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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 T1 (T L 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, /883B 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 TI 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)

B [ Vio | lo | Avp | B1 | SR | Icc Vee
nA mV nA V/mV | MHz | V/us | mA \" DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP | TYP | MAX MIN MAX
75 2 10 50 1 05 |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 TLOBOM JG 118
0.2 6 0.05 50 3 13 2.5 +3.6 18 BIFET, Low Noise TLO70M JG 131
0.2 6 i) 50 3 13 2.8 +3.6 +18 BIFET, General Purpose TLO8OM JG 139
10,000 5 2,000 1.4 0.5 1.2 | 6.7 —7,+14 | General Purpose TL702M J, U w 157
5,000 2 500 25 0.5 17 | 6.7 —7, +14 | General Purpose uA702M J,JG, U, W 163
200 2 50 | 25 1 0.3 |36 +18 | General Purpose uA709AM | J,JG,U 167
500 5 200 25 1 03 | 55 +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 05 |3 15 +22 | High Performance LM201A J,JG,N, P 59
0.2 6 0.1 4 1 3.5 [ 0.26 5 +18 |BIFET, Low Power TLO60I JG,P 115
0.2 6 0.05 50 3 13 25 +3.5 +18 |BIFET, Low Noise TLO70I JG,P 131
02| 6 0.1 50 3 13 2.8 +3.6 +18 |BIFET, General Purpose TLO8O! JG,P 115

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

250 1.5 50 25 1 05 |3 +5 +18 High Performance LM301A J,JG,N,P 59
04| 15 0.2 3 1 3.5 |10.25 +1.5 18 BIFET, Low Power TLO60C JG,P 1Ms
0.2 6 0.1 4 1 3.5 | 0.25 +1.5 +18 BIFET, Low Power TLO60AC JG,P 115
04| 15 0.05 25 3 13 25 +3.5 +18 BIFET, Low Noise TLO70C JG,P 131
0.2 6 0.05 50 3 13 25 +3.56 +18 |BIFET, Low Noise TLO70AC | JG,P 131
0.2 6 0.1 50 3 13 28 +3.6 18 BIFET, General Purpose TLO80OAC | JG,P 139
04| 15 0.2 25 3 13 2.8 +3.5 +18 |BIFET, General Purpose TLO8OC 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 03 | 55 +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] 3.8 +5 +22 High Performance uA777C J;:JG;:N; P 185
TEXAs INSTRUMENTS 1
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FUNCTIONAL INDEX

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

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

B | Vio| ho | AvDp | B1 | SR | Icc Vce
nA mV nA V/mV | MHz | V/us 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
V=4 nV/\J/Hz Typ SE5534 JG 105
800 2 200 50 10 13 6.5 £3 +22 Low Noise
Vo =45nV/\/HzMax | SE5534A | JG
0.2 6 0.1 4 1 3.5 0.2 5 18 BIFET, Low Power TLO61M JG, U 105
0.2 6 0.05 50 3 13 25 +3.5 18 BIFET, Low Noise
V= 18 nV/\/Hz Typ TLO7IM | JG 131
0.2 6 0.1 50 3 13 2.8 +3.6 *18 BIFET, General Purpose TLO81M JG 139
0.2 2 0.1 50 3 13 28 +4 +18 BIFET, Low V|0 TLO88M JG, U
150 5 30 50 1 05 1.0 +3 +32 | General Purpose, TL321M JG 151
500 5 200 50 1 05 28 +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 LM218I JG, P 73
0.2 6 0.1 4 1 3.5 0.25 +1.6 18 BIFET, Low Power TLO61I JG, P 115
0.2 6 0.1 4 1 3.5 0.25 #1.5 £18 BIFET, Low Power TLO66! JG,P 123
0.2 6 0.05 50 3 13 25 +3.5 18 BIFET, Low Noise TLO711 4G, P 131
0.2 6 0.1 50 3 13 28 3.6 +18 BIFET, General Purpose TLO81I JG, P 139
0.4 0.5 0.1 50 3 13 28 4 +18 BIFET, Low Offset TLO87I JG, P 147
0.4 3 0.1 50 3 13 2.8 +4 18 BIFET, Low Offset TLO88I JG,P 147
150 5 30 50 1 0.5 1 +3 +32 | General Purpose TL321I JG, P 151
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FUNCTIONAL INDEX

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

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

h8 |Vio | o |Avbp| B1 | SR | Icc Vee
nA mV nA V/mV| MHz | V/us mA v DESCRIPTION DEVICE PACKAGES | PAGE
MAX [MAX | MAX MIN | TYP | TYP | MAX MIN MAX
250 75 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/\/Hz Typ NES534 | JG,P 105
1,500 4 300 25 10 |13 8 +3 +22 Low Noise
Vi, = 4.5 nV/\/Hz Max NE5S534A | JG,P 105
02| 6 0.1 4 1 3.5 0.256 +1.56 +18 | BIFET, Low Power TLO61AC | JG,P 115
02| 3 0.1 4 1 3.5 0.25 +156 18 BIFET, Low Power TLO61BC JG,P 115
0415 0.2 3 1 35 0.25 £15 £18 | BIFET, Low Power TLO61C JG, P 115
02| 6 0.1 4 1 35 0.25 +1.6 18 BIFET, Low Power
with Power Control TLO66AC | JG,P 123
02| 3 1 4 1 35 0.25 +1.5 $18 BIFET, Low Power
with Power Control TLO66BC | JG,P 123
04| 15 2 3 1 3.5 0.25 156 18 BIFET, Low Power
with Power Control TLO66C JG, P 123
02| 6 0.05 50 3 |13 25 +3,5 +18 | BIFET, Low Noise
V=18 nV/\/Hz Typ TLO71AC | JG,P 131
02| 3 0.05| 50 3 |13 25 +3.56 18 | BIFET, Low Noise
Vp =18 nV/A/Hz Typ TLO71BC | JG,P 131
0.2{ 10 0.05 25 3 |13 25 +3.5 18 BIFET, Low Noise
Vp =18 nV/A/Hz Typ TLO71C JG,P 131
0.2| 6 0.1 50 38 [18 2.8 3.5 18 BIFET, General Purpose TLO81AC | JG,P 139
0.2 3 0.1 50 3 (13 28 +35 18 BIFET, General Purpose TLO81BC JG,P 139
04| 15 0.2 25 3 |13 2.8 35 18 BIFET, General Purpose TLO81C JG, P 139
04| 05 0.2 25 3 |13 28 +4 +18 BIFET, Low V|o TLO87C JG, P 147
04| 2 0.2 25 3 |13 28 4 +18 | BIFET, Low V|o TLOBSC JG, P 147
250 7 50 25 1 05 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
TEXAS INSTRUMENTS 13
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FUNCTIONAL INDEX

DUAL OPERATIONAL AMPLIFIERS

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

B | Vio | o | Avp | B1 | SR | Icc Vee
nA mV nA V/mV | MHz | V/us | mA \ 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 VAl
500 5 200 50 1 0.6 2.8 +2 +22 | General Purpose MC1558 JG, U 85
500 5 200 50 3 15 28 +22 | High Performance RM4558 JG 103
100 5 40 4 0.5 0.5 0.1 +22 Low Power TLO22M JG, U 109
0.2 6 0.1 4 1 3.5 0.2 5 18 | BIFET, Low Power TLO62M JG, U 115
0.2 6 0.05 50 13 25 +35 18 BIFET, Low Noise
Vp = 18 nV/A/Hz Typ TLO72M | JG 131
0.2 6 0.1 50 3 13 28 +35 +18 | BIFET, General Purpose TLO82M JG 139
0.2 6 0.1 50 3 13 28 +3.5 +18 | BIFET, General Purpose TLO83M J 139
500 5 50 50 1 06 4 +3 +36 | General Purpose TL322M JG 153
500 5 200 50 1 0.5 28 £2 +22 | General Purpose uA747M J,W 177
Automotive Temperature Range (—40°C to 85°C)
[s00 J1o [ s0 [100 [ 1 JTo3] o6 [ 3 +26 | General Purpose LM2904 | JG,P,U 83
Industrial Temperature Range (—25°C to 85°C)
150 5 30 50 1 03 0.6 +3 +32 General Purpose, LM258 JG,P,U 71
500 8 75 20 1 0.6 4 +3 +36 General Purpose TL322I JG,P 153
0.2 6 0.1 4 1 35 0.256 1.5 18 BIFET, Low Power TLOB2I JG, P 115
0.2 6 0.05 50 3 13 25 +3.56 +18 | BIFET, Low Noise TLO72I JG,P 131
0.2 6 0.1 50 3 13 2.8 +35 +18 | BIFET, General Purpose TLO82! JG,P 139
02| 6 0.1 50 3 13 2.8 +35 18 | BIFET, General Purpose TLO83I J, N 139
04 0.5 0.1 50 3 13 28 +3.5 +18 | BIFET, Low Offset TL2871 JG,P 147
04 3 01 50 3 13 2.8 +356 +18 | BIFET, General Purpose TL288I JG, P 147
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FUNCTIONAL INDEX

DUAL OPERATIONAL AMPLIFIERS

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

B | Vio | "o | Avp | B1 | SR | Icc Vee
nA | mv nA | V/mV | MHz | V/us | mA \ DESCRIPTION DEVICE | PACKAGES | PAGE
MAX | MAX | MAX | MIN | TYP |TYP |MAX | MIN MAX
250 7 50 25 1 0.3 06 +3 +32 | General Purpose LM358 JG,P 71
500 6 200 20 1 0.6 28 +2 18 General Purpose MC1458 JG, P 85
800 4 |150 25 |10 9 8 +22 | Low Noise
V=5 nV/\/Hz Typ NE5532 JG,P 93
800 4 |150 25 |10 9 8 +22 | Low Noise
V=5 nV/A/Hz Typ NE5532A | JG,P 93
1500 4 |300 25 (10 |13 8 +22 | Low Noise
Vn =4nV//Hz Typ NE5533 J, N 97
1500 4 300 25 |10 13 8 122 Low Noise
V= 3.5nV//Hz Typ NE5S533A | J,N 97
500 6 | 200 20 |3 1 28 +18 | High Performance RC4558 JG,P 103
250 5 80 1 |05 |05 | 0125 =2 +18 | Low Power TLO22C JG,P 109
02| 6 0.1 4 |1 35 | 025| =15 +18 | BIFET, Low Power TLOB62AC | JG,P 115
02| 3 0.1 1 35 | 025 | :15 18 | BIFET, Low Power TLO62BC | JG,P 115
0.4| 15 0.2 3 |1 35 | 025 | =15 +18 | BIFET, Low Power TLO62C JG,P 115
02| 6 005/ 50 |3 |[13 25 +36 +18 | BIFET, Low Noise
V=18 nV/A/Hz Typ TLO72AC | JG,P 131
02| 3 005/ 5 |3 |13 25 +35 +18 | BIFET, Low Noise
V= 18 nV/J/Hz Typ TLO72BC | JG,P 131
0.2| 10 005| 25 |3 |13 25 +35 +18 | BIFET, Low Noise
V=18 nV/A/Hz Typ TLO72C JG,P 131
0.2 6 0.1 50 3 13 28 +3.56 +18 | BIFET, General Purpose TLO82AC | JG,P 139
02| 3 0.1 50 |3 [13 28 +35 +18 | BIFET, General Purpose TLO82BC | JG,P 139
04| 15 0.2 25 3 13 28 +3.6 +18 | BIFET, General Purpose TLO82C JG, P 139
02| 6 0.1 50 |3 [13 238 +35 +18 | BIFET, General Purpose TLO83AC | J,N 139
04| 15 0.2 25 |3 |13 28 +3.5 +18 | BIFET, General Purpose TLO83C J, N 139
04| 05 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 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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FUNCTIONAL INDEX

QUADRUPLE OPERATIONAL AMPLIFIERS

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

B | Vio| ho | Avp| B1 | SR | Icc Vee
nA | mV | nA |V/mV|MHz|V/us| mA \ DESCRIPTION DEVICE | PACKAGES | PAGE
MAX | MAX | MAX | MIN | TYP | TYP | MAX | MIN MAX
150 5 30 50 1 0.5 0.5 +3 +32 General Purpose LM124 J,u 65
500 5 | 200 50 | 35 | 15| 28 +4 +22 | High Performance RM4136 | J, U 101
100 5 40 4 | 05| 05| 01 +2 +22 | Low Power TLO44M | J, U 112
0.2 9 0.1 4 |1 35| 02 +15 +18 | BIFET, Low Power TLOBAM | J,W 115
0.2 9 005| 50 | 3 |13 25 +3.5 +18 | BIFET, Low Noise
Vp =18 nV/A/Hz Typ TLO74M | J, W 131
0.2 9 0.1 50 | 3 |13 238 +35 +18 | BIFET, General Purpose TLO8AM | J, W 139
100 5 25 50 | 1 05| 36 +22 | General Purpose LM148 J 67
100 2 25 05|12 +45 +36 General Purpose LM1900 3 77
500 5 50 50 1 0.6 4 +3 +36 General Purpose MC3503 J 89
Automotive Temperature Range (—40°C to 85°C)
200 12 26 [ 05| 10 +45 +32 | General Purpose LM2900 | J,N 77
500 10 50 100 | 5 1 5 +3 +26 | General Purpose LM2902 | J,N 81
500 8 75 2 |1 06| 7 +3 +36 | General Purpose MC3303 | J,N 89
Industrial Temperature Range (—25°C to 85°C)
250 7 50 25 1 05 3 +3 +32 | General Purpose, LM224 J,N 65
200 6 50 25 | 1 05| 45 +18 | General Purpose LM248 JN 67
0.2 6 0.1 4 |1 35| 025 | #1.5 18 | BIFET, Low Power TLO64I J,N 115
0.2 6 005| 50 | 3 |13 25 +35 +18 | BIFET, Low Noise TLO741 JN 131
02 | 6 0.1 50 | 3 |13 2.8 +35 +18 | BIFET, General Purpose TLO84I J, N 139
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FUNCTIONAL INDEX

QUADRUPLE OPERATIONAL AMPLIFIERS

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

B | Vio | ho | Avp | B1 | SR | Icc Vee
nA mV nA V/mV | MHz | V/us | mA \" 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 , N 65
200 6 50 25 1 0.5 4.5 +18 General Purpose LM348 , N 67
200 1.2 25 | 08 10 +45 +32 General Purpose LM3900 , N 77
500 10 50 20 1 0.6 v +3 +36 General Purpose MC3403 , N 89
500 6 200 20 3 1 2.8 +4 18 High Performance RC4136 J, N 101
250 5 80 J 05 | 05 0.125| +2 18 Low Power TLO44C N 112
0.2 6 0.1 4 1 3.5 0.25 .5 =18 BIFET, Low Power TLO64AC | J,N 115
0.2 3 0.1 4 1 3.5 0.25 +156 +18 | BIFET, Low Power TLO64BC . N 115
0.4| 15 0.2 3 1 3.5 0.25 15 £18 BIFET, Low Power TLO64C , N 115
0.2 6 0.05| 50 3 13 2.5 3.5 =18 BIFET, Low Noise
Vh=18 nV/\/ETyp TLO74AC | J,N 131
0.2 3 0.05| 50 3 13 25 #3565 %18 BIFET, Low Noise
V=18 nV/A/Hz Typ TLO74BC | J,N 131
02| 10 0.05| 25 3 13 25 +356 +18 BIFET, Low Noise
V=18 nV/A/Hz Typ TLO74C J,N 131
0.2| 10 0.05| 25 3 13 2/5 3.5 +18 BIFET, Low Noise
Vp =18 nV/A/Hz Typ TLO75C N 131
0.2 6 0.1 50 3 13 2.8 +3.56 18 BIFET, General Purpose TLO8B4AC | J,N 139
0.2 3 0.1 50 3 13 2.8 +3.56 +18 BIFET, General Purpose TLO84BC J,N 139
0.4| 15 0.2 25 3 13 28 +35 *18 BIFET, General Purpose TLO84C J,N 139
0.4| 15 02 | 25 3 13 238 +36 +18 | BIFET, General Purpose TLO85C N 139
TEXAS INSTRUMENTS 17
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FUNCTIONAL INDEX

Military Temperature Range|(—55°C to 125°C)

VOLTAGE COMPARATORS

e | Vio | o 'oL | pesponsE TIME

A mv LA Avp mA POWER SUPPLIES |DEVICE |PACKAGE |PAGE
MAX | MAX | MAX MIN o
45 3 7 40,000 TYP | 16 40 MAX 12V, 3Vte—12V| LM106 | J,JG,W | 195
015| 4 | 002 |200000TYP | 8 140 TYP 15V, —15 V LM111 J,3G 201
005 4 | 002 |200000TYP | 8 210 TYP 15V, —15 V TLI11 3,36,N,P| 219
Single 0.1 5 | 0025/200000TYP | & | 1300TYP 2V 1036V TL331M | JG 223
25 3 7 10,000MIN | 05| 80 MAX 12V, -6V TLsS10M | 4,4G,U | 233
150 6 | 20 500MIN | 1.6 40TYP 12V, -6V TL7I0M | J,0G,U | 239
25 3 7 10,000MIN | 05| 80 MAX 12V, -6V TL8IOM | J,JG,U | 245
20 2 | 3 1250 MIN | 2 40 TYP 12V, -6V UA710M | J,4G,U | 259
0.1 5 | 0025|200,000TYP | 6 | 1300TYP 2V 1036V Lm193T | UG, U 211
45 3 | 7 40,000 TYP | 16 40 MAX 12V, -3V1to—12V| TLS0BM | J,W 227
s 25 3 7 10,000MIN | 05| 80 MAX 12V, -6V TLS14AM | J,W 237
25 3 T 10,000 MIN 0.5 80 MAX 12V,-6V TL820M J 255
Dual- 30 6 5 8,000 MIN 0.5 80 MAX 12V,-6V TL811M J, U 249
Channel 150 6 20 500 MIN 0.5 80 MAX 12V,-6V uA711M J,uU 263
Quad 0.1 5 | 0025]|200,000TYP | 6 | 1300TYP 2V1036V m13et | W 209
Hex 0.1 5 | 0025|200000TYP | 6 | 1300TYP 2V1to36V TL336MT| J 275
Automotive Temperature Range (—40°C to 85°C)

Dual 025 7 | 005 |100000TYP| 6 | 1300TYP 2V 1036V Lm2903t] G, P 215
025] 7 | 005 |100,000TYP | 6 | 1300TYP 2Vt036V [M2901T| J. N 213
— 05| 20 | 01 | 30000TYP| 6 | 1300TYP 2Vt028V Lm3302t| J, N 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)

'8 Vio o '0L | ResponsE TIME
uA mvV LA Avp mA - POWER SUPPLIES | DEVICE |PACKAGE |PAGE
MAX | MAX | MAX MIN
45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vto—12V| LM206 J,JG,N,P| 195
S 0.15| 4 0.2 [200,000TYP| 8 140 TYP 15V, —15V LtmM211t | J,JG, P 201
01 |5 0.025 [ 200,000 TYP | 6 1300 TYP 2Vt036V T3t | Jg,P 223
01 | 5 0.025 [ 200,000 TYP | 6 1300 TYP 2V 1036V TL33ut | JG, P 223
Dual 0.25| 5 0.005 [ 200,000 TYP | 6 1300 TYP 2V 1036V Lm203t | JgG, P 211
Quad 0.25| 5 0.05 [200,000TYP | 6 1300 TYP 2V 1036V Lm239t | U N 209
Hex 01 |5 0.025 [ 200,000 TYP | 6 1300 TYP 2V+t036V TL33eIt | U N 225
Commercial Temperature Range (0°C to 70°C)
40 6.5 7.5 | 40,000TYP | 16 28 TYP 12V, -3 Vto—12V| LM306 J,JG,N,P| 195
0.3 [10 0.07 [200,000TYP | 8 165 TYP 15V, 15V Lm311t | J,JG,N,P| 201
0.0113 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 |200,000TYP | 6 1300 TYP 2V 1036V TL331ct| JG,P 223
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TL510C | J,JG,N,P| 233
150  [10 25 500 MIN 40 MAX 12V, -6V TL710C | J,JG,N,P| 239
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TL810C | J,JG,N,P| 245
25 5 5 1000 MIN | 16 40 TYP 12V, -6V uA710C | J,JG,N,P| 259
0.25| 5 0.05 (200,000 TYP | 6 1300 TYP 2V1to36V Lm393t | JG,P 211
40 6.5 7.5 | 40,000 TYP | 16 28 TYP 12V, —3Vto—12V | TL506C | J,N 227
s 30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TL514C | J,N 237
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TL820C | J,N 255
Dual 50 (10 10 5000 MIN | 0.5 33TYP 12V, -6V TL810C | J,JG,N,P| 245
Channel | 150 |10 25 500 MIN | 0.5 40 TYP 12V, -6V uA711C | J,N 263
Quad 0.25| 5 0.05 [200,000TYP | & 1300 TYP 2V1t036V M3zt [ U N 209
Hex 0.25] 5 0.05 |200,000TYP | 6 1300 TYP 2V1036V TL33eCct| N 225
tCapable of operating with a single 5-volt supply.
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FUNCTIONAL INDEX

SPECIAL FUNCTIONS

PAGE

Timers

SE555 :  General-purpose timers adjustable from 1 microsecond to 1second . . . . .. . .. .. .. i 281

NES55 : Commercial-temperatureversion of SEB55 . . . . . . .. ... . ... it i i i i e e 281
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Analog-to-Digital Converter Components
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ADCO0809: Successive-approXimation CONVEITEBE . . . . . v v v v v v v v v v o oo s b e ot e e b a o e e e et ane e n s 270

ADCO0816: Successive-approxXimation CONVBITBI . . . . ¢ v v v o o o o s o s o o s o o o b o oo s o s oo s o e oo ooososens 272

ADCO0817: Successive-approximation converter with 8-bit resolution . . . . .. . .. .. ... L i e 272

TL500 : Dual-slope-converter analog processor with 14-bit resolution . . . . . . . . . .. . vttt ittt e 357

TL501 . Dual-slope-converter analog processor with 13-bitresolution . . . .. .. .. .. .. ... ...t 357

TL502 : Dual-slope-converter digital processor with 4%-digit capability, seven-segment-display outputs . . . .. .. .. ... 357

TL503 : Dual-slope-converter digital processor with 4%-digit capability, BCD outputs . . .. ... .. ... .......... 357

TL505 : Dual-slope-converter analog processor with 10-bitresolution . . .. ... .. .. .. ...ttt 369

TLS507 : Pulse-width modulatorwith 7-bitresolution . ... s siesssn o v oo omesmassmosssseshsasas 377
Zero-Crossing Detector
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Doubly-Balanced Mixer
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FUNCTIONAL INDEX

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

Zow ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL182 Twin SPST 100 10V +15, #5 303
TL185 Twin DPST 150 +10V +15, +6 306
TL188 Dual Complementary SPST 100 +10 V +15, 46 309
TL191 Twin Dual Complementary 150 © 10V 15, +5 312

SPST
Analog Switches With 10-mA Capability (P-MOS)
Zow ANALOG

DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL601 SPDT 200 Q +10V +10, =20 387
TL604 Complementary SPST 200 2 10V +10, —20 387
TL607 SPDT 200 2 10V +10, —20 387
TL610 SPST 100 @ +10V +10, —20 387

Hall-Effect Devices
DEVICE DESCRIPTION ON OFF HYSTERESIS PAGE
TL170 General purpose switch >+350 G <-350 G 200G 293
TL72 Normally-off switch >+600 G <+100 G 230G 295
TL175 Latch >+350 G <-350 G 400 G 299
TL176 Normally-off switch >+500 G <+100 G 75 G 301

(Automotive Temp. Range)
TL173 Linear sensor 1.5 mV/G Sensitivity 297
TEXAS INSTRUMENTS 21
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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.

FAIRCHILD ORDER INFORMATION

EXAMPLE OF ORDER CODE:

XXX D [

[Dovies Type]  [Package Tyee]
3

D =C-DIP C = Commercial/Industrial Consumer ] M = Military

F = FLAT PACK L 0°C to 70°C or 75°C —55°C to 125°C
P = PLASTIC DIP
T = MINI DIP
H=METAL CAN

FAIRCHILD TI DIRECT TI CLOSEST FAIRCHILD TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
wA101A LM101A wA710 uA710
wA107 LM107 wA711 uA711
rA111 LM111 wA733 uA733
wA139 LM139 uA734 LM111
wA201A LM201A wA741 uA741
uA207 LM207 uA742 TL440
RA301A LM301A uA747 uA747
wA304 LM304 wA748 uA748
wA307 LM307 wA776 uA777
wA311 LM311 wA777 uA777
wAB55 SE555 wA2240C uA2240C
HAB56C NES556 wA3302C LM3302
wAB56M SE556 wA3403 MC3403
rA702 uA702 wA4136C RC4136
wA709 uA709 wA4136M RM4136
KAT709A uA709A
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MOTOROLA ORDER INFORMATION

EXAMPLE OF ORDER CODE:

XXX P
Type Number Package
Different Numbers F = Flat Package
Are Used For Variations G = Metal Can n
In Operating Temperatures L = C-DIP
P = Plastic
MOTOROLA TI DIRECT TICLOSEST MOTOROLA TI DIRECT T1 CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

MLM101A LM101A MC1545 MC1545
MLM107 LM107 MC1539 LM101A
MLM111 LM111 MC1555 SE555
MLM201A LM201A MC1558 MC1558
MLM207 LM207 MC1709 uA709
MLM211 LM211 MC1710 uA710
MLM301A LM301A MC1711 uA711
MLM307 LM307 MC1712 uA702
MLM311 LM311 MC1733 uA733
MC1414 TL514 MC1741 uA741
MC1420 uA733 MC1747 uA747
MC1430 uA702 MC1748 uA748
MC1431 uA702 MC3302 LM3302
MC1433 LM301A MC3302P LM339
MC1439 LM301A MC3303 MC3303
MC1445 MC1445 MC3403 MC3403
MC1455 NES55 MC3423 MC3423
MC1458 MC1458 MC3503 MC3503
MC1514 TL442 MC3523 MC3523
MC1530 uA702 MC4558 RM4558
MC1531 uA702 MC4558C RC4558
MC1533 LM101A
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NATIONAL ORDER INFORMATION

EXAMPLE OF ORDER CODE:

LM 1 XXXX N
| Prefix Temperature Range [ Type Number] Package
10or7=55"Cto 125°C D =C-DIP
30r8=0°C to 70°C or 75°C N = Plastic DIP
F = Flat Pack
LM, LH = Linear H = Metal Can
DM = Line Ckts N = Mini-DIP

NATIONAL TI DIRECT TI CLOSEST NATIONAL TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

ADCO0808 ADC0808 LM348 LM348
ADC0809 ADC0809 LM358 LM358
ADCO0816 ADCO0816 LM393 LM393
ADCO0817 ADCO0817 LM555C NE555
DS5534 NE5534 LM555M SE555
LM101A LM101A LM556 SE556
LM102 LM102 LM556C NE556
LM106 LM106 LM709 uA709
LM107 LM107 LM709A uA709A
LM110 LM110 LM709C uA709C
LM111 LM111 LM710 uA710
LM112 LM112 LM710C uA710C
LM118 LM218 LM711 uA711
LM124 LM124 LM711C uA711C
LM139 LM139 LM733 uA733
LM148 LM148 LM733C uA733C
LM158 LM158 LM741 uA741
LM193 LM193 LM741C uA741C
LM201A LM201A LM747 uA747
LM206 LM206 LM747C uA747C
LM207 LM207 LM748 uA748
LM211 LM211 LM748C uA748C
LM218 LM218 LM1414N TL514C
LM224 LM224 LM1458 MC1558
LM239 LM239 LM1514 TL514M
LM248 LM248 LM1558 MC1558
LM258 LM258 LM1900 LM1900
LM293 LM293 LM2900 LM2900
LM301A LM301A LM2901 LM2901
LM306 LM306 LM2902 LM2902
LM307 LM307 LM2903 LM2903
LM311 LM311 LM2904 LM2904
LM318 LM318 LM3302 LM3302
LM324 LM324 LM3900 LM3900
LM339 LM339 LM3905 NE555




RAYTHEON ORDER INFORMATION

EXAMPLE OF ORDER CODE:

R M XXX L
Prefix Temperature Range |Type Numbq Package
M = Military DC = C-DIP

C = Consumer

RAYTHEON TIDIRECT TI CLOSEST
REPLACEMENT REPLACEMENT

LM101A LM101A

LM106 LM106

LM107 LM107

LM111 LM111

LM118 LM218
LM124 LM124

LM139 LM139

LM158 LM158

LM201A LM201A

LM206 LM206

LM207 LM207

LM211 LM211

LM218 LM218

LM224 LM224

LM239 LM239

LM258 LM258

LM301A LM301A

LM306 LM306

LM307 LM307

LM311 LM311

LM318 LM318

LM324 LM324

LM339 LM339

LM358 LM358

LM1900 LM1900

LM2900 LM2900

LM3900 LM3900

RC555 NESB55

DP, ND = Plastic DIP
Q, J = Flat Pack

TO = Metal Can
RAYTHEON TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT

RC556 NE556

RC702 uA702C
RC709 uA709C
RC710 uA710C
RC711 uA711C
RC733 uA733C
RC741 uA741C
RC747 uA747C
RC748 uA748C
RC1458 MC1458
RC3302 LM3302
RC3403 MC3403
RC4136 RC4136
RC4558 RC4558
RM555 SE555

RM556 SE556

RM702 uA702M
RM709 uA709M
RM710 uA710M
RM711 uA711M
RM733 uA733M
RM741 uA741M
RM747 uA747M
RM748 uA748M
RM1514 TL514M
RM1558 MC1558
RM4136 RM4136
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
NES555
NE556
NE5532
NE5S532A

NE XXXX B
[___Temperature Range ]
NE = 0°C to 70°C or 75°C F1 =/C-DIP
SE = —55°C to 125°C A,B,N, V =Plastic DIP

Q, W = Flat Pack
TI DIRECT TICLOSEST SIGNETICS TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
LM101A NE5533 NE5533
LM107 NE5S533A NES5533A
LM111 NE5534 NES5534
LM124 NES534A NES534A
LM139 SE532 LM158
LM201A SEb55 SE555
LM207 SE556 SE556
LM211 SE5534 SE5534
LM224 SE5534A SE5534A
LM239 SE5733 uA733M
LM301A uA709 uA709
LM307 uA709A uA709A
LM311 uA710 uA710M
LM324 uA710C uA710C
LM339 uA711 uA711M
LM3302 uA711C uA711C
LM358 uA741 uA741M
NES55 uA741C uA741C
NE5S56 uA747C uA747C
NE5532 uA748 uA748M
NE5532A uA748C uA748C



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
temperature, the ambient temperature, and the thermal resistance between the virtual junction and the ambient
environment,
The temperature differance between the junction and the ambient environment is
TJ—TA=PD RgIA (1
where T = virtual junction temperature, 6
TA = ambient temperature, °C
Pp = power dissipated in the device, W
RgJA = thermal resistance, junction to ambient, °c/w
Solving for Ty,
Ty=Ta+Pp Rgya (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.

RgJA may be reduced by the use of a heat sink.
RgJA = ReJc + Roca (3)

where Rgjc = thermal resistance, junction to case, and RgcA = thermal resistance, case to ambient. RgCA is a function
of the heat sink, mounting technique, and air velocity.

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

Tidi= 1A
RgJc + ReCA

18(
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THERMAL INFORMATION

THERMAL RESISTANCE

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT
PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE
Rgyc (°C/W) Rpya (°C/W)
J ceramic dual-in-line
X 14 thru 20 60 122
(glass-mounted chips)
J ceramic dual-in-lineT
) 14 thru 20 29t 9t
(alloy-mounted chips)
JG ceramic dual-in-line
8 58 151
(glass-mounted chips)
JG ceramic dual-in-linet
N 8 267 119t
(alloy-mounted chips)
LP plastic plug-in 3 35 160
N plastic duglinsi 14 thru 20 44 108
s al-in-line
plastic dual-in-lin 90 8 6
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
‘*/883B'* have alloy-mounted chips.

JPACKAGES JG LP

PACKAGE PACKAGE
‘

14-PIN 16-PIN
N PACKAGES NE
PACKAGE
14-PIN 16-PIN 18-PIN 20-PIN 40-PIN
NG P U PACKAGES W PACKAGES
PACKAGE PACKAGE
10-PIN 14-PIN
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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.

DISSIPATION DERATING CURVE
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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.

DISSIPATION DERATING CURVE
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NG NE AND NG
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N (40 Pins)
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1200 S i

1100 \ \vq
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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
|— J (Alloy-Mounted Chip)

1100

\ /TG (Alloy-Mounted Chip) T

1000

900 Y

N
800 \ N

NN

700
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JG (Glass-Mounted Chip) - \

500

(Glass-Mounted Chip) —
400 H\

300

Maximum Continuous Dissipation—mW

-

200

100

25 50 75 100 125
T —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

““1883B’’ have alloy-mounted chips.

32

TEXAS INSTRUMENTS

INCORPORATED



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 022M JG /883B

(1. Prefix} f

MUST CONTAIN TWO OR THREE LETTERS

] 1= TI Linear Control Products
SN Tl Interface Products
SNM Mach IV, Level 1
JM38510 JAN Product®

STANDARD SECOND-SOURCE PREFIXES
LF or LM National MC Motorola
NE or SE Signetics uA Fairchild
RM or RC Raytheon

@. Unique Circuit Designator Including Temperature Range

MUST CONTAIN THREE TO SEVEN CHARACTERS

(From Individual Data Sheets)

Examples: 022M 1414
101A 75450B
107 78L0O5AC

(3. Package >

MUST CONTAIN ONE OR TWO LETTERS

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

@. MIL-STD-883B, Method 5004, Class B

NOT USED WITH PART NUMBERS HAVING AN SN PREFIX

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) Plug-in (LP) Flat (U, W)
—Slide Magazines —Barnes Carrier —Barnes Carrier
—A-Channel Plastic Tubing —Sectioned Cardboard Box —Milton Ross Carrier
—Barnes Carrier —Individual Cardboard Box

—Sectioned Cardboard Box
—Individual Plastic Box

tFor ordering instruction on JAN Products, see Section 8, page 409.
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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

0.785 (20,0)
0.755 (19,1)
OOOOOOO
AANBAANAAAN
0.025 (0,63) R NOM \P
¢ ¢
L 0.310(7,88) VAYAYAYE A YA Y
0.290 (7.36)
| o02807.11) OOOO®OOO
0.245 (6,22)
4 0.020 (0,51) MIN —»| | 0.070 (1,78) MAX 14 PLACES
- 0.050
(1,27) NOm i o o
0.200 (5,08) i SEALANT
M‘\X q
| sEATNGPLANE ) T
90° 14 PLACES
14 PLACES
It e g—————‘gf: ‘(g"r;:: 14 PLACES
0.014 (0.356) 0.130 (3,30}~ 0.100 (2,54) = €
0.008 (0,203) MIN i e A
67 PL(ACES 0.070(177) PIN SPACING 0.100 (2,54) T P.
4 PLACES (See Note b)

Falls within JEDEC TO-116 and MO-001AA Dimensions

‘-' '-—p— 0.050 (1,27) NOM

16-PIN J CERAMIC

0.785 (20,0)
0.755 (19,1)
DOOOOOO®E
MAANANSNAAA
¢ G 0.025 (0,63) R NOM
0.310(7,88)
0.290 (7,36)
| o280(711) Y 3 e
0.245 (6,22)

OOPOOOOG

4-] Ieo .070 (1,78) MAX 16 PLACES

[ GLASS
0.200 (5,08) SEALANT
MAX
e - SEATING PLANE
0.020 (0,51). «* +0.030 (0,76) MIN
1§PLACES T T MIN 12PLACES
,—\\\4’0 080203 oY 0.023(0,584) 4¢p acEs
[ MIN 0.015 (0,381)
16 PLACES 4 ¢
0.012 (0,304) MIN
4 PLAC
LAGES) 0050 (1.27) 4 oy 2o
PIN SPACING 0.100 (2,54) T.P. 0.015 (0,38)

(See Note b)

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)

20-PIN J CERAMIC

0.975 (24,8)
0.930 (23,6)
Q.@@.@.@@@
AL NN
0.025 (0,63) R NOM
¢
0.310(7,88)
0.290 (7,36)
0.300 (7,62) PYYVYY VY YRYY

[~ 028 (6.22) COROEEO®O®
‘.1 [—— J u.oz(:n(c':,sx) ‘.‘ ro.om (1,78) MAX 20 PLACES

—t GLASS
0.200 (5,08) ¥ Lk
MAX
105" ———SEATING PLANE —
.o 0.130 (3,30) __{ L0030 (0,76) MIN

20 PLACES Al 16 PLACES
0.014 (0,356) f
0.008 (0,203) 0.012 (0,304) M|N P———OIOZ:‘ 10,584} 20 PLACES
20 PLACES 4 PLACES 0.015 (0,381)
0.050 (1,27)
0.015 (0,38) ¢ PLACES

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

JG ceramic dual-in-line package

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
0.400 (10,2)
0.355 (9,0)
0.025 (0,63) R NOM \
0.310 (7,88)
jEmgm 55%5
0.280 (7,11)
0.245 (6,22)
—» |ja—0,
_0050 i 0.070 (1,78) MAX 8 PLACES
[} C ], GLAss
* 0.200 (5,08) SEALANT
MAX &
- SEATING PLANE
105° .020(0, 0.030 (0,76) MIN
90° 8 PLACES
8 PLACES 0.014 (0,356)
> go0s 0203 L0130 (330) > e 2023 (0.584)
SPlacts i 0.015(0,387)
8 PLACES
0.065 (1,65)
0.015(0,38)
4 PLACES
PIN SPACING
0.100 (2,54) T.P.
(See Note b)

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

LP Silectf 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 MIL-STD-202C, Method 106B requirements.

