mA 

0.01 15 µ.A 

4 7 

13 18 mA 

1.5 

uA2240C 

MIN TYP MAX 
UNIT 

:1:0.5 ±5 % 

Vee= 5 v -200 
ppm/°C 

Vee= 15 v -80 

-0.08 -0.3 %/V 

130 kHz 

From trigger input 1 

From reset input 0.8 
µ.s 

180 
ao thru 01 ns 

180 

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 00. 

.,, 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

1 kn 
(DISABLES 

OSCILLATOR) 

PARAMETER MEASUREMENT INFORMATION 
Vee 

R .. 10 kn 
(UNLESS OTHERWISE 

SPECIFIED) 

Ca 0.1 µF 

0,01 µF 

CONNECTED FOR OPERATING T 
CHARAC'!!_R_!!T_.!£S TESTS ONLY -= 

(UNLESS OTHERWISE l 
SPECIFIED) 

TRIG 
R/C 

RESET 

MOD Vee 

EACH 00 THAU 07 OUTPUT LOAD= 10 kn 

FIGURE 1-GENERAL TEST CIRCUIT 

Vee 

• • 

R/C MOD Vee R/C 
TRIG • TRIG 

REG (OPEN) 

RESET OUT • RESET 

• 

V+=4V 

• (OPEN) 

MOD Vee 

REG 
OUT 

3v--n n 
ov.....J LJ L 

EACH 00 THAU 07 OUTPUT LOAD= AL EACH 00 THAU 07 OUTPUT LOAD = 10 kn 

INPUT SIGNAL FOR 
OPERATING CHARACTERISTICS 

TESTS ONLY 

FIGURE 2-COUNTER TEST CIRCUIT FIGURE 3-REDUCED·POWER TEST CIRCUIT 

(TIME BASE DISABLED) 

DISSIPATION DERATING TABLE 

POWER DERATING ABOVE 
PACKAGE 

RATING FACTOR 

J (Glass-Mounted Chips) 750 mW 8.2 mW/°C 58°C 

N 650 mW 9.2 mW/°C 79°C 

Also see Dissipation Deratlng Curves, Section 2. 

~hese connections maybe open or grounded for this test, 
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TYPE uA2240C 
PROGRAMMABLE TIMER/COUNTER 

TYPICAL CHARACTERISTICS 

NORMALIZED TIME-BASE PERIOD 
VS 

MODULATION INPUT VOLTAGE 
2.5 

g> 2.0 
.E 
i= 
"'C 

C1l 
.!::! 
'iii 
E 
0 z 
I 

1.5 

1.0 

0 

1 1 
V+= 5 V 1 

L v 
~ v 

L p 

2 3 4 5 6 
Modulation Voltage-V 

FIGURE 4 

TYPICAL APPLICATION INFORMATION 

Figure 5 shows voltage waveforms for typical 
operation of the uA2240. If both reset and trigger 
inputs are low during power-up, the timer/counter 
will be in a reset state with all binary (Q) 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 Q outputs to low logic levels at the beginning 
of the first time-base period. The uA2240 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 Q 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 uA2240 
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 uA2240 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 any one of the outputs is low. 
This type of arrangement can be used for time delays that are integer multiples of the time-base period. For example, 
if 05 (25 = 32) 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 uA2240 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 (Vee> 7 V) and low value of timing capacitor (C < 0.1 µF), the pulse width 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-kU 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 de 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 tilso ba used 
to supply voltage to additional uA2240 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 V cc 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. 