SEATING PLANE —

0.165 (4,19)
— ?.052](1,2[)7)) — 0.125 (3,17)
sosiNoxe 0.105 (2,67) 0.105 (2,67)
0.080 (2,03) { 0.080 (2,03)
0.205 (5,21) — .
e AR 0.135 (3,43
0175 @as D1a. 010 OAL - = = - #—
. = £
0.100 + o.oos}
e il
0.500 (12,7) MIN 0.050 0,005 | T—
Falls Within JEDEC T0-226AA D e i
alls Within - imensions 0.015 + 0.001 THI!
(TO-226AA Replaces TO-92) s

(0,43 + 0,13, —0.03 WIDE
0,38 + 0,03 THICK)
(see Note c)

fTrade Mark of Texas Instruments Incorporated,

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 seldering 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

F ___0770(196)
0.710 (18,0)
olo}
(i /'\

OO
AARA

0093 (2,36) R Now —{—)
¢ ¢
| 0.300 £ 0.010 0.110(2,79) NOM — e
(7,62 +0,26) L SN NI SIS
10250 £ 0,010
s OOOOOOO
 0.080 (2 03) NOM
| [=-0070 (1,78) MAX 14 PLACES
\ i 0.020 (0,51)[ |
‘ 0.010 (0,25) NOM . —
0200 (5,08 MAX "y
— SEATING PLANE — 1 N
108° -+ f= 0.033 (0,83 Min
oy | 14 PLACES
14 PLACES ,\_,. 0.011+0.003

(0,279 + 0,076) 0.125 (3,17) MIN "F]gfs‘:f(?:f;
14 PLACES 0075:0020 1._ 14 PLACES
(1,90 £ 0,51)

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

Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions

16-PIN N AND NG PLASTIC

fe——— 0870 (22,1 MAX
\ IATATETAY f\
§
| 0.300 £ 0.010 0.093(2,36) R NOM 12
Wiz e 0.160 (4,06) NOM
t-0.250 + 0.010
(6352 0.26)
| come tiat biow OOOO®OOO
—»| [ 0070/1.78) MAX 16 PLACES
ﬁ—r' §oozmsi
0.010 (0,26) NOM MIN
0.200 (5,08) MAX
z il
——SEATING PLANE -
lﬂi 0.033 (0,83) MIN
16 PLACES
16 PLACES —t
‘—\\‘ 0,011 0,003 | & 0,018 +0.003
(0,279 £ 0,076) 0.125(3,17) MIN (0,457 £ 0,076)
16 PLACES 6 :
0,095 (2.41) 16PLACES
>
0.015 (0.38) PIN SPACING 0.100 (2,54) T P.
4PLACES (See Note b)

ALTERNATE SIDE VIEW

—»| |=-0.070 (1,78) MAX 16 PLACES
0520107 ) [l ]

Package configuration of
16-pin N package (see
alternative sideviews) is
at the option of T1

0.200 (5,08) MAX

!

a{ 1—0.033 (0,83) MIN
12 PLACES

0125 (3,17) MIN ~o{ |- 0018 20,008

(0,457 + 0,076)

0095 (241)__| 16 PLACES

0.015 (0,38) PIN SPACING 0.100 (2,54) T P.

4PLACES (See Note b)

i
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

N plastic dual-in-line packages (continued)

18-PIN N PLASTIC

0.920 (23,4) MAX ——————|

POEE®EEOE
AN

ANANANAANNN

i 1275 (6,99) MAX

€ € 0.093 (2,36) R Nom——a
0.300 £ 0.010
I (.62¢026) 0.160 (4,06) NOM ——
PR A PAPLE L TAVET AW
| S ololololololololo]
P
-01 |_ 0.080 (2,03) NOM _-I l‘_g:ggg :;}g; MAXABPIACES
& 0010 (0.26) oM ofnts |
0.200 (5,08) MAX
—SEATING PLANE —— -
105° T 0.035 (0,76) MIN
chss .1 |‘ 18 PLACES
0.011 £0.003 0.125 (3,17) MIN - —o] ja— 00180003
’“‘ (0,279 + 0,076) (0,457 + 0,076)
18 PLACES 18 PLACES
0.075 (1,91) —*| PIN SPACING 0.100 (2,54) T.P.
0.009 (0,22) (See Note b)
4 PLACES
20-PIN N PLASTIC
1.070 (27,2)
0.920 (23,3)
Y OOV D
€ € 0093 (2,36) R NOM—E
o 0(;,3; : g:g;? 0.160 (4,06) NOM ——fa—»|
A\VAVAVAVAVAVAVAVAVAV

"1 i: 0.080 (2,03) NOM —»| }@—0.070 (1,78) MAX 20 PLACES
0 1)
L 0010 (0.25) NOm Onagiioni) ]
0.200 (5,08) MAX
L]
—SEATING PLANE -
105° ¥ | |} 0.033 (0,83 MIN
90 20 PLACES
20 PLACES . S——
’\\. 0.0110.003 0.156 (3,94) o f— 0018 £ 0003
(0,279 + 0,076) 0125 (3,17) (0,457 + 0,076)
20 PLACES 20 PLACES
0.075 (1,91) PIN SPACING 0.100 (2,54) T.P.
0.009 (0,22) (See Note b)
4PLACES
ALTERNATE SIDE VIEW
—* = 0.070(1,78) MAX 20 PLACES
0.020 (0,51) | ]
0.200 (5,08) MAX M‘” J
Package configuration of f _,1 | oossiomaymin
20-pin N package (see 16 PLACES
alternative sideviews) is e el _.|
at the option of TI. 0.1 "_ 0.018 ¢ 0.003
T‘%‘% (0,457 + 0,076)
. ¥ 20 PLACES
0.075 (1.91)
o000 (0z2) PIN SPACING 0.100 (2,54) T.P.
4 PLACES (See Note b)
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

N plastic dual-in-line packages (continued)
40-PIN N PLASTIC

! 2.090 (63,1) MAX
2 2
Vo ¥ ¥ e ¥ e e e e W ¥ s ¥ e ¥ o o ¥ ¥ o Vo Vo e
EITHER
INDEX :

S J S S ) S G S S S S ) D ) S G S G S ) -y

; ®

€ oe00:000 &
(16,24 £ 0,26)

0.020 (051)
MIN ¥
0.200 (5,08) MAX
— SEATING PLANE —g—
. 0.125 (3,17) MIN
90" 0,011+ 0.003 0018+ 0.003 _pyig
0279+ o,om“\\" (0457 ¢ 0,076) 0.033 (0,84) MIN
PIN SPACING 0.100 (2,54) T.P. 0:0% (243}
0,055 (1,39)

BeeNaw ) 0.060 (1,52) NOM

NOTES: a. Alldimensions 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.

30
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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 8-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

0.400 (10,2) MAX ————ud
oXoXo,
5 ) ) s U o

INDEX DOT
€ ¢ S ) o
0.300 (7,62) T.
et 000
0250 : 0.010 0,070 (1,78) MAX
(6,35 + 0,026) “—T  srLaces
0.200 (5,08)
"I a
SEATING PLANE
GAUGE PLANE onzo'(o 55 -i 0.03310.84) MIN
—fo‘n:n (0.76) TMIN OFLACES
0,000 (0,00)
0125 (3,17) 0.018 ¢ 0.003
’A\'_ 010,908 MIN 4 |'m,ns7 +0,076)
0,279 = 0,076) 8 PLACES
8PLACES 0.100 (2,54) TP

6PLACES
(See Note b)

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 14-PIN U CERAMIC
o 0:006 (0,163 0.019 (0,483) 0 o o o o PIN SPACING
"] 0.003 (0,076) 0.016 (0,381) ™ [*— r—-r-onsou.m TP, OEEO®EO
10 LEADS 10 LEADS (See Note b} 0.008(0,183) /oo PIN SPACING
S e \ i
0.350 (8,89)
0.200 (5,08) 0.360 (8,89)
0200 (5,08)
B -
0300 (7,62) 0.250 (6,36) L'y v
1.000 (26,4) Ses N 0.250 (0,38 1.000 (25,4) 0.300 (7,62) 0.265 (6,73)
0.750 (19,0) e o) 0235 (8.97) 0750 (19.0) (S Nt 2 : 0236 (5.97)
ALTERNATE W
ALTERNATE
INDEX POINTS L INDEX POINTS
o
X 03] _t:_ —————————— {P— Tl 0.080 (2,03 ] o e b 1] et e vl o e 1
o 1127) ) ] 0,080 (1,27) ™|
0.350 (8,89)
0.350 (8,89)
0.200 (5.08) 0.200 (5,08)
0,060 (1.27) u y
0060 (127) | | " ] |o- 2025084 | 0005 T - %‘,‘% 14 LEADS
oo L 0/0]0/0/0,0/0)
Falls Within JEDEC MO-004AE Dimensions Falls Within JEDEC MO-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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ORDERING 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.

16-PIN W CERAMIC

OEOEEVOO

14-PIN W CERAMIC

GEEO®OO

Falls Within JEDEC MO-004AA Dimensions

0.050 (1,27) TP

0.006 (0,152) 0.006 (0,152)
0.003 (0,076) ™{* l--l— 0.080 (1,27) TYP 0.003 (0,076) —4 = 14 PLACES
14 LEADS 12 PLACES 18 LEADS - (See Note b)
(See Note b}
0315 (8,00)
0.270 (6.85) 9350(8.89)
0310 17,571
BASE AND
SEATING 0019 (0.483) | 0019 (0483)
PLANE o | R ISR |8 =) 0,015 (0,381) J o o <
b TERGS BASE AND NSNS S | [*0.015 (0,381)
SEATING Puus\_ ?’ 16 LEADS
o.zz;(:,m - 0.300 (7,62)
0860 (219) \F (s d‘\.p (See Notec)|  (see
0840(21,3) s 0.960 (24,4) Note d) ™)
by 0940(238) (0285 (7,28)
1 & 1 : 0.247 (6.27)
] i il
0.060 (1,27) e e i i 1T
0080 (2,03) t
0315 (8,00) 0.050(1,27) I
0270 (6,85)
0.350 (8,89)
| 0310(7,87)
‘l— 0.025 (0,64)
0.040 0.025 (0,64)
e 0.350 (8,89) 0.010(0,25) l
G e — 0337 (8.56) 4PLACES S |, 0025 (064)
.040 1), 0010 (0,25)
@@@@@@@ 0020050 T [ 040011018) __f T el

0.371(9.42)

0/0/0/0/0/0/[0;

Falls Within JEDEC MO-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 pointis 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)

B [ Vio | ho | Avp | B1 | SR | Icc Vee
nA mV nA V/mV | MHz | V/us mA \% DESCRIPTION DEVICE PACKAGES | PAGE
MAX | MAX | MAX MIN | TYP | TYP | MAX MIN MAX
75 2 10 50 1 05 |3 +5 +22 High Performance LM101A J,JG, U, W 59
0.2 6 0.1 4 1 3.5 | 025 #1565 18 BIFET, Low Power TLO6OM JG 115
0.2 6 0.05 50 3 13 25 +3.6 +18 BIFET, Low Noise TLO70M JG 131
0.2 6 1 50 3 13 28 +3.5 +18 |BIFET, General Purpose TLO8BOM 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 25 0.5 17 | 67 —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 <) 200 25 1 0.3 |55 +18 General Purpose uA709M J, JG 167
500 5 200 50 d 05 |28 +2 +22 General Purpose uA748M J,JG, U, w 181
Industrial Temperature Range (—25°C to 85°C)
75 2 10 50 1 05 |3 +5 +22 High Performance LM201A J,JG,N,P 59
0.2 6 0.1 4 1 3.5 | 0.25 5 18 BIFET, Low Power TLO6OI JG, P 115
0.2 6 0.05 50 3 13 2.5 +3.5 +18 BIFET, Low Noise TLO70! JG, P 131
0.2 6 0.1 50 3 13 28 +3.5 218 BIFET, General Purpose TLO8OI JG, P 1156
Commercial Temperature Range (0°C to 70°C)
250 7.5 50 25 1 053 +5 +18 High Performance LM301A 3 JG N, P 59
04| 15 0.2 -3 1 3.5 | 0.25 2ol 18 53 +18 BIFET, Low Power TLO60C JG, P 115
0.2 6 0.1 4 1 3.5 | 0:25 +15 18 BIFET, Low Power TLO6OAC | JG,P 115
04| 15 0.05 25 3 13 2.5 +3.5 #18 BIFET, Low Noise TLO70C JG,P 131
0.2 6 0.05 50 3 13 2.5 +3.56 +18 BIFET, Low Noise TLO70AC | JG,P 131
02| 6 0.1 50 3 13 2.8 +3.6 +18 |BIFET, General Purpose TLO8OAC | JG,P 139
04 15 0.2 25 3 13 2.8 435 £18 BIFET, General Purpose TLO80C JG, P 139
15,000 | 10 5,000 1 0.5 % |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 3. 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 05 ]33 +5 +22 High Performance uA777C 48N, P 185
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SELECTION GUIDE

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

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

B | Vio| ho | Avp | B1 | SR | Icc Vece
nA | mV | nA | V/mV|MHz| V/us| mA v DESCRIPTION DEVICE | PACKAGE | PAGE
MAX | MAX | MAX | MIN [ TYP| TYP | MAX | MIN MAX
75 2 10 50 1 05 3 +2 +22 | High Performance LM107 J,JG, U, W 62
800 2 200 50 10 13 6.5 +3 +22 Low Noise
Vp =4 nV/\/Hz Typ SE5534 JG 105
800 2 200 50 | 10 | 13 6.5 +3 +22 | Low Noise
Vp, = 4.5 nV/\/Hz Max SE5534A | JG
02| 6 0.1 4 1 35| 0.2 +15 18 | BIFET, Low Power TLO6IM | JG,U 105
02| 6 0.05( 50 3 |13 25 +35 18 | BIFET, Low Noise
V=18 nV/\/Hz Typ TLO71M | JG 131
0.2 6 0.1 50 3 113 2.8 +36 *18 BIFET, General Purpose TLO81M JG 139
02 | 2 0.1 50 3 |13 28 +4 £18 | BIFET, Low Vo TLO8BM | JG;U
150 5 30 50 1 05| 1.0 +3 +32 | General Purpose, TL321M | JG 151
500 5 200 50 1 05| 28 +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 12 +22 | High Performance LM207 N 62
250 4 50 50 | 15 |70 8 +20 | High Performance LM218I JG, P 73
02| 6 0.1 4 1 35| 025| :15 +18 | BIFET, Low Power TLOG1I JG, P 115
02| 6 0.1 4 1 35| 025| <15 +18 | BIFET, Low Power TLO66! JG,P 123
02| 6 0.05| 50 3 |13 25 +35 +18 | BIFET, Low Noise TLO71I JG, P 131
02| 6 0.1 50 3 |13 2.8 +35 +18 | BIFET, General Purpose TLO81I JG,P 139
04 | 05 0.1 50 3 |13 2.8 +4 +18 | BIFET, Low Offset TLO87I JG,P 147
04 | 3 0.1 50 3 (18 28 +4 +18 | BIFET, Low Offset TLO88I JG,P 147
150 5 30 50 1 05| 1 +3 +32 | General Purpose TL3211 JG, P 151
TEXAS INSTRUMENTS 49
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SELECTION GUIDE

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

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

B [Vio | ho | Avp| B1 [ SR | Icc Vée
nA | mv nA |V/mV| MHz | V/us| mA \ DESCRIPTION DEVICE | PACKAGES | PAGE
MAX [MAX | MAX | MIN| TYP | TYP | MAX | MIN MAX
250 75 50 25 1 |os5| 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 =4nV/\/Hz Typ NE5534 JG,P 105
1,500 4 |300 25 | 10 [13 8 +3 +22 | Low Noise
Vp, = 4.5 nV/\/Hz Max NES534A | JG,P 105
02| 6 0.1 4 1 | 35| 025| 15 18 | BIFET, Low Power TLOB1AC | JG,P 115
02| 3 0.1 4 1 |35 | 025| :15 18 | BIFET, Low Power TLO61BC | JG,P 115
04|15 0.2 3 1 35| 025| +15 18 | BIFET, Low Power TLO61C JG, P 115
02| 6 0.1 4 1 [ 35| 025| #15 18 | BIFET, Low Power
with Power Control TLO66AC | JG,P 123
02| 3 k| 4 1 35 |. 026 1.5 118 BIFET, Low Power
with Power Control TLO66BC | JG,P 123
0415 2 3 1| 35| 025| +15 18 | BIFET, Low Power
with Power Control TLO66C JG, P 123
02| 6 0.05| 50 3 |13 25 | 35 18 | BIFET, Low Noise l
Vp =18 nV/A/Hz Typ t TLO71AC | JG,P 131
02| 3 0.05 | 50 3 |18 2.5 +35 +18 | BIFET, Low Noise ‘
| Vh=18nV/\/HzTyp | TLO71BC | JG,P 131
0.2| 10 0.05 ; 25 3 [13 25 +35 +18 | BIFET, Low Noise ;
1 V=18 nV/\/Hz Typ TLO71C JG,P 131
02| 6 01 | 50 3 (13 28 +35 +18 | BIFET, General Purpose TLO81AC | JG,P 139
02| 3 01 | 80 3 (13 2.8 +3.5 18 | BIFET, General Purpose TLO81BC | JG,P 139
04|15 0.2 ' 25 3 [13 28 +3.5 18 | BIFET, General Purpose TLO81C JG,P 139
04| 05 0.2 25 3 |13 2.8 +4 +18 | BIFET, Low Vo TLO87C JG,P 147
04| 2 0.2 25) 3 |18 28 +4 +18 BIFET, Low V|0 TLO88C JG, P 147
250 7 50 25 1 05 1.0 +3 +32 | General Purpose, TL321C JG,P 151
500 6 | 200 20 1]/ 05| 28 +2 £18 | General Purpose uA741C J,JG,N,P | 173
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SELECTION GUIDE

DUAL OPERATIONAL AMPLIFIERS

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

B | Vio| ho | Avp | B1 | SR | Icc Vec
nA mV nA V/mV | MHz | V/us | mA \ 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 VAl
500 5 200 50 1 0.6 2.8 +2 +22 | General Purpose MC1558 JG, U 85
500 5 200 50 3 1.5 28 +22 | High Performance RM4558 JG 103
100 5 40 4 05 0.5 0.1 +2 +22 Low Power TLO22M JG, U 109
0.2 6 0.1 4 1 35 0.2 £1.5 +18 BIFET, Low Power TLO62M JG, U 115
0.2 6 0.05 50 3 13 25 +35 18 | BIFET, Low Noise
V=18 nV/A/Hz Typ TLO72M | JG 131
0.2 6 0.1 50 3 13 2.8 +3.6 #18 BIFET, General Purpose TLO82M JG 139
0.2 6 0.1 50 3 13 2.8 +35 +18 BIFET, General Purpose TLO83M 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)
[500 J1o [ s0 [ 100 [ 1 [o3] o6 [ =3 +26 | General Purpose [ tm2904 | 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 7
500 8 75 20 1 0.6 4 +3 +36 | General Purpose TL322I JG,P 153
0.2 6 0.1 4 1 3.5 0.25 15 +18 BIFET, Low Power TLO62!I JG,P 115
0.2 6 0.05 50 3 13 25 £3.5 +18 BIFET, Low Noise TLO72I JG, P 131
0.2 6 0.1 50 3 13 2.8 +35 18 BIFET, General Purpose TLO82I JG,P 139
0.2 6 0.1 50 3 13 28 3.5 +18 BIFET, General Purpose TLO83I J, N 139
04 0.5 0.1 50 3 13 28 +3.56 +18 BIFET, Low Offset TL287I JG,P 147
04 3 0.1 50 3 13 28 +3.5 +18 BIFET, General Purpose TL288I JG, P 147
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SELECTION GUIDE

DUAL OPERATIONAL AMPLIFIERS

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

B | Vio| ho | AvDp | B1 | SR | Icc Vee
nA | mv nA | V/mV |MHz|V/us | mA \" DESCRIPTION DEVICE | PACKAGES | PAGE
MAX [ MAX | MAX | MIN | TYP [ TYP | MAX | MIN MAX
250 7 50 25 |1 03 | 06 +3 +32 | General Purpose LM358 JG,P 7
500 6 200 20 1 0.6 28 +2 +18 General Purpose MC1458 JG,P 85
800 4 [150 25 (10 9 8 £22 | Low Noise
Vp, =5 nV/\/Hz Typ NE5532 JG,P 93
800 4 150 25 |10 9 8 +22 Low Noise
Vp =5nV/\/Hz Typ NES532A | JG,P 93
1500 4 |300 25 (10 |13 8 +22 | Low Noise
Vp, =4 nV/\/Hz Typ NE5533 J,N 97
1500 4 | 300 25 |10 |13 8 +22 | Low Noise
Vp = 3.5nV/A/Hz Typ NES533A | J,N 97
500 6 | 200 20 |3 1 2.8 +18 | High Performance RC4558 JG, P 103
250 5 80 1 | 05|05 | 0125 +2 +18 | Low Power TLO22C JG, P 109
02| 6 0.1 & |1 35 | 025| 15 18 | BIFET, Low Power TLO62AC | JG,P 115
02| 3 0.1 4 |1 35 | 025 | +15 18 | BIFET, Low Power TLO62BC | JG,P 115
0.4| 15 0.2 3 |1 35 | 025 | 1.5 18 | BIFET, Low Power TLO62C JG,P 115
02| 6 005/ 5 |3 |13 25 +35 :18 | BIFET, Low Noise
V=18 nV/A/Hz Typ TLO72AC | JG,P 131
02| 3 005 5 |3 |13 25 +35 +18 | BIFET, Low Noise
V=18 nV/A/Hz Typ TLO72BC | JG,P 131
0.2| 10 005 25 |3 |13 25 +35 =18 | BIFET, Low Noise
Vp = 18 nV/\/Hz Typ TLO72C JG, P 131
02| 6 0.1 50 3 13 28 +356 +18 | BIFET, General Purpose TLO82AC | JG,P 139
02| 3 0.1 50 3 13 2.8 +3.56 +18 | BIFET, General Purpose TLO82BC | JG,P 139
0.4| 15 0.2 25 |3 |13 28 +35 +18 | BIFET, General Purpose TLO82C JG,P 139
0.2 6 0.1 50 3 13 28 +3.5 +18 | BIFET, General Purpose TLO83AC | J,N 139
04| 15 0.2 25 3 13 2.8 +3.5 18 BIFET, General Purpose TLO83C J,N 139
04| 05 0.1 25 |3 |13 2.8 +4 +18 | BIFET, Low Offset TL287C JG, P 147
0.4 3 0.1 25 3 13 28 +4 +18 BIFET, General Purpose TL288C JG,P 147
500 | 10 50 20 |1 06 | 4 +3 +36 | General Purpose TL322C JG, P 153
500 6 200 25 1 0.5 28 +2 +18 General Purpose uA747C J,N 177
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SELECTION GUIDE

QUADRUPLE OPERATIONAL AMPLIFIERS

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

B | Vio lo Avp | B1 | SR Icc Vee
nA | mv nA | V/mV| MHz | V/us | mA \Y DESCRIPTION DEVICE | PACKAGES | PAGE
MAX | MAX [ MAX | MIN | TYP [ TYP | MAX | MIN MAX
150 5 30 50 | 1 05| 05 +3 +32 | General Purpose LM124 J,u 65
500 b 200 50 3.5 1.5 28 +4 +22 | High Performance RM4136 J, U 101
100 5 40 4 | 05| 05| 0.1 +2 +22 | Low Power TLO44M | J,U 112
0.2 9 0.1 4 |1 35| 0.2 15 +18 | BIFET, Low Power TLOB4M | J,W 115
0.2 9 005| 50 | 3 13 25 +3.5 +18 | BIFET, Low Noise
V=18 nV/A/Hz Typ TLO74M | J, W 131
0.2 9 0.1 50 | 3 13 238 +365 +18 | BIFET, General Purpose TLO84M | J, W 139
100 5 25 50 | 1 05| 36 £22 | General Purpose LM148 J 67
100 2 | 25| 05|12 +45 +36 | General Purpose LM1900 J 77
500 5 50 50 | 1 06| 4 +3 +36 | General Purpose MC3503 J 89
Automotive Temperature Range (—40°C to 85°C)
200 1.2] 25 05| 10 +45 +32 General Purpose LM2900 J,N 77
500 10 50 100 | 5 1 5 +3 +26 | General Purpose LM2902 J, N 81
500 8 75 20 | 1 06| 7 +3 +36 | General Purpose MC3303 J,N 89
Industrial Temperature Range (—25°C to 85°C)
250 7 50 25 1 05| 38 +3 +32 General Purpose, LM224 J,N 65
200 6 50 25 1 0.5 45 +18 General Purpose LM248 J,N 67
0.2 6 0.1 4 |1 35| 025 | #1.5 +18 | BIFET, Low Power TLOB4I JN 115
0.2 6 005| 50 | 3 13 2.5 +35 +18 | BIFET, Low Noise TLO74I ,N 131
0.2 6 0.1 50 3 13 2.8 +3.5 +18 | BIFET, General Purpose TLO84I , N 139
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SELECTION GUIDE

QUADRUPLE OPERATIONAL AMPLIFIERS

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

B | Vio| llo | Avp| B1 | SR | Icc Vee
nA | mV | nA | V/mV|MHz| V/us| mA \Y DESCRIPTION DEVICE | PACKAGES | PAGE
MAX | MAX | MAX | MIN | TYP | TYP | MAX | MIN MAX
250 7 50 25 1 05 | 05 +3 +32 | General Purpose LM324 J,N 65
200 6 50 25 1 0.5 45 +18 General Purpose LM348 J,N 67
200 12 | 25| 05 | 10 +45 +32 | General Purpose LM3900 | J,N 77
500 | 10 50 20 1 06 | 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 05| 05 | 0.125 =2 +18 | Low Power TLO44C J,N 112
02| 6 0.1 4 1 35 | 025 | #15 18 | BIFET, Low Power TLOB4AC | J,N 115
02| 3 0.1 4 1 35 | 025 | 15 +18 | BIFET, Low Power TLO64BC | J,N 115
04| 15 0.2 3 1 35 | 025 | #1.5 18 | BIFET, Low Power TLOB4C N 115
02| 6 0.05| 50 3 |18 25 +35 +18 | BIFET, Low Noise
Vp = 18 nV/A/Hz Typ TLO74AC | J,N 131
02| 3 0.05| 50 3 |13 25 +35 +18 | BIFET, Low Noise
V= 18nV/\/Hz Typ TLO74BC | J,N 131
0.2| 10 0.05| 25 3 |13 25 +35 +18 | BIFET, Low Noise
V=18 nV/A/Hz Typ TLO74C JN 131
0.2| 10 0.05| 25 3 13 25 +35 +18 | BIFET, Low Noise
Vn =18 nV/A/Hz Typ TLO75C N 131
0.2 6 01 50 3 13 28 +3.5 *18 BIFET, General Purpose TLO8B4AC | J,N 139
02| 3 0.1 | 50 3 |13 28 +35 +18 | BIFET, General Purpose TLO84BC | J,N 139
0.4| 15 0.2 25 3 13 2.8 +35 :18 BIFET, General Purpose TLO84C N 139
04| 15 02 | 25 3 13 2.8 +35 +18 | BIFET, General Purpose TLO85C 139
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Input Offset Voltage (V|Q)

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 (Rg) are inserted in series
with the input leads.

Average Temperature Coefficient of Input Offset Voltage (ay|0)

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

(Vio@Ta(1)) — (VI @ TA(2))

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

avio =

Input Offset Current (1}0)
The difference between the currents into the two input terminals with the output at zero volts.
Average Temperature Coefficient of Input Offset Current (2)10)

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. n

lip@ —(llp@T
a0 fio@Tam) -~ (ho A@) where TA(1) and TA(2) are the specified temperature extremes.
TA(M —TA2)

Input Bias Current (1)

The average of the currents into the two input terminals with the output at zero volts.
Common-Mode Input Voltage (V|c)
The average of the two input voltages.
Common-Mode Input Voltage Range (V|cR)
The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly.
Differential Input Voltage (V|p)
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 (VQpp)

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 AND DEFINITIONS

Large-Signal Voltage Amplification (Ay/)

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output.
Differential Voltage Amplification (Ayp)

The ratio of the change in output voltage to the change in differential input voltage producing it.
Maximum-Output-Swing Bandwidth (Bop)

The range of frequencies within which the maximum output voltage swing is above a specified value.
Unity-Gain Bandwidth (Bq)

The range of frequencies within which the open-loop voltage amplification is greater than unity.
Phase Margin (¢m)

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 (Ap,)

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 (rj)

The resistance between the input terminals with either input grounded.
Differential Input Resistance (rjq)

The small-signal resistance between the two ungrounded input terminals.
Output Resistance (rg)

The resistance between the output terminal and ground.
Input Capacitance (C;)

The capacitance between the input terminals with either input grounded.

Common-Mode Input Impedance (zj¢)
The parallel sum of the small-signal impedance between each input terminal and ground.
Output Impedance (zg)

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

Common-Mode Rejection Ratio (kcpmR, 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 (kgys, AV|0/AVce)
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 (ksyR, AVcc/AV Q)

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 (Vp)
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
Equivalent Input Noise Current (1)
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, Tq, 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 (1Qg)

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

Supply Current (Icc)
The current into the Vcc or Vcc+ terminal of an integrated circuit.
Total Power Dissipation (Pp)

The total d-c power supplied to the device less any power delivered from the device to a load.
NOTE: At no load: Pp =Vce+ * Icc+ + Vee—* lcec—

Channel Separation (V51/Vo2)

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 (t;)

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

Total Response Time (Settling Time) (ttot)

The time between a step-function change of the input signal level and the instant at which the magnitude of the output
signal reaches for the last time a specified level range (£€) 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

Low Input Currents °
Low Input Offset Parameters

° Frequency and Transient Response
Characteristics Adjustable

e  Short-Circuit Protection
° Offset-Voltage Null Capability
description

Designed to be Interchangeable with
National Semiconductor LM101A and LM301A

e No Latch-Up
®

Wide Common-Mode and
Differential Voltage Ranges

e  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 amplifiers ideal for
voltage-follower applications. The devices are protected to withstand short-circuits at the output. The external
compensation of these amplifiers allows the changing of the frequency response (when the closed-loop gain is greater
than unity) for applications requiring wider bandwidth or higher slew rate. A potentiometer may be connected between
the offset-null inputs (N1 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
ORW FLAT PACKAGE

JGORP

DUAL-IN-LINE U FLAT PACKAGE

(TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
OFFSET OFFSET
our. NuLL ouys OFESEY NULL
NC  NC  COMP vVgc. PUT  N2) N coue Vec. ot ’fﬁ;)‘ Nc  comp  Vcc+ OUTPUT (N2)
s 17161 ONONONONO)
1 I | | I |
L) L] L L] L
2T ONONONORO)
WO N N ¥ OFFSET NV NOW- vee NC OFFSET NV NON Vgo_
comp WHOE NULL/ INPUT INV NULL/ INPUT  INV
INTE comp INPUT OMI INPUT
N1 NY)
NC—No internal connection
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
LM101A LM201A LM301A | UNIT
Supply voltage Vcc+ (see Note 1) 22 22 18 \
Supply voltage Vcc— (see Note 1) -22 -22 -18 \Y
Differential input voltage (see Note 2) +30 +30 +30 Vv
Input voltage (either input, see Notes 1 and 3) +15 +15 +15 \
Voltage between either offset null terminal (N1/N2) and Vcco— —0.5t0 2 —0.5 t0 2 —0.5t0 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 mW
Operating free-air temperature range —55 to 125 —25 to 85 0to 70 °%C
Storage temperature range —65 to 150 | —65 to 150 | —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 i -
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 *E

NOTES:

- All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ and Vog—-

1

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 LM101A only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM201A 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, LM101A chips are
alloy-mounted; LM201A and LM301A chips are glass-mounted.

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

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 500 mW 11.0 mW/°C 105°C
J (Glass-Mounted Chip) 500 mW 8.2mW/C 89°C
JG (Alloy-Mounted Chip) 500 mW 8.4 mW/C 90°C
JG (Glass-Mounted Chip) 500 mW 6.6 mW/°C 74°C
N 500 mW 9.2mW/°C 96°C
P 500 mW 8.0 mW/°C 87°C
u 500 mW 5.4 mW/°C 57°C
w 500 mW 8.0 mW/°C 87°C

Also see Dissipation Derating Curves, Section 2.

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

1 LM301A
PARAMETER TEST CONDITIONS T LIATIA, LNZ1A UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.6 2 2.0 7.5
Vio Input offset voltage Rg = 50 k2 mV
Full range 3 10

Average temperature coefficient 5
ayv|10 . Full range 3 15 6 30 | uv/°C
of input offset voltage

25°C 1.5 10 3 50

lio Input offset current nA
Full range 20 70
Ta =—55°Cto 25°C 0.02 0.2
Average temperature coefficient Ta =25°C to MAX 0.01 0.1 -
110 ; g g nA/°C
of input offset current TA=0"Cto25°C 0.02 0.6
Ta =25°Cto 70°C 0.01 0.3
) 25°C 30 75 70 250
B Input bias current nA
Full range 100 300
C -mod
VicR ) SIpOnInace See Note 7 Full range +16 £12 \%
input voltage range
Vees: =15V, [25°C 24 28 24 28
v Maximum peak-to-peak R =10kQ Full range 24 24 v
QRE output voltage swing Vces = +15V, [25°C 20 26 20 26
R =2kQ Full range 20 20
\ =+15V, o
Large-signal differential ez 25°C 50 200 25 200
Avbp : _— Vo=t10V, V/mV
voltage amplification RL > 2kQ Full range 25 15
K Input resistance 25°C 1.5 4 0.5 2 MQ
25°C 80 98 70 90
CMRR Common-mode rejection ratio | Rg = 50 kQ dB
Full range 80 70
Supply voltage rejection ratio 25°C 8 7
VR R o e Rg = 50 kQ2 89 2 g x dB
(AVcc/AVp) Full range 80 70
Notoad, 25°C 1.8 < 18 3
lce Supply current No signal, mA
Sae Niote 7 MAX 1.2 2,5

T All characteristics are specified under open-loop operation. Full range for LM101A is —55°C to 125°C, for LM201A is—25°C to 85°C, and
for LM301A is 0°C to 70°C.
NOTES: 6. Unless otherwise noted, Voc+ = +6 V to £+20 V for LM101A and LM201A, and Vecc: =5V to 15V for LM301A. All typical
values are at Vog+ = $15 V.
7. For LM101A and LM201A, VCC: = +20 V. For LM301A, VCC! =*15 V.
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE (WITH
SINGLE-POLE COMPENSATION)

- vs FREQUENCY

c T 100 — > T T T 77T
VEes = 15V Vees =15V L Veee =215V
1 g RL=10kQ
]’ 5 \ 3 | | Ta= 25“c‘
<3 @ 2 2%
.é LM301A < \ g
§ N | % LM301A 8 2 | 1]
s N 15 T g W [ ]
i, N L H L\ S 16 1 | ! “ |
2 ™ a \ 3 T Cc=3pF
2 2w Tt 12 ! ! i "
L = LM101A 3 | |
Ol M101A = LM201A g 8 L‘ \
£ LM201A 20 g PR
. — e @ TR
* LI [T LI
0 0 0
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 [} 25 50 75 100 125 1k 10k 100 k ™ oM
Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—°C f - Frequency — Hz
FIGURE 1 FIGURE 2 FIGURE 3
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
Vs Vs VOLTAGE-FOLLOWER
=4 ki SUPPLY VOLTAGE FREQUENCY LARGE-SIGNAL PULSE RESPONSE
T 107 T T 8
= (il
> + - Vees =15V
é :,l;=§;2 | // < 106 RE%z P 6 :CE’;’(;‘S v
£ 200 2 Sc=d0gF - cL - 100 pF
8 /*/l £ 108 Ta=25C T e 7l B c'§=:mpF -
= £ & i J
g ol ' £ § OuUTPUT [y Ta='c
< 100 | < 100 z 2 ot L
) t L = i
2 i S o g o + L
> i ] 3 s / | :
K} 40 £ 102 T <2 | 1
g LM301A  —e! & = | !
8 g s | !
2 LM101A S 101 g -a
2 20 + T T LM201A — e — |
e < -6 1
Z l
10 10-1 -8 -
2 4 6 8 10 12 14 16 18 20 1 10 100 1k 10k 100k 1M 10M 100M 0 10 20 30 40 50 60 70 80 90
IVees | —Supply Voltage—v f—Frequency—Hz t—Time—pus
FIGURE 4 FIGURE 5 FIGURE 6
TYPICAL APPLICATION DATA
Vo R2
V) R1
R1-30 pF
RL = Cc ; JE———
A R1+R2
R1-R2
R3 =
R1+R2

FIGURE 7-INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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LINEAR
INTEGRATED TYPES LM107, LM207, LM307

CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

® Low Input Currents ® Short-Circuit Protection
® No Frequency Compensation Required ® No Latch-Up
® Low Input Offset Parameters ® Wide Common-Mode and

Differential Voltage Ranges

description

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

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

The LM107 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM207 is

characterized for operation from —25°C to 85°C, and the LM307 is characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE JGORP
OR W FLAT PACKAGE DUAL-IN-LINE U FLAT PACKAGE
(TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
our our- Oczfi'l’
NC  NC NG Veo. PUT NG NC NG Veo.  pUT  NC comp  Vces oUTPUT (N2)

Wil jnjjwjjsjs

VIJ2([3([[4]]S[|6]]7

NG NC RC WV NON. Voo- NC e WV NoR-

NC OFFSET INV_ NON Vgo_

v
weor Ty Y Cowe T wur
INPUT INPUT ™)

NC—No internal connection

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

LM107 LM207 LM307 UNIT

Supply voltage Vce+ (see Note 1) 22 22 18 Vv
Supply voltage Vcc— (see Note 1) —22 -22 —18 \
Differential input voltage (see Note 2) +30 +30 +30 \%
Input voltage (either input, see Notes 1 and 3) +15 +156 +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 mwW
Operating free-air temperature range —55 to 125 —25 to 85 0to 70 °c
Storage temperature range —65 to 150 —65 to 150 | —65 to 150 °%e
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 N
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 e

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc4 and Ve

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

1

2

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 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

—— POWER DERATING ABOVE
RATING FACTOR TA

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

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

JG (Alloy-Mounted Chip) 500 mW 8.4 mW/C 90°C

JG (Glass-Mounted Chip) 500 mW 6.6 mW/°C 74°C
N 500 mW 9.2mW/°C 96°C
P 500 mW 8.0mw/°C 87°C
u 500 mW 54 mW/C 57°C
w 500 mW 8.0 mw/°C 87°c

Also see Dissipation Derating Curves, Section 2.

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

LM107, LM207 LM307
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX MIN TYP MAX
% Input offset volta Rg = 50 kQ ars 2 g : L \Y
u e = m
10 B ¢ S Full range 3 10
Average temperature coefficient Eull 3 15 6 30 Ve
r
VIO of input offset voltage ey e
25°C 1.5 10 3 50
ho Input offset current nA
Full range 20 70
Ta=-55Cto25°C 0.02 0.2
Average temperature coefficient TA = 25°C to MAX 0.01 0.1 =
«110 7 5 g nA/°C
of input offset current TA=0Cto25C 0.02 0.6
Ta=25"Cto 70°C 0.01 0.3
: 25°C 30 75 70 250
IT:} Input bias current nA
Full range 100 300
Common-mode
VICR . See Note 7 Full range +15 £12 A
input voltage range
Vcees =15V, 25°C 24 28 24 28
Maximum peak-to-peak R =10kQ Full range 24 24
Vorp S v
output voltage swing Vce: =15V, [25°C 20 26 20 26
RL =2k&2 Full range 20 20
Vi =:15V, o
Large-signal differential CC+ 25°C 50 200 25 200
AvD = i Vo =%10V, V/mVv
voltage amplification RL > 2kQ Full range 25 15
T Input resistance 25°C 15 4 0.5 2 Mo
CMRR c o relects s Re = 50 k&2 25°C 80 98 70 90 a5
4 t =
ommon-mode rejection ratio s Full e 30 70
k Supply voltage rejection ratio " 25°C 80 98 70 96 a8
SVR (AVee/avio) 5= 80k Full range 80 70
No load, 25%¢ 1.8 3 1.8 3
lce Supply current No signal, mA
See Note 7 MAX 1.2 25

T All characteristics are specified under open-loop operation. Full range for LM107 is —55°C to 125°C, for LM207 is —25°C to 85°C, and for
LM307 is 0°C to 70°C.

NOTES: 6.

Unless otherwise noted Voot = £5 V to £+20 V for LM107 and LM207, and Vgt = £5 V to £15 V for LM307. All typical values
are at Voo: = 215V,

. For LM107 and LM207, V¢cs = £20 V. For LM307, Vs = £15 V.
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

Vs

TYPICAL CHARACTERISTICS
INPUT OFFSET CURRENT

FREE-AIR TEMPERATURE

@

T )
Vegs =415V
i

LM307

o7

1j0—Input Offset Current—nA
N

LM207t

o
-7 -50 -26 0 25

50 75 100 125

Ta-Free-Air Temperature—"C
FIGURE 1

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE

vs
FREQUENCY
2
. ALY
$ 2 R =10k |
£ Ta=25"C
>
5 24
2
s
S 2
3
&
$ 16
.
£ \
e
3
g 4 :
2 " \~<~,___1_‘
1 2 4 7 10 20 40 100
f—Frequency—kHz
FIGURE 3
OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE
400
| R =2k0
Ta=25"C
S 200 /
=
|1
100
8
2
40
4
o 20
Ve 2 4 0 12 14 16 18 20

IVees | -Supply Voltage-v §

% FIGURE 5
Data for free-air temperatures below—25°C and above 85°C is applicable for LM107 only.
Data for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only.

118~ Input Bias Current—nA

Input and Output Voltages—V

Ayp-Differential Voltage Amplification

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE
100 T
Vees =15V
80
LM307
60
AN \L___
40
LM107
Lm207t
20
—
%7 s0 25 0 25 50 75 100 125
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LINEAR TYPES LM124, LM224, LM324
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS

clnculTs BULLETIN NO. DL-S 12248, SEPTEMBER 1975 — REVISED OCTOBER 1979
e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply ...3Vto 30V Input Offset Voltage ...2 mV Typ
or Dual Supplies Input Offset Current .. . 3nA Typ (LM124)
e Low Supply Current Drain Input Bias Current . . . 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...0.8mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage . .. +£32 V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ
schematic (each amplifier) e Internal Frequency Compensation

vee

=T
CURRENT
REGULATOR

~6uA BuA
CURRENT CURRENT
REGULATOR REGULATOR|

JOR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)

] 3 AMPLIFIER NO. 4 AMPLIFIER NO. 3
/\ /\
- L INVERT- NONIN- /" NONIN- INVERT- Y
T W~ ING_ VERTING VERTING ING
o= ;)7 OUTPUT INPUT INPUT GND INPUT  INPUT OUTPUT
VERT Wl (1| J2| [n| jwo| |9 8
INPUT

TO OTHER
AMPLIFIERS

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 1 2 3 4 5 6 17
split supplies is also possible so long as the difference OUTPUT INVERT- NONIN- Ve NONIN- INVERT- OUTPUT
between the two supplies is 3 volts to 30 volts and i INPUT BT, INBUT e

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.

v v
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, VCC (588 NOte 1) .. . ittt e e e e e e e e e 32V
Differential input voltage (see NOte 2) . . . . .. ittt et e e e e e e e 32V
Input voltage range (Bither iNPUL) . . . .. oo ittt it e e e e e e e —-03Vto32V
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C
free-air temperature (Voe =16 V) {se@ NOteiB) ;v viis vs sm 6 e 555 s a5 5 5 oo bd ool & s unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) . .. ............. 900 mW
Operating free-air temperature range: LM124 . . . .. .. .. ... . it e e —5509 to 1252C
LIM228: . . oo oo o o s w0 ot o e e o ot oot oot s i st —25Cto85 C
BIMBA! e ivemmmnnsomes et et e 56455 e o S B e 3 0°C to 70°C
Storage temperature FaNQE . ...« «w v m e s 5 ol s ss s s o 8 s 8 86 88 6 80 0 w660 s T 86 m s —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 . .. ..........c.ovou... 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¢ 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, Voc = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONST LMAZs, KMg2A L UNIT
MIN TYP MAX MIN TYP MAX
% ; " ; Vo=14V, 25'C 2 5 2 v, .
nput offset volta m
10 P voliage Vece =5V to30V | Full range 7 9
| | t offset \Y 14V 26°C 2 = 2 z A
n se’ rrent = n
S RAFOTES S o Full range 100 150
0 — . Vp=14V, 25°C —45 —150 —45 —250 S
nput bi en
1B et See Note 5 Full range 300 ~500
o Oto O0to
. - ’C |, . i e
ommon-mode inpu —1. -1.
VicR g Vee =30V cc cc v
voltage range 0to 0to
Full range
Vee—2 Vee—2
Ve =30V,
cc Full range 26 26
" R =2kQ
VOH High-level output voltage VP A
cc i Full range 27 28 27 28
RL > 10 kQ
VoL Low-level output voltage RL <10kQ Full range 5 20 5 20| mV
Large-signal differential Vee=15 VY. 25°C 50 100 25 100
AvD R Vo=1Vto 11V, V/mV
voltage amplification RL >2kQ Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k@ 25°C 70 85 65 85 dB
ksvR* Supply voltage rejection ratio Rg <10kQ 25°C 65 100 65 100 dB
Vo1/ Vo2  Channel separation f =1 kHz to 20 kHz 25°C 120 120 dB
Vige=15Vs 25°C 20  -40 -20  —40
Vip=1YV,
_ Full range -10 -20 -10 -20
\\;O ov 7 mA
=15V,
lo Output current (el 25°C 10 20 10 20
Vip=-1V,
V=5V Full range 5 8 5 8
Vip=-1V, =
257C 12 50 12 50 LA
Vo =200 mV
Supply current No load, 25°C 0.8 0.8
Icc . . mA
(four amplifiers) No signal Full range 12 12

*ksvR = AVcc/aVio
1'Allt’charan:teris'(ics 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. 3

TYPICAL APPLICATION DATA THERMAL INFORMATION
DISSIPATION DERATING TABLE
QUTPUT A
POWER DERATING  ABOVE
PACKAGE
1m0 RATING FACTOR Ta
A N J (Alloy-Mounted Chip) 900 mW  11.0mW/°C 88°C
\ S J (Glass-Mounted Chip) ~ 900mW  82mW/°C  40°C
AUDIO I( / : N 900mW  9.2mW/°C 52°C
L L S P ¢ w 900mW  80mWSC  37°C
100 k2 < <100 k2

{ { 100ka

AAA— b—O OUTPUT C Also see Dissipation Derating Curves, Section 2.
= =4
100 uF <100 k2
| ) o
t +Vee
AUDIO DISTRIBUTION AMPLIFIER
66 TEXAS INSTRUMENTS
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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

LM148...J
LM248,LM348...JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 4 AMPLIFIER NO. 3
/\

7

INVERT- NONIN-

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 LM148 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.

ING
OUTPUT INPUT
u 13

VERTING
INPUT  Vee- INPUT

NONIN- INVERT-
VERTING ING

12 n 10 9 8

|

INPUT QUTPUT

| 1 2
OUTPUT INVERT-
!

G VERTING

x INPUT

3 4 ] 6 7

NONIN- Voo, NONIN- INVERT- OUTPUT

INPUT

VERTING ING
\ INPUT

INPUT

J

. A
AMPLIFIER NO. 1

V
AMPLIFIER NO. 2

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

LM148 LM248 LM348 UNIT

Supply voltage Vcc+ (see Note 1) 22 18 18 Vv
Supply voltage Vcc— (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) J package 1375 1025 1025 W
25°C free-air temperature (see Note 5) N package 1150 1150

Operating free-air temperature range —55 to 125 —25to 85 0to 70 °%C
Storage temperature range —65 to 150 —65t0 150 | —65 to 150 e
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 260 26

NOTES:

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

. All voltage values, except differential voltages, are with respect to the midpoint between Vo4 and Veg—.

i
2
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. 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 DERATING  ABOVE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 1375mW  11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025 mW 8.2mwW/°C 25°C
N 1150 mW 9.2mwW/C 25°C

Also see Dissipation Derating Curves, Section 2,

Copyright © 1979 by Texas Instruments Incorporated
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68

TYPES LM148, LM248, LM348

QUADRUPLE OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+ =+15 V

PARAMETER TEST CONDITIONST LMis8 LHDAE Ligeas UNIT
MIN TYP MAX [MIN TYP MAX |MIN TYP MAX
v | ffset vol Rg<i0kn |JAZ25C L. e L] aw
2 RRUSOitsetivoitane 5 TA = full range 6 75 75
: e . TA=25C 4 25 4 50 4 50 A
nput offset curren n
10 P TA = full range 75 125 100
[ | 61 . Ta=25°C 30 100 30 200 30 200 A
npu 1as curren n
18 E TA = full range 325 500 400
Common-mode
= + + +1 \%
VicR fiitititi vl tage raiige Ta = full range +12 12 2
RL=10k2, Ta=25°C 24 26 24 26 24 26
\j Maximum peak-to-peak R > 10kQ, Ta = full range 24 24 24 v
OPP Output voltage swing RL-2k2,  Ta-25°C 20 24 20 24 20 24
R >2kQ, TAa = full range 20 20 20
Large-signal differential RL =2k, Ta=25°C 50 160 25 160 25 160
AvD S V/mVv
voltage amplification Vo=+10V TA = full range 25 15 15
ri Input resistance Ta=25°C 08 25 08 25 08 25 MQ
B4 Unity-gain bandwidth Ayp =1, Ta =25°C 1 1 1 MHz
oM Phase margin Ayp=1, Ta=25°C 60° 60° 60°
Common-mode Ta =25°C 70 90 70 90 70 90
CMRR e S Rg<10ka |=2 dB
rejection ratio Ta = full range 70 70 70
Supply voltage rejection Ta=25°C 77 96 77 96 77 96
ksvR . Rg < 10 k2 dB
ratio (A Vgc+/A Vo) Ta =fullrange | 77 77 77
l0s Short-circuit output currentf Ta = 25°C +25 +25 +25 mA
Supply current No load, No signal,
lcc e 5 24 36 24 45 24 45| mA
(four amplifiers) TA 25°C
i f=1 Hz to 20 kHz,
Vo1/Vo2 Channel separation - 120 120 120 dB
TA=25°C
TAIl characteristics are specified under open-loop conditions unless otherwise noted. Full range for T is —55°C to 125°C for LM148, —25°C
to 85°C for LM248; and 0°C to 70°C for LM348,
operating characteristics, Vgc+ =+ 15V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate at unity gain RL =2k, CL =100 pF, See Figure 1 0.5 V/us

PARAMETER MEASUREMENT INFORMATION

-

AA
VWA~
N D

Q

FIGURE 1-UNITY-GAIN AMPLIFIER

(o}

100 £
Vi

10 kQ

Ayp = —100

FIGURE 2—INVERTING AMPLIFIER
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TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

50 T T
Vegt =£15V
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TA—Free-Air Temperature—"C

FIGURE 3

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY

79 T
-] Vet =115 V|
= RL = 10kQ
o v s “-
8% Ta=25°C
8
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FIGURE 6

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs

FREQUENCY
108 T T
Veer =315V
N RL =10k .
105 Ta=25°C —0
104 AN 48°

] T
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N i
\
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N

Ayp-Differential Voltage Amplification
=
2
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10M

FIGURE 9

102 — DIFFERENTIALN \ 135

left scale) 180°

TYPICAL CHARACTERISTICST

COMMON-MODE INPUT VOLTAGE LIMITS
vs

SUPPLY VOLTAGE
15 -
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FIGURE 4

MAXIMUM POSITIVE PEAK OUTPUT VOLTAGE SWING
vs
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FIGURE 10

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
SUPPLY VOLTAGE

w
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FIGURE 5

MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE SWING
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FIGURE 11

tData 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
vs

SUPPLY VOLTAGE
3
No signal
No load
Ta=25°C
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FIGURE 12
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
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FIGURE 15
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FIGURE 18

TYPICAL CHARACTERISTICST

SLEW RATE
vs
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FIGURE 13
INVERTER
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FIGURE 16 FIGURE 17
schematic (each amplifier)
,J Veer
INVERTING b
INPUT %0
NONINVERTING o—
INPUT
OUTPUT
5pF
Ay 25 Q
il
4
A #
1 ¥
75
kQ
b—oVee-

Components values shown are nominal

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

TEXAS INSTRUMENTS

INCORPORATE

PQST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

D



LINEAR TYPES LM158, LM258, LM358
INTEGRATED DUAL OPERATIONAL AMPLIFIERS

ClRCl"Ts BUL?LET}N !\IO. DL-S 172413, JUNE 1976 — REVISED OCTOBER 1979
e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply...3V to30V Input Oftset Voltage .. .2 mV Typ
or Dual Supplies Input Offset Current ... 3 nA Typ (LM158)
e Low Supply Current Drain Input Bias Current . . . 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...05mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage ... . 532 ¥
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ
e |nternal Frequency Compensation
schematic (each amplifier) JGORP u
DUAL-IN-LINE FLAT PACKAGE

e PACKAGE (TOP VIEW) (TOP VIEW)

<6uA “6uR ~T00A
CURRENT CURRENT CURRENT
REGULATOR REGULATOR| | | REGULATOR AMPLIFIER NO. 2 AMPLIFIER NO. 2

NON
ouUT  INV_ NV

ON
OUT- INV_ INV »
Vees  PUT INPUT INPUT cc+  PUT  INPUT INPUT

'—Pﬁ JokcXe

INVERTING
INeUT  ©
-~ »_(_1(
NON-
S505A
WVERT] CURRENT
INPUT el REGULATOR
T ¥ ¥ T
p! GND @
(0R Vee-)
TO OTHER 1[{]2(]3[]4 NC OUT INV. NON GND
e A7 AMPLIFIERS PUT  INPUT  INV
OUT- INV_ NON- GND INPUT
PUT INPUT INV
INPU
AMPLIFIER NO. 1
inti AMPLIFIER NO. 1 .
desc"ptlon 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, VCC (se8 NOte 1) .. oottt e e 32V
Differential input voltage (see NOte 2) . . . . .t ittt et et e e e e e e e 32V
Inputvoltage range (BIther INPULY  sc.e s a5 6w 5 5 865 5§ 5o o 8lm0m 5 o 5o 5 ebm os o san s & pos o8 —0.3V t0o 32V
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C

free-air temperatufe (Ve =15V} (seeiNote8) v osvw smsmaas sas o5 €06 516k 40 & 9586 o o 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 . . . .. . ... . ittt ettt —55°C to 125°C

WBADEE. ... iimiconissiivsesio isonimsiis e ot oIS (GRS TNE il AP —25°C to 85°C

UIMBBEE e o mussnes o i s v . s 68 s i 0°Cto 70°C

Storage teMDETature aNTE! o s & sivis s sl B 500 568 540 E SUBLTRIE BI5 BRI o SIS 9 fo i Sieoris osle 508 5 5 —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGor Upackage .................. 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package ................0..... 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. Shortcircuits from outputs to V¢ 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.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM158, LM258, LM358
DUAL OPERATIONAL AMPLIFIERS

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

LM158, LM258 LM358

t UNIT
PARAMETER TEST CONDITIONS P VP MAX AN =P TIAR
Vo=14V, 25°C 2 d 2 7

Vio Input offset voltage mV
Vece =5V to 30 V | Full range 7 9

Average temperature coefficient
[:3ViTe} . 9 p Full range & 7 uVv/°C
of input offset voltage

1 ; " o ey A 25°C 3 30 5 50 A
t t t = ot n
10 LRURERSERESE 0 Full range 100 150

Average temperature coefficient 5
a0 4 D Full range 10 10 pA/°C
of input offset current

; ; B Vo=14V, 25°C —45 —150 —45 —250 5
t t n
18 npUEhissieuman See Note 5 Full range —300 —500
2 0to 0to
C de i t »c V 1.5 \Y 1.5
ommon-mode in —1. —1.
Viek SREmOCEIngS Vee =30V cc cc v
voltage range 0to 0 to
Full range
Vee—2 Vee—2
Ve =30V,
cc Full range 26 26
- RL =2kQ
VoH High-level output voltage \
Vee =30V,
Full range 27 28 27 28
RL > 10 kQ
VoL Low-level output voltage RL<10kQ Full range 5 20 5 20( mVv

v Maximum peak-to peak - 55 ” = - i N
OR¥ output voltage swing L cc—1- ce=1.

Vec =15V,
Large-signal differential cc 25°C 50 100 25 100
AvDp e o Vo=1Vto11V, V/mV
voltage amplification RL > 2 kQ Full range 25 15
CMRR Common-mode rejection ratio Rg <10 k2 25°C 70 85 70 85 dB
ksvr" Supply voltage rejection ratio | Rg < 10 k2 25°C 65 100 65 100 dB
V01/Vo2 Channel separation f=1kHzto20kHz| 25°C 120 120 dB
Vee=15V, 25°C —-20 —40 —-20 -40
Vip=1V,
Vo=0V Full range -10 -20 -10 —-20
V 15V, i
= <
o Output current eC i 25°C 10 20 10 20
Vig -1
Vo=5V Full range 5 8 5 8
Vip=—-1V
2 25°C, 12 50 12 50 HA
Vg =200 mV
Supply current No load, 25°C 0.7 0.7
lcc i ) mA
(two amplifiers) No signal Full range 1:2 1.2

*ksvR = AVcc/aVio

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 DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 900 mW 8.4 mW/°C 43°C
JG (Glass-Mounted Chip) 825 mW 6.6 mW/°C 25°C
P 900 mW 8.0 mW/°C 37°C
U 675 mW 5.4 mW/°C 25°C

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

CIRCUITS BULLETIN NO. DL-S 12410, JUNE 1976 — REVISED OCTOBER 1979
e Small-Signal Bandwidth . .. 15 MHz Typ e Internal Frequency Compensation

e Slew Rate...50 V/us Min e [nput and Output Overload Protection

e Bias Current. .. 250 nA Max (LM218) e Same Pin Assignments as General Purpose

e Supply Voltage Range...+5V to :t20 V Operational Amplifiers

description

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

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

JGORP
DUAL-IN-LINE PACKAGE N DUAL-IN-LINE
(TOP VIEW) PACKAGE (TOP VIEW)
comp OUT- BAL/ comp ouT- BAL/
2 Vce+ PUT COMP3 NC NC 2 Vcee PUT COMP3 NC

BAL/ NV NON- Vcc NC NC BAL/ INV NON- Voo ne

COMP 1INPUT INV COMP1 INPUT INV
INPUT INPUT

NC—No internal connection

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Glass-Mounted Chip) 500 mW 6.6 mW/°C 749°C
N 500 mW 9.2mW/°C 96°C
P 500 mW 8.0 mW/°C 87°C

Also see Dissipation Derating Curves, Section 2.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

LM218 LM318 UNIT
Supply voltage, Vcc+ (see Note 1) 20 20 \%
Supply voltage, Vo — (see Note 1) —20 —20 \'
Input voltage (either input, see Notes 1 and 2) +15 +15 \
Differential input current (see Note 3) +10 +10 mA
Duration of output short-circuit (see Note 4) unlimited unlimited
Co:mnuous-total power dissipation at (or below) 500 500 W
25°C free-air temperature (see Note 5)
Operating free-air temperature range —25 to 85 0to 70 %
Storage temperature range —65 to 150 —65 to 150 T
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds |J or JG package 300 300 %6
Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds [N or P package 260 260 °c

NOTES: 1. All voltage values, unless otherwise noted, are .with respect to the midpoint between V4 and Ve .

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)

LmM3
PARAMETER TEST CONDITIONS? tM216 18 UNIT
MIN TYP MAX MIN TYP MAX
v I £ i 25°C 2 4 4 10 _—
t t volt:
10 nputioTisetv\iage Full range 6 15
I Fsiettar ’ 25°C 6 50 30 200 i
nput offset curren
10 £ Full range 100 300
| — 25°C 120 250 150 500 .
n rrent L
'8 DU DIas 64 Full range 500 750
Common-mode
VicR : Vee: =+15V | Full range | £11.5 +11.5 v
input voltage range L
Maximum peak-t k V, =15V,
Vorp ARSI ?pea Cex Full range 24 26 24 26 v
output voltage swing RL =2k
é : Vece =15V, |
Large-signal differential . 25°C 50 200 25 200
AvD o Vo=+10V, v/mv
voltage amplification Full range 25 20
RL > 2k
B1 Unity-gain bandwidth Vees: =15V | 25°C 15 15 MHz
ri Input resistance 25°C 1 3 0.5 3 MQ
CMRR Common-mode rejection ratio Full range 80 100 70 100 dB
i Supply voltage rejection ratio
SVR (AVee/avig) Full range 70 80 65 80 dB
| 25°C B 8 5 10
cc Supply current No load mA
MAX 4.5 7

TAIll characteristics are specified under open-loop operation. Full range for LM218 is —25° t0 85°C and for LM318 is 0°C to 70°C.

NOTE 6: Unless otherwise noted, Voc+ = #5 V to +20 V. All typical values are at Vcc+ = 156 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 Vce+, and an equal negative voltage is applied to VEE =

10°
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TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = 15V, Vgg—=—-15V, Ta = 256°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate at unity gain AV =10V, CL = 100 pF, See Figure 1 50 70 V/us

parameter measurement information

2 k2
v
INPUT
2kQ2
INPUT O—AawW——4 —ov
p——O QUTPUT
== 100 pF
10 T
TEST CIRCUIT !
VOLTAGE WAVEFORMS
FIGURE 1-SLEW RATE
schematic
BALANCE
COMPENSATION:3
BALANCE
COMPENSATION-1 COMPENSATION-2
o
]A’ Vee+
2kQ $ 1s0KQ 2 k0 '
— J= 5k
5kQ
20k2 20k 7 4 130
N P
k_ %0
WA ouTPUT
INVERTING 1= b F - )
INPUT sl;: }’A{ k2 < 3\
= Wy
28 pF s P
Yy x
Yy x
NONINVERTING
INPUT
J_T 3 300
5000
) N p |
8 5 *~ LS
3 12k0
s.emj A0k ?nun 12kQ 1 300
. ; : | Voo
Component values shown are nominal.
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LINEAR TYPES LM1900, LM2900, LM3900
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIERS

cchU'Ts BULLETIN NO. DL-S 12682, JULY 1979—REVISED DECEMBER 1979

operating characteristics

J OR N DUAL-IN-LINE PACKAGE

e Wide Range of Supply Voltages, Single or (TOP VIEW)
Dual Supplies
e Wide Bandwidth W “1'33 INV_ OUT-  OUT- INV
Vee INPUT INPUT INPUT PUT PUT INPUT
e | arge Output Voltage Swing wl (] Jr] [n] [w] [s] |8
e Output Short-Circuit Protection
e Internal Frequency Compensation L
e |ow Input Bias Current
e Designed to be Interchangeable with
National Semiconductor LM1900, LM2900,
and LM3900, Respectively
[ s e[ s[s[]7
description W wer F T e o
INPUT  INPUT

These devices consist of four independent, high-gain,
frequency-compensated Norton operational amplifiers
that were designed specifically to operate from asingle
supply over a wide range of voltages. Operation from CONSTANT= o
split supplies is also possible. The low supply current GENERATOR 7
drain is essentially independent of the magnitude of
the supply voltage. These devices provide wide

bandwidth and large output voltage swing.

schematic (each amplifier)

| 2008

The LM1900 is characterized for operation over the

full military temperature range of —55°C to 125°C, INVERTING
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. 4

INVERTING O—4
INPUT

Vedd

Norton (or current-differencing) amplifiers can be used in most standard general purpose op-amp applications.
Performance as a dc amplifier in a single-power-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 Incorporated
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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 UNIT
Supply voltage, Vg (see Note 1) 36 32 32 \Y%
Input current 20 20 20 mA
Duration of output short circuit (one amplifier) to ground Uhilinited Unlirmited ORI
at (or below) 25° C free-air temperature (see Note 2)
Continuous total dissipation at (or below) 25°C J Package 1375 1025 1025 I
free-air temperature (see Note 3) N Package 1150 1150
Operating free-air temperature range —55 to 125 —40 to 85 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J Package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N Package 260 260 e

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Short circuits from outputs to Vc can cause excessive heating and eventual destruction.
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, LM1900 chips are alloy-
mounted; LM2900 and LM3900 chips are glass-mounted.

electrical characteristics, VCc = 15 V, TA = 25°C (unless otherwise noted)

LM1900 LM2900 LM3900
PARAMETER TEST CONDITIONST UNIT
IMIN TYP MAX | MIN TYP MAX |MIN TYP MAX
i Input bias current i B Ta =25°C 25 100 30 200 30 200 "
= n
1B (inverting input) g Ta = full range 150
7
i in 0.95 1.05| 0.9 1.1| 0.9 1.1 |uA/LA
: o 114 = 20 4A to 200 KA, R
1+
TAa = full range, Note 4
Change in mirror gain A 2, Seeiote 1 2 2 5 2 5 %
. Vig = Vi=, Ta = full range,
Mirror current Shailisie d 10 500 10 500 10 500| wuA
ee Note
A Large-signal differential Vo=10V, R =10 k&, 9 3 i5 g 72" 158 V/mV
vD voltage amplification f=100 Hz : ' ’ ’
Input resistance 4 1 1 Mo
-
! (inverting input)
o Output resistance 8 8 8 k2
Unity-gain bandwidth
B1 25 25 2.5 MHz

(inverting input)

K Supply voltage rejection 50 70 20 70 4B
SVR ratio (AVee/av)g)

| a RL=2k& 13.56 14.2 13.5 13.5
3 1+=0,
\Y High-level output volta Ve =30V, \Y
OH ™o g e h_=0 cc 28 205 295 2.5
No load
I+=0, Ij— =10 uA,
VoL Low-level output voltage 0.09 0.2 0.09 0.2 009 02 V
RL=2kQ
Short-circuit output current h+=0, li—=10,
| -10 -156 = =1 -6 — A
OHS (output internally high) Vo=0 5 8 4 10 .
Pull-down current 1 13 05 1.3 05 1.3 mA
loL Low-level output current¥ l|— =5 uA, VoL=1V 4 5 5 5 mA
Icc  Supply current (four amplifiers) | No Load 6.2 12 6.2 10 6.2 10 mA

tAll characteristics are specified under open-loop conditions. Full range for T 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 V¢ 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, T A —55 125 —40 85 0 70 e

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. |f 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, Vcc+ =+15V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Low-to-high output Vo=10V, CL =100 pF, 0.5

SR Slew rate at unity gain - g s 0 2 V/us
High-to-low output R =2k 20

INPUT BIAS CURRENT (INVERTING INPUT)
vs
FREE-AIR TEMPERATURE

80 —
Vec=15V
70 Vo=75V
l+=0
<$ 60 \
§ s
3 \\LMZQOO LM3900
g 40 N
o \
32 30 \\
—T LM1900 N~
= -y
10
0
-75 -50 —26 0 25 50 75 100 125

Ta—Free-Air Temperature—"C

FIGURE 1

LM2900, LM3900
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREQUENCY

Ay p-Differential Voltage Amplification

10k

100 k ™

f—Frequency—Hz

FIGURE 4

TYPICAL CHARACTERISTICST

MIRROR GAIN
vs
FREE-AIR TEMPERATURE

Veec=15V
[ 1+ =100A

1.18

1.10

1.05

11 —/14+—Mirror Gain

0.85

0.80
-75 =50 -26 0

25 50 75 100 125

Ta—Free-Air Temperature—°C

FIGURE 2

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
SUPPLY VOLTAGE

104
c
S
8
£ 108 B
3
£ ¥
< E
s 1
g
3 102
S 10
=
€
H
3
Z 0
% RL=10kS2
> Ta=25°C
<

3 | Il

0 5 10 15 20 25 30

Vge—Supply Voltage—V

FIGURE 5

ksyvR—Supply Voltage Rejection Ratio—dB

Avp-Differential Voltage Amplification

SUPPLY VOLTAGE REJECTION RATIO
vs

FREQUENCY
100 RRLL
cc=
90 15 =25°C ““’u
80 I
70
TN
60 il
50 . m
|
40 “
30
20
10
0 1
100 400 1k 4k 10k 40k 100k 400k 1M
f—Frequency—Hz
FIGURE 3
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE
104
=
103
102
Evo=10V
FRL=10kQ
1 L L
75 50 -26 0 25 50 75 100 125

Ta—Free-Air Temperature—"C

FIGURE 6

TData 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

vs

PEAK-TO-PEAK OUTPUT VOLTAGE

FREQUENCY
16
> 14
|
D)
o
>
s 10
=3
5
o 8
x
3
o
S 6
*
S 4
&
2
2 Ny
0 —
1k 10k 100 k ™ 10M
f—Frequency—Hz
FIGURE 7
PULL-DOWN CURRENT
vs
SUPPLY VOLTAGE
20 ]
1.8
1.6 Ta=-55"C
E A - —
714 TA=25C
€ —
s 12 .
= TA=85 Cc
2 -4l 2
H Ta=125°C
a 0.8
2 06
0.4
0.2
0
0 10 15 20 25 30

Vee—Supply Voltage—V

FIGURE 10

TYPICAL CHARACTERISTICST

LM2900

SHORT-CIRCUIT OUTPUT CURRENT
(OUTPUT INTERNALLY HIGH)

vs
SUPPLY VOLTAGE

30 T
é Vo=0
I1+=0
T 25— oc—
= 1l—=0 )
§ ' M = ol
£ Ta=0°C
S 20 ]
H ——
8 A =25°C
o 15 +
3 | —
S 10 V/ Ta = 125°%
2
7
w 5
x
(=)
0
0 5 10 15 20 25 30
Vcc—Supply Voltage—V
FIGURE 8
PULL-DOWN CURRENT
vs
FREE-AIR TEMPERATURE
2.0 l
1.8—Vec=15V
1.6
+—
E 1.4
|
2 15 I~
e
5 N
3 10 ~
c
3 o8
Q
= 06
S
<
0.4
0.2

0
-75 -50 —-26 0 25 50 75

100 125

Ta—Free-Air Temperature—°C

FIGURE 11

60

50

40

30

20

1oL —Low-Level Output Current—mA

vs
SUPPLY VOLTAGE

LOW-LEVEL OUTPUT CURRENT

Icc—Total Supply Current—mA
-

Vece—Supply Voltage—V

FIGURE 12

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices,

T
voL=1V
L _Miy=0
Ta=25°C |t
/l lj— = 100 A
lj—= 10 pA
7 Il—=5uA
s
0 5 0 15 20 25 30
Vec—Supply Voltage—V
FIGURE 9
TOTAL SUPPLY CURRENT
vs
SUPPLY VOLTAGE
| I
’ Ta=-55"C
1 T
I TA=25°C
I 1
}’, Ta = 125°C
f— No signal
No load
1
0 5 10 15 20 25 30

FIGURE 13—-VOLTAGE-CONTROLLED CURRENT SOURCE

TYPICAL APPLICATION DATA

v+

1k

[ 91ka

1M 9
1Mo 10 k2 3
1M I
INPUT O—A - - 30k
100 k2

1o~ 1 mA per input volt

’-@O OUTPUT

100 k2

INPUT O—M

1o~ 1 mA per input volt

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 1375 mwW 11.0mwW/C 25°C
J (Glass-Mounted Chip) 1025 mw 8.2 mwW/°C 25°C
N 1150 mwW 9.2mwW/rC 25°C

OUTPUT

FIGURE 14—VOLTAGE-CONTROLLED CURRENT SINK
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LINEAR TYPE LM2902
INTEGRATED QUADRUPLE OPERATIONAL AMPLIFIER

CIRC'."TS BULLETIN NO. DL-S 12291, MARCH 1976—REVISED OCTOBER 1979
° V\{ide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply ... 3V to 26 V Input Offset Voltage ...2 mV Typ
or Dual Supplies Input O_ffset Current...5nA Typ
e Low Supply Current Drain Input Bias Current . .. 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
.0.8 mA Typ Equal to Maximum-Rated
e Common-Mode Input Voltage Supply Voltage . .. 26 V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ
schematic (each amplifier) e Maximum Peak-to-Peak Output

Voltage Swing ...Vcc—15V Typ
e [Internal Frequency Compensation

CURRENT NT CURRENT
REGULATOR REGULATOR| | | REGULATOR JOR N DUAL-IN-LINE OR

W FLAT PACKAGE (TOP VIEW)

AMPLIFIER NO. 4 AMPLIFIER NO. 3
J\ /\
uT 4 INVERT- NONIN- /NONIN- INVERT- N
R g™ ING VERTING VERTING ING

OUTPUT INPUT INPUT GND INPUT  INPUT OUTPUT
“ 13 12 n 10 9 8

J‘jf

—~
NON-
INVER'
INPUT 4

GND

TO OTHER
AMPLIFIERS

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

1 2 3 4 5 6 1

. . . . OUTPUT - N IN- . 3
supplies is also possible so long as the difference e VEriins Voo oML (Ve RT-OUTRUT
between the two supplies is 3 volts to 26 volts and — 'NP\‘;‘T INPUT _, INPUT _INPUT /
Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NO. 2

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 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, Vog (seeNote 1) . . . . . v v v v v e e e e e e e e e e .. 2BV
Differential'inputvoltage (seeiNoRe'2) . w o w v 5 3 5 & & &8 & 5 & & & & s & & ® & o @ we 220V
Input voltage range (either input) . . v w e e e ow w s —0.3V1026'V
Duration of output short-circuit (one ampllfler) to ground at (or below) 25 C

free-air temperature (Vgc < 15 V) (see Note3) . . . . . s owowmow oo ow om s ow unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) e v s & w e w oo v o S00mW
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . . ... . —40°Cto85°C
Storage temperature range . . . v ...... =—65°Cto150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package i s e s we was w s BODE
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package - sw e s we w s 26006

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground tﬁrrmnal
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to V¢ 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, VcC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX| UNIT
Vio Input offset voltage Vpo=14V 2 10| mV
o Input offset current Vp=14V 5 50| nA
B Input bias current Vpo=14V See Note 5 —45 -500| nA
Vier Common-mode input Veg =24V 0to v
voltage range Vee—156
VoH High-level output voltage ¥phea X e 1 - \
Vec=24V, RL > 10kQ 21
VoL Low-level output voltage R <10kQ 5 20| mv
AVD sangsiing] SRR Voo =15V, RL>2k2, Vo=1Vto11V 100 V/mV
voltage amplification
CMRR Common-mode rejection ratio | Rg < 10 kQ 85 dB
ksvr* Supply voltage rejection ratio Rg < 10 kQ 100 dB
Vo1/Vo2  Channel separation f=1kHz to 20 kHz 120 dB
Vec =15V, Vip=1V. Vo=0V —20 —40
lo Output current Vee =15V, Vip=-1V, Vp=25V 12 30 mA
Vip=-1V, Vo=5V 8 20
lcc Supply current (four amplifiers)| No load, No signal 08 2| mA

*ksvRr = AVcc/AVio

1’AII 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

\ b—0 ouTPUT B
AUDIO 7 "
INPUT °_‘|\

100 k2

l p—O OUTPUT C

)
iy
t Wee

AUDIO DISTRIBUTION AMPLIFIER

THERMAL INFORMATION

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Glass-Mounted Chip) 900 mW 11.0 mW/°C 68°C
N 900 mW 9.2mw/°C 52°C
w 900 mW 8.0 mw/°C 387°C

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

TYPE LM2904
DUAL OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12402, JUNE 1976—REVISED OCTOBER 1979

e Wide Range of Supply Voltages
Single Supply ... 3V to 26V
or Dual Supplies

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

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

schematic (each amplifier)

INVERTING
INeUT @

NON-
INVERT!

veer

~T100uA
CURRENT
REGULATOR

~BuA
CURRENT
REGULATOR|

~6uA
CURRENT
REGULATOR

TPUT

%

Yl
7

INPUT

“504A ]>7
CURRENT
o REGULATOR

GND
(OR Vee-)
TO OTHER

m AMPLIFIERS

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
A N AT POWER DERATING ABOVE
RATING FACTOR Ta
JG (Glass-Mounted Chip) 680 mW 6.6 mMW/°C 41°C
P 680mW  8.0mW/°C 65°C
u 675 mW 54 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

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—1.5V Typ

Internal Frequency Compensation

JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

NON-

OUT- INV_ INV
Vees PUT INPUT INPUT
8 1 6 5
1 2 3 )

OUT- INV_ NON- GND
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

U FLAT PACKAGE
(TOP VIEW)

AMPLIFIER NO. 2

NON
uT INV INV
UT  INPUT INPUT

\qj_@
<5

3
<

CC+

-©
@v
-Q

L] ] ]
ONONONO)
NC  OUT INV. NONe Voo

PUT INPUT INV
INPUT

AMPLIFIER NO. 1

NC--No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPE LM2904

OPERATIONAL AMPLIFIER

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

Supply voltage, Vg (see Note 1)
Differential input voltage (see Note 2)
Input voltage range (either input) o
Duration of output short-circuit (one ampl|f|er) to ground at (or below) 25 C
free-air temperature (Vgg <15 V) (see Note 3)
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) JG or P package

Operating free-air temperature range s
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds:

NOTES: 1.