VREG (15) 

R 2okn 
(13) RC 

uA2240 

MODULATOR 

__ (_1-1)-tTRIGGER 

---(1_o .... ) RESET 

47 kn GND 
(9) 

FIGURE 6-BASIC CONNECTIONS FOR 
TIMING APPLICATIONS 
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MILITARY PRODUCTS 

MIL-M 38510 AND MIL-STD-883 MILITARY 
HIGH-RELIABILITY INTEGRATED CIRCUITS 

The Texas Instruments MI L-M-38510 and MI L-STD-883 programs offer a variety of options designed to meet 
contractual, reliability, and cost goals. MI L-M-38510 and MI L-STD-883 have been fully implemented to provide a broad 
product line of control circuits for both military original equipment and logistic requirements. Included in this section 
is a complete cross reference from the JAN part number to the corresponding standard catalog part number for ease in 
locating the commercial equivalent. A cross reference from the catalog number to the JAN slash sheet number is also 
included. 

When system designs require military-class circuits and no slash-sheet specification exists, the Tl/883 or Ml L-M-38510 
JAN-processed program is recommended as a cost-effective substitute for nonstandard program drawings or 

specifications. 

As an aid to predicting system reliability performance, the following is the estimated quality factor, 1TQ, for Texas 

Instruments Linear Circuits processed to the options outlined in Table IV. 

TABLE I 

STANDARD-PROCESS PROGRAM QUALITY LEVELS 

OPTION 7TQ 

JAN MIL-M-38510 CLASS B 2 

JAN-PROCESSED (SNJ) CLASS B 3 

JAN-PROCESSED(/883) CLASS B 3 

STANDARD HERMETIC 10 

The documents listed below (see Note 1) establish the processing for quality and reliability assurance requirements 
for JAN integrated circuits. The detail requirements of each individual JAN device are specified in the slash sheets. 

Ml L-M-38510/XXX, Microcircuits, Digital, Linear 
Monolithic Silicon (Slash Sheets) 

MI L-M-38510, Microcircuits, General Specification for 
MIL-STD-883, Test Methods and Procedure for Microelectronics 
OPL-38510, Qualified Products List for MIL-M-38510 

NOTE 1: Coples of these documents may be requested from the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, Pa. 

19120. 
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MILITARY PRODUCTS 

MILITARY HIGH-REL PRODUCTS 

1. JAN MIL·M-38510 CLASS B PRODUCT 

These devices will be manufactured to the full requirements of the appropriate MIL-M-38510 slash sheet in DESC· 
approved domestic production facilities. The Tl Linear Department is supplying only Class B product (see Table V). 

A. Ordering Information: 

JAN DEVICE DESIGNATION 

JAN M38510/XXXXXBYZ 

Tl ORDER ENTRY CODE (14-DIGITS MAXIMUM) 

JANBXXXXXXTYY 
7 "/"' . ~----~ ... . 7 ''"" + • + SLASH SHEET MIL-STD-883 PACKAGE LEAD FINISH DEVICE TEMPERATURE PACKAGE 

AND.DEVICE (CLASS 8 (SEE TABLE II) (SEE TABLE Ill) DESIGNATOR CODE (M, I, OR C, (NOTE 3) 
TYPE (SEE ONLY) (NOTE 2) IF APPROPRIATE) 
TABLES V & VI) 

Examples: JAN M38510/10101BHB ............. JANBUA741MU 
JAN M38510/10303BPB ............. JANBLM106JG 
JAN M38510/10401BCB ............. JANB55107J 
JAN M38510/11004BFB ............. JANBRM4136W 