2
3.
4

All voltage values, except differential voltages, are with respect to the network ground termmal

U package

JG or U package
P package

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

glass-mounted.

26V

. 226V

—03Vt026V

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

electrical characteristics at 25°C free-air temperature, VCcc =5 V (unless otherwise noted)

unlimited

680 mW
.. . 675mW
—40°C t0 85°C
. 300°C
. 260°C

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, the LM2904 chips are

PARAMETER TEST CONDITIONST MIN TYP MAX| UNIT
Vio Input offset voltage Vo=14V 2 10 mVv
lio Input offset current Vp=14V 5 50 nA
T} Input bias current Vp=14V See Note 5 —45 -500( nA
VigR Common-mode input Voo =24V Oto v
voltage range Vee-15
i Vec=24V, RL =2kQ 20
VoH High-level output voltage \%
Vec=24V, R = 10kQ 21
VoL Low-level output voltage L<10kQ 5 20| mv
Avp Eeigsaid oifreating Vec =15V, RL>2kQ2, Vg=1Vto1lV 100 V/mV
voltage amplification
CMRR Common-mode rejection ratio | Rg < 10 kQ 85 dB
ksvRr* Supply voltage rejection ratio Rg < 10k& 100 dB
Vo1/Ve2  Channel separation f =1 kHz to 20 kHz 120 dB
Vec =15V, Vip=1V, Vp=0V -20 —40
lo Output current Vee =15V, Vip=-1V, Vg=25V 12 30 mA
Vip=-1V, Vo=5V 8 20
lee Supply current (both amplifiers) | No load, No signal 0.5 1.2| mA

*ksvR = AVcc/AVio

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

Vee+

[}

INPUT

RS

9—O0
gRG

OUTPUT

TYPICAL APPLICATION DATA

SELECT VALUES FOR:

Q
C1 and C2
where C1 = C2
wq = 2nfg

K

K is selected to
optimize sensitivity
and is typically
between 1 and 10.

MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER

CALCULATE:
R1,= R3 = RE'=—
wqC
R1
R2 =
2 1
Q—1——+ —
K K-Q
R1 - K@
R4 =
2Q —1
R6 = K - R1
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LINEAR TYPES MC1558, MC1458
INTEGRATED DUAL GENERAL-PURPOSE
CIRCUITS OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11457, FEBRUARY 1971—REVISED OCTOBER 1979

e Short-Circuit Protection

e Low Power Consumption
e Wide Common-Mode and e No Latch-up
Differential Voltage Ranges e Designed to be Interchangeable with
e No Frequency Compensation Required Motorola MC1558/MC1458 and Signetics
S5558/N5558

description

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

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

The 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 U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW)
AMPLIFIER NO. 2 AMPLIFIER NO. 2
o NON
vees ?3}' Ih‘l’:\j‘r ::l'sgr N Voo PUT INPUT INBUT

lalnie ®OOP T

~
% <

L ¥ v L
1 2(]3(]4 @ @
NC  OUT INV. NON GND
OUT- INV_ NON. Vce—
PUT INPUT INV PUT INPUT NV
INPUT
AMPLIFIER NO. 1 AMPLIFIER NO. 1

NC—No internal connection

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

MC1558 MC1458 UNIT
Supply voltage Vcc+ (see Note 1) 22 18 \"
Supply voltage Vcc— (see Note 1) -22 —-18 A\
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
. ——— - Each amplifier 500 500
Cont|4r1uous total dissipation at (or below) 25°C TG or P package 630 580 mw
free-air temperature (see Note 5) Total package T — e
Operating free-air temperature range -55 to 125 0to 75 °C
Storage temperature range —65 to 150 —65 to 150 e
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds JG or U package 300 300 “c
Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds P package 260 °c
NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc4+ and Vg .
2. Differential voitages 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 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,

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

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vee—=-15V
PARAMETER TEST CONDITIONS Lotil Soe UNIT
MIN TYP MAX MIN TYP MAX
A | t off: I Rg < 10k x0 ! > 4 9 mV
10 npuatatisetvoliage S Full range 6 7.5
| ) e 25°C 20 200 20 200 A
n
10 nput offset current Full range 500 300
i i Bi 25°C 80 500 80 500 oA
18 nputibigcurrent Full range 1500 800
Common-mode 25°C 12 £13 +13
Vicr - v
input voltage range Full range +12 +
RL = 10k$ | 25°C 24 28 24 28
v Maximum peak-to-peak R > 10k | Full range 24 24 v
OFR output voltage swing RL-2ke | 25°C 20 26 20 26
RL = 2k | Full range 20 20
Large-signal differential RL > 2kQ, | 25°C 50 200 20 200
Avp —_ _ V/mV
voltage amplification Vo =+10V | Full range 25 15
RL = 2kS2,
Maxi tput-swi Vo=£10V, |
Bom ROqEonpuraing 9 25°C 14 14 kHz
bandwidth (closed-loop) Avp =1,
THD < 5%
B1q Unity-gain bandwidth 25°C 1 1 MHz
®m Phase margin Ayp = 1 25°C 65° 65°
Am Gain margin 25°C 1 1 dB
ri Input resistance 25°C 0.3 2 0.3 2 Mo
) Vo =0, o
o Output resistance 25°C 75 75 Q
See Note 6
c; Input capacitance 25°C 1.4 1.4 pF
Common-mode "
Zic 5 . f=20Hz 25°C 200 200 MQ
input impedance
i 25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10k dB
Full range 70 70
K Supply voltage sensitivity o — 25°C 30 150 30 150 VIV
<
Svs (aV)o/avee) s Full range 150 150 | X
Ayp=100,
Equivalent input VD
: Rs =0, o
Vn noise voltage > ot 25°C 45 45 nV/\/Hz
(closed-I '
S BW = 1Hz
los Short-circuit output current 25°C +25 +40 +25 +40 mA
Supply current No load, 25°C 3.4 5 3.4 5.6
lcc = A mA
(Both amplifiers) No signal Full range 6.6 6.6
P Total power dissipation No load, 25°C 100 150 100 170 W
m
D (Both amplifiers) No signal Full range 200 200
Vo1/Vo2 Channel separation 25°C 120 120 dB

TAIl 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, Vcc+ = 15V, Veec—=—-15V, Ta = 25°C

C = 100 pF, See Figure 1

MC1558 MC1458
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
tr Rise time Vi=20mV, R =2kQ, 0.3 0.3 s
Overshoot factor CL = 100 pF, See Figure 1 5% 5%
1 . V=10V, R =2k,
SR Slew rate at unity gain 0.5 0.5 V/us
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TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C
P 680 mW 8.0 mW/°C 65°C
u 675 mW 5.4 mW/C 25°C

Also see Dissipation Derating Curves, Section 2.

schematic (each amplifier)

TO OTHER
> AMPLIFIER
INVERTING
INPUT
* ]j * * © Vec+
dE R P
NON- 30 F_L 45kQ ™
INVERTING e WA— 3
INPUT
»——{ 25 Q
p—o OUTPUT
29 ket 75k
ha, 50
1kQ 50 k3 d 5kQ 50 k23 50 Q
S ’%kn 3
: : * L © Vee-—
TO OTHER
COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER
PARAMETER MEASUREMENT INFORMATION
}——?ouwuv
INPUT =
INPUT VOLTAGE €L = 100 pF —L RL=2kQ
WAVEFORM Lﬁ
TEST CIRCUITS
FIGURE 1—RISE TIME, OVERSHOOT,
AND SLEW RATE
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TYPES MC1558,MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT
vs

FREE-AIR TEMPERATURE

INPUT BIAS CURRENT
vs

FREE-AIR TEMPERATURE

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
Vs
LOAD RESISTANCE

e =] 40 T =T > [veer =18V
| Vees=15V | |  Vece- 15V 8 26 -vcc~-04|sv SEEES
Vcc-' -vs‘v —1 Voar =15V z Ta=25°C
80 F\ I | S 2 +—+
E i [ g 3 T q |
: 4 . L g™ 1 1
& . | s
§ 60 i £ 2 20 }
3 H
] — e g % 18 —
b . MC1458 o @ x T
5 ; —— 2 & 1. ;
2 ] : £ £ | |
° TR = e I
= gl ) — é 12 +
TN T i L, 1
I S T
: [ 1 : ” . LI [ LTI
—60-40 —20 0 20 40 60 80 100 120 140 -60 -40 —20 0 20 40 60 80 100 120 140 01 02 04 071 2 a 710
Ta-Free Air Temperature— C Ta—Free-Air Temperature—'C R —Load Resistance—k 2
FIGURE 2 FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL DIFFERENTIAL
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs vs
FREQUENCY SUPPLY VOLTAGE FREQUENCY
40 400 107 T
. ety I Sl vy | ey
% % H vees =18 v s RL=2kn - e | vee-=-15v]
3 4ia RL = 10k L 200 Ta=eiC L1 s RL=2k$2
= TA=25'C 2 3 Ta=25¢C
35 i g // =
3 ié 100 E 104
"5 \ £ 3
& Y 2
¢ g 3 0
% S 3
'g 16 ; a0 Vil £ 102
g2 s 2
: s g w
2 5 2 S
é 3 g & 1
0 10 10!
100 1k 10k 100 k ™ O 110 100 1k 10k 100k 1M 10M 100M
E——— IVees | =Supply Voltage—v RS HE
FIGURE 5 FIGURE 6 FIGURE 7
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs VOLTAGE-FOLLOWER
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
= =1 n ¢ 17
@ 90 Vece=16V | l Veer =15V
! ey . 5 T ™
e - : =2k
i N Ta=25°C - | 3 O TY N cL- 1000F
s 70 N ! > lsa $ / T;\ Ta=25°C
2 \ € 7 g ouTPUT |
8 16 2 2 L -
: e X : [ : TTENTT
g s S 2o . .2 1 -
= 0 \ 3 / ' 3 / || kot !
5 8 Veg+ =15V ® -2 =
E 30 \ g / | vggf-fmv < | ﬁ * ! T‘
3 \ S ; — L R =2k 2 -a &—‘ l.+; -
g 2 10% i €| =100 pF B i | Lda=le
H i ! Ta=25'C ;
S 10 9 —t =8 I‘I T 1 |
0 -a | -8
110 100 1k 10k 100k 1M 10M 100M 0 05 1 15 2 25 6 i 30 % 4 68 & W 8 5
f—Frequency—Hz —Time-us - Time-us
FIGURE 8 FIGURE 9 FIGURE 10
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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

e Wide Range of Supply Voltages

Single Supply ...3Vt0 36V
or Dual Supplies

e (Class AB Output Stage

e True Differential Input Stage

e Low Input Bias Current

e Internal Frequency Compensation

e Short-Circuit Protection

e Designed to be Interchangeable with

Motorola MC3503, MC3303, MC3403

description

JOR N DUAL-IN-LINE PACKAGE
(TOP VIEW)

AMPLIFIER NO. 4 AMPLIFIER NO. 3
/\ /\

’NONIN- INVERT-
VERTING ING
INPUT Vce— INPUT  INPUT OUTPUT

14 13 12 1 10 9 8

\
INVERT- NONIN-

ING VERTING

OUTPUT INPUT

®

The MC3503, MC3303, and the MC3403 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

1 2 3 4 5 6 7
OUTPUT INVERT- NONIN- Vet NONIN- INVERT- OUTPUT
ING VERTING VERTING ING

INPUT INPUT , \INPUT  INPUT y

b4 ¥
AMPLIFIER NO. 1 AMPLIFIER NO. 2

36 volts. The common-mode input range includes
the negative supply. Output range is from the nega-
tive supply to Vgc — 1.5 V. Quiescent supply cur-
rents are less than one-half those of the uA741.

The MC3503 is characterized for operation over the full military temperature range of —55°C to 125°C. The MC3303
is characterized for operation from —40°C to 85°C. The MC3403 is characterized for operation from 0°C to 70°C.

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

MC3503 MC3303 MC3403 UNIT

Supply voltage V4 (see Note 1) 18 18 18 v
Supply voltage Vi (see Note 1) —18 —18 —18 \Y
Supply voltage Vcc+ with respect to Voo 36 36 36 \
Differential input voltage (see Note 2) =36 +36 +36 \
Input voltage (see Notes 1 and 3) +18 +18 +18 \4
Continuous total dissipation at (or below) 25°C J Package 1375 1025 1025 W
free-air temperature (see Note 4) N Package 1150 1150

Operating free-air temperature range —551t0 125 —40 to 85 0to 70 e
Storage temperature range —65 to 150 —65 to 150 —65 to 150 e
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J Package 300 300 300 °e
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N Package 260 260 "

NOTES:

1. These voltage values are with respect to the midpoint between Vcc 4 and Voo,

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Neither input must ever be more positive than Vcc+ or more negative than VCC—-
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 DERATING ABOVE
PACKAGE
RATING FACTOR TaA
J (Alloy-Mounted Chip) 1376 mW  11.0mW/°C 25°C
J (Glass-Mounted Chip) 10256 mW 8.2 mW/°C 25°C
N 1150 mW 9.2mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

Copyright © 1979 by Texas Instruments |ncorporatud
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TYPES MC3503, MC3303, MC3403
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature: Voc+ = 14V, Vcg— = 0V for MC3303;
Vee: = 15 V for MC3403 and MC3503

PARAMETER TEST CONDITIONST L MEad s UNIT
A MIN TYP MAX| MIN TYP MAX | MIN TYP MAX
» | " ; Ta =25°C, See Note 5 2 5 2 8 2 10 s
t t voltage
10 nedperisetverg Ta = full range, See Note 5 6 10 12
ffici
w— Temperature coefficient T =25°C 10 10 10 v/oC
of input offset voltage
I i - Ta=25°C, See Note 5 30 50 30 75 30 50 -
t t nt
R T A = full range, See Note 5 200 250 200
— Te(nperature coefficient Ta=25°C 50 50 50 bASC
of input offset current
) Ta=25°C -0.2 -0.5 -0.2 -0.5 -0.2 -0.5
IT:) Input bias current KA
Ta = full range -1.5 -1 -0.8
A Vee- Vee- Vee- Vee- Vee- Vee-
Common-mode input S
ViCR i " Ta=26°C to to to to to to A
voags rene 13135 12125 13 135
RL=10k2, Ta=25°C +12 #13.5 12 125 +12 +13.5
Peak output - 3
Vom i RL =2k, Ta=25C +10 £13 10 12 £10 13 Y
voltage swing
R =2k, Ta = full range +10 10 £10
Large-signal differential |R|_ =2k, Ta=25°C 50 200 20 200 20 200
AvD V/mV
voltage amplification Vo=+10V TAa = full range 25 15 15
\% =20V, RL=2kQ,
B g oA iz AOPP 1 TL 25°C 9 9 9 KH
= = z
oM swing bandwidth VD™ e A *
THD < 5%
) , ) RL=10k®2, Vo=50mV,
B1q Unity-gain bandwidth o 1 1 1 MHz
Ta=25°C
CL=200pF, R =2k,
®m Phase margin L D 3 L 60° 60° 60°
Ta=25°C
r Input resistance =20 Hz, Ta=25°C 0.3 1 0.3 1 0.3 1 MQ
o Output resistance f=20Hz, Ta=25"C 75 75 75 Q
Common-mode 5
CMRR . i Rs<10k2, Ta=250C 70 90 70 90 70 90 dB
rejection ratio
Supply voltage sensitivityl| _
ki TA=25C 30 150 30 150 30 150|uV/V
5YS (AV|p/AVce) & 5
los Sh°”‘"§°”i‘ GUIpUt Ta = 25°C £10 30 +45| %10 +30 +45| 10 +30 45| mA
current
No load, Vo=0V,
Icc Total supply current 3 2.8 4 28 7 2.8 7| mA
TA=25C

tAll characteristics are specified under open-loop conditions unless otherwise noted. Full range for Tp is —55°C to 125°C for MC3503; —40°C
to 85°C for MC3303; and 0°C to 70°C for MC3403.

-tThe VcR limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than Vec+-
Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

NOTE 5: Vg and || are defined at Vo = 0 V for MC3503 and MC3403, and Vo =7V for MC3303.
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TYPES MC3503, MC3303, MC3403
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+=5V, Voc— =0V, TA = 25°C (unless otherwise noted)

MC3503 MC3303 MC3403
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Vo=25V 2 5 10 2 10| mVv
o Input offset current Vp=25V 30 50 75 30 50| nA
g Input bias current -0.2 -0.5 -0.5 —-0.2 05| uA
RL =10k 33 3.5 3.3 3.5 33 3.5
Peak output
Vom - RL =10k, \
voltage swing § Vee+ — 1.7 Vee+ — 1.7 Vee+ — 1.7

Vee+=5Vto30V

Large-signal differential
AvDp e RL=2kQ,AVp=2V 20 200 20 200 20 200 V/mV
voltage amplification

Power supply sensitivity

k 150 150 150 |uV/IV
SVS (aVp/aVees)

Icc Supply current No Load, Vg = 2.5V 25 4 2.5 7 25 7| mA

Vo1/Vo2 Channel separation f=1kHz to 20 kHz 120 120 120 dB

T All characteristics are specified under open-loop conditions.
Output will swing essentially to ground.

operating characteristics: Vcc+ = 14V, Voc— = 0V for MC3303; Vec+ = £15 V for MC3403 and
MC3503; TA = 25°C, AyD = 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate at unity gain Vi=z10V, CL =100 pF, See Figure 1 0.6 V/us
tr Rise time 0.35 us
- AVp=50mV, CL =100 pF, R =10k,
tf Fall time i 0.35 us
See Figure 1
Overshoot factor 20%
Crossover distortion Vipp=30mV, Vopp=2V, f=10 kHz 1%

PARAMETER MEASUREMENT INFORMATION

Vi +

> R

FIGURE 1-UNITY-GAIN AMPLIFIER
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TYPES MC3503, MC3303, MC3403
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT

vs

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT
vs
SUPPLY VOLTAGE

TEMPERATURE
T 250 v
0[Veca =215V Ta-25°C
—T
< 200 < 200
il T
! -
€ &
E oo ™~ B
H 5
o o
] 8
@ @®
5 100 5 100
g £
i T
@ 3
= e < &0
0 0
-75 50 —26 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16
Ta—Free-Air Temperature—"C Ve £-Supply Voltage—V
FIGURE 2 FIGURE 3
LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
FREQUENCY FREQUENCY
3 30 T T T 106 T T
) Veee =$15V = Vees = $15V
3 2 GL.~0 8 e RL =2k
22 RL = 10kQ g 10 Ta=25°C ]
o & A=25°C
5 Ta=25°C =
5 iSee Fi 3 E
2 2 et < 10
% 5
S 15 S 103
& €
a
g 10 < 102
5 £
E \ a
3 L
5 10
i { >
IS N <
g - 1
1k 4k 10k 40k 100k 400k 1M 1 10 100 1k 10k 100k
f—Frequency—Hz f—Frequency—Hz
FIGURE 5 FIGURE 6

TData at high and low temperatures are applicable only within the rated operating free-air temperature

1™

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
SUPPLY VOLTAGE

20

A

Vopp—Maximum Peak-to-Peak Output Voltage—V

/

2 4 6 8 10 12 14 16
Voot -Supply Voltage—V

FIGURE 4

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

| S T
Vee =£15V |

RL=2kQ
Ta=25°C

~
-

Y

'\ See Figure 1

Input and Output Voltages—V
=)

4
o

N

INPUT \

0 10 20 30 40 50 60 70 80 90
t—Time—us

FIGURE 7

ranges of the various devices,

schematic (each amplifier)

INVERTING |
INPUT

N
P

260
!
LS

L

37 kn)]

All component values shown are nominal

i
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LINEAR TYPES NE5532, NE5532A

INTEGRATED g
CIRCUITS DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12733, NOVEMBER 1979

e Equivalent Input Noise Voltage . . . NE5532, NE5532A ... JG OR P
5 nV/v/Hz Typ at 1 kHz DUA'-"(':‘(;-;NVEI:V“‘:KAGE

e Unity-Gain Bandwidth . .. 10 MHz Typ

e Common-Mode Rejection Ratio . . . veer YT v .':'ES’T
100 dB Typ nininic

e High DC Voltage Gain ... 100 V/mV Typ

e Peak-to-Peak Output Voltage Swing. . .
32V Typ with Vgc: = +18 V and
RL =600 2

e High Slew Rate...9 V/us Typ
Wide Supply Voltage Range . . . t3 V to +20 V 12 %M

e Designed to be Interchangeable with Signetics s i N Ve~
NE5532 and NE5532A ==

description

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

The NE5532 and NE5532A are characterized for operation from 0°C to 70°C.

schematic (each amplifier)

I . s & I I Vee+
36 b 3
5 5
NONINVERTING
INPUT
37 pF
|
|
INVERTING 14 pF
INPUT [ i ol 150
LAY
OUTPUT
‘ 150
[
460 Q
g Vee-
All component values shown are nominal.
Copyright © 1979 by Texas Instruments Incorporated
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TYPES NE5532, NE5532A

DUA

L LOW-NOISE OPERATIONAL AMPLIFIERS

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

NOTES:

Supply: voltage; MCCE (SEEINOE M) o v s s miss §mes @ s s @ o9& 6 wa s m s o as 68 08 @5 5005 wiemes 2V
Supply;voltage, VEC_AseeNOtE )™ . v cio comimwansesadan s s ovdvensmvefosd st deiidaeees s -22V
Input voltage, either input (see Notes Tand 2) .. ... ... ...ttt Veet
Inputicurrent (560 NOTRIB) ! s sfos i 50 & 515 w0 s o6 0 s o omx asian o vus e i S8 & 351 5 560 (7 3 7 8 (o iy = o o cowin B, AR 085 o8 +10 mA
Duration of outPUt SHOFEEITCUTENSER NOTOIE) o ¢ o0 o w s v w0 & s it srmminn o oo: gumins & B9 5 6 (GEIE 181 6 1p 8, 81730 8 msionsel o unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5):

JG PACKATE . vvx 6 55 5 5 508 515 9 5 6 B o F i ad s T miie o s e & B e £ 825 mW

PIRACKATE, . vn s wrisiiis w ooe m ool B35 515 ot § st sais (105 0 6 @ % e bb R e s o ok B s s 1000 mW
Operating free-air temperature range: NE5532, NESB32A . ... ..o\ vtitina e 0°C to 70°C
Sto7age 1EMPOFALULE PANGE: s 5 o edis oo ims sis s wsmise o B0 @ i s 5 (R0 B B0 6 08 NGB #1618 (Sigepediie] onigh —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: Ppackage ...................... 260°C

1. All voltage values, except differential voltages, are with respect to the midpoint between Vgc4 and Veo—.

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 the Dissipation Derating Table. In the JG package, chips are glass-mounted.

DISSIPATION DERATING TABLE

POW
PRCIABE ER DERATING ABOVE
RATING FACTOR TA
JG (Glass-Mounted chip) 825 mW 6.6 mW/°C 25°C
[ 1000 mW 8.0mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES NE5532, NE5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+ =15V, TA = 25°C (unless otherwise noted)

NE5532, NES532A

PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
v Input offset volt SAZEE 28 |
nput offset voltage
10 & . Ta=0°C to 70°C 5
Ta=25°C 10 150
o Input offset current = = nA
TA=0"Cto70°C 200
i Ta=25C 200 800
IiB Input bias current = = nA
Tao=0Cto70°C 1000
Common-mode input
VicR +12 +13 \
voltage range
Maximum peak-to-peak \% =15V 24 26
Vopp P R > 600 2 el v
output voltage swing Vee: = £18V 30 32
R =600 £, Ta=25°C 15 50
Large-signal differential Vo=+10V Ta=0°Cto70°C 10
Avp s e Q A = V/mV
voltage amplification RL > 2kQ, TA=25C 25 100
Vpo=+10V Ta=0°Cto70°C 15
Small-signal differential
Avd S f=10 kHz 2.2 V/mV
voltage amplification
Maximum-output-swing R =600 2, Vp=:10V 140
Bom - kHz
bandwidth R =600 €2, Vee: =18V, Vo =14V 100
Bq Unity-gain bandwidth R =600 2, C =100 pF 10 MHz
i Input resistance 30 300 k2
25 Output impedance Ayp =30dB, R =600 £, f=10 kHz 0.3 Q2
CMRR Comm-mode rejection ratio 70 100 dB
Supply voltage rejectiol
ksvR - g 80 100 dB
ratio (AVgg+/AV|0)
los Output short-circuit current 38 mA
lcc Total supply current No load 8 16 mA
Vo1/Vo2 Channel separation Vo1 =10V peak,  f=1kHz 110 dB
operating characteristics, Vcc+ = 15V, Ta = 25°C
PARAMETER TEST CONDITIONS Ll peonan UNIT
MIN TYP MAX [ MIN TYP MAX
SR Slew rate at unity gain 9 9 V/us
Vy=100mV, Ayp=1, 43 —
Overshoot factor R - 600 £, Cy = 100 pF % o
f=230 Hz 8 8 10
Vp Equivalent input noise voltage cGeT = 5 & nV/\/H_z
| Eauivsl . . f=30Hz 2.7 2.7 o s
alent input noise current
L 3Rt i f=1KHz 0.7 0.7 o

TEXAS INSTRUMENTS
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LINEAR TYPES NE5533, NE5533A

INTEGRATED DUAL LOW-NOISE OPERATIONAL AMPLIFIERS
c‘Rcu‘Ts BULLETIN NO. DL-S 12734, NOVEMBER 1979

e Equivalent Input Noise Voltage . . .
3.5 nV/A/Hz Typ (NE5533A at 1 kHz) NE5533, NES533A ...J OR N

e Unity-Gain Bandwidth . .. 10 MHz Typ i =

(TOP VIEW)
e Common-Mode Rejection Ratio . . .
100 dB Typ AM!\,IFAIER NO.Y = E AM’LIFAE& NO. 2‘\
L] ngh DC VO‘tage Gain... 100 V/mV Typ SAL comp ouTPUT Vec: OUTPUT CoMP BAL.

e Peak-to-Peak Output Voltage Swing. ..
32V Typ with Vg =+18 V and
RL =600 Q

e High Slew Rate ... 13 V/us Typ

e Wide Supply Voltage Range . . . +t3 V to +20 V

. Low Harmonic DiStortion INVERT NONIN. BAL Vce- BAL NONIN- INVERT.
e Designed to be Interchangeable with Signetics wror e W weor

NE5533 and NE5533A AR NG 1 AR 2

description

The NE5533 and NE5533A are dual monolithic high-performance operational amplifiers combining excellent dc and
ac characteristics. Some of the features include very low noise, high output drive capability, high unity-gain and
maximum-output-swing bandwidths, low distortion, and high slew rate.

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of
the frequency response for various applications can be obtained by use of an external compensation capacitor between
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
OVees
38pF | §
12k $12k0
NONINVERTING
INPUT O v
{ 37pF ‘\
T4
AN 3
INVERTING 12pF
i It w0
LAN
§—O0 OUTPUT
7pF q '
{ @ B0
4 »—l; =
160 2 1
>—o oVee-

All component values shown are nominal.

Copyright © 1979 by Texas Instruments Incorporated
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TP

ES NE5533, NE5533A

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

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

NOTES:

Supply voltage, Vcc+ (see Note 1)

................................................... 22V
Supply voltage, V.Ea= (seeiNote 1) . auws smswnms sme o ws s momsdon o mla e oo sted s s olabs b 22V
Input voltage either input {(see Notes 1and.2) ........:c it esvevonnsnoneanannsesas Vee:
lopuiticarrent (56 NGCTE B 15 w.rer siieeemsmsmensor s ie; i wions o wio sorien iompem s, Wi /81 Sk SuE sl ufia: L@ ROBRE FUBhawe (3 o & +*10 mA
Duration of output short-circuit (see Note 4) . . . .. . ... ittt it e e unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5):

JPACKAYE)! 5 a6 v S E FETEE I A B B SRS S8 R ! e 1 W 0 31 1025 mW

NIBBCIEHE 5 50 s SBIE 2550 SELE0 B 51816 5018 6 EhE 380w L o s e i 3. B el 81 3107 814 1150 mW
Operating free-air temperature range: NE5533, NES533A .. .. .. .. .. .. .. n.. 0°C to 70°C
SO B0 B DB AR FAINGE <t~ vt e chter s o o im0 5 0 ST 6 0 @) & s 300 —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: Jpackage ....................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Npackage ...................... 260°C
1.

All voltage values, except differential voltages, are with respect to the midpoint between Vcc4+ and Vee—.

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage.

3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless

some limiting resistance is used.

. 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.

. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J package, these chips are glass-
mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOV!
PACKAGE RNE
RATING FACTOR Ta
J (Glass-Mounted Chip) 1025 mW 8.2mwW/°C 25°C
N 1150 mW 9.2 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+ = +15 V, TA = 25°C (unless otherwise noted)

NES5533, NES533A
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Ta=25°C 0.5 4
Vio Input offset voltage - - mV
TAo=0Cto70°C 5
Ta =25°C 20 300
lio Input offset current S 3 nA
TaA=0°Cto70°C 400
. Ta=25°C 500 1500
liB Input bias current = = nA
TA=0°Cto70°C 2000
R Common-mode input £19 £13 v
voltage range
Maximum peak-to-peak \% =115V 24 26
Vopp rLERRIt0 R0d R > 600 2 CCs v
output voltage swing Vee: = :18V 30 32
Large-signal differential R =600 2 Ta=25°C 25 100
AyvpD g = = V/mV
voltage amplification Vpo=+10V TA=0Cto70°C 15
Small-signal differential Cc=0 6
Ay aneLe f=10 kHz c Vimv
voltage amplification Cc=22pF 2.2
Vo=+10V, Cc=0 200
Maximum-output-swing Vo=:10V, Cc =22pF 95
Bom X kHz
bandwidth Vee: =18V, Vpo=%14V, R =600, 70
Cc=22pF
Bq Unity-gain bandwidth Cc=22pF Cp =100 pF 10 MHz
ri Input resistance 30 100 k2
Ayp =304dB, R =600 Cc =22pF,
2g Output impedance Vb 5 ¢ B 0.3 Q
f=10 kHz
CMRR Common-mode rejection ratio 70 100 dB
Supply voltage rejection
KSVR o e 80 100 d8
ratio (AVcc+/AV)Q)
10s Output short-circuit current 38 mA
Icc Total supply current No load 8 16 mA
V1/Vo2 Channel Separation Rs =5 kQ, f=1kHz, Ayp=100 110 dB
operating characteristics, Vgc+ =15V, Ta = 25°C
PARAMETER TEST CONDITIONS L e UNIT
MIN TYP MAX | MIN TYP MAX
, . Cc=0 13 13
SR Slew rate at unity gain V/us
Cc=22pF 6 6
Vi=50mV, Ayp =1,
tr Rise time ! VD 20 20 ns
R =600 Q, Cc = 22 pF,
Overshoot factor CL = 100 pF 20% 20%
V| =50mV, Ayp =1,
1 Rise time ! e 50 50 -
RL=600Q, Cc=47pF,
Overshoot factor C| = 500 pF 35% 35%
f=30Hz 74 5.6 7
Vi Equivalent input noise voltage =1 R 7 35 ae nV/\/Hz
f=30Hz 2.5 1.5
tateni i
In Equivalent input noise current P o o4 pA/\/Hz
F Average noise figure Rg =5k, f =10 Hz to 20 kHz 0.9 dB
TEXAS INSTRUMENTS 99
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TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

LARGE-SIGNAL

NORMALIZED INPUT BIAS CURRENT
o".n:xLN:u?oFFssT s MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
vs
" vs FREQUENCY
s FREE-AIR TEMPERATURE S a6 FREQUENCY 106
18 1 lﬁ» Vees =216V Ce = 22 oF, Voot =215V
b=} Veg=$15V s TA=25C y 2 Ta=25°C
& S - % 105
51 < & ‘
5 2 g N\
& 8 20 e & 08
R 8 N
s SEr a = N
§ 11— R 3 103 N
g —] % s \ %
3 \\ ~1 & Cc =47 pF 2 & %
& 08 g 10 5102 o:’ 7N
- E = >
g 2 \ g 2 \\
- S s N o 10
? ! N >
N & N 3
2 3 N
£ 04 3 0 1
S 0 10 20 30 40 50 60 70 80 100 1k 10k 100 k ™ 10 100 1k 10k 100k 1M 10M 100M
Ta—Free-Air Temperature—"C f—Frequency—Hz f—Frequency—Hz
FIGURE 1 FIGURE 2 FIGURE 3
NORMALIZED SLEW RATE and NORMALIZED SLEW RATE and
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH TOTAL HARMONIC DISTORTION
vs vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE FREQUENCY
£ 12 - £ 12 = 00t —r-rTTIm
g 15V 2 Ta=25C * [ Veee =16V,
2 g 1.1 S 0.007 Avp =
3 ] g __Vl(rms)»= 2V
£ 1 £ 1 O $ Ta=25°C
‘i E ‘;\‘""“\0‘}' Qe
o
z STEW RATE ot—— g 09 —— »“O £ 0.004 4
D - ) g
e Q 2 £
i v §08 % " £
; — UNITY-GAIN BANDWIDTY s < % ) P
5 % 2
< « 07 5 LA
: H /7 T 0.002 l
» 09 % 06 2
° ° [=
5 4 /
_§ Té 05
2 o8 2 o4 0.001
0 10 20 30 40 50 60 70 80 0 5 10 15 2 100 400 1k 4k 10k 40k 100k
TA—Free-Air Temperature— C f—Frequency—Hz
Vet Supply Voltage—V
FIGURE 4 FIGURE 5 FIGURE 6
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE CURRENT TOTAL EQUIVALENT INPUT NOISE VOLTAGE
vs vs Vs
FREQUENCY FREQUENCY SOURCE RESISTANCE
10 - . 10 s 100
b £ b 70 E
'% H Vees = +15 V g \C Hf veee =#15 v 2 EVeee =$15V
s o < X Ta=25°C F 40 o
= 7 = Ta=25"C < = A ) CTa=25°C
; | L 4 g' 2 T
g N 8 s
= - "~ NESS33 []] E 5 \ > 10 .
& NS o g 7 =
3 N & N} 2
5 {53 I FiNESs33TH F [
2 g 07 - ey £ 4 L
£ = =
- - 2 1
5?2 § 04 f Y
s s +tNES533A1H 3
H H &g 04 ]
w g 0.2 ] =
>1= _l= 2 02
1 0.1 0.1
10 100 1k 10k 100 k 10 100 1k 10k 100 k 100 1k 10k 100 k ™
f—Frequency—Hz f—Frequency—Hz Rg—Source Resistance—
FIGURE 7 FIGURE 8 FIGURE 9
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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

e Continuous-Short-Circuit Protection

e Wide Common-Mode and
Differential Voltage Ranges

e No Frequency Compensation Required
® Low Power Consumption

e No Latch-up

e Unity Gain Bandwidth 3 MHz Typical

e Gain and Phase Match Between Amplifiers

e Designed to be Interchangeable with
Raytheon RM4136 and RC4136

description

JOR N DUAL-IN-LINE
OR W FLAT PACKAGE
(TOP VIEW)

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-

INPUT INPUT  PUT  Vcc+  PUT  INPUT - INPUT
14 13 12 1 10 9 8
1 2 3 4 5 6 7
INV. NON-INV OUT- OUT- NON-INV INV  vge_

{NPUT INPUT PUT , (PUT INPUT INPUT,

ensation  ensures  stability  without
components.

external

AMPLIFIER NO. 4 AMPLIFIER NO. 3

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

Vv A4

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 Vcc+ (see Note 1) 22 18 A%
Supply voltage Voo — (see Note 1) -22 —-18 V]
Differential input voltage (see Note 2) +30 +30 \%
Input voltage (any input, see Notes 1 and 3) +15 +156 \Y
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 —5% to 125 0to 70 °c
Storage temperature range —65 to 150 —65 to 150 c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 G

NOTES:

. All voltage values, unless otherwise noted, are with respect to the midpoint between Vg4 and Voo

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

. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.
. 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.

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4
5

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 800 mW 11.0mW/°C 77°¢C
J (Glass-Mounted Chip) 800 mW 8.2 mW/°C 52°C
N 800 mW 9.2mW/°C 63°C
W 800 mW 8.0 mW/°C 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, Vcc+ =15V, Veg—-=-15V
RM4136 RC4136
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYP MAX
v Input offset volt Rg <10k i = . & - \Y
nput offset volta m
10 i s s Full range 6 75
25°C 5 200 5 200
lio Input offset current nA
Full range 500 300
h 25°C 40 500 40 500
T:) Input bias current nA
Full range 1500 800
Common-mode
VicrR : 25°C 12 #14 12 14 \%
input voltage range
s i . RL=10kQ | 25°C 24 28 24 28
Vopp a‘x'"t'”'":“ i RL-2ka |25°C 20 2 20 2 v
output vo n
P RWIng RL =2kQ | Full range 20 20
Large-signal differential RL>2kQ, |25°C 50 350 20 300
AvD gl V/mV
voltage amplification Vo =+10V | Full range 25 15
B1 Unity-gain bandwidth 25°C 2 3.5 3 MHz
r Input resistance 25°C 0.3 5 0.3 5 M
CMRR Common-mode rejection ratio Rg<10kQ [ 25°C 70 20 70 90 dB
kgys* Supply voltage sensitivity Rg<10k& [25°C 30 150 30 150 uv/v
Ayp =100,
Equivalent input VD
) Rs =1k, .
Vn noise voltage $=1KH 25C 10 10 nV/\/Hz
= z,
(closed-loop)
BW =1 Hz
—— . —— 25°C 5 11.3 5 113
u curren o load,
Icc PRY, o : MIN T 6 133 6 137 mA
(All four amplifiers) No signal
MAX Ta 4.5 10 4.5 10
] ] 25°C 150 340 150 340
Total power dissipation No load,
Pp e i MIN Ta 180 400 180 400 mW
(All four amplifiers) No signal
MAX Ta 135 300 135 300
Openloop | Rg=1k2 |25°C 105 105
Vo1/Vo2 Channel separation E S = dB
Ayp =100 f =10 kHz 25C 105 105

*ksvs =AV|o/aVcee

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is

RC4136 is 0°C to 70°C.

operating characteristics, Vcc+= 15V, Vgc—=—-15V, Ta = 25°C

—65°C to 126°C and for

RM4136 RC4136
PARAMETER TEST CONDITIONS uNIT
MIN _TYP MAX | MIN TYP MAX
Vi=20mV, RL=2k%,
tr Rise time ; - 0.13 0.13 us
Cp =100 pF
SR Slew rate at unity gai VT 1OV, B =2ka. 10 v/
ewra un n A s
g CL =100 pF 2

schematic (each amplifier)

vees

NONINVERTING
INPUT

INVERTING
INPUT

.

vee- o-

AN

-0 OUTPUT
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TYPES RM4558, RC4558
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12365, MARCH 1976 — REVISED OCTOBER 1979

LINEAR
INTEGRATED
CIRCUITS

e Continuous-Short-Circuit Protection DUAL-INfIS: :ACKAGE
e Wide Common-Mode and (TOP VIEW)
Differential Voltage Ranges ANPLIFIERNG:2
e No Frequency Compensation Required veen 0T v Y
e Low Power Consumption [o][7[s]5L
e No Latch-up
e Unity Gain Bandwidth 3 MHz Typical EIQL
e Gain and Phase Match Between Amplifiers
e Designed to be Interchangeable with
Raytheon RM4558 and RC4558 ETEND
description

The RM4558 and RC4558 are dual general-purpose operational amplifiers with each half electrically similar to uA741
except that offset null capability is not provided.

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

The RMA4558 is characterized for operation over the full military temperature range of —55°C to 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 Voc+ (see Note 1) 22 18 \%
Supply voltage Ve — (see Note 1) -22 —18 \
Differential input voltage (see Note 2) +30 +30 v
Input voltage (any input, see Notes 1 and 3) 18 +1b \
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) 680 SBQ mwW
Operating free-air temperature range —55 to 125 Oto 70 >
Storage temperature range —65 to 150 —65 to 150 %c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG package 300 300 °c
Lead temperature 1/16 inch (1,6.mm) from case for 10 seconds P package 260 “C

NOTES: 1. Allvoltage values, unless otherwise noted, are with“respect to the midpoint between Vo4 and Voo .

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

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

4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG packages, RM4558 chips are alloy-
mounted; RC4558 chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
ERERAGE RATING FACTOR Ta
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C
P 680 mW 8.0 mW/°C 65°C

Also see Dissipation Derating Curves, Section 2,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES RM4558, RC4558
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vgc+ =15V, Veg—=—-15V
PARAMETER TEST CONDITIONS' il pEin UNIT
MIN TYP MAX MIN TYP MAX
\Y 1 ff 1 Rg <10k = 05 2 s g mV
10 D s= Full range 6 1.5
; ' " 25°C 5 200 5 200 ki
Lo MputiGIssTEcUment Full range 500 300
I . " 25°C 40 500 40 500 A
i n
B npUSipissicurTent Full range 1500 800
n-mode
VicR s 25°C 12 +14 12 +14 v
input voltage range
s . i RL=10kQ |25°C 24 28 24 28
4t -
Vopp ax'm“m‘ praksopes RL-2k2 |25°C 20 2 20 2 v
tput volt
QUERUENOTHGE SWING RL = 2kQ Full range 20 20
Large-signal differential RL =2k, 25°C 50 350 20 300
AvD N V/mV
voltage amplification Vo =+10V | Full range 25 15
B1 Unity-gain bandwidth 25°C 2 35 3 MHz
ri Input resistance 25°C 0.3 5 0.3 5 MQ
CMRR Common-mode rejection ratio Rg<10kQ |25°C 70 90 70 90 dB
kgvs* Supply voitage sensitivity Rg <10k 25°C 30 150 30 150 wV/IV
Ayp = 100,
Equivalent input RV?1 o
Vi noise voltage ; 51 e |C 10 10 nV/\/Hz
= 2,
(closed-loop)
BW =1 Hz
Suop] ; K6 ldad 25°C 2.5 5.6 2.5 5.6
u curren o load,
I6e PpiyiEyIrrt ‘ MIN TA 30 66 30 66 | mA
(Both amplifiers) No signal
MAX Ta 2.0 5 2.3 5
Total dissipati o Toad 25°¢ 75 170 75 170
ota ower dissi on 0O loadq,
Pb POMSILISba = MIN TA 90 200 9 200 | mw
(Both amplifiers) No signal
MAX Ta 60 150 70 150
~_|Openloop | Rg=1k&, |[25°C 105 105
Vo1/Vo2 Channel separation = dB
Ayp =100| f =10 kHz 25C 105 105

*ksvs = AVio/AVce
TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4558 is —55°C to 125°C and for
RC4558 is 0°C to 70°C.

operating characteristics, Vcc+ = 15V, Vgc—=—-15V, Ta = 25°C

RM4558 RC4558
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
tr Rise time Vi =20mV, R =2k, 0.13 0.13 us
Overshoot CL =100 pF 5% 5%
. i V=10V, RL =2k,
SR Slew rate at unity gain 1.5 1.0 V/us
CL =100 pF

schematic (each amplifier)

vees i

NONINVERTING
INPUT

]
5 b
gEaii

INVERTING
INPUT

%
—
AN
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LINEAR TYPES SE5534, SE5534A, NE5534, NE5534A
INTEGRATED LOW-NOISE OPERATIONAL AMPLIFIERS

CIRCUITS BULLETIN NO. DL-S 12680, JULY 1979—REVISED OCTOBER 1979

e Equivalent Input Noise Voltage. . .

SE5534, SEB534A . . . JG SE5534, SE5534A
3.5 nV/A/Hz Typ NE5534, NE5S534A . .. JG OR P U FLAT PACKAGE
e Unity-Gain Bandwidth . .. 10 MHz Typ DUAL-IN-LINE PACKAGE (TOP VIEW)
(TOP VIEW)
e Common-Mode Rejection Ratio. ..
100 dB Typ
ngh DC Voltage Gain... 100 V/mV Typ AL Vece pUT come nc St Vecs oureur com
e Peak-to-Peak Output Voltage Swing. . . SHTHOYS @ C:) ® @
32V Typ with Vgc+ =+18 V and
RL=600Q
e High Slew Rate ... 13 V/us Typ
e Wide Supply Voltage Range ...+3V to £20 V L
e Low Harmonic Distortion 1H2H3Ha é C;) (:) ('D é)
e Designed to be Interchangeable with Signetics Baw- 1NV NON. Ve NCoBAL WV NON Voo
SE5534, SE5534A, NE5534, and NE5534A IR T T
description NC — No connection

The SE5534, SE5534A, NE5534, and NES534A are monolithic high-performance operational amplifiers combining
excellent dc and ac characteristics. Some of the features include very low noise, high output drive capability, high
unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate.

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of
the frequency response for various applications can be obtained by use of an external compensation capacitor between
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

BALANCE COMPENSATION/BALANCE COMPENSATION
(8) (5)

(n
100 pF
ke 12k $ 12k

weld
o
INPUT
1»{
40 pF
1C
I\ b
INVERTING 12pF L
wur & ¢ $15 0
3 AN
r—%OUTPUT
70F = L
I
1\ ©
L

n

Veer

FX

1Ba

11,

" @)

cc—

All component values shown are nominal.
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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, VCC+ (588 NOTE 1) . . . o ottt e e e et e e e 2V

Supplyvoltage, V= (See NOTE 1) . « «cynisiw st oo imw o mimmeime 8505 W5 08 (6 5ot 5oy 6 oo o fon o w8 a0 0 o o0 0 10 =22V

Input voltage either input (see Notes 1 and 2) . . .. . ..ot e Vee+

INPUL CUTTENT (SEBINGOTE B) .« 1w« w5 5 5 e 51 5 31 5 1ot 1 101 o 1w cor s o 1m5 00 o0 0 o B o 180 60 = [0 8 Cobfoc & smiin 6 o0 & 90 3 v 4 spmaon o +10 mA

Duraticn of output short-circuit (see NOte 4) . . . . . . . . i e e unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5):

SES534, SEGB34A N JG PACKAGR: o5 015w 5 wos i 5 5omin o e o ks 15 16 505 $is 1050 mW

NEB534; NE5S534A inJG packade . s swisi s v tis o simesonwsmnessos 825 mW

BIDECKBGE « 5o v 5 imnmusi Casiimsindss s TEwSIELEvEhE SENS BMERE 56 A brsErns B igrn il 1000 mW

UDECKAGE" wowiince aimioiin ioismssminmion iscmmonparomeys SlaSadl B2 a3 5 bl disngensd 13- Bt Bh ol STHG, 675 mW

Operating free-air temperature range: SE5534, SEB534A . . . .. .. .. . .. .. —55°C to 125°C

NE5534, NES534A . ...ttt 0°C to 70°C

StorAge/ teMPETatUTBIFATIIE e siee 0@ 6 & B R-GUR EIE TS BELH B s Ko o (e 53w &1 b 0 18, Sl —65°C to 150°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGor 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 midpoint between Vo4 and Ve —.

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 Derating 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 54 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES SE5534, SE5534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+=+15 V, TA = 25°C (unless otherwise noted)

SE5534, SE5534A NE5534, NE5534A
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYP MAX
Ta=25C 0.5 2 0.5 4
Vio Input offset voltage A mV
TAa = full range 3 5
Ta =25°C 10 200 20 300
ho Input offset current nA
Ta = full range 500 400
= Ta=25°C 400 800 500 1500
liB Input bias current nA
Ta = full range 1500 2000
Common-mode input
Vicr 12 £13 #12 =13 Y
voltage range
Maximum peak-to-peak \ =15V 24 26 24 26
Vopp - RL > 600 & L v
output voltage swing Vee: =18V 30 32 30 32
Large-signal differential R =600 £, Ta=25C 50 100 25 100
AvD " V/mv
voltage amplification Vo =10V Ta = full range 25 15
Small-signal diff ial = 6
Avg mall-signa ; I. er-entla O Cc=0 6 V/mv
voltage amplification Cc =22 pF 22 22
Vo =10V, Cc=0 200 200
Maximum-output-swing Vo=:10V, Cc =22pF 95 95
Bom . kHz
bandwidth Vee: =$18V, Vp=t14V, o5 70
R =600 £, Cc =22pF
B4 Unity-gain bandwidth Cc =22 pF, CL =100 pF 10 10 MHz
ri Input resistance 50 100 30 100 kQ
. Ayp =30dB, R =600 &,
Zg Output impedance 0.3 0.3 Q
Cg =22 pF, f=10 kHz
CMRR  Comm-mode rejection ratio 80 100 70 100 dB
Supply voltage rejection
ksvR - ge reject 86 100 80 100 dB
ratio (AVcc+/AV)0)
los Output short-circuit current 38 38 mA
Ta =25°C 4 6.5 4 8
lce Supply current No load mA
Ta = full range 9
TFull range for T 5 is —55°C to 125°C for SE5534 and SE5534A; and 0°C to 70°C for NE5534 and NE5534A,
operating characteristics, Vcc+ =+15V, Ta = 25°C
SE5534, NE5534 SE5534A, NE5534A
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
SR Slew rate at unity gai il L £ Vi
e eatun ain
. o Cc=22pF 6 6 B
T Rise Time Vi=50mv, Avp =1, 20 20 o
R =600 2, Cc = 22 pF,
Overshoot factor CL =100 pF 20% 20%
% Rise time Vi=50mV, Avp=1, 50 50 =
R =600 2, Cc =47pF,
Overshoot factor CL =500 pF 35% 35%
f =230 Hz 7 5.5
Vi Equivalent input noise voltage o ki i 35 a5 nV/\/Hz
f=30H ; p
In Equivalent input noise current = kHz ?)Z ;i PA/N/Hz
F Average noise figure Rg =5k, f=10 Hz to 20 kHz 0.9 dB
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TYPES SE5534, SE5534A, NE5534, NE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS'

NORMALIZED INPUT BIAS CURRENT LARGE-SIGNAL
and INPUT OFFSET CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
- vs vs vs
£ FREE-AIR TEMPERATURE FREQUENCY FREQUENCY
3 e 1 7 % Vocz =215V 106 oV
3 o Ve =1
- = Cc =22 pF| Ccct
5 ‘\ Vees =15V Er Ta-25°C L C/ e E Ta=25°C
51 14 § 25 ot § 105
% N < £ B
£12 NN, 3 » £ o0 A
2 PN < Cc=0 B R
o s s g
c (-4 =
g1 s 15 S 103
3 x -
g - g Cc-479F E 1
2 b s ] o
208 ~J £ 10 £ 10 <,
= 5 & 2y
2 g N 5
< N H AV i N
5 08 N 2 s N 5 10
2 L N z N\
5
Eos S o 1 AN
Z _75 -50 -25 0 25 50 75 100 125 100 1k 10k 100 k ™ 10 100 1k 10k 100k 1M 10M 100M
Ta—Free-Air Temperature—"C f—Frequency—Hz f—Frequency—Hz
FIGURE 1 FIGURE 2 FIGURE 3
NORMALIZED SLEW RATE and NORMALIZED SLEW RATE and
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH TOTAL HARMONIC DISTORTION
vs vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE FREQUENCY
£ 12 £ 12 = 0.01 77T
'§ ‘;’ TA=25"C = Vet =315
Veer =15V 3 | —
H ccx B s 0.007 —AVD=1
@ @ kS Vi(rms) =2V
1.1 ~ £ 1 ] [ Ta=25
= <€ 5 PO b bty
o W oA 9 e a
z 83 Z 09 W oS ©
£ A £ 0 O Z  0.004 A
= oA\ = s e g O
= BT 2 A & E
T g 0N owel 2 08 > & €
§ AN ~— & ¥ T
& \\- % 3 = A
& p / N 2 o v4 o 3 LA
H H P | 0002
% 09 % 06 =)
3 / 3 £ 2 z
2 3 05
E E
5 o
2 o8 Z 04 0.001
75 —50 -25 0 25 50 75 100 125 0 5 10 15 20 100 400 1k 4k 10k 40k 100k
) g f—Frequency—H:
Ta—Free-Air Temperature—"C Ve -Supply Voltage—V quency:=Hz
FIGURE 4 FIGURE 5 FIGURE 6
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE CURRENT TOTAL EQUIVALENT INPUT NOISE VOLTAGE
vs Vs vs
FREQUENCY FREQUENGY SOURCE RESISTANCE
100 E
g 1 1 S S EEEEEET S
S N\ H Vees =415V K 7 FVcce =*15V %, FVec:=#15 Vi
g, a2 osec % X [ TTa=25°C én CTa=25°c T
: H 1 4 g 2 1
& g s T
S e > | |
5 NS SE5534, NE5534) £ \ g 10 B
3 4 N | 3 2 2 7
B4 N ! 3 \‘ 2 =
2 Y 2 g !
2 SE5534A, NE5534A 2 e NESS 2. A
2 32 07 1 = T iy
= £ 0 S 2l
= = 5 2
iz £ 04 - F- % 07
s ] SE5534A, NE5534A E 04
E ] .
5 g 02 B
g & g 02
£ =
t 0.1 0.1
10 100 1k 10k 100 k 10 100 vk 10k 100 k 100 1k 10k 100 k ™
f—Frequency—Hz f—~Frequency—Hz Rg—Source Resistance—§2
FIGURE 7 FIGURE 8 FIGURE 9

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

108 TEXAS INSTRUMENTS
INCORPORATED

P T I W R o



LINEAR
INTEGRATED
CIRCUITS

TYPES TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN'NO. DL-S 12038, SEPTEMBER 1973 — REVISED OCTOBER 1979

e Very Low Power Consumption e Low Input Offset Voltage

e Typical Power Dissipation with +2-V °
Supplies . .. 170 uW

e Low Input Bias and Offset Currents

Internal Frequency Compensation
e Latch-Up-Free Operation

e Popular Dual Op Amp Pin-Out
e Output Short-Circuit Protection

description

The TLO022 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 TLO22M 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)

U FLAT PACKAGE
(TOP VIEW)

AMPLIFIER NO. 2 AMPLIFIER NO. 2

NON

NON- ouT NV INV

OUT- INV_ INV Nc Yoo+ PUT INPUT INPUT
Vees  PUT INPUT INPUT

inininig! OO

V(f2((3([]4 NG ouT

OUT- INV_ NON. Vee- INPUT
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

AMPLIFIER NO. 1 NC—No internal connection

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

)79

TLO22M TLO22C UNIT

Supply voltage Vo4 (see Note 1) 22 18 \
Supply voltage Voo — (see Note 1) -22 -18 \
Differential input voltage (see Note 2) +30 +30 v
Input voltage (any input, see Notes 1 and 3) +15 +15 \Y
Duration of output short-circuit (see Note 4) unlimited unlimited

. I 2 Each amplifier 500 500
Contl.nuous total dissipation at (or below) 25°C iG ot P package 580 580 W
free-air temperature range (see Note 5) Total package U Bchiaoe i 575
Operating free-air temperature range —55 to 125 Oto 70 °c
Storage temperature range —65 to 150 —65 to 150 G
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG or U package 300 300 &
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P package 260 C

NOTES:

1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ and Voo

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

3.

4. The output may be shorted to ground or either power supply. For the TLO22M only, the unlimited duration of the short-circuit

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

applies at (or below) 125°C case temperature or 75°C free-air termperature.
For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL0O22M chips are alloy-
mounted; TLO22C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO22M, TL022C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+=15V, Vggc—-=-15V
PARAMETER TEST CONDITIONST TL0220 FLO220 UNIT
MIN TYP MAX | MIN TYP MAX
\Y Input offset volta Rg < 10 kQ &0 ] 3 ] s \%
m
10 P i S Full range 6 7.5
| Input offset current i 5 % . - A
n urr n
10 P Full range 100 200
. 25°C 50 100 100 250
lig Input bias current nA
Full range 250 400
Common-mode 25°C 12 13 12 $13
Vicr : v
input voltage range Full range $12 +12
¥ Maximum peak-to-peak RL=10kQ | 25°C 20 26 20 26 v
OPE output voltage swing Ry =>10kQ | Full range 20 20
A Large-signal differential RL > 10k, [ 25°C 72 86 60 80 4B
VD voltage amplification Vo=+10V [ Full range 72 60
By Unity-gain bandwidth 25°C 0.5 0.5 MHz
— . 25°C 60 72 60 72
CMRR Common-mode rejection ratio Rg <10 kQ dB
Full range 60 60
Supply voltage sensitivi 25°C 30 150 30 200
ksvs SR g o Rg < 10k uVvV/V
(aVio/AVee) Full range 150 200
Ayp =20dB,
Vi Equivalent input noise voltage B =1Hz, 25°C 50 50 nV/\/Hz
f=1kHz
los Short-circuit output current 25°C +6 +6 mA
i Supply current No load, 25°C 130 200 130 250 "
cc (Both amplifiers) No signal Full range 200 250 G
Total dissipation No load, 25°C 3.9 6 3.9 7.5
Pp - 8 mw
(Both amplifiers) No signal Full range 6 7.5

TAIl characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO22M is —55°C to 125°C and for
TLO22C is 0°C to 70°C.

operating characteristics, Vcc+= 15V, Vec—=-15V, Ta = 25°C

M
PARAMETER TEST CONDITIONS L TL022C UNIT
MIN TYP MAX | MIN TYP MAX
t Rise time Vi=20mV, RL=10k%, 0.3 0.3 us
Overshoot factor CL=100pF, See Figure1 5% 5%
- V=10V, RL = 10 k&2,
SR Sl te at uni 0.5 H Y
W cata Rtunity.galn CL=100pF, See Figure 1 05 Ius
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C
P 680 mW 8.0 mW/°C 65°C
V] 675 mW 5.4 mW/°C 25°C
Also see Dissipation Derating Curves, Section 2.
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TYPES TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS

TOTAL POWER DISSIPATED
vs
SUPPLY VOLTAGE

10 1 1
7 £ No load
[ No signal
. = 41 Tpo=25°C
ouTPUT E
mruv?— + 3. |
———OV = 5 2 //
T F /1
INPUT VOLTAGE CL = 100 pF RL =10 kA g
WAVEFORM o 7.5
= 8 7
| 04
TEST CIRCUIT o /
0.2 /
0.1

0 2 4 6 8 10 12 14 16 18
Ve |—Supply Voltage—V

FIGURE 1-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2

schematic
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LINEAR TYPES TL044M, TL04AC
INTEGRATED QUAD LOW-POWER OPERATIONAL AMPLIFIERS

CIRCU lTs BULLETIN NO. DL-S 12039, SEPTEMBER 1973 — REVISED OCTOBER 1979
e Very Low Power Consumption e Low Input Offset Voltage
e Typical Power Dissipation with +2-V e Internal Frequency Compensation

Supplies . . . 340 uW
e Low Input Bias and Offset Currents

e Latch-Up-Free Operation

e Power Applied in Pairs
e Output Short-Circuit Protection
JOR N DUAL-IN-LINE

description OR W FLAT PACKAGE
(TOP VIEW)

The TLO044 is a quad low-power operational amplifier
designed to replace higher-power devices in many Veie GO B TN U e Y. B0
applications without sacrificing system performance. SECTA PUT INPUT INPUT SECTB INPUT INPUT  PUT
High input impedance, low supply currents, and low 16 13 12 1" 10 9
equivalent input noise voltage over a wide range of ’l
operating supply voltages result in an extremely = 2N ==

versatile operational amplifier for use in a variety of
analog applications including battery-operated

|
|
|
circuits. Internal frequency compensation, absence of | SECTION A
|
|
|
separately to Section A (amplifiers 1 and 4) or

|

|

|

latch-up, high slew rate, and output short-circuit II

protection assure ease of use. Power may be applied | 5
ISy N S e —

Section B (amplifiers 2 and 3) while the other pair _I

remains unpowered. 1 2 3 4 5 6

The TLO44M is characterized for operation over the OUT- INV_ NON- Vgc— NON- INV - OUT- Ve
full military temperature range of —55°C to 125°C; WL BT e T (e oy RUF RRETR
the TLO44C is characterized for operation from 0°C

to 70°C.

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)

TLO44AM TLO44C UNIT
Supply voltage Voc+ (see Note 1) 22 18 \Y
Supply voltage Voc— (see Note 1) -22 -18 v
Differential input voltage (see Note 2) +30 +30 \
Input voltage (any input, see Notes 1 and 3) +156 +156 \Y
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C Each amplifier 500 500
free-air temperature range (see Note 5) Total package 680 680 e
Operating free-air temperature range —55 to 126 0to 70 °c
Storage temperature range —651t0 150 | —65t0 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W Package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N Package 260 e
NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ and Voo —.
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 TL0O44M 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 J package, TLO44M chips are alloy-
mounted; TL0O44C chips are glass-mounted.

Copyright © 1979 by Texa-s Instruments Incorporated
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TYPES TL0O44M, TLO44C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+= 15V, Vgc—==—-15V
TLO44M
PARAMETER TEST CONDITIONS? TLOMO UNIT
MIN TYP MAX |MIN TYP MAX
25°C 1 5 1 5
Vio Input offset voltage Rg < 10 kQ mV
Full range 6 7.5
25°C 5 40 16 80
llo Input offset current nA
Full range 100 200
) 25°C 50 100 100 250
lig Input bias current nA
Full range 250 400
Common-mode 25°C £13 13
VIicR : v
input voltage range Full range & -
v Maximum peak-to-peak R =10kQ 25°C 20 26 20 26 v
opp output voltage swing R =10 k& Full range 20 20
A Large-signal differential RL > 10kQ, | 25°C 72 86 60 80 dB
vD voltage amplification Vo =+10V Full range 72 60
B4 Unity-gain bandwidth 25°C 0.5 0.5 MHz
25°C 72 60 72
CMRR Common-mode rejection ratio Rg < 10 k2 50 dB
Full range 60 60
- Supply voltage sensitivity S 25°C 30 150 30 200 y
Rg < V/V
SVS (aV|p/aVee) S Full range 150 200 | “
Ayp = 20dB,
Vn Equivalent input noise voltage B=1Hz, 25°C 50 50 nV/\/Hz
f=1kHz
los Short-circuit output current 25°C 6 +6 mA
| Supply current No load, 25°C 250 400 250 500 A
ce (Four amplifiers) No signal Full range 400 500 o
Total dissipation No load, 25°C 75 12 7.5 15
Pp e . mwW
(Four amplifiers) No signal Full range 12 15

tAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO44M is —55°C to 125° and for

TLO44C is 0°C to 70°C.

operating characteristics, Vcc+= 15V, Vgc—=—-15V, Ta = 25°C

Also see Dissipation Derating Curves, Section 2.

TLO44M TLO44C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [MIN TYP MAX
t Rise time Vi=20mV, R =10kQ, 0.3 0.3 us
Overshoot factor CL=100pF, SeeFigure1 5% 5%
: . V=10V, RL =10k,
SR Slew rate at unity gain i 0.5 0.5 V/us
CL=100pF, SeeFigure1
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 680 mW 11.0 mW/°C 88°C
J (Glass-Mounted Chip) 680 mW 8.2mW/°C  67°C
N 680 mW 9.2mwW/°C 76°C
W 680 mW 8.0 mwW/°C 65°C
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TYPES TLO44M, TLO44C

QUAD LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS
TOTAL POWER DISSIPATED
Vs
SUPPLY VOLTAGE
10 ——p—=m=
7 ENo I?ad —
I No signal »
L Ta=25°C
% 4 A
I ' I
s—?ouwuv g 2 /
R INPUT - "g /
a /
INPUT VOLTAGE L= 100pF Ao | — 0.7 [
WAVEFORM . o 7
hé T o4l—f
_ Lo /
o
TEST CIRCUIT 0.2
0.1
0 2 4 6 8 10 12 14 16 18 20
[Vcct |—-Supply Voltage—V
FIGURE 1—RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic (each section)
OUTPUT
o e =
LI § T o
: l\ ! ! ! TO OTHER
| l = f i AMPLIFIER
| 11 -
I r o] }
| '\ | |
| I I
I I : |
I o, |
| 1 ly
wveating | 1 |
INPUT 1!
| | I p |
NN ! |
INVERTING | |
INPUT I
[ I |
I ] |
| 11 |
| 11 |
' i :
| 4 5
B em—eieiesss; TN R T P e g N
477
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TYPES TL0G6O, TLOGOA, TLOG61, TLOG1A, TLOG1B,
TL0O62, TLO62A, TLO62B, TLO64, TLO64A, TLOG4B

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12647, NOVEMBER 1978—REVISED OCTOBER 1979

19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY

e Very Low Power Consumption
e Typical Supply Current. .. 200 uA
e Wide Common-Mode and Differential

Voltage Ranges

e Low Input Bias and Offset Currents
e Output Short-Circuit Protection

description

TEMPERATURE RANGES
e High Input Impedance . . . JFET-Input

e |nternal Frequency Compensation

e Latch-Up-Free Operation

e High Slew Rate ... 3.5 V/us Typ

The JFET-input operational amplifiers of the TLO61 series are designed as low-power versions of the TLO81 series
amplifiers, They feature high input impedance, wide bandwidth, high slew rate, and low input offset and bias currents.
The TLO61 series features the same terminal assignments as the TLO71 and TLO81 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 “1”” suffix are characterized for operation from —25°C to 85°C, and those with a “C"’ suffix
are characterized for operation from 0°C to 70°C.

TLO60, TLOGOA TLO61, TLO61A, TLO61B TLO61
JG OR P DUAL-IN-LINE JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
OFFSET OFFSET OFFSET
comp Vcce gﬂ;' hll:zlll NC_ Vcc 2\[.']: m)zl;" NC N Vees 28; T:;)L
[s 171 e]l5] [s1[7 151 ONONOROXO)
L Il Il 3 i 3
L4
']1”2[‘]3[‘]4[‘ jxl]zﬂsﬂa[‘

OFFSET INV_ NON: Vec—
NULL/ INPUT INV

OFFSET INV_ NON- Vg

DOOOO

NC OFFSET INV_ NON- V,
COO‘JP INPUT ’::JJ:-)L ey If::l\)’T '::‘J:.]L sl I&zl’
INT)
TLO62, TLO62A, TLO62B TLO62 TLO64...J,N, OR W PACKAGE
JG OR P DUAL-IN-LINE U FLAT PACKAGE TLO64A, TLO64B ... J OR N PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
INVERT- NONIN. NONIN- INVERT.

OUT- INV INV
Vees PUT INPUT INPUT

81{7116]]5
1[12[]3(]4

OUT- TNV NON- Vg
PUT INPUT INV
INPUT

NON-
ouT- INV INV
Nc Vet PUT  INPUT INPUT

ofoflooXo

ING VERTING VERTING ING
OUTPUT INPUT INPUT Vgc—  INPUT - INPUT OUTPUT

AMPLIFIER NO. 4 AMPLIFIER NO. 3

AMPLIFIER NO. 1 AMPLIFIER NO. 2

51 [

OUTPUT INVERT- NONIN- Vcoe NONIN: INVERT. OUTPUT
ING  VERTING VERTING ING
INPUT  INPUT INPUT  INPUT

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO60, TLO60A, TLO61, TLOG1A, TLOG61B,
TLO62, TLO62A, TLO62B, TLO64, TLO64A, TL0O64B

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)
T
NON-INVERTING
INPUT
INVERTING
INPUT 500
1000
COMP O~ — .
TLOBO ONLY T NUL = .
OFFSET NULL (N2) O-— — ~
r
|
|
| &
s s
OFFSET OFFSET OUTPUT Vee-
NULL NULL
(N1 (N2) C1=10 pF ON TLO61, TLO62, AND TLOG4 ONLY
\/ VALUES SHOWN ARE NOMINAL
TLO81 ONLY

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

TLO6__C
TLO6_M TLOG6_I TLO6_AC | UNIT

TLO6_BC
Supply voltage, Vcc+ (see Note 1) 18 18 18 \
Supply voltage, Vcc— (see Note 1) -18 -18 -18 Vv
Differential input voltage (see Note 2) +30 +30 +30 Vv
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) J, JG, N, P, or W package 680 680 680
25°C free-air temperature (see Note 5) U package 675 mW
Operating free-air temperature range —551t0 125 | —25 to 85 0 to 70 N
Storage temperature range —65 to 150 | —65 to 150 | -65t0 150 | °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 °C

NOTES:

. All voltage values, except differential voltages, are with respect to the midpoint between Vcc+ and Vee—.

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

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, TLO6_M chips are

alloy-mounted; TLO6_1, TLO6_C, TLO6_AC, and TLO6_BC chips are glass-mounted.

DISSIPATION DERATING TABLE

: )
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4, The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the

PACKAGE POWER DERATING ABOVE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
RATING FACTOR TA
J (Alloy-Mounted Chip) 680 mW 11.0 mW/°C 88°C TLOGO TLO61 TLO62 TLO64
J (Glass-Mounted Chip) 680 mW 8.2mwW/°C 67°C TLO6_M G JG, U JG,U LW
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C TLO6_I JG,P JG, P JG, P 4N
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C a7°c TLO6_C JG,P JG, P JG, P 4N
N Sk 8.2mWrC n TLO6_AC  JG,P JG,P 3G, P IN
P 680 mW 8.0mwW/°C 65°C TLO6_BC JG, P JG, P N
u 675 mW 54 mW/°C 25°C
w 680 mW 8.0 mW/°C 65°C

TEXAS INSTRUMENTS
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TYPES TLO60, TLOGOA, TLO61, TLOG1A, TLOG1B,
TL0O62, TLO62A, TLO62B, TL064, TLOG4A, TLO6AB
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VCC+ = *15 V

TLO6_C
PARAMETER TEST CONDITIONST TROE-M BLUS TEVEL A UNIT
TLO6_BC
MIN TYP MAX [MIN TYP MAX |MIN TYP MAX
'60, ‘61, '62 3 6 3 6 3 15
Rs =50 &, '64 3 9 3 6 3 15
TA= 25°C '60A, '61A, '62A, '64A 3 6
i i soifsstolt ‘618, '62B, '64B 2 3 oy
nput offset voltage
o . . 60, ‘61, '62 9 9 20
Rs =50 %, ‘64 15 9 20
Ta = full range |'60A, '61A, '62A, '64A 7.5
‘618, ‘62B, '64B 5
Temperature coefficient
av10 i M Rg =500,  Ta = full range 10 10 10 uVIEC
of input offset voltage
‘60, '61, '62, '64 5 100 5 100 5 200
Ta =25°C ‘60A, '61A, '62A, '64A 5 100| pA
'61B, '62B, '64B 5 100
o Input offset currentf
‘60, '61, '62, '64 20 10 5
TA = full range |'60A, '61A, '62A, '64A 3| nA
'618B, '62B, '64B 3
‘60, '61, '62, '64 30 200 30 200 30 400
Ta =25°C ‘60A, '61A, '62A, '64A 30 200| pA
) '61B, '62B, '64B 30 200
lig Input bias current¥
‘60, '61, '62, '64 50 20 10
TAa = full range |'60A, '61A, '62A, '64A 7| nA
'61B, '62B, '648B 7
s ‘60, '61, '62, '64 £11 #12 2115 £12 +10 +11
Common-mode input "
Vicr Ta=25°C ‘60A, ‘61A, '62A, '64A £11.5 £12 \Y
voltage range
‘61B, '62B, '64B £11.5 212
v Maximum peak-to-peak [T =25°C, RL =10 kQ 200 21 200 27 20 27 v
OFP output voltage swing TA = full range, R = 10 k2 20 20 20
R =>10k&2, |'60,'61,'62, '64 4 6 4 6 3 6
Vo=%10V, '60A, '61A, '62A, '64A 4 6
Large-signal differential |Ta =25°C ‘618, '62B, '64B 4 6
AvD g V/mv
voltage amplification RL > 10k, ['60, ‘61,62, '64 4 4 3
Vo=¢%10V, ‘60A, '61A, '62A, '64A 4
Ta = full range |'61B, '62B, '64B 4
Bq Unity-gain bandwidth TA = 25°C, R =10 k2 1 1 1 MHz
i Input resistance Ta=25°C 1012 1012 1012 Q
'60, '61, '62, '64 0
Common-mode rejection |Rg < 10 k2, 8 ad ... -
CMRR 5 N '60A, ‘61A, '62A, '64A 80 86 dB
ratio Ta=25°C
'61B, '62B, '64B 80 86
. '60, '61, '62, '64 80 95
Supply voltage rejection [Rg < 10 k$2, 8% 2.
R oiplAVasda Vigl [Ta=asle  [ooju SUA: G54, G4A L a8
SRRSO | S 618, '628, '648B 80_ 95
p Total power dissipation |No load, No signal, § 7 6
D (each amplifier) Ta = 25°C - i s R
| Supply current No load, No signal, 200 250 200 250 200 250
ce (each amplifier) Ta=25C sl R
V1/Vo2 Channel separation Ayp = 100, Ta =25°C 120 120 120 dB
T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for Tp is —55°C to 125°C for TLO6_M; —25°C

t0 85°C for TLO6_I; and 0°C to 70°C for TLO6_C, TLO6 _AC, and TLO6_BC.
ilnput 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 TL0O60, TLO6OA, TLO61, TLO61A, TLOG1B,
TLO62, TLO62A, TL0O62B, TL0O64, TLOG4A, TLOG4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = +15V, Ta = 25°C

TLO6_M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TP MAX MIN TYP MAX

V=10V, RL =10k,

SR Slew rate at unity gain ! L 2 35 35 V/us
CL =100 pF, See Figure 1

tr Rise time Vi=20mV, RL =10k, 0.2 0.2 us

Overshoot factor Cp = 100 pF, See Figure 1 10% 10%
\ Equivalent input noise voltage Rg =100 £, f=1kHz 42 42 nV/y/Hz

PARAMETER MEASUREMENT INFORMATION

1

o
<x
=}

1

s

1kQ

Vi O—An—4
Vi ! cL= R O—AAN—4
! § = 10E L 10 ka2
siffe 3 RL s
4

Cc=10pF 1 = I 100 pF
for TLO6O e =
and TLO6OA

FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 FIGURE 3—FEED-FORWARD
INVERTING AMPLIFIER COMPENSATION

L
r

INPUT OFFSET VOLTAGE NULL CIRCUITS

TLO60

"For best results use R = 20 M2 for
Vee: =215V toR =5 MQ for
Vee: =23 V.