B. Symbolization: 

JM38510/XXXXXBYY 
Tl Symbol (Trade Mark) 
4-Digit Date Code 

TABLE II 

JAN AND Tl PACKAGE CODE DESIGNATIONS AND LEAD-FINISH AVAILABILITY 

TABLE Ill 

LEAD-FINISH CODE DESIGNATIONS 

JAN Tl DESCRIPTION JAN CODE 38510 JAN 

PACKAGE PACKAGE AVAILABLE APP.C A 

CODE CODE LEAD FINISH B 

A NOT AVAIL. 14-PIN F/P 1/4" X 1/4'' F-1 c/Dt 
B/l"t T 14-PIN F/P 3/16" X 1 /4" C/Dt F-3 x 
c J 14-PIN C DIP B D-1 

D w 14-PIN F/P 1/4" X 3/8" B F-2 

E J 16-PIN C DIP B D-2 

F w 16-PIN F /P 1 /4" X 3/8" B F-5 

G NOT AVAIL. 8-PIN CAN (T0-99) A-1 

H u 10-PIN F/P 1/4" X 1/4" B F-4 

I NOT AVAIL. 10-PIN CAN (T0-100) A-2 

J J 24-PIN C DIP B D-3 

K w 24-PIN F/P 3/8" X 5/8" B F-6 

M NOT AVAIL. 12-PIN CAN (T0-101) A-3 
p JG 8-PIN C DIP B D-4 

Q NOT AVAIL. 40-PIN C DIP D-5 

R J 20-PIN C DIP B D-8 

v JR 18-PIN C DIP c D-6 

w JR 22-PIN C DIP c D-7 

tper Ml L-M-003851 OB, Class S. 

+ "X" denotes lead finish A, B, or Cat option of manufacturer. Devices will be marked A, B, or C as applicable. 

NOTES: 2. The device designator may include a letter A, B, or Casa last character. 
3. The package code may include one or two characters. 
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MILITARY PRODUCTS 

11. JAN-PROCESSED (SNJ OR /8838) PRODUCTS PROCESSED PER MIL-STD-883 METHOD 5004 

These devices will be tested to the electrical characteristics specified on the Texas Instruments Data Sheet and 100% 
processed in accordance with MIL-STD-883 Class B requirements of method 5004 as defined in Table IV. 

A. Ordering Information: 

SNJ DEVICES 
ORDER ENTRY CODE 

SNJXXXXXXYY 

.------"~~ 
PREFIX 

FOR JAN 

PROCESSING 

DEVICE 

DESIGNATOR 

(NOTE 2) 

PACKAGE 

(NOTE 3) 

Examples: SNJ55107AJ 
SNJ551078J 
SNJ55325W 

8. Symbolization: 

SNJXXXXXXYY 
Tl Symbol (Trade Mark) 
4-Digit Date Code 

Ill. STANDARD PRODUCTS 

/8838 DEVICES 
ORDER ENTRY CODE 

x~xxxx;~~~'~::=J30~=;-~~~ 
.. ~----' 'Y • + 

DEVICE TEMPERATURE PACKAGE SUFFIX 

DESIGNATOR RANGE CODE (NOTE 3) FOR JAN 

(NOTE 2) (IF APPROPRIATE) PROCESSING 

TL022MJG/883B 
TL497 AMJ/8838 
RM4558JG/8838 

XXXXXXTYY /8838 
Tl Symbol (Trade Mark) 
4-Digit Date Code 

These devices will be tested to data sheet electrical requirements and processed in accordance with Table IV. For 
detailed ordering information see ordering instructions on page 37. 

A. Ordering Information: 

8. Symbolization-

XXXXXXTYY 
Tl Symbol (Trade Mark) 
4-Digit Date Code 

ORDER ENTRY 
CODE 

XXXXXXTYY 
·r~ 

DEVICE TEMPERATURE PACKAGE 

DESIGNATOR RANGE CODE (NOTE 3) 

(NOTE 2) (IF REQUIRED) 

Example: TL494MJ 
SN55325J 
SN55107AJ 

NOTES: 2. The device designator may include a letter A, B, or Casa last character. 