FIGURE 4 FIGURE 5
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TYPES TLO60, TLOGOA, TLOG1, TLOG1A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLOG4A, TLO6G4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
SUPPLY VOLTAGE

vs
FREE-AIR TEMPERATURE

vs
LOAD RESISTANCE

T2 7 30 7 30
T T !
5‘ RL=10kS2 -4 4 Vc(l;g <515V
S TA=25C Kl J Ta =25°C
> - L _TA
2% See Figure 2 3 % 2 %5 See Figure 2
2 F 3
g 2 B
S 2 A 320 320
= /' x x
E 3 g /
% / $ $ /
215 a S 15 215
% 3 %
é 3 J; /
E 10 £ 10 E 10 o
2 E | vecs-sisv E /1
s 5 A £ slRL=10ka 3 5//
é_ // é See Figure 2 !t
o
S o S o o
0 2 4 6 8 10 12 14 16 —76 50 —25 0 25 50 75 100 125 100 200 400 700 1k 2k 4k 7k10k
Vet -Supply Voltage—V TA—Free-Air Temperature—"C R —Load Resistance—$2
FIGURE 6 FIGURE 7 FIGURE 8
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION and PHASE SHIFT
v big vs
FREQUENCY FREE-AIR TEMPERATURE FREQUENCY
o[_rrrmmmr T 1~ >10 T T
T Flvecs=215v RL = 10 kQ2 E  [Veee=t15V. 10 |
¢ Ta=25°C > R =10ka 5 xcm=ox15v
£ 25 Fi 7 2 ext =
3 = I See Figure 2 3 104 RL=10kQ —0°
5 cc =12V — £ Ta=25°C
& a0 -3
: £
2 g 108 —_— 5
5 . £ PHASE SHIFT =
5 1B 2 S (right scale) H
% S > N o
3 > 3 102 90" g
‘g 101-vees =15V, 2 § DIFFERENTIAL £
] g VOLTAGE \
® 3 Ry AMPLIFICATION 135°
s Vee: =32V a e (left scale)
; 5:. g <
% 0 I < 1 180°
> Tk 10k 100 k ™ 0M -75 -50 -256 0 25 50 75 100 125 1 10 100 1k 10k 100k 1M 10M
f—Frequency—Hz TA—Free-Air Temperature—"C f—Frequency—Hz
FIGURE9 FIGURE 10 FIGURE 11
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER TOTAL POWER DISSIPATED
v vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
0
20 s 250 Vees =215V -
TA ._25 No Signal
P Bty 200 —le 7 il
e —_— i~
F | T 3 I~ 3 Vees = £15V W
i | 4 8 20 [~ No Signal
§ § 2
£ 150 2 150 2 No Load
5} 3 a
= =z g 15
8 g TL062
2 100 2 100 & ‘—rﬁ\
: ‘g 3" T =
Q
< ° i TLOGO, TLO61
50 50 o
[ 0

0 2 4 6 8 10 12 14 16
IVecs -Supply Voltage—V

FIGURE 12

-75-50 25 0 25 50 75
TA—Free-Air Temperature—°C

100 125

FIGURE 13

0
—-75 -50 -26 0 25 50 75 100 125
T a—Free-Air Temperature—"C

FIGURE 14

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF
compensation capacitor is used with TLO60 and TLO60A.
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TYPES TL060, TLO60A, TLO61, TLOG1A, TLOG1B,
TL062, TLO62A, TLO62B, TLO64, TLOG4A, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

CMRR—Common-Mode Rejection Ratio—dB

Input and Output Voltages—V

ALL EXCEPT TLO6-C
COMMON-MODE REJECTION RATIO

vs

TYPICAL CHARACTERISTICST

NORMALIZED UNITY-GAIN BANDWIDTH,

SLEW RATE, and PHASE SHIFT

vs

INPUT BIAS CURRENT

FREE-AIR TEMPERATURE

FREE-AIR TEMPERATURE . TEMPERATURE
87 —TT g3 1.03 100 E =
Vees=£15V € ; 20 =2
RL=10kQ 3
86 - % 1.2 fUNITY-GAIN BANDWIDTH_PHASE SHIFT{ 1.02
/ — “E (left scale) | (nlghtscale) = %( 10
85 é 11 101 & - 4
= =anl ;
8 ™ SLEW RATE £d 'y
Lod = (left scale) 1 38
= 2 o
3 Q E g 04 7
83 Z 09 099 : E Z
S ™~ = & W
3 - =
82 & Vees =215V i
£ 081 "% 0ka 0.98 0.04 -
E f= 81 for Phase sn.hl
81 2 07 Ll 097 001
-75 -60 —25 0 25 50 100 125 ~75 —60 25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
; o
TA~Free-Air Temperature—"C Ta—Free-Air Temperature—"C TA—Free-Air Temperature—"C
FIGURE 15 FIGURE 16 FIGURE 17
OUTPUT VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
VOLTAGE-FOLLOWER vs vs
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME FREQUENCY
~ 100
INPUT % g T T 11T
e 2 9% | Vces =15 V]
4 / 2 [ OvERsHoOT 2 N Rs = 1000
- T 80 T A = 25°C r_
22 1 &
] {9% = 0 m
£ %16 S N
\ s / :
3 2
0
OUTPUT 2 1 [ g o N
g 2
5 g g a0
-2 Q z
Voo =15V ° 4 2 30
deff BB - | g
[V iaec 0 BESIOKS- o T 10
A == e tr of Ta =25°C <
-6 -4 L 0
0 2 4 6 10 0 02 04 06 08 1 12 14 10 40 100 400 1k 4k 10k 40k100k
t=Time—us t-Time—us f—Frequency—Hz
FIGURE 18 FIGURE 19 FIGURE 20

compensation capacitor is used with TLO60 and T LO60A.

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 10-pF

INPUT A
A

INPUT

B 100 k&2

100 kQ

TYPICAL APPLICATION DATA

Vee+
o
10 k2, 10 ko
0.1% 0.1%
S
Yee—
vVee+
TLOB4 VWA———AM-
Ve

Vee—-

FIGURE 21—-INSTRUMENTATION AMPLIFIER
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TYPES TL0O60, TLO6OA, TLO61, TLO61A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64. TLOG4A, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

RE = 100 ko
A'A‘A'
+15V
OUTPUT INPUT  R1 R2 OUTPUT
o o
c3
CF=33uF .
R1=R2=2R3= 15 MQ
R 3
. c1=c2=-cz—=11ops=
c1 c2 :
f= 2 Rrcr 9.1kq e_ o gy~ ke
FIGURE 22—0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 23—HIGH-Q NOTCH FILTER

e [ N Vee+
Q
A TLO64 H OUTPUT A
Vce+ )
Vee-

o \?\
TLOB4 ‘
e+

INPUT o——K +
| | vee- TLO64 OUTPUT B
100 kQ i: :;100 kQ
1 1o0ke Vee-
—VWW—————0Vcc+
33
100 uF 2100 k
| l OUTPUT C

FIGURE 24—AUDIO DISTRIBUTION AMPLIFIER

+15V
9 Vvee+
310ka S1ka . F_L
1 LR
T o
10 ka
VWA~ i 10k 1MQ
TIL6O1 | o =
N 100pF | TLOGY ouTPUT
\ 10k 1(3!:{2 S 500 TLO61 L——()OUTPUT
o2 L 2 +
10ka 99
5kQ p: A 10ka E

=15V =

FIGURE 25—-LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER FIGURE 26—AC AMPLIFIER
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TYPES TL060, TLO60A, TLO61, TLOG1A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLOG4A, TLO64B,
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

10kQ 100k 1kQ
0.06 uF 0.06uF =
0.14F =T
ﬁ 14F ¢
eﬂ ) O
47k23 S | 1oka g
< 12Ma 2 100ka = ]
2.7kQ 0.002 uF )
100 0.003uF  0.001uF >
ke $ 270 @ 100 koS

¥

T 20uF

FIGURE 27—MICROPHONE PREAMPLIFIER WITH TONE CONTROL

A mil

il
T

o2 +
+
TLO62 IC PREAMPLIFIER RESPONSE CHARACTERISTICS
- 25 T TTTTTT
g 10ka o[ LI 1] wax |
a Veee=215v | |TREB E/<
o 15 Ta=25°C
L i N_ See Figure 30 /1
g 1ka g N Y
g 5 A
' L g oo >
< %l N
g =B ™
100 kQ 2 -0 /] N
> 4 N
. -15
] Min
TLO82 MIN BASS TREBLE
o _25 T LI
o— * 20 40 701002004007001k 2k 4 k7 k10k20 k

f—Frequency—Hz

FIGURE 29
;L 0.003 4F
0.03 uF
J (
\ MIN
J a AMA AADS 100 ka
10 ke 33kn § TREBLE
10003 ) 6 | Max
0.03 4F oUTPUT
INPUT L 0.003,F
-T-
< 68 k2 :
BALANCE ]
y
75uF X2 50 pF
T_T
1
FIGURE 30—IC PREAMPLIFIER
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LINEAR TYPES TLOG6I, TLOG6C, TLOGGAC, TLO66BC

INTEGRATED ADJUSTABLE LOW-POWER
CIRCUITS JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12667, FEBRUARY 1979—REVISED OCTOBER 1979

5 DEVICES COVER COMMERCIAL,
INDUSTRIAL, AND MILITARY

TEMPERATURE RANGES
TLO66, TLOGEA, TLOGEB

. " " JG OR P DUAL-IN-LINE

e Very Low, Adjusjcable (“Programmable’’) BACKAGE (O SN
Power Consumption

e Adjustable Supply Current. .. 5 to 200 uA OFFSET

PWR OUT- NULL

\"
e Very Low Input Bias and Offset Currents o ceen PUT, (N2)

e Wide Supply Range...+1.2V to+18 V

e Wide Common-Mode and Differential
Voltage Ranges

8 7 6 5

e Output Short-Circuit Protection .
e High Input Impedance . . . JFET-Input
Stage —
e Typ Unity-Gain Bandwidth . .. 1 MHz 1 2 3] a
(100 kHz at 25 uW) OFFSET INV NON- Vgeo—
e High Slew Rate ... 3.5 V/us Typ %%I%l?’/ INEUT oo

e Internal Frequency Compensation

e Latch-Up-Free Operation

description

The TLO66, TLO66A, and TL066B are JFET-input operational amplifiers similar to the TLO61 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 TLO66! is characterized for operation from —25°C to 85°C, and the TLO66C, TLO66AC, and TLOB6BC are
characterized for operation from 0°C to 70°C.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO66I1, TLOG6C, TLOGG
ADJUSTABLE LOW-POWER J

AC, TLO66BC
FET-INPUT OPERATIONAL AMPLIFIERS

schematic

i Vees

NON-INVERTING
INPUT
INVERTING,
INPUT 50 2
(-
<
10082
eev—25 e
CC™ Bt Ry O
where Reyg is in kel
and Icc(0) = Icc with Rgxe = 0
POWER
CONTROL
y Rext
Vee-
o
OFFSET OFFSET OUTPUT
NULL NULL
(NT) (N2)

COMPONENT VALUES SHOWN ARE NOMINAL

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

TLO66C
TLOG66! TLO66AC UNIT
TLO66BC
Supply voltage, Vcc+ (see Note 1) 18 18 Vv
Supply voltage, Vcoc— (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 Voo +0.5 +0.5 \%
Duration of output short circuit (see Note 4) Unlimited Unlimited i
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 680
Operating free-air temperature range —25 to 85 0to 70 *C
Storage temperature range —65 to 150/ —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG Package 300 300 S
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P Package 260 260 e
NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vg4 and Veeo—.

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

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

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the

dissipation rating is not exceeded.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, the TLO66!, TLO66C,
TLO66AC, and TLO66BC chips are glass-mounted.
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Glass-Mounted Chip) 680 mW 6.6 mW/C 47°Cc
P 680 mW 8.0 mW/°C 65°C
Also see Dissipation Derating Curves, Section 2.
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TYPES TLOG6I, TLO66C, TLOGGAC, TLO66BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vgc+ =+15V

TLO66C
+ TLO661 TLOG66AC
PARAMETER TEST CONDITIONS UNIT
TLO66BC
MIN TYP MAX | MIN TYP MAX
R 50 Q TLO66 3 6 3 16
SRR TLOG6A 3 6
Ta=25°C TLOG6B 2 3
v Input offset voltage mV
L 3 o TLO66 9 20
Rg =509,
T = filll A TLOB6A 7.5
A ® [TLoess 5
Temperature coefficient
ayv|0 o s, SRt Rg=50Q, Ta = full range 10 10 rVv/PC
TLO66 5 100 B 200
Ta =25°C TLOB6A b 100 pA
TLO66B 5 100
o Input offset current®
TLO66 10 5
Ta = full range TLO66A 3 nA
TLO66B 3
TLO66 30 200 30 400
Ta=25°C TLO66A 30 200 | pA
TLO668B 30 200
B Input bias current®
TLO66 20 10
TA = full range TLOG6A 7 nA
TLO66B 7
TLO66 £12 +10
Common-mode input =
VICR o iace rance Ta =25°C TLO66A £12 v
- TLO66B 12
. Maximum peak-to-peak Ta = 25°C, R =10kQ 20 27 20 27 Vv
oppP output voltage swing Ta =fullrange, R > 10k 20 20
A L
RL =10k, TLO66 4 6 3 6
Vo=:10V, TLOB6A 4 6
- Large-signal differential Ta =25°C TLO66B 4 6 V/mV
VD \oltage amplification RL>10k2, | TLOB6 4 3
Vo=%10V, TLO66A 4
Ta = full range TLO66B 4
B1 Unity-gain bandwidth Ta =25°C, R =10kQ 1 1 MHz
ri Input resistance Ta =25°C 1012 1012 Q
"o Output resistance Ta =25°C, f=1kHz 220 220 Q
TLO66 80 86 70 76
Common-mode rejection | Rg < 10 k2,
CMRR i} = TLO66A 80 86 dB
ratio TaA=25"C
TLO66B 80 86
TL066 80 95 70 95
K Supply voltage rejection Rg < 10kQ, TLOGGA 20 P dB
SVR « o
atio (A V /A Vo) Ta=25"C
= eoa N0 A TLO66B 80 95
=y No load, No signal,
Pp Total power dissipation ” 6 7.5 6 7.5 mW
Ta=25°C
No load, No si I
lcc  Supply current St e 200 250 200 250 | wA
Ta=25°C

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for Ty is —25°C to 85°C for TL0O661 and 0°C
to 70°C for TLO66C, TLO66AC, and TLO66BC. The electrical parameters are measured with the power-control terminal (pin 8) connected
to Vee—.

ilnput 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.
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TYPES TLOG6G6I, TLOG6C, TLOGGAC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ = +15 V, TA = 26°C, Rext =0

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V=10V, R =10k,
SR Slew rate at unity gain : 5 . 3.5 V/us
Cp =100 pF, See Figure 1
t, Rise time Vy=20mV, RL =10k 0.2 us
Overshoot factor Cp =100 pF, See Figure 1 10%
Vn Equivalent input noise voltage Rg =100 2, f=1kHz 42 nV/\/Hz
PARAMETER MEASUREMENT INFORMATION
10 k2
1kQ
-O V|
7] + CL= Fi
100 pF I 10
RL CL=

FIGURE 1-UNITY-GAIN AMPLIFIER

= I100pF

FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER

INPUT OFFSET VOLTAGE NULL CIRCUIT

Vee—

FIGURE 3
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lig—Input Bias Current—nA

TYPES TL0G66I, TLO66C, TLOGG6AC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

Vece =115V
Rext =0

14
>
N

o
P (=]
2.5
N

0.01
-50 -25 0 25 50 75 100 125

TA—Free-Air Temperature—"C

FIGURE 4

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

W
S

»N
o

N
o

o

Veet =£15V
| Rext=0
RL=10kQ
See Figure 2
ol—L 1
-75 =50 =26 0 26 50 75 100 125
Ta—Free-Air Temperature—°C

o

VOopp—Maximum Peak-to-Peak Output Voltage—V
o

FIGURE 7

DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

Ayp-Differential Voltage Amplification—V/mV

1k
Rext—External-Control Resistance—Q

FIGURE 10

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

= SUPPLY VOLTAGE
| 30
-3
8 RL =10k
S 25—Ta=25°C
3 See Figure 2
3 S
s » ¢ L
& SA 8 /
s 15 o e
- *‘\
: 1
Q
g 10 - \DQK |
F ““?/
i 4 =T
b3 L
&
o
0 4 6 8 10 12 14 16

IVeet -Supply Voltage—V

FIGURE 5

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
LOAD RESISTANCE

30 T 17

Veee =315V
| Rext=0

TA=25C

See Figure 2

4

Vopp—Maximum Peak-to-Peak Output Voltage—V
o

0
100 200 400 700 1k 2k

R —Load Resistance—2

4k 7k10k

FIGURE 8

DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

>10 —
£ Fveer=t15v
7 7 Rext =0
Ln._-wm
A —
4
K
>
2
[=
|
o
>
E
—75 —50 —26 0 26 50 75 100 125

Ta—Free-Air Temperature—"C

FIGURE 11

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
EXTERNAL-CONTROL RESISTANCE

30

25

15—+

5 veee =115V
Ta=25°C

Vopp—Maximum Peak-to-Peak Output Voltage—V

1 10 100 1k 10k

Rext—External-Control Resistance—

100 k

FIGURE 6

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREQUENCY
> 3o[_rrrmmr T T T 1T
1 Veet =215V Rext =0
¢ RL = 10kQ2
§ 25 T Ta=25°C
= Vee: =312V See Figure 2
2 5
5
<]
x
]
& 15
2
X
3
T [ Vveez=25vT]
H
£
£ LU T
= Vece =£2V N
|
& oL LI I .. ERIIT]
> 1k 10k 100k ™ 10M
f—Frequency—Hz
FIGURE 9
LARGE SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

vs
FREQUENCY
108 T T
s Vees = $15V
= Rext =0
g ot RL=10ka 9
= Ta =25°C
g |
103 PHASE SHIFT. o
? (right scale) 5 5
§ :
3 102 o 0" £
& DIFFERENTIAL
£ VOLTAGE ] \
g 10 AMPLIFICATION 135°
o (left scale)
<
1 180°
110 100 1k 10k 100k 1M 10M

f—Frequency—Hz

FIGURE 12

tData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.
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TYPES TLOG66I, TLOG6C, TLOGGAC, TLO6GBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

SUPPLY CURRENT

SUPPLY VOLTAGE

EXTERNAL-CONTROL RESISTANCE

SUPPLY CURRENT SUPPLY CURRENT
vs

v
FREE-AIR TEMPERATURE

250 T b T 250
Rext >0 [ Vece =215V
TA=25°C cCt
200 }— No Signal == 200
; No Load //‘/ ? - _YCC: =2V <?. \'\}\
H = H
£ 150 %’ 701 g 150
5] 3 40— 3
2> > (] >
g g M g
7 100 - g 100
" N "
8 8 Ta=25°C 8 Voo =15V
= 5 &= See Figure 1 = 50—Rext=0
No signal No Signal
No load No Load
0 4L 4 0 |
o 2 4 6 8 10 12 14 16 1 10 100 1k 10k 100k

IVece -Supply Voltage—V

FIGURE 13

TOTAL POWER DISSIPATION
vs
EXTERNAL-CONTROL RESISTANCE

~75 -50 -26 0 25 50 75 100 125

Rext—External-Control Resistance—§2 TA—Free-Air Temperature—°C

FIGURE 14 FIGURE 15

ALL EXCEPT TLO66C ALL EXCEPT TLO66C

COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO
vs vs
EXTERNAL-CONTROL RESISTANCE FREE-AIR TEMPERATURE

7 87 e
3 B -‘ ® Vect=£15V
,‘9 z Rext=0
s 86— Bl Bl £ 86 FRL=10k
z E § g L Q —
L < N =
s S s
= 2 85 HH —H Pt - 2 g5
g £ i
2 « £
o o
o @ {1 A
5 T 84— HH i 1 N § 84
H = 2
8 < -
& g 5
g £ 8 i T g 83
E 3 Vees =15V £
o
e @ 82f—+ —HH T 82
£ g
3 s
S LML T L1 11 8
81l L] L

1 10 1k 10k
Rext—External-Control Resistance—Q

81
-75 -50 -26 0 25 50 75
TA—Free-Air Temperature—°C

10 100 1k 10k 100 125

Rext—External-Control Resistance—$2

100k

FIGURE 16 FIGURE 17 FIGURE 18
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
Vs vs
FREQUENCY SOURCE RESISTANCE

~ 120 TTITT T 17 5
|§ Vees =15V HH L
=3 o6 | Rs=100Q > Rext=0 |1
T Ta=25°C T
3 Rext = 100 k2 & )
3 [ 3 5k A1
S & S H
3 N 3 3 50 k2
3 N K] 11 1
E 60 Rext = 10 k1444 g 100 kS2
: N g, L
£ ™ Rext =0 £
= 40 H |
5 s
s = Vees = 15V
£l 2 1—RL=10kQ
& o Ta=26°C
1
L c
> ¥ L

0 0

10 40 100 400 1k 4k 10k 40k 100k 10 40 100 400 1k 4k 10k 40k100k

f—Frequency—Hz

FIGURE 19

Rg—Source Resistance—Q

FIGURE 20

tData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices,

128

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS. TEXAS 75285

1079



TYPES TLOG661, TLO66C, TLO6GAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

NORMALIZED UNITY-GAIN BANDWIDTH,

UNITY GAIN BANDWIDTH SLEW RATE SLEW RATE, and PHASE SHIFT
vs Vs vs
EXTERNAL-CONTROL RESISTANCE EXTERNAL-CONTROL RESISTANCE TEMPERATURE
AT i T g 13 1.03
e T TLLLL]
2 \\ | Zt: 1‘30“3 ' ® 1.2 [UNITY-GAIN BANDWIDTH,_pHASE SHIFT{ 1.02
:I 3PN [ 1] | {1 Ta-25°C g p (left scale) (right scale) =
§ E See Figure 1 g 1.1 ] 101 &
2 1 N 2 o / 3
£ 2 Wl || g 5 SLEW RATE &
P < 21771 Tl 1 g @ (left scale) 1 2
= z 5 [ =
& i N Z 09 099 £
$ @ g L 5 I~ z
e 32 Veee =15V
) L E T 0.98
||| L 5 f=B1 for Phase Shift
ok | ol LM [T (1) 2o L L 097
1 10 100 1k 10k 100k 1 10 100 1k 10k 100k —75 -50 -26 0 25 50 75 100 125
Rext—External-Control Resistance—$2 Rext—External-Control Resistance— Ta—Fres/Alr Tomperatire~"C
FIGURE 21 FIGURE 22 FIGURE 23
OUTPUT VOLTAGE
VOLTAGE-FOLLOWER vs
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME
28
INPUT
A=
2
g [ l—o ERSHOOT
> ——
L \ z 2 T 1
o2 ! s f oo
3 | q: 19
S ‘ 3 /
30
2 OUTPUT 2, 12 /
3 2
T s 8
5 Vees=£15V }
2 Rext=0 4 Veet = *15 V]
5 4 RL=10kQ 10% Rext=0
CL =100 pF 0 RL=10k2
Ta=25°C peissem o] Ta=25°C
=6 L L -4 ! s
0 2 4 6 8 10 0 02 04 06 08 1 12 14
t=Time—us t—Time—ps
FIGURE 24 FIGURE 25
tData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.
10k,
0.1%
INPUT
A
Vee—
Rext
@ © OUTPUT
100 kQ
Vees v
Vees 1MQ
INPUT 10 kR,
0.1% =
TLO66 100 2
+
—o0 VCC— Vee-
Rext
FIGURE 26—INSTRUMENTATION AMPLIFIER
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TYPES TLO66I, TLOG6C, TLO66AC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

10 k@ 100 kQ 1kQ

4 +
T 20 uF

FIGURE 27—-MICROPHONE PREAMPLIFIER WITH TONE CONTROL

0.14F
Veer IC PREAMPLIFIER RESPONSE CHARACTERISTICS
25 (T T T
o [Maxeies T 11 wix
1 )
N [ Vees=+15V | [T‘F“TF-E
% 15 T ;A;ZSC:‘O T y(
3 s TR ‘
B oo b
< & Pl NG
5 -10 -
2~ MY TN
15 LM | M) N
4 I ol MIN ]
Rext PWRCONT “[wineass T | [Tremte
= coite LT RN

5
20 40 100 200400 1k 2k 4k 10k 20k
f—Frequency—Hz

FIGURE 28—AC AMPLIFIER FIGURE 29
220k
AN "
0,00375 4 F
. __|/ 4
C 10ka S == 0.0034F

0.03 uF

) E 27ka | o ( os

0.01uF Veet L l L vee+
100K g 06—\ AMA—pS 100k2 0
BASS 2 10K 33Kka 3 TREBLE
MAX‘ MAX
O
0.034F Rexy OUTPUT
L Ln-
10ka 3 S 10003F 3
Veée- Vee-
34 < ska s * 3
- S 1008 a7k2 $ GAm‘:‘_K 6ska S
BALANC : 47 ,F
L/
o T T o

B

FIGURE 30—-IC PREAMPLIFIER
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LINEAR
INTEGRATED
CIRCUITS

TYPES TLO70, TLO70A, TLO71, TLO71A, TLOT71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
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

e Low Noise .

e Low Harmonic Distortion . ..

.Vn=

18 nV/\/Hz Typ °
0.01% Typ
e Wide Common-Mode and Differential

Stage

High Input Impedance . .

.JFET-Input

e Internal Frequency Compensation

Voltage Ranges

e Low Input Bias and Offset Currents

e Low Power Consumption

Latch-Up-Free Operation

Output Short-Circuit Protection ®

description

High Slew Rate . . .

13 V/us Typ

The JFET-input operational amplifiers of the TLO71 series are designed as low-noise versions of the TLO81 series
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low noise make
the TLO71 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.

TLO70, TLO70A

JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO71, TLO71A, TLO71B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO72, TLO72A, TLO72B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

OFFSET
OuT NULL
COMP Vcee PUT  (N2)

8|[7]]6]]5

1{12]]3]]4

OFFSET INV. NON  Vce—
NUI.L INPUT INV

INPUT
(NH

OFFSET
0OUT NULL
NC  Vces PUT (N2

8|l7[]{6]]5

1[]2 3[4

OFFSET INV_ NON vceo
NULL INPUT INV
NT) INPUT

NON
OUT INV_INV
veee PUT INPUT INPUT

2]

out mv NON vee-
PUT INPU

TLO74, TLO74A, TLO74B
J OR N DUAL-IN-LINE
OR W PACKAGE (TOP VIEW)

TLO75
N DUAL-IN-LINE

PACKAGE (TOP VIEW)

INVERT- NONIN-
ING VERTING
OUTPUT INPUT INPUT Vge—

“F ]

AMPLIFIER NO. 4

NONIN- INVERT-
VERTING ING
INPUT  INPUT OQUTPUT

g

AMPLIFIER NO. 3

AMPLIFIER NO. 2

B

OUTPUT INVERT: NONIN- Vg NONIN: INVERT: OUTPUT
ERTING VERTING
INPUT INPUT

AMPLIFIER NO. 1

9]

INPUT mvur

OUT- NON-INV INV.
PUT  INPUT  INPUT

INV_ NON-INV OUT-
INPUT INPUT  PUT  Vees

“ 13 2 n 0

+
— 7 AMPLIFIER
NO. 4
AMPLIFIER

AMPLIFIER NO.3
NO. 1
AMPLIFIER
NO.2

1 2 3 4 5 L} 7

OUT- NONINV INV_ Ve
INPUT  INPUT

INV_ NON.INV OUT.
INPUT INPUT  PUT  PUT

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B,

TLO72,

TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier) e

NONINVERTING 4
INPUT

INVERTING sa0
INPUT 128 (2
OUTPUT
840
OFFSET NULL/COMP (N1) O—— —— — — — — —4
> Y
TLO70 ONLY OFFSET NULL (N2) O-———4 o \
By
COMP O e e e — — — ——

= i
! !
I 1080 2 10805
Vee- o =
OFFSET UFFéSET
et L 1= 18 pF ON TLO71, TLO72, TLO74, AND TLO75 ONLY.

COMPONENT VALUES SHOWN ARE NOMINAL

TLO71 ONLY

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

TLO7_C
TLO7_C TLO7_I TLO7_AC | UNIT
TLO7_BC
Supply voltage, Voc+ (see Note 1) 18 18 18 Vv
Supply voltage, Voc— (see Note 1) -18 -18 -18 \
Differential input voltage (see Note 2) +30 +30 +30 \Y
Input voltage (see Notes 1 and 3) +15 156 £15 \
Duration of output short circuit (see Note 4) Unlimited | Unlimited | Unlimited
Cocntinuous. total dissipation at (or below) 680 680 680 —
25°C free-air temperature (see Note 5)
Operating free-air temperature range —55t0 125 | —25 to 85 0to 70 ]
Storage temperature range —651t0 150 |—65to 150 | —65t0 150 | °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG or W package 300 300 300 ¢
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 e
NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc4 and Vee—.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4, The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.
5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLO7_M chips are
alloy-mounted; TLO7_|, TLO7_C, TLO7_AC, and TLO7_BC chips are glass-mounted.
DISSIEATIONDERATINGITABLE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
PACKAGE :E:EZ D::::(;:G A$ZVE TLO70 TLO71 TLO72 TLO74 TLO75
4 {Alloy-Mounted Chip} 680 mW 11.0 mW/°C 88°C Lo - - - P .
J (Glass-Mounted Chip) 680 mW 8.2mW/°C 67°C i e BT ST AT ot "
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C iy - a 5 N
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C IS BN e SRR s .
TLO7_BC # JG,P JG,P J.N b
N 680 mW 9.2mwW/°C 76°C |
P 680 mW 8.0 mW/°C 65°C These combinations are not defined by this data sheet.
w 680 mW 8.0 mW/°C 65°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TLO70, TLO70A, TLO71, TLOT1A, TLO71B,
TLO72, TLO72A, TLO72B, TL074, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vgc+ =+15V

B TLO7.C
PARAMETER TEST CONDITIONST TLO7_M TLO7 I TLO7_AC UNIT
TLO7_BC
MIN TYP MAX|MIN TYP MAX| MIN TYP MAX
'70,'71,'72, '75% 3 6 3 6 3 10
Rg =509, 74 3 9 3 6 3 10
TA= 25°C '70A,'71A,'72A, '74A 3 6
\% Input offset voltage 718, 728, 748 2 2 v
s a m
10 ke H '70,'71,°72, '75% 9 9 13
Rg =50 2, ‘74 15 9 13
Ta = full range | '70A, '71A, '72A, '74A 7.5
'71B, '72B, '74B 5
Temperature coefficient R 50 @ T il 10 10 10 VFC
« = " = full range
VIO of input offset voltage S A g &
70,771, 72, 74, "75% 8 50 5 50 5 50
Ta=25°C ‘70A,'71A, '72A, '74A 5 50| pA
'71B, '72B, '74B 5 50
lio Input offset current§ .
70,'71,"72,%74,"75% 20 10 2
Ta =full range|'70A, '71A, '72A, '74A 2| nA
'71B, '72B, '74B 2
'70,'71, 72,74, '75% 30 200 30 200 30 200
Ta =25°C "70A,'71A,'72A, '74A 30 200| pA
. '71B, '72B, '74B 30 200
IT:] Input bias current§ -
'70,°71,'72,'74, '75% 50 20 7
Ta =full range |'70A, '71A, '72A, '74A 7| nA
'71B, '72B, '74B v
) 70, "711,°72; 74, 755 | £11 £12 11 #12 +10 %11
Common-mode input ”
VICcR Ta=28/C "70A, '71A, '72A, '74A F11 &02 Vv
voltage range
'71B, '72B, '74B 11 212
i TA= 25°C, R =10kQ 24 27 24 27 24 27
Maximum peak-to-peak
Vorp i RL > 10kQ 24 24 24 \Y
output voltage swing Ta = full range
R =2 kQ 20 24 20 24 20 24
RL>2k%, '70,'71,'72,'74,'75% | 35 200 50 200 25 200
Vo =210V, |'70A,'71A,'72A, 74A 50 200
Large-signal differential | T =25°C '71B,'72B, '74B 50 200
AvD - 3 V/mv
voltage amplification R >2kQ, 709, 1,712,714, '75% 20 25 15
Vo =10V, |'70A,'71A, '72A, '74A 25
Ta = full range |'718B, '72B, '74B 25
Bq Unity-gain bandwidth TA= 25°C, R =10 k& 3 3 3 MHz
i Input resistance Ta=25°C 1012 1012 1012 Q
- '70,'71,'72,'74,'75% | 80 86 80 86 70 76
Common-mode rejection | Rg < 10 k2,
CMRR . 5 '70A,'71A,'72A, '74A 80 86 dB
ratio TA =25'€
'71B,'728B, '74B 80 86
s i % P— R TOKS '70,'71,'72,'74, ‘751 80 86 80 86 70 76
u voltage rejection < )
ksvR :D (VA s e /AJV ; TS e |[T9A71A, 724, 74A 80 86 dB
ratio =
SCHRMIDT ] 1A 718, 728, '748B 80 86
| i No load, No signal,
Icec Supply cuArr>en 2109 o Elgna 14 25 14 25 1.4 25 mA
(per amplifier) TA=25°C
Vo1/Vo2 Channel separation Ayp =100, Tp=25C 120 120 120 dB

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for T p is —55°C to 125°C for TLO7 _M; —25°C
to 86°C for TLO7_I; and 0°C to 70°C for TLO7_C, TLO7 _AC, and TLO7 _BC.

1Types TLO75! and TLO75M are not defined by this data sheet,

SInput 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 TLO70, TLO70A, TLO71, TLO71A, TLO71B,

TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO074B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCC+ = +15V, Tp = 25°C

Vi

FIGURE 1-UNITY-GAIN AMPLIFIER

Cc=18pF
for TLO70
and TLO70A

1

! 6= .
f | 100 pF RL=
I___I(_J l 2kQ

>
<
>
'|: b3

FIGURE 2—-GAIN-OF-10 INVERTING AMPLIFIER

TLO7_M ALL OTHERS
PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT
V=10V, RL=2kQ,
SR Slew rate at unit gain I L.~ 10 13 13 Vus
CL =100 pF, See Figure 1
tr Rise time Vi=20mV, RL =2k, 0.1 0.1 us
Overshoot factor C =100 pF, See Figure 1 10 10 %
Vi Equivalent input noise im0/ f=1kHz 18 18 nV/\/Hz
n voltage = =10 Hz to 10 kHz 4 4 Y,
Equivalent i t noi
I uivalant Inpatnaise Rg =100 2, f=1kHz 0.01 0.01 BAKITE
current
i = Rg <1k
TS Total harmonic Vo(rms) =10V, s<1 i 001 0,01 %
distortion RL > 2k, f=1kHz
PARAMETER MEASUREMENT INFORMATION
100 k2

FIGURE 3—FEED-FORWARD

COMPENSATION

INPUT OFFSET VOLTAGE NULL CIRCUITS

Vee+
1MQ

FIGURE 4

1.5 k2

Vee—

FIGURE 5
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TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREQUENCY

vs

vs

= 5 FREQUENCY " FREQUENCY
LELLLLL RN LSRR ALY 1 30 30 T LI

g Ve =215V || =10k Y I3 H” I Vee: =15V
£ 1 Bi Ta=28°C 2 2 =
S s H . S 2 Ta=25'C RL=2kQ
> See Figure 2 > 25 Ea ) — See Figure 2f1
g H =
3 2 3 2 5

1t H— S 20
% | [1[lVees =210 V] = 9 Ta=—66°C
[ & g
e 151U H 8 15 i
& & 3 -
E 10| {iHiVece =45V e 10 T 10
E i g E
r i : ~
1 I I Ul I i q

&

S N = & N
> L LI LU0 ] S ol S o .

100 1k 10k 100k 1M  10M 100 1k 10k 100k 1M  10M > 10k 40k 100k 400k 1M  4M 10M

f—Frequency—Hz f—Frequency—Hz f—Frequency—Hz

FIGURE 6 FIGURE 7 FIGURE 8

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs vs
FREE-AIR TEMPERATURE LOAD RESISTANCE SUPPLY VOLTAGE

>
> 30 - I YTy 7 T
3 RL=10kQ EY Ve =218 g RL=10kD
) B TA=25°C T g TA=25°C
= R =2kQ A 1 = A
S s = S 25|-See Figure 2 S 2
= 4— — = / =
3 2 e 32
8 U 8
s 3 2 S A
X x A X /
3 £ /1 £ /
o 15 T o
é 1 8 15 é 15 74
B 3 /V 3
3 & 3
a 10 o
€ g 0 g 10
H 5
E £ £
X 5 s 5 = A4
= Vees =15V = £ 5
See Figure 2 (o3 a
g Al S o S o
> 75 50 —25 0 25 50 75 100 125 01 02 04 071 2 4 710 = 0 2 4 6 8 10 12 14 16
TA—Free-Air Temperature—"C RL—Load Resistance—kQ [Vccs|—Supply Voltage=V
FIGURE 9 FIGURE 10 FIGURE 11
TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE
250 = 2.0 = 20 T T
Vee: =215V Vees=#15V Ta=25°C
225 Nosignal o 18 Nosignal 81 No signal
3z No load N No load
E 200 < 16 1.6 No load
3 B [ ] : g
175 L 14 T 14
5 N~ TLO074, TLO75 g I~ e P
% 150 £ 12 2 12
2 3 8
5 125 > 10 S 10
3 g s
e 100 ———1_TLo72 @ o8 3 08
s 002 i
3 75 & 06 & 08
= T | B— [5) 8
“3 50 TLO70, TLO71 - 04 -~ 04
L —
25 0.2 0.2
0 I [ 0 0
~75 —50 -25 0 25 50 75 100 125 ~75 -55 -256 0 25 50 75 100 125 0 2 4 6 8 10 12 14 18

Ta—Free-Air Temperature— C

TA—Free-Air Temperature—"C IVcet|—Supply Voltage—V

FIGURE 12 FIGURE 13 FIGURE 14

TData 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 TLO70 and TLO70A.
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TYPES TLO070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

000 —
S 700
400
200 [
100 T~
70
!' 40
S 2
10 ==
=="
4 Vecs=%15V
9 Fvo=+10V
S 2rRL=2kQ
€ b
-76-50 -256 0 26 50 75 100 125
TA—Free-Air Temperature—°C
FIGURE 15
INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE
100
Evce: = +15 V.
T T
— 7
‘% 10
B 7
£ i
3
& 1
@
< 7
2
£
]
@ 01
0.01
—50 26 0 26 50 75 100 125
TA—Free-Air Temperature—"C
FIGURE 18
ALL EXCEPT TLO7-C
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE
89 T T
] Vee: =15V
E RL=10kQ
= 88
5
o
:
9 e
2
k)
-4
- e
=
<
g 8
£
q
x 84
-4
H
© g3
-75 50 25 0 25 50 75 100 125

Ta—Free-Air Temperature—°C

FIGURE 21

TYPICAL CHARACTERISTICS?

Ayp-Differential Voltage Amplification

Normalized Unity-Gain Bandwidth

0.

0.

Vp—Equivalent InputNoise Voltage—nV/A/Hz

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs

FREQUENCY
106 —t
VCC: =6V 10215V
RL=2kQ c
.Y s
108 N TA= 25"T l R 5
104 \ DIFFERENTIAL | ¢ =
N VOLTAGE g <
\ \AMPLIFICATION s #
103 flefescalel —45° & 5
\| |} L
& 3
102 \ 90° H
N H
PHASE SHIFT N y =
10! (right scale) 135 1
\ 5
|| N z
1 180°
110 100 1k 10k 100k 1M 10M
f—Frequency —Hz
FIGURE 16
NORMALIZED UNITY-GAIN BANDWIDTH
and PHASE SHIFT
vs
TEMPERATURE
3 1.03
1 UNITY-GAIN-BANDWIDTH
2 (left scale) — 1.02
= @
1 N 1.01 ‘Z e
b 3z
s~ L1 £ 3
’ HASI - 2
SHIFT 3 g
(right scale) = ]
£ £
e S 099 5 5
\ z =
Vege =15V
8 F—RL=2kQ 0.98
f= B9 for Phase Shift
0 L L L | 0.97
75 50 —25 0 26 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 19
EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY
50 mm T 71T
Il Vee: =+18 V|
I Avp = 10
40 i Rs =100 £ *
| Ta=257C 5
| || (| £
30 ! | 1 2
| [ i )
\ i i ¢
| L | E
2 N i I I 5
[ 3
i b
[
10 e
I | I )
| 1
A A A :
0 | | LI |
10 40 100 400 1k 4k 10k 40k100k

f—Frequency—Hz

FIGURE 22

TLO70
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREQUENCY WITH FEED-FORWARD COMPENSATION
106

——
Vee= 15V
C2=3pF
109 TA=25C
See Figure 3
|
104 \ S .
|
10'1 \ | -
102 x—~~
10
1
100 1k 10k 100k 1M 10M
f—Frequency—Hz
FIGURE 17
NORMALIZED SLEW RATE
vs
TEMPERATURE
1.15 T
[T
Vegs =+ 15V
1.10 |—RL=2kQ
CL=100pF
1.05
—
1
0.95 \
0.90
|
0.85 L
-75 50 —25 0 25 50 75 100 125

TA—Free-Air Temperature—"C

FIGURE 20

TOTAL HARMONIC DISTORTION
vs
FREQUENCY
—Voos e16v
[~ Ayp=1 I 1T
[ Vi(RMS) =6 V T TTTT1IT™
F—Ta=26%C: T

0.01
0.004
T [ i
0.001 | 1 i l \‘ ‘
100 400 1k 4k 10k 40k 100 k
f—Frequency—Hz
FIGURE 23

tData 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 TLO70 and TLO70A.
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TYPES TL070, TLO70A, TLO71, TLOT1A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TL075
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST
OUTPUT VOLTAGE

VOLTAGE-FOLLOWER ELAPSED TIME

LARGE-SIGNAL PULSE RESPONSE

28
Vet = 15 V|
G RL = 2kQ2
2 4 / CL =100 pF # f OVERSHOOT
£ Ta=25°C > N
E‘ ouTPUT 1] 20 [
S 2 ] % fso%
> \\ 2 16 T
& = i
a [ Il
S o T 12 -
s 1]/ \ e/
s 5 8
52 g / i
g £ a |
£ INPUT T
5 10% | vee: =215V
0 i RL=2k2
| e \ — TA=25"C
-6 -4 1 1
05 1 1.5 2 25 3 35 0 01 02 03 04 05 06 07
t=Time—ps t=Time—us
FIGURE 24 FIGURE 25

TData 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 TLO70 and TLO70A.

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

RF = 100 k2
+15V
Y O
OUTPUT
INPUT R1 R2 b OUTRUT
3 —0
A O Vge—
CE=33uF < >
| 3 1k A~ c3
i b
3.3kQ [ L R1= R2=g§xa= 1.5 M
fm— S9.1ka ::R:’ C1=C2=—=—= 110 pF
> 2
27 RF CF > 1 c2
| fo= T
- 27 R1C1
FIGURE 26—0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 27—HIGH-Q NOTCH FILTER
1M
MW b——O OUTPUT A
vce+

Vee+

tor TLO75 vVee-

FIGURE 28—AUDIO DISTRIBUTION AMPLIFIER
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TL074, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

Samut N4148 18kQ (See Note A)
~15V

18 pF
ThpF 1>1 kQ

__'KV_C: e

l1\/zk ARk . Vee+
| TLO72 LA L5 12 6 cos wt
3
88.4 ke %; vee- TLO72 0

@

+
18 pF Vee-  S1ka
s ) N
+15V
1 1N4148 18 k2 (See Note A)
88.4 kO
—AAA
WA
Note A: These resistor values may be adjusted for a symmetrical output.
FIGURE 29—-100-KHz QUADRATURE OSCILLATOR
?"CU IC PREAMPLIFIER RESPONSE CHARACTERISTICS
e PR H“ T
N 20 HHH———H-H M
L N ”H Voc=+15v | [TREBLE
= 10 ke g 15 } -Ta = 25°C o
L 0 \q\ See Figure 30 /‘)
10 ka2 s [ ” il
2 g 5 T it e
50 (1 7;1 0 L
< N
) I % . g 1 |
5 -10 ! ! il
1 TN
0.14F 10 k2 = i it ,/ | | m“k
| T
-20 ’,rl‘ e wn ]
IN BASS | P ‘TTREBLE
_25 T Ll LTI
20 40 100 200400 1k 2k 4k 10k 20k
f—Frequency —Hz
FIGURE 30—AC AMPLIFIER FIGURE 31
220 ko
0,00375 uF
(
A 10ka -~ 0.003 uF
o 0.03 uF
a AR (
lb—{\ VWA~ MIN‘ ¢ l T
i 100k < o AA—pS 100k
BASS ¢ W VWA~
1 % ke 33Kq § TREBLE
100 2 ;; MAx ] MAX
b———O
0.03 uF OUTPUT
INPUT \J
10k 3 L~ 0.003uF
< P
S ¢
BALANCE| | STIX Balke
> 10 pF 47 uF 10 pF
L
75 uF 50 pF
T
hd
FIGURE 32—IC PREAMPLIFIER
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LINEAR
INTEGRATED
CIRCUITS

TYPES TLO80 THRU TLO85, TLO8BOA THRU TLOB84A,

TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12484, FEBRUARY 1977—REVISED OCTOBER 1979

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

o Low Power Consumption

e High Input Impedance . .. JFET-Input

o Wide Common-Mode and Differential Stage

Voltage Ranges e Internal Frequency Compensation (Except

TLO080, TLO8OA)
e | atch-Up-Free Operation
e High Slew Rate ... 13 V/us Typ

Low Input Bias and Offset Currents

Output Short-Circuit Protection

description

The TLO81 JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched,
high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low
input bias and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external
compensation options are available within the TLO81 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.

TLO8O, TLOSBOA
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO81, TLO81A, TLO81B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

TLO82, TLO82A, TL082B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

OFFSET

1|2 3114

OFFSET INV. NON  Vce—
NULL/ INPUT INV

OFFSET

NON
0UT  NULL OUT NULL OUT INV_ INV

COMP Vcce PUT  (N2) NC Vceo PUT IN2) vces PUT INPUT INPUT
8 i 6115 8 7116 5 8|7 6|5

1 2 3714

OFFSET INV. NON  vcee
NULL INPUT INV

|
]

1(|2 3 4

OUT INV_ NON. VcC-

PUT INPUT INV
comP . INPUT e INPUT INPUT
N1)
TLO84, TLO84A, TL084B
TLO83, TLO83A J OR N DUAL-IN-LINE TLO85

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

OR W FLAT PACKAGE
(TOP VIEW)

N DUAL-IN-LINE
PACKAGE (TOP VIEW)

OFFSET OFFSET
NULL NULL
N1 Vccs OUTPUT NC  OUTPUT Vecs  2N1

1 2 3 4 § (] 7

INVERT- NONIN. DFFSET Vcc- OFFSET NONIN- INVERT.
ING_ VERTING NULI

INVERT- NONIN-
ING  VERTING VERTING ING
OUTPUT INPUT INPUT Vgc- INPUT  INPUT OUTPUT

NONIN- INVERT-

Wl (o] (2] In| |w||s 8 Wl ju] j2 n
s AMPLIFIER NO. 2 Lﬂ‘_—\J
ANPLIFIER A
AMPLIFIER NO. 1 AMPLIFIER NO. 2 {_: }

OUTPUTINVERT: NONIN- Vege NOWIN: INVERT. QUTRUT

INVERT- NONIN- NONIN- INVERT.
ING  VERTING OUT- OUT- VERTING ING
INPUT INPUT  PUT  Veo+  PUT  INPUT  INPUT

INVERT- NONIN- OUT-  OUT- NONIN. INVERT- Ve

NULL VERTING ING RTING VERTING ING VERTING PUT PUT VERTING ING
INPUT  INPUT ‘N 2N2  INPUT  INPUT INPUT INPU INPUT INPLIY INPUT  INPUT INPUT  INPUT
PINS 9 AND 13 ARE INTERNALLY INTERCONNECTED
NC—No internal connection
Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO80 THRU TL085, TLOBOA THRU TLO84A,
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

Veer

NONINVERTING r‘ ,__(
INPUT

INVERTING 64 2

1280
INPUT ouTPUT
64 0
OFFSET NULL/COMP (N1) O———|—— — — — —4

o P

2080 j\
TLOBO ONLY OFFSET NULL (N2) o-———4 c1 i
i
COMP O-— —|— —— — — — ——

= ="

! !

| S0 1080 2

! i

| I
Yee= o7 3

OFFSET OFFSET
e Nz~ C1= 18 pF ON TLOB1, TLOS2, TLOB3, TLOB4, AND TLOBS ONLY

COMPONENT VALUES SHOWN ARE NOMINAL
TLO81 AND TLO83 ONLY

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

TLO8_C
TLO8_M TLO8_I TLO8_AC | UNIT
TLO8_BC
Supply voltage, Voc+ (see Note 1) 18 18 18 \Y
Supply voltage, Voc— (see Note 1) —-18 —-18 —-18 \%
Differential input voltage (see Note 2) +30 +30 +30 \Y
Input voltage (see Notes 1 and 3) +15 +15 +15 \Y
Duration of output short circuit (see Note 4) Unlimited Unlimited Unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (See Note 5) 680 680 680 mW
Operating free-air temperature range —55 to 125 —251t0 85 0to70 (e
Storage temperature range —65 to 150 —65 to 150 | —65 to 150 G
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, or W package 300 300 300 e
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 o
NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vg4 and Veogo—.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that
the dissipation rating is not exceeded.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, TLO8_M chips
are alloy-mounted; TLO8_ I, TLO8_C, TLO8_AC, and TLO8_BC chips are glass-mounted.
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
J (Alloy-Mounted Chip) 680 mW 11.0 mW/°C 88°C
J (Glass-Mounted Chip) 680 mW 8.2 mw/C 67°C TLoso _[L08) TL062 TWLOes! TLOSy TWLOSS
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C TLO8_M 4G 4G JG J W ‘
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C TLOB_I JG, P JG, P JG, P N 4N o
N 680 mW 9.2 mW/°C 76°C TLO8_C JG P JG, P JG, P J,N J, N N
P 680 mW 8.0mW/°C 65°C TLO8_AC JG, P JG, P JG, P J N J N *
w 680 mW 8.0mw/C 65°C TLO8_BC - JG, P JG, P E 4N i
Also see Dissipation Derating Curves, Section 2. *These combinations are not defined by this data sheet,
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TYPES TLO80 THRU TL085, TLOSBOA THRU TLO84A,
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+ = +15 V

TLO8_C
PARAMETER TEST CONDITIONST Lis R Depmc et UNIT
TLO8_BC
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
'80,'81,'82,'83,'85% 3 6 3 6 5 15
Rg =50, TLO84 3 9 3 6 5 15
Ta=25°C TLO8_A 3 6
\Y Input offset voltage ;8181828840 2 3 mV
10 '80,'81,'82,'83,'851 9 9 20
Rg =50 2, TLO84 15 9 20
Ta = full range | TLO8_A 1.5
‘81B,'82B,'84B 5
ay|o I:?;zirta:;:ei?’flf::;m Rg =50 Q, Ta = full range 10 10 10 uv/°c
TLO8_ 1 5 100 5 100 5 200
Ta=25°C TLO8_A 5 100 | pA
| Input offset current§ 218,890, 848 $ 100
10 B TLOS_§ 20 10 5
Ta = full range [ TLO8_A 3 nA
‘81B,'82B,'84B 3
TLO8_i 30 200 30 200 30 400
TAS 267C TLOB_A 30 200 pA
| Input bias current$ 818,826,648 20200
- TLO8_ i 50 20 10
Ta = full range | TLO8_A 7 nA
‘81B,'82B,'848B 7
P —_— . TLO8_ i 11 +12 11 £12 £10: 11
YR  yolinge rings Ta=26°C TLOS_A 11 12 Y%
‘81B,'82B,'84B 11 #12
5 Ta=25C R =10k 24 27 24 27 24 27
Vorp Zﬂuat)smuvnslfazzks:;::ak Ta = full range S 10 ki 2 24 2t ¥
R >2k& 20 24 20 24 20 24
R > 2k, TLO8_i 25 200 50 200 25 200
Vo=z%10V, TLO8_A 50 200
Large-signal differential |Ta = 25°C ‘81B,'82B,'84B 50 200
AvD voltage amplification Rﬁ > 2k, TLO8_% 15 25 15 WY
Vo=+10V, TLO8_A 25
Ta = full range | ‘81B,'82B,'84B 25
B4 Unity-gain bandwidth _ [Ta = 25°C 3 3 3 MHz
T Input resistance Ta=25°C 207 1012 1012 Q
o TLO8..% 80 86 80 86 70 76
CMRR |'Cac:i'rc:mon-mode rejection 1R_S i;(s)eléﬂ TLO8_A 80 86 4B
A '81B,'828, 848 80 86
Supply voltage rejection [Rg > 10 k2, TLOS_f g0 56 50 56 1076
KSVR  atio (AVees/AVip)  |Ta=25°C JL08. A £l 86 8
= ‘81B,'82B,'84B 80 86
Supply current No load, No signal,
lee (perampiifier) Tp= 25°C 1.4 28 1.4 2.8 1.4 2.8 mA
V1/V2 Channel separation Ayp = 100, Ta=25°C 120 120 120 dB

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for Tp is —55°C to 125°C for TLO8B_M;
—25°C to 85°C for TLO8_I; and 0°C to 70°C for TLO8_C, TLOS8_AC, and TLO8_BC.

% Types TLO85! and TLO85M 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 temperature as close to the ambient temperature as is possible.
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TYPES TLO80 THRU TLO85, TLO8OA THRU TLO84A,
TLO81B, TLO82B, TLO84B

JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VcC:t =+15V, TA = 25°C

TLO8_M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX

V=10V, RL =2k,

SR Slew rate at unity gain ! L 8 13 13 V/us
Cp =100 pF, See Figure 1

tr Rise time Vy=20mV, RL =2k, 0.1 0.1 us

Overshoot factor CL =100 pF, See Figure 1 10% 10%
Vi Equivalent input noise voltage Rg =100 %, f=1kHz 25 25 nV/\/Hz

PARAMETER MEASUREMENT INFORMATION

10 kQ

Vi :C
'1

R =
| 2k$2

'K 3 RL CL=
Cc=12pF = Two pF
for TLO8O ) L. L
and TLO80A - b

FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER

INPUT OFFSET VOLTAGE NULL CIRCUITS

100 k2

TLOSO dvee.
FIGURE 3 FEED-FORWARD COMPENSATION
FIGURE 4 FIGURE S
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TYPES TLO80 THRU TLO85, TLOSBOA THRU TLO84A,
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT -VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
Vs vs vs
> FREQUENCY 5 FREQUENCY FREQUENCY
&, 30 T T T | 7 2 D
& Vees =15V RL =10k Y 3 IHHH Vect =15
3 I Ta=25°C Z k| AL Rl =2kQ
2 T See Figure 2 > § 25— A~ See Figure 211}
g g g
3 AR 3 g 20
% Vecs = £10 V|| * 2 Ta=-55'C
¢ & & |
2 H e s 15
3 3
& & 8 Ta=125°C
E Vee: =5V 1 \ £ c 10
2 1 i 5 5
~— £ E
3 5 3 \ N
sl s 14 H 5‘ s 5 N
a |
S & & \~. |
> oL Lill Ll LIl g 0 = L >0 0 S88
100 1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M 10k 40k 100k 400k 1M  4M 10M
f—Frequency—Hz f—Frequency—Hz f—Frequency—Hz
FIGURE 6 FIGURE 7 FIGURE 8
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE . LOAD RESISTANCE . SUPPLY VOLTAGE
> 30 ¥ - | 30 T Lav | L1
!§‘ RL = 10kQ ] Vees =21 I ) RL=10kQ
3 2 TA=25°C T s Ta=26°C
3 25 RS2 kel S 25 See Figure 2 = S 25
> 11— — 5 / 3
B g 1l g
g 3 20 o 5 /]
5 20 é s N
° % 3 /
% & /] g /
% 18 s 15 s 15 g
bt 3 *
3 & /l &
< 10 e 10 g 10
> 3 3
3 E E
5 5 s z /
3 s S 5
= Vees =15V 1 &
% See Figure 2 § o §> ,
> _75 —50 -25 0 25 50 75 100 125 01 02 04 071 2 4 710 0 2 4 6 8 10 12 14 16
TA—Free-Air Temperature—"C RL—Load Resistance—k{2 |Vogel—Supply Voltage—V
FIGURE 9 FIGURE 10 FIGURE 11
LARGE-SIGNAL LARGESIONAL
: DIFFERENTIAL VOLTAGE AMPLIFICATION TLO08O, TLOBOA
BIEFERENTIALVOLTAGE MIRLIFICATION and PHASE SHIFT DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
vs vs
FREE-AIR TEMPERATURE FREQUENCY FREQUENCY WITH FEED-FORWARD COMPENSATION
Z 1000 106 . " 106 -
S 700 : = Vees =45V to %15V Vee=215V
| 1 S RL = 10k s C2=3pF
§ 00— § 10—\ TA-5°C : 5 0 Taz25'c
5 200 = = \ ‘ ‘ £ See Figure 3
= ~ B ol DIFFERENTIAL —| ¢° g 0t
g 2 s VOLTAGE @ < N
¥ 95 g \ AMPLIFICATION z 2 \
2 s w03 N (et 48 3 108
S 20 = = 2
> = \\ &
] [ o =)
£ 10 g 102 90 § 102
g 7 = N ] [
& o = |
£ afvee v - PHASE SHIFT N _— R |
T Fvo=+10Vv g (right scale) \ a ]
[=} 2p e < >
L=2kQ ‘ | . 2
z ] | | 1 \ 180 1 J
<75 <60 <26 0 25 50 75 100 125 1 10 100 1k 10k 100k TM 10M 100 1k 10k 100 k ™ oM
TA—Free-Air Temperature—°C f—Frequency —Hz f—Frequency—Hz
FIGURE 12 FIGURE 13 FIGURE 14

TData 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 TL0O80 and TLO8B0A,
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TYPES TLO80 THRU TLO085, TLOBOA THRU TLOB4A,
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

Pp—Total Power Dissipated—mW

1jg—Input Bias Current—nA

CMRR—Common-Mode Rejection Ratio—dB

TOTAL POWER DISSIPATED
vs
FREE-AIR TEMPERATURE

250

Vee: = $15V
225 No signal E
J No load
200
175 ™ l I
~~]_TL084, TLO8S
150
125
12 TLOB2, TLOS:
t— ;
75 —
[ —
50 TLO8O, TLOB1
e
25
0
-75 -50 -25 0 25 50 75 100 125
Ta-Free-Air Temperature— C
FIGURE 15
INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE
100
EVees =16 V=F T 2|
I T 1 .|
—T1 1 71
10 =
=
7 4
7
4
1
I Z T
 § 7 ,
t 1
1
0.1
0.01
-0 —25 0 25 50 75 100 125

TA—Free-Air Temperature—'C

FIGURE 18

ALL EXCEPT TLO8_C

COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE

89

Vege =415V
RL = 10kQ2
88
87
86
3
85
s s —1—
|
83 1
=75 50 25 0 25 50 75 100 125

TA-Free-Air Temperature—'C

FIGURE 21

TYPICAL CHARACTERISTICST

SUPPLY CURRENT PER AMPLIFIER

v
FREE-AIR TEMPERATURE
20

Veos = 215 V
1.8 No signal |
o b No load
z M ~
§ 14 -
& ™S
£ 12
5
o
> 10
g
a3 08
o
04
0.2
0
75 —65 —25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 16
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
Veet = 15 V|
o= RL=2kQ
3 a 7 Cy =100 pF
g Ta=25°C
k OuTPUT
2 2 \
B
2
3° /
o
s
Ea
£ INPUT
= i\
6
6 05 1 15 2 25 3 35
t—Time—us
FIGURE 19

EQUIVALENT INPUT NOISE VOLTAGE
vs

FREQUENCY
~ 70 ‘ TTTT LLLAL
E ‘ I Voot =15V
> 60 Avp = 10
j ‘ Rg =100 2

il
2 so TA“~25C
3 i
>
2 a0
o
-
5 N
2 30
£ ] Il
5 2
g
3
g 10
k
= 0
10 40 100 400 1k 4k 10k 40k 100k

f—Frequency—Hz

FIGURE 22

Icc+—Supply Current—mA

THD-Total Harmonic Distortion—%

SUPPLY CURRENT

vs
SUPPLY VOLTAGE

f—Frequency—Hz

FIGURE 23

100 k

20 —
Ta=25°C
181 No signal
1.6 |- No load
14
12
10
0.8
0.6
0.4
0.2
0
0 2 4 & 8§ 10 42 1% 18
|Vee+|—Supply Voltage—V
FIGURE 17
OUTPUT VOLTAGE
vs
ELAPSED TIME
28 ]
24
[ OVERSHOOT
z VR .
] 90%
%16 /
3 |
> 0 :
5 A
Ll
3 8
L L
>
10% Vees =215V
0 RL=2k2 4
o Ta=25°C
) L1
0 01 02 03 04 05 06 07
t—Time—us
FIGURE 20
TOTAL HARMONIC DISTORTION
vs
] FREQUENCY
EVcct=+15V
[CAvD=1
04
- VI(RMS) = 6 V
Ta=25°C
0.1
0.04
0.01
7
0.004
0.001
100 400 1k 4k 10k 40k

TData 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 TLO80 and TLO80A.
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TYPES TLO80 THRU TL085, TLOBOA THRU TLO84A,

TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

RE = 100 k2
A"V‘v

+15V

OQUTPUT

INPUT P outpuT
—o

O Vce—

R1=R2=2R3=15MQ

63
1 2 C1=C2=— =110 pF
= < 9.1k 2
2n Rg Cf J 1
L fg=————= 1 kHz
= 075 R1C1

FIGURE 24-0.5-Hz SQUAREWAVE OSCILLATOR

1Ma
AV“AV
Vee+
14F &
Y TLO84T
INPUT o—{ G +
{ Vee— OUTPUT B
100kaS 100k
100 kO
AN O Vce+
1004F ==  $100ke
4 I . b OOUTPUTC

Vo o108
1 or TLO85

FIGURE 26—AUDIO DISTRIBUTION AMPLIFIER

6 sin wt

1N4148 18 k9 (See Note A)
15V
18 oF 31k
e
Vee+
S 172 6 cos wt
Y
88.4 k23 TLO82 -0
) +
] L L Vee— 3 1ka
¢ —t—e
+15V
1N4148 18 k2 (See Note A)
88.4 kQ
g

Note A: These resistor values may be adjusted for a symmetrical output.

FIGURE 27—-100-kHz QUADRATURE OSCILLATOR

TEXAS INSTRUMENTS 145

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES TLO8O THRU TL085, TLOSBOA THRU TLOB4A,
TLO81B, TLO82B, TL0O84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

16ka 18 ke
AAN AN
220 pF 220 pF
[ q
43k 30 ka 43k0 30 ko
ANN— A —AMV —NN—
vee+
43 kQ
) 220 pF Vvee+
INPUT ) i
P ( ‘ % 43kq
R =
TLos4t vV %
A
+ —O
TLO84Y OUTPUT
+
< B
15ka 3 o,
Vee-
6 3
OUTPUT B

t or TLO85

OUTPUT A

Ao bt b

b -+«x~q—£‘+¢+

2 kHz/div
SECOND-ORDER BANDPASS FILTER
fo =100 kHz, Q =30, GAIN =4
FIGURE 28—POSITIVE-FEEDBACK BANDPASS FILTER

2 kHz/div

CASCADED BANDPASS FILTER
fo = 100 kHz, Q = 69, GAIN = 16

220 kQ
AN i
0,00375 uF
p ( S
LY 0k S 0.003 uF
0.034F
. L
MIN L MIN
) 100ke < 100 k8
4 0 ¥R ANA ARA=P
[ < 1010 33k 3 TREBLE
10003 MAX | MAX
< L—‘H
0.03uF
INPUT
10ka S 0.003 uF
p
+
: ¢ e
BALANCE | 10 pF P
L/
75 uF 50 pF
j
-
hd

FIGURE 29—IC PREAMPLIFIER
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LINEAR

INTEGRATED TYPES TLO87, TLO88, TL287, TL288

JFET-INPUT OPERATIONAL AMPLIFIERS

c' RCUITS BULLETIN NO. DL-S 12642, MARCH 1979 — REVISED OCTOBER 1979
e Low Input Offset Voltage . . . 0.5 mV Max 1067, TL0BS8 TLOBB
JG OR P DUAL-IN-LINE U FLAT PACKAGE
e Low Power Consumption PACKAGE (TOP VIEW) (TOP VIEW)
. . . OFFSET OFFSET
e  Wide Common-Mode and Differential v vees SUT MU o ne Ve ur Nt
Voltage Ranges [s1[71[s][5 (ONONOXO)
'S 'l | ' b
e Low Input Bias and Offset Currents
e Output Short-Circuit Protection
e High Input Impedance . . . JFET-Input
il ' | 05000
NiEEhE
e Internal Frequency Compensation OFFSET NV NON- Voo NC OFFSET IV NON- Voo
NULL INPUT INV NULL INPUT  INV
il INT) INPUT NT) INPUT
e Latch-Up-Free Operation
. TL287, TL288 TL288
e High Slew Rate ... 13 V/us Typ JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW)
NON- NON-
5.2 voo. BT WUt weT o Ve BF M wr
description s [ ]s]]s O)

i 'l i z
These JFET-input operational amplifiers incorporate E<L q—_—l
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- 1{12[]3[]4 (:) C;) ) @ G
efficient of input offset voltage. Offset-voltage ouz: NV, l"l.u,é’gT eNp NN e e
INPUT

adjustment is provided for the TLO87 and TL0S88.

NC—No internal connection

Deviceotypes 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)

TLO87I TLO87C
TLO88M TLO88I TLO88C UNIT
TL288M TL2871 TL287C
TL288I TL288C
Supply voltage, Vcc+ (see Note 1) 18 18 18 \
Supply voltage, Voo (see Note 1) -18 —18 —18 vV
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (see Notes 1 and 3) +15 +15 +15 \Y
Duration of output short circuit (see Note 4) Unlimited Unlimited | Unlimited
Continuous total dissipation at (or below) JG or P package 680 680 680 i
25°C free-air temperature (see Note 5) U package 675
Operating free-air temperature range —551t0 125 —251t0 85 0to 70 e
Storage temperature range —65 to 150 —65 to 150 | —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | JG or U package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | P package 260 260 °c
NOTES: All voltage values, except differential voltages, are with respect to the midpoint between Vcc4 and Voo—-

T

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

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

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

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TLO88M and TL288M
chips are alloy-mounted; TL0O871, TLO88I, TL287I, TL288I|, TL0O87C, TL0O88C, TL287C and TL288C chips are glass-mounted,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO87, TLO88, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+ =15V

TLO87! TLOB7C
TEST CONDITIONST TLO88M TLO88I TLO8BC UNIT
FARRMETER e TL288M TL2871 TL287C
TL288I TL288C
MIN TYP MAX [ MIN TYP MAX |MIN TYP MAX
Rg =509, TLO87, TL287 0.1 05 0.1 05
. | i i Ta=25°C TLO88, TL288 1 3 1 3 1 3 B
t t 1a
10 Inputolisetvolage 1R =B0w,  |TLO87,TL287 2 5
Ta = full range | TLO88, TL288 6 6 5
Tel ature coefficient
ayjg . perawre coelliclent g =500,  Ta = full range 10 10 10 WVPC
of input offset voltage
i o § Ta =25°C 5 100 5 100 5 100| pA
ho nput offset current T = full 7onge 25 3 T A
' S 58 Ta=25°C 60 400 60 400 60 400| pA
as curren
Ig: — TORSERSsa Ta = full range 100 20 7[ nA
Veeo-t4 Vee=+3.5 Vece-15
Common-mode input
VicR Ta=25°C to to to Vv
voltage range Veos—4 Veesr vees
— - ‘ Ta=25°C, R =10k 24 27 24 27 24 27
aximum peak-to-pea
Vorp t' X I:’ P T RL > 10 k2 24 24 24 v
output voltage swin = full range
Eb g A ® RS 2ka 20 20 20
RL > 2kQ, Vo=+10V,
i ’ . E o & 50 200 50 200 25 200
Large-signal differential |Tp =25"C
Avp voltage amplification RL > 2kQ Vo=%10V e
ORee ame = ’ 9 . 25 25 15
Ta = full range
B4 Unity-gain bandwidth [T =25°C 3 3 3 MHz
T Input resistance Ta=25C 10'? 10'2 1012 Q
Common-mode rejection
CMRR i . Rg<10kQ, Tp=25°C 80 95 80 95 70 95 dB
ratio
Supply voltage rejection
KsvR PPl VOUBgE relection | o . <10k,  TA =25°C 80 95 80 95 70 95 B
ratio (& Vgct/A Vo)
Su Current No load, No signal,
Ice puy SHir A ) 14 28 14 28 14 28| mA
(per amplifier) Ta=25°C
TAll characteristics are specified under open-loop conditions unless otherwise noted. Full range for T4 is —55°C to 125°C for TL—88M;
—25°C to 85°C for TL_8__1; and 0°C to 70°C for TL_8_C.
§ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse
techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.
operating characteristics VCc+=+15V, Ta = 25°C
. TLO88M, TL288M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX | MIN TYP  MAX
. . V=10 V. R =2k,
SR Slew rate at unity gain 8 13 13 V/us
CL=100pF, Ayp=1
tr Rise time Vi=20mV, RL =2k, 0.1 0.1 us
Overshoot factor CL=100pF, Ayp=1 10% 10%
Vn Equivalent input noise voltage Rg =100 @, f=1kHz 18 18 nV/\/HAz
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C
P 680 mW 8.0 mW/°C 65°C
U 675 mW 54 mW/C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TLO87, TLO88, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
>\ 30 LBLLLUA AL
8 |Vees =215V
S 25 %
5

g

3 20 }—H

2 Vocs = £1

% b

&

S 15

s‘

S

o

E 10 Vece =t

E

<

H

i)

o

&

S

>

1k 10k 100 k

f—Frequency—Hz

FIGURE 1

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

TYPICAL CHARACTERISTICS'

Vopp—Maximum Peak-to-Peak Output Voltage—V

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREQUENCY

T ‘ RL =2Kk0
i TA=25°C
25 —;;{ b 1 tt
20—+ HH lml o
Vees =310V "”I
181 may ii“i L
T IR
il il
] TN L
oL L1l L1 II”I 33
100 1k 10k 100 k ™ om

f—Frequency—Hz

FIGURE 2

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE
vs

()
é

N
o

)
°©

o

Vopp—Maximum Peak-to-Peak Output Voltage—V
@ &

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREQUENCY

T Vol TV

| Ta=25°C RL 2k
N
\

0

Ta=-56°C

TA=125°C

\[I\

N

NN
0 S
10k 40k 100 k 400k 1M 4M 10M

f—Frequency—Hz

FIGURE 3
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FIGURE 7 FIGURE 8 FIGURE 9

TData 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 TLO87, TLO88, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER INPUT BIAS CURRENT
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
126 ) P 20 T 100
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2 T — £
N T go° b o1
e 0.4 .
0.2 =
0 0 0.01
-76 -50 -25 0 26 50 756 100 125 -76 -56 —25 0 25 50 75 100 125 -50 -25 0 25 50 75 N 100 125
TA—FreeAir Temperaturs=*C TA~Free-Air Temperature—°C TA~—Free-Air Temperature— C
FIGURE 10 FIGURE 11 FIGURE 12
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
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FIGURE 13 FIGURE 14 FIGURE 15
NORMALIZED SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE TOTAL HARMONIC DISTORTION
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FIGURE 16 FIGURE 17 FIGURE 18

TData 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 TYPES TL321M, TL321I, TL321C
INTEGRATED OPERATIONAL AMPLIFIERS

ClRCUITs BULLETIN NO. DL-S 12515, APRIL 1977 — REVISED OCTOBER 1979

e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply ...3Vto30V Input Offset Voltage .. .2 mV Typ
or Dual Supplies Input Offset Current .. . 3 nA Typ (TL321M)

e Low Supply Current Drain Input Bias Current . . .45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...0.8mA Typ Equal to Maximum-Rated

e Common-Mode Input Voltage Supply Voltage . .. 32V
Range Includes Greund Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification ... 100 V/mV Typ

e [nternal Frequency Compensation
schematic
. vee JGORP
—e g | s DUAL-IN-LINE
Rzguu;‘gn REGULATOR| n%sfi%n PACKAGE (TOP V|EW)

OUT
Ne  Vec PUT  NC

| [s1[71[6][5
ITPUT
INVERTING,
neuT  © | 'ﬁ l
i 2
INPUT ]‘ R ATOR
GND
Vd 1[12]]13(]4
NC INV NON- GND
. . INPUT INV
description

INPUT

hYE
7

The TL321 is a high-gain, frequency-compensated
operational amplifier that was designed specifically to
operate from a single supply over a wide range of
voltages. Operation from split supplies is also possible so long as the difference between the two supplies is 3 volts to
30 volts and Pin 7 is at least 1.5 volts more positive than the input common-mode voltage. The low supply 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.