3. The package code may include one or two characters. 
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MILITARY PRODUCTS 

TABLE IV 

SCREENING AND LOT CONFORMANCE-CLASS B 

JAN QUALIFIED SNJ AND /8838 STANDARD HERMETIC 

SCREEN METHOD ROMT METHOD ROMT METHOD ROMT 

Internal Visual (Precap) 
2010 Condition 

100% 
2010 Condition 

100% 
Commercial 

100% 
Band 38510 Band 38510 Standard 40X 

1008 1008 1008 

Stabilization Bake 24 hours minimum 
100% 

24 hours minimum 
100% 

24 hours minimum 
100% 

test Condition C test Condition C test Condition C 

Temperature Cycling 1010 Condition C 100% 1010 Condition C 100% 

Constant Acceleration 
2001 Condition E 

100% 
2001 Condition E 

100% (min) in Y--1 plane (min) in Y 1 plane 

Seal Fine & Gross 1014 100% 1014 100% 1 X 10-7 atm cc/sec 100% 

JAN slash-sheet As appli- Tl data sheet As appli-
Interim Electrical electrical cable electrical cable 

specifications specifications 

Burn-In Test 
1015 

100% 
1015 (Note 4) 

100% 
125°C minimum§ 125°C minimum§ 

Final Electrical Tests JAN slash-sheet Tl data sheet Tl data sheet 
(a) Static tests electrical electrical electrical 

(1) 25°C (Subgroup 1, specifications 
100% 

specifications 
100% 

specifications 
100% 

table 1, 5005) 
(2) Temperature 

(Subgroups 2 and 3, 100% 10b% 100% 
table 1, 5005) (Note 5) 

(b) Dynamic tests and 
switching tests 25° C 100% 100% 
(Subgroup 4 and 9, 
table 1, 5005) 

(c) Functional test (Note 6) 
(Subgroup 7.8, 

100% 100% 100% 
table 1. 5005) 

Quality Conformance (Note 7) (Note 7) 

Inspection 
Group A 5005 Class B LTPD 5005 Class B LTPD LTPD 
(a) Static (Note 4) 

(1) 25°C (Subgroup 1) 5% 5% 5% 
(2) Temperature 7% 7% 

(Subgroups 2 & 3) 
(b) Switching 

(1)25°C (Subgroup 9) 7% 7% 
(2) Temperature 10% 10% 

(Subgroups 10 & 11) 
(c) Functional test (Note 6) 

(1)25°C (Subgroup 7) 5% 5% 
(2) Temperature 

10% 10% 
(Subgroup 8) 

Group B 5005 Class B lnsp. Lot 5005 Class B 6 weeks 
package 
prod. 

Group C 5005 Class B 13 weeks 5005 Class B 13 weeks 
prod. prod. 

Group D 5005 Class B 6 months 5005 Class B 6 months 
package package 
prod. prod. 

External Visual 2009 100% 2009 100% 2009 100% 

§ Lower temperatures if required to limit T J to 150° C. 

NOTES: 4. Includes group A and burn-In attributes data reports. 

5. Temperature guardband test may be used in lieu of 100% test. 

6. When specified on data sheets. 

7. Group A per 5005. Generic data available for groups B, C, and D. 
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MILITARY PRODUCTS 

, TABLE V 
JAN DEVICE TO CIRCUIT TYPE CROSS REFERENCE 

JAN CIRCUIT 

TYPE TYPE 

10101 uA741 

10102 uA747 

10103 LM101A 

10201 uA723 

10202• LM104 

10203* LM105 

10301 uA710 

10302 uA711 

10303 LM106 

10304 LM111 

10501* uA733 

10701 LM109 

10702* LM140-12 

10703* LM140-15 

10704* LM140-24 

10901* SE555 

10902* SE556 

11004 AM4156 

TABLE VI 

CIRCUIT TYPE TO JAN DEVICE CROSS REFERENCE 

CIRCUIT JAN 

TYPE TYPE 

LM101A 10103 

LM104 10202• 

LM105 10203* 

LM106 10303 

LM109 10701 

LM111 10304 

LM140-12 10702* 

LM140-15 10703* 

LM140-24 10704* 

RM4156 11004 

SE555 10901* 

SE556 10902* 

uA710 10301 

uA711 10302 

uA723 10201 

uA733 10501* 

uA741 10101 

uA747 10102 

•s1ash sheets not released as of dete of this publlcatlon. 
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