NC—No internal connection

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

Supply voltage;, VeclseeNote 1)  wimiasedvins s mams 8 mimi 5580 o8 Ginnmb obnilsde o5 smil i 32V
Differential input voltage(see’Notei 2) .o sovmsms 8 8855 a8 58 555 8 mimd 5ilems o smisn oo omd 32V
Input voltage range (either INPU) . . ... it it e e —-0.3Vto32V
Duration of output short-circuit to ground at (or below 25°C
free-air temperature (VCC<15V) (see Note 3) .. .. oottt unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) . . oo oo eonn .. 680 mW
Operating free-air temperature range: TL32TM .. .. ... it —55°C to 125°C
RO  1vin e v e e oo o om0 —25°C to 85°C
MUEBMCH o I 0 o2 ol W S ol 0°Cto 70°C
Storage temMPerature FANGE . . v v v v v v vt et e et e e e e e e e e e —65°C to 150°C
Leéad temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package .. ..........ovvuun.. 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package .. ..... ... ..o uuenenn. 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. Shortcircuits from the output to V¢ 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; TL3211 and TL321C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL321M, TL321l, TL321C
OPERATIONAL AMPLIFIERS

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

TL321M, TL321I TL321C
PARAMETER TEST CONDITIONSt UNIT
MIN TYP MAX MIN TYP MAX
. el e Vp=14V, 25°C 2 5 2 7 7
nput offset vo
10 3 ol Vec =5V to30V | Full range 4 9| ™
25°C 3 30 5 50
o Input offset current Vp=14V nA
Full range 100 150
; Vo=1.4V, 25°C —45 —150 —45 —250
i Input bias current nA
See Note 5 Full range —300 —-500
. 0to Oto
C de i t e V 1.5 Vv 1.5
ommon-mode inpu -1. —1.
VicR P Vee =30V €0 £C v
voltage range 0to Oto
Full range
Vee—2 Vee—2
Vec =30V,
cc Full range 26 26
i RL =2k
VOH High-level output voltage \
Ve =30V,
Full range 27 28 27 28
RL > 10 kQ
VoL Low-level output voltage RL <10kQ Full range 5 20 5 20 mV
Large-signal differential Vec =18V, 25°C 50 100 25 100
AvD Vo=1Vto 11V, V/mV
voltage amplification RL>2kQ Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 65 85 dB
ksvRr” Supply voltage rejection ratio Rg <10 kQ 25°C 65 100 65 100 dB
Vee =15V, 25°C 20  —40 20 -40
Vip=1V,
_ Full range -10 -20 -10 -20
Vo=0V
VO o15 Y =
o Output current i 25°C 10 20 10 20
Vip=-1V,
Vo=5V Full range 5 8 5 8
ViD =1V, o
25°C 12 50 12 50 A
Vo =200 mV
No load, 25°C 0.4 0.4
Icc Supply current . mA
No signal Full range 1 1

*ksvR = AVcc/Avio
T All 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°C for TL321C.
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

BASKAGE POWER DERATING ABOVE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/C 69°C
JG (Glass-Mounted Chip) 680 mwW 6.6 mMW/°C 47°C
P 680 mW 8.0 mW/°C 65°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR TYPES TL322M,TL3221,TL322C
INTEGRATED

CIRCUITS DUAL LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12731, OCTOBER 1979

e Wide Range of Supply Voltages
Single Supply . ..3V to 36V

or Dual Supplies JGORP

e Class AB Output Stage DUAL-IN-LINE PACKAGE (TOP VIEW)

e True Differential Input Stage AMPLIFIER NO. 2

e Low Input Bias Current

NON-
. v, OUT- INV INV
e [nternal Frequency Compensation CC+ PUT INPUT INPUT

e Short-Circuit Protection

description

|8||7||6|| 5|
The TL322M, TL322l, and the TL322C are dual
operational amplifiers similar in performance to the

|1]|2I|3||4|

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

3 e 17 . . . OUT- INV NON- GND
split supplies is also possible provided the difference PUT INPUT INV
between the two supplies is 3 volts to 36 volts. The INEUT
common-mode input range includes the negative %

AMPLIFIER NO. 1

supply. Output range is from the negative supply to
Ve — 1.5 V. Quiescent supply currents per amplifier
are typically less than one-half those of the uA741.

The TL322M is characterized for operation over the full military temperature range of —55°C to 125°C. The TL322I
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 TL322I TL322C UNIT

Supply voltage V4 (see Note 1) 18 18 18 \%
Supply voltage Vcc— (see Note 1) —18 -18 -18 Vv
Supply voltage Vg4 with respect to Vee- 36 36 36 \
Differential input voltage (see Note 2) +36 +36 +36 \
Input voltage (see Notes 1 and 3) +18 +18 +18 \
Continuous total dissipation at (or below) 25°C JG package 1050 825 825 o
free-air temperature (see Note 4) P package 1000 1000

Operating free-air temperature range —551t0 125 —40 to 85 0to 70 °c
Storage temperature range —65 to 150 —65 to 150 —65 to 150 i
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds |JG package 300 300 300 e
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P package 260 260 e

NOTES: 1. These voltage values are with respect to the midpoint between Vec+ and VCC_A
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Neither input must ever be more positive than Vcc+ or more negative than Voo .
4,

For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG packages, TL322M chips are alloy-
mounted; TL322| and TL322C chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA

JG (Alloy-Mounted Chip) 1050 mW 8.4 mwW/°C 25°C

JG (Glass-Mounted Chip) 825 mwW 6.6 mW/°C 25°C

P 1000 mW 8.0mw/C 25°C
Also see Dissipation Derating Curves, Section 2.

Copyright © 1979 by Texas Instruments Incorporated
079
B o TEXAS INSTRUMENTS 153

This document contains information on INCORPORATED

a new product. Specifications are subject
to change without notice. POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES TL322M,TL3221,TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature: Vcc+ =14V, Vcc— =0V for TL322I;
Vee: = #15 V for TL322M and TL322C

PARAMETER TEST CONDITIONST T Lo TL322¢ UNIT
o MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
ol I - ; Ta=25°C, See Note 5 2 8 2 8 2 10 i
nput offset volta
10 B S TAa = full range, See Note 5 10 10 12
ffici
- Ter.nperature coefficient TA= 25°C 10 10 10 Lv/°C
of input offset voltage .
; ; i t Ta = 25°C, See Note 5 30 75 30 75 30 50 i
nput offset curren
10 & TA = full range, See Note 5 250 250 200
8o Ter'nperature coefficient TA=25°C 50 50 50 bASC
of input offset current
i Ta=25°C —-0.2 -0.5 -0.2 -0.5 -0.2 -0.5
Iig Input bias current KA
Ta = full range -1.5 —1 -0.8
\% Vee— Vee— Vee— Vee- Vee—
Common-mode input - g~ Mee Ce="Vee Co=VCE
ViCcR it ¥ Ta=25C to to to to to to \"
e
e 13135 12 125 13135
RL=10k2, Ta=25°C +12 %135 $12 125 £12 #13.5
Peak output =
Vom . RL =2k&, Ta=25°C 10  #13 £10 #£12 +10 #13 \
voltage swing
R =2k, Ta = full range +10 10 10
Large-signal differential |R| =2 k%, Ta =25°C 200 20 200 20 200
AvD i V/mV
voltage amplification Vo=+10V Ta = full range 25 15 15
. Vopp=20V, R =2k,
Maximum-output- °
Bom ) ; Ayp =1, TA=25"C, 9 9 9 kHz
swing bandwidth
THD < 5%
. . g RL=10k2, Vp=50mV,
B1q Unity-gain bandwidth . 1 1 1 MHz
Ta=25"C
CL=200pF, R =2kQ,
®m Phase margin g = 5 - 60° 60° 60°
Ta=25°C
r Input resistance =20 Hz, Ta=25°C 0.3 1 0.3 1 0.3 1 MQ
o Output resistance f=20Hz, TA=25C 75 76 75 Q
Common-mode 5
CMRR | ) Rg< 10k, Ta=25°C 70 90 70 90 70 90 dB
rejection ratio
Supply voltage sensitivity]| &
[3 TA=25°C 30 150 30 150 30 150|uV/V
SVE (aVip/avee) A d
lgg | Shorteitcuitoutpur Ta=25°C £10 30 45| #10 30 +45| +10 +30 +45| mA
current §
No load, No signal,
Icc Total supply current A 1.4 2.5 1.4 4 1.4 4| mA
TaA=25"C

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for T 4 is —55°C to 125°C for TL322M; —40°C
to 85°C for TL322] and 0°C to 70°C for TL322C.

The V|cR !imits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than V.

§Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

NOTE 6: Vg and I|g are defined at Vg = O V for TL322M and TL322C and Vg = 7 V for TL322I.
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TYPES TL322M,TL322I1,TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics, VCC+ =5V, Vcc— =0V, TA = 25°C (unless otherwise noted)

TL322M TL3221 TL322C

PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Vio Input offset voltage V=25V 2 8 8 2 10| mVv
lio Input offset current Vo =25V 30 75 75 30 50| nA
Iig Input bias current -0.2 -05 -0.5 -0.2 -0.5| PA
RL=10kQ 33 3.5 3.3 3.5 3.3 35

Peak output

RL = 10 k%2, v

Vom
Vegs— 147 Vi — 17 Vgt — 17
Veos=5Viwo30v | CC* ces Ces

voltage swing §

Large-signal differential

AvD - RL=2kQ,AVp=2V 20 200 20 200 20 200 V/mV
voltage amplification

Power supply sensitivity

k 150 150 150 |uV/V
SVS (aV|p/aVees)

lcc Supply current No ioad, No signal ] 25 1:2 4 1.2 4| mA

V1/Vo2 Channel separation f=1kHz to 20 kHz 120 120 120 dB

T All characteristics are specified under open-loop conditions.
§Output will swing essentially to ground.

operating characteristics: Vgc+ = 14V, Voc— =0V for TL322I, Vee+ = +15 V for TL322M and TL322C
TL322C; TA = 25°C, Ayp = 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate at unity gain Vi=+10V, CL =100 pF, See Figure 1 0.6 V/us
1, Rise time 0.35 us
- AV@p =50mV, CL =100 pF, R =10k$2,
tf Fall time i 0.35 HS
See Figure 1
Overshoot factor 20%
Crossover distortion Vipp=30mV, Vopp=2V, =10 kHz 1%

PARAMETER MEASUREMENT INFORMATION

o
Vi +
CL= _L R
100 pF S L
FIGURE 1-UNITY-GAIN AMPLIFIER
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TYPES TL322M, TL322I, TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT INPUT BIAS CURRENT 'MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
e vs vs
TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE
e 250—— S 0 =
BT Ta - 25°C i RL = 10kQ
) Ta=25°C
J B—— B
200 200 S
< < -
b i ! 2
A < & 5
§ I~ g s
g £ s
s 150 ~ 3 150 % /
- o &
g 3 =
5 100 5 100 3
2 2 < 10
T ] £
@ -] €
= &0 ~ 50 ;‘ 5 A
& '
o 0 S0
75 50 25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16 AT g2t T NGB TG e e
Ta~Free-Air Temperature—°C Vg +1-Supply Voltage—V NMectH-Supply Voltage-V
FIGURE 2 FIGURE 3 FIGURE 4
LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
G v VOLTAGE-FOLLOWER
FREQUENCY FREQUENCY LARGE-SIGNAL PULSE RESPONSE
> 30 T T T
| Y 108 T T
& Veer =$15V & Vees =15V
Z CL=0 £ RL = 2kQ 10 N
S RL = 10 k2 8 108 s " N\
H T =25°C 2 A i OUTPUT :
g See Figure 1 3 5 L
EEY kit < 10 5‘ :
g 3 i
a o 3 !
8 15 S 103 a0 T
% \ E 3 ]/ :
o g °
€ 10 £ 102 5 5 1
H £ 2 1
E & 2 H
X | £ L
= 5 g 10 {INPUT
5& N < -10 B
>o 0 \4&., 1
1k 4k 10k 40k 100k 400k 1M 1 10 100 1k 10k 100k 1M 0 10 20 30 40 50 60 70 80 90
f—Frequency—Hz f—Frequency—Hz t—Time—us
FIGURE 5 FIGURE 6 FIGURE 7

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

schematic (each amplifier) P
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All component values shown are nominal
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12407, JUNE 1976—REVISED OCTOBER 1979

e Open-Loop Voltage
Amplification . . . 2600 Typ

e CMRR...80dB T Typ

description

The TL702 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
& 9 O Vee+
8k Bka
2kQ S > 2 k2 e
p —0 comp
IHE 334k
2
LAG
GND O— —O COMP
INVERTING
24 ¢
INPUT s
NON- OUTPUT
INVERTING
INPUT
26k
Component values shown 3240 2
are nominal *
<
24k <2400
-0 Vee—

with low-drift and low-offset characteristics. The TL702 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 TL702C
is characterized for operation over the temperature range of 0°C to 70°C.

terminal assignments
J OR N DUAL-IN-LINE

JG DUAL-IN-LINE

U FLAT PACKAGE

OR W FLAT PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
LAG LEAD A
NC  VcC+ NC OUTPUT COMP COMP NC Ver POT comp Gomp Veco NG OUTPUT come Come
i1 5 ONONONONO,
I 1 1 1 3
5 ¥ T ¥ T
1 4
GND INV_ NON-: V, @ @ @ @ @
NC NC GND INV NON- vcc. NC INPUT 1NV CCT L ml:‘gr Wy ees
INPUT INV

INPUT

INPUT

INPUT

NC—No internal connection

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

TL702M TL702C |UNIT
Supply voltage VCC+ (see Note 1) 14 14 \Y
Supply voltage VCC— (see Note 1) —7 -7 \Y
Differential input voltage (see Note 2) +5 +5 \Y
Input voltage (either input, see Notes 1 and 3) —-6t015 | 6to1.5 Y
Peak output current (tw < 15s) 50 50 mA
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) 300 300 mwW
Operating free-air temperature range —55 to 125 0to 70 .
Storage temperature range —65 to 150 | —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds l J, JG, U, or W package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N package 260 °C

NOTES:

. All voltage values, unless otherwise noted, are with respect to the network ground terminal.

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

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
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
Vees =12V Vee+ =8V
PARAMETER TEST CONDITIONS? = cet uNIT
Vec-=-6V Vee-=-3V
MIN TYP MAX|MIN TYP MAX
\Y | ff: I Rg < 2kQ 2. : 2 2 5 mV
10 nput offset voltage s Foll range 5 S
- Av?raoe temperature coefficient Rs =500 —E:’S"c to 25:0 10 10 WVPC
of input offset voltage 25°C to 125°C 5 5
25°C 0.5 2 0.3 2
o Input offset current —55°C 1 3| wA
125°C 0.2 3 3
Average temperature coefficient —55°C to 25°C 6 5
|0 i = = nA/°C
of input offset current 25°Cto 1256°C 3 2
! " B 5 25°C 4 10 2.5 7 A
B nput bias curren —en =% % 7 s
Common-mode input Positive swi 0.5 1 0.5 1
Vi osi I\-l sm@ 25°C v
voltage range Negative swing —4 -5 -15 -2
Maximum peak-to-peak R > 100 kQ 10 10.6 5 654
Vorp ) v
output voltage swing R =10kQ 8 4
L ignal differential Vo =15V ol o M
Ayvp al'g“'g"‘ '_f'_ °:f’"“a Ry > 100 k& ol Full range |1000
e = Vo-+25V | 25°C 380 700
) 25°C 8 25 12 40
t Input resistance k2
Full range 3 4
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 |
CMRR Common-mode rejection ratio Rg < 2kQ 25°C 70 80 70 80 dB
ksvs* Supply voltage sensitivity Rg < 2kQ 25°C 60 300 60 300 |uV/V
lcc Supply current No load, No signal 25°C 5 6.7 21 39| mA
Pp Total power dissipation No load, No signal 25°C 90 120 19 35| mW

*ksvs = AV|o/AVce
t All characteristics are specified under open-loop operation. Full range for TL702M 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

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0mW/°C 123°C
J (Glass-Mounted Chip) 300 mW 8.2mW/°C 113°C
JG (Alloy-Mounted Chip) 300 mW 84 mW/C 114°C
JG (Glass-Mounted Chip) 300 mW 6.6 mW/°C 104°C
N 300 mW 9.2mW/C 117°C
u 300 mW 5.4 mW/°C 94°C
w 300 mwW 8.0 mw/°C 192°¢

Also see Dissipation Derating Curves, Section 2.
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702C
electrical characteristics at specified free-air temperature, Vcc+ =12V, Vecc—=—-6V
TL702C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
Y Input offset voltage Rg < 2kQ e L. \%
u Vi <
o P 2 S Full Range 5| "
Average temperature coefficient
Rs=50Q Full R 5 Vv/°C
avio of input offset voltage S Ll Rangs i
25°C 0.5 5
o Input offset current BA
Full Range 75
Average temperature coefficient 0°C to 25°C 5 N
il [e] s 5 = nA/°C
of input offset current 25°Cto70 C 3
; P " 25°C 4 15 =
nput bias curren
L = 5 0°C a5 20| "
VieR ?ommon-mode Positi\./e swirig 25°C 0.5 1 W
input voltage range Negative swing ~-4 -5
Maximum peak-to-peak s
Vorp . R = 100 kQ 25°C 10 106 \Y
output voltage swing
Large-signal differential 25°C 1000 2600
Avp - R = 100 k82, Vo =5V
voltage amplification Full Range | 800
. 25°C 6 25
ri Input resistance k2
Full Range 3.5
o Output resistance Vo =0, See Note 3 25°C 200 600 Q
CMRR Common-mode rejection ratio Rg < 2kQ 25°C 65 80 dB
ksvs® Supply voltage sensitivity Rg < 2k 25°C 60 300 | uV/V
Icc Supply current No load, No signal 25°C 5 7| mA
Pp Total power dissipation No load, No signal 25°C 90 125 | mW

*ksvs = AVio/AVce
T All characteristics are specified under open-loop operation. Full range for TL702C is 07€t0/70°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, TL702C

operating characteristics Vcc+ = 12V, Vec—=—-6V, Tao=25"C

PARAMETER TEST TEST CONDITIONS R AR UNIT
FIGURE MIN TYP MAX
o 1 Vi=10mV, CL=0 25 120 ns
ty  Rise time
2 Vi=1mV 10 30 ns
T 1 Vi=10mV, Cp = 100 pF 10% 50%
Overshoot factor 2 Vi=1mv 20% 20%
1 V=6V, Cy = 100 pF 1.7
SR Slew rate L6 L P V/us
2 V| =100 mV 11
TEXAS INSTRUMENTS nox
INCORPORATED
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

Vi

OUTPUT

—_————ov

INPUT VOLTAGE

WAVEFORM
FIGURE 1-UNITY-GAIN AMPLIFIER
5 kQ
\ 50 Q
= OUTPUT
INPUT
—— 0V
INPUT VOLTAGE
WAVEFORM 50 B0 pF EE RL = 100 k2
2 =
FIGURE 2—GAIN-OF-100 AMPLIFIER
67
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

—Diffy tial Voltage Amplificat
N0 DifferentialVoltegermp REton VOPP—Maximum Peak-to-Peak Output Voltage—V

Ayp—Differential Voltage Amplification

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
(for various lag compensations)
14
vee+ =12V RL=100kQ
Vee-=-6V  Ta=25°C

12 H
10 2

o o {1 e

2 = [ "
8 — "W+ bR = 24+ PR

s E I LAG

- < oA
6 v—-—l = ! hyd a c

1‘ 4 ‘9‘ 2 1 Ry
> » >
4 —H»“c g L2 2
2 2 5 R
e [ 1
2 b L
NJ an N - -
2 LAG COMPENSATION CIRCUIT
100 1k 10k 100 k ™

FOR FIGURES 3,4, AND 5

f—Frequency-Hz

FIGURE 3

LARGE-SIGNAL DIFFERENTIAL
LARGE SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION

VOLTAGE AMPLIFICATION vs
vs FREQUENCY
FREQUENCY (for various lag compensations)
10 10 e
AvD(0) =Avp at f=1Hz Oien:Lioon Cy=0 Vees = 12V
Open-L. Vee+ =12V 3 VCC-= -6V
pen-Loop vggb =B/ § RL = 100 kQ2
= 3 TA=25°C
10° C1=0.1uF £ 10 ”I” N A
R1=0 8.
AL = 100ka £ AVD(O) =100 ™
5 |C1=100pF, Ry =2ka | [N
10? o Ta=25°C & 0 H
AvD(0) = 100 2 Y PHI T T
Closed-Loop > AvD(0) = 10
10 3 ot Cq1=1000pF, R1 =200 Q
AvD(0) = 10 i ' i i [ 11 T T
Closed-Loop ' b AvD(0) = 1 \
. o C1=0014F, R1=200
¢ CCTIMET
Closed-Loop ‘ <
AvD(0) =Avp at f= 1 Hz
10" 107!
100 1k 10k 100k 1M 10M 100 k ™ 10M 100 M
f—Frequency—Hz f—Frequency—Hz
FIGURE 4 FIGURE 5
LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
(for various lag compensations)
10¢ RE
AvyD(0) = Ayp atf=1Hz ava o
Vees =12V e
Open.Loo, Vee-=-6V
108 o G C3 =50 pF
‘ H ,, TA=25°C o
10 l I 1“[ Ny Co T~
AyD(0) = 100, C2 = 0, RF = 10 kQ
TLUILE L1 st
"
19 AvD(0) = 10, C2 = 1000 pF, N
R2=200 0. RF =10k N
AVD(0) = 1, C2 = 0.01 uF, ~
R2= 200, RE = 10kQ \
Y A 1 AT ca
100 10M 100 M

LEAD-LAG COMPENSATION CIRCUIT
FOR FIGURE 6

f—Frequency—Hz

FiGURE 6
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LINEAR
INTEGRATED
CIRCUITS

TYPE uA702M

GENERAL-PURPOSE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12408, JUNE 1976—REVISED OCTOBER 1979

e Open-Loop Voltage
Amplification . .

e Designed to be Interchangeable With

. 3600 Typ

schematic

circuit-fabrication techniques, produces an amplifier
with lowdrift and low-offset characteristics. The uA702 is particularly useful for applications requiring transfer or

> & 2 2 O Vee+
8ka 8ka
Fairchild uA702
e CMRR...100dB Typ zka 2k —
.q‘ r comp
L 3.4k
description dibe vy
The uA702 is a high-gain, wideband operational Meor e 4 T—(
amplifier having differential inputs and single-ended G ¢——oouTPUT
emitter-follower outputs. Provisions are incorporated INPUT v
within the circuit whereby external components may e ]\tm,, A8k
be used to compensate the amplifier for stable are nominal >
operation under various feedback or load conditions. _— 7. »
Component matching, inherent in silicon monolithic i
3 -0 Vee—

generation of linear and non-linear functions up to a frequency of 30 MHz.

The uA702M is characterized for operation over the full military temperature range of —55°C to 125°C.

terminal assignments

J DUAL-IN-LINE u
ORW FLAT PACKAGE JG DUAL-IN-LINE FLAT PACKAGE
(TOP VIEW) PACKAG EV(TOP VIEW) (TOP VIEW)
LAG LEAD OUT- LAG LEAD

NC_ Vee: NCOUTPUT CoMp CoMP NG Vec: pUT comP comp VEer (NE ORI e o

Wi n|jwo|/s||s sll7]]6l]s5 W®O® OO
[ 1 1
—F ¥ — 1

"H2fsHess7 123 ®

NC NC GND INV_NON- vcc— . NC GND INV  NON- Vo Ml ohe l!‘l:‘l)lY '133 e

INPUT INV INPUT INV INPUT
INPUT INPUT

NC—No internal connection

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

Supply voltage Vcc+ (see Note 1) 14V
Supply voltage Vcc— (see Note 1) -7V
Differential input voltage (see Note 2) 5V
Input voltage (either input, see Notes 1 and 3) —6 V to1.5V
Peak output current (tyy < 1) 50 mA
Continuous total dissipation at (or below) 70 C free -air temperature (see Note 4) 300 mW

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.

. —55°C to 125°C
. —65°C to 150°C
.300°C

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3.
4. For operation above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, uA702M chips

The magnitude of the mput voltage must never exceed the magnitude of the lesser of the two supply voltages.

are alloy-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
JG (Alloy-Mounted Chip) 300 mW 8.4 mW/°C 114°C
U 300 mW 5.4 mW/°C 94°C
w 300 mW 8.0 mW/°C 112°C
Also see Dissipation Derating Curves, Section 2,
electrical characteristics at specified free-air temperature
Vee+ =12V Vee+ =6V
PARAMETER TEST CONDITIONS Vee—=-8V Vec—=-3V _|uNIT
MIN TYP MAX|MIN TYP MAX
v Input offset volt Rg < 2k§2 i B s \
m
10 i S Full range 3 4
—_— Avt.erage temperature coefficient Rs =500 —505°C to 251°C 2 10 3 15 AVFC
of input offset voltage 25°C to 125°C 25 10 35 156
25°C 0.2 05 0.12 05
ho Input offset current —55°C 04 15 03 15| uA
125°C 0.08 0.5 0.05 05
Average temperature coefficient —55°C to 25°C 3 16 2 13 -
0 5 S S nA/°C
of input offset current 25°C to 125°C 1 5 0.7 4
: F— . 25°C 2 5 12 35 [
n| e
1B RHEDIESEANED —55°C 43 10 26 75| "
Common-mode Positive swing 5 0.5 1 0.5 1
Vicr ) — 25°C v
input voltage range Negative swing -4 -5 -1.5 =2
25°C 10 106 5 54
' RL > 100 kQ
V Maximum peak-to-peak Full range 10 5 v
e output voltage swing RL - 10kQ 25°C 78 3 a
R > 10kQ Full range 2 3
25°C 2500 3600 6000
g ! : Vo =t5V
Large-signal differential Full range | 2000 7000
Ayvp ) R > 100kQ S
voltage amplification iy maBE U 25°C 600 900 1500
o Full range 500 1750
25°C 16 40 22 67
(5 Input resistance kQ
Full range 6 8
Ta Output resistance Vo =0, See Note 3 25°C 200 500 300 700 Q
25°C 80 100 80 100
CMRR Common-mode rejection ratio Rg < 2kQ dB
Full range 70 70
i Supply voltage sensitivity R E . 25°C 75 75 i
BYS (AV 0/AVce) 5= Full range 200 200 | ©
25°C 5 6.7 21 33
lcc Supply current No load, No signal —55°C 5 75 21 39 | mA
125°C 44 6.7 1.7 33
25°C 90 120 19 30
Pp Total power dissipation No load, No signal —55°C 90 135 19 35 | mwW
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 Vcc+ =12V, Voe—=—-6V, Ta = 25°C

TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
o 1 Vi=10mV, C_L=0 25 120 ns
tr  Rise time
2 Vi=1mV 10 30 ns
1 Vi =10mV, Cy = 100 pF 10%  50%
Overshoot factor
2 Vi=1mV 20% 40%
SR SI i 1 Vi=6V, CL = 100 pF 1.2 v/
SR 2 V| =100 mV 1 e

PARAMETER MEASUREMENT INFORMATION

1N916 |

2 k2

Vi

= OUTPUT
INPUT
—Ad———ov
INPUT VOLTAGE
WAVEFORM
FIGURE 1-UNITY-GAIN AMPLIFIER
] 50 Q
INPUT
—_———0V
INPUT VOLTAGE
WAVEFORM 50 Q
FIGURE 2—GAIN-OF-100 AMPLIFIER
79
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

Avp-Differential Voltage Amplification

Ayp-Differential Voltage Amplification

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

10*

FREQUENCY
(for various lag compensations)
> 14
1 Vee+ =12V RL=100kQ
g. vee-=-6V  Ta=25°C
& 92
o
>
2 10
C
S o o = g
Y ) 4111 S
8 - - 2 =
S £t 2 g 2
< - - ° &)
i ™ ! N -\t
a 2 5 1" 2
g LN LN N
4 ——+c e - o2 -
£ 2 ) 5
s =) 2
T2 :
g \\ N Ny
2 0
100 1k 10k 100 k ™

f—Frequency—Hz

FIGURE 3

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

Avp(0) = 10
Closed-Loop

AvD(0) =1
Closed-Loop

vs
FREQUENCY

I
T
Il

Tk 10k

AvD(0) =Ayp at f=1Hz

Vee+=12V
vee-=-6V
Cy1=0.1uF
R1=0

RL = 100 kQ
TA=25°C

I
IR

100 k 1™

0M

f—Frequency—Hz
FIGURE 4

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREQUE

NCY

(for various lag compensations)

10

10

VD(O)
Open-Logp,

AvD atf = 1 Hz
Vee+ =12V
vVee-=-6V

UW“

C3 =50 pF

Q: 25°C

=4

OOC

i
I 1L

| N
=10k N

LN

(0)
(0)

JS

0, C2 = 1000 pF,
RF = 10 k02

Il | Ll

| N

il
]
i
it

10~

|
0) =
2= 20
L

1,C2-=0014
Q, HFAwksz

HlIJ |1

A LN

100

0M 100 M

f—Frequency—Hz

FIGURE 6

Ay p-Differential Voltage Amplification

LAG
Cq

Ry

RL

LAG COMPENSATION CIRCUIT
FOR FIGURES 3,4, AND 5

LARGE-SIGNAL DIFFE

RENTIAL

VOLTAGE AMPLIFICATION

Vs
FREQUENCY
(for various lag compensations)
104 T
Open-Loop, C1 =0 vees =12V
Vee-=-6V
=100 kQ
]
N
AVD(0) = 100 AV
107 |C1=1000F. Ry =2ka | [N
T T T
AvD(0) = 10
Cr= 1ooops R1 =200 Q
10'
T T
Av 0(0» =1 \
C1=0014F, R1 =200
LTI TTTH
AVD(0) = AyDat = 1Hz
107"
100 k ™ 10M 100 M
{-Frequency—Hz
FIGURE 5
RE
o—¢
=
C2
R2
C3

LEAD-LAG COMPENSATION CIRCUIT

FOR FIGURE 6
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LINEAR TYPES uA709AM, uA709M, uA709C

INTEGRATED
CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11447, FEBRUARY 1971—REVISED OCTOBER 1979

e Common-Mode Input Range . .. +10 V Typical
e Designed to be Interchangeable with Fairchild uA709A, 1 A709, and ©tA709C
e Maximum Peak-to-Peak Output Voltage Swing . . . 28 V Typical with 15 V Supplies

description schematic

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 awa
whereby external components may be used to
compensate the amplifier for stable operation under
various feedback or load conditions. These amplifiers

10k 10k

I

cce
20 k12

25K

INPUT FREQUENCY
COMPENSATION

%k 1k0

30 kit

IveRTING FREQUENCY
are particularly useful for applications requiring “"”{.':;VS;"‘"G ,_f: SiERRToN
transfer or generation of linear or nonlinear ,_.[:
functions. fos

750 |
The uA709A circuit features improved offset vees

Component values shown are nominal

characteristics, reduced input-current requirements,
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.

J OR N DUAL-IN-LINE

OR W FLAT JG ORP DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
INPUT OUTPUT INPUT OUTPUT l?:ég ouT- °E§E”gr
FREQ OUT- FREQ FREQ OUT- FREQ Nc compa Vect  PUT  cOMP
NC NC COMP A Vcc+ PUT COMP  NC COMP A Vcc+ PUT COMP

8l 7]6][]5 @@@(:)

LE LB

cj;cbcb@

NC NC INPUT INV  NON- Vcc— NC INPUT INV_ NON- Vce— IFN;éJJ "‘llr:l\jT hlnma Vee—
FREQ INPUT INV FREQ INPUT INV s iUt
COMP B INPUT COMP B INPUT

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

uA709AM

WA709M uA709C |UNIT]
Supply voltage Vcc+ (see Note 1) 18 18 Y,
Supply voltage Vcc— (see Note 1) —18 —-18 \
Differential input voltage (see Note 2) 5 *5 \%
Input voltage (either input, see Notes 1 and 3) +10 +10 \%
Duration of output short-circuit (see Note 4) 5 5 s
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 5) 300 300 mW
Operating free-air temperature range —55t0125| 0to70 &
Storage temperature range —65 to 150 | —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, U, or W package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °c

NOTES:

All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ and Veg—-

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

The output may be shorted to ground or either power supply.
For operation of uUA709AM and uA709M above 70°C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In
the J and JG packages, uUA709AM and uA709M chips are alloy-mounted;uA709C chips are glass-mounted.

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichever is less.
4
5

electrical characteristics at specified free-air temperature, VCC+ =9V to 15 V (unless otherwise noted)

A709AM 709M
PARAMETER TEST CONDITIONS? = A uA UNIT
MIN TYPI MAX MIN TYPI MAX
25°C 0.6 2 1 5
Vio Input offset voltage Rg < 10 k2 mV
Full range 3 6
. Rs =502 Full range 1.8 10 3
Average temperature coefficient = S
avi0 ; [ -55°C 10 25°C 43 25 6 uv/ec
of input offset voltage Rg =10 k§2 = =
[ 25°c 10 125°C 2 15 6
25°C 10 50 50 200
1o Input offset current —55°C 40 250 100 500 nA
125°C 35 50 20 200
Average temperature coefficient —55°C t0 25°C 0.45 2.8 5
10 . > B nA/°C
of input offset current 25Cto125°C 0.08 0.5
\ g . 25°C 0.1 0.2 0.2 05 i
n
L bl 55°C 03 06 o5 15 | “
. Common-mode v . 25°C 8 10 +8 10 3
=%
ICR input voltage range cCs == Full range +8 +8
25°C 24 28 24 28
i Veet =%15V, RL =10k
g Maximum peak-to-peak Full range 24 24 v
2l output voltage swing Voce —:15V, R -2kQ | 25°C 20 26 20 26
Vee: =$15V, R =2kQ Full range 20 20
Large-signal differential Vee: =215V, RL>2kS, |25°C 45 45
AvD o V/imV
voltage amplification Vp =210V Full range 25 70 25 70
v i . 25°C 350 750 150 400 5
T nput resistance s 5 T85 20 100
ro Output resistance Vp =0, See Note 6 25°C 150 150 Q
- 25°C 80 110 70 90
CMRR Common-mode rejection ratio Rg < 10 kQ2 dB
Full range 80 70
. Power supply sensitivity oD 25°C 40 100 25 150 ViV
S (aVip/avee) B= o Full range 100 10 |1
o =ETEN.  (Warioad 25°C 25 36 26 5.5
Iec Supply current NCC: a[ i S —-55°C 2.7 4.5 mA
2550 125°C 2.1 3
v AN Kiolicad 25°C 75 108 78 165
v =% s oad,
Pp Total power dissipation NCC’ ‘ . —55°C 81 135 mW
signa o
- 125°C 63 90

. °
TAll characteristics are specified under open-loop operation. Full range for uUA709AM and UA709M is —55°C to 125°C.

FAll typical values are at Vec: =15 V.

Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (unless otherwise noted Vgc+ = +15 V)

uA709C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
Vee: =#9Vito:i5 YV, 25°C 2 715
\Y% Input offset voltage - \2
19 i o Rs < 10k Full range 0| "
| Input offset current L L ) A
u set cu =
10 p: Vee: =+9Vto 15V Com—— =
[ Input bias current v =49V to15V 25°C 0.3 15 =
1B 2 CC+ == o* Full range 2 G
V) Input voltage range 25°C +8 +10 Vv
R s i 6len 25°C 24 28
v Maximum peak-to-peak L= Full range 24
orpP output voltage swing RL=2kQ 25°C 20 26 ¥
R =2k Full range 20
Large-signal differential 25°C 185 45
Avp o RL <2k, Vo=%10V V/mV
voltage amplification Full range 12
: 25°C 50 250
r Input resistance k2
Full range 35
o Output resistance Vo =0, See Note 6 | 25°C 150 Q
CMRR Common-mode rejection ratio Rg < 10 kQ 25°C 65 90 dB
AV|o/AVcc Supply voltage sensitivity Rg < 10 kQ 25°C 25 200 | pV/V
Pp Total power dissipation No load, No signal 25°C 80 200 | mw
T All characteristics are specified under open-loop operation. Full range for uA709C 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 Vgc: =9V to+15V, TA =25°C
uA709AM
uA709M
PARAMETER TEST CONDITIONS UNIT
uA709C
MIN TYP MAX
ty Rise time . C_L=0 0.3 1 us
V| =20mV, R =2k, SeeFigure1
Overshoot factor CL = 100 pF 6% 30%
PARAMETER MEASUREMENT INFORMATION
10 k2
—AVV
Vi
OUTPUT
INPUT
-——0V
CL =100 pF
INPUT VOLTAGE
WAVEFORM
FIGURE 1—RISE TIME AND SLEW RATE
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

1j0—Input Offset Current—nA

V|—Input Voitage Range—V

Pp—Total Power Dissipation—mW

20

0
=75 =50 -25 G 25 S5C 75 100 125

INPUT OFFSET CURRENT

vs
FREE-AIR TEMPERATURE
T

\‘7‘%
%

Vee: =15V

N

N

S

N

N Y4,
094
)

Ta—Free-Air Temperature—°C

FIGURE 2

INPUT VOLTAGE RANGE
vs
SUPPLY VOLTAGE

+12
Ta = Full Range
+10
8
1
L ou® L —1
+6 MY
/
4
12
9 10 i1 12 13 14 15
IVccs!—Supply Voltage—V
FIGURE 5
TOTAL POWER DISSIPATION
v
FREE-AIR TEMPERATURE
i l
85
80 7
75
70 Ny
65 b Vecs =215V N
No load N
No signal
Pl

60
=75 -5 -25 0 25 50 75

100 125

TaA—Free-Air Temperature—°C

FIGURE 8

ri—Input Resistance—k 1jg—Input Bias Current—mA

Pp—Total Power Dissipation—mW

TYPICAL CHARACTERISTICS
(unless designated maximum or minimum)

INPUT BIAS GURRENT

FREE-AIR TEMPERATURE

s v 5V
=121
450 e
P AN
<,
350 \7)%
300 X % 3
250 \ \
“ \p
200 %
%, N
%, 3
150 B D
100 ™~
50
0
=75 -50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 3
INPUT RESISTANCE
vs
FREE-AIR TEMPERATURE
4000,
| Vccs =215V [
2000 >
1000)
B
700 —
|L1q3\t\
400 o o
AV A
Ry
200
1ool_4
=75 -50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 6
uA709AM
TOTAL POWER DISSIPATION
vs
SUPPLY VOLTAGE
120[7 " 35eC
No load
100 } No signal Pl
//
80 o (/
‘,‘nﬁ“‘/‘ P
60 / 1/
1 —
] . o\
- 1o
e
40
]
-
20
0
9 10 I 1213 4 15

IVecs!—Supply Voltage—V
FIGURE 9

13— Input Bias Current—nA

CMRR-—-Common-Mode Rejection Ratio—dB

Pp—Total Power Dissipation—mW

250

150

50

115
114
n3
1n2
n
110
109
108
107

106

[+
-75 =50 -25 0 25 50 75 100 125

200

INPUT BIAS CURRENT
vs

SUPPLY VOLTAGE

Ta =25°C

UATOIM
— poT

uA709AM

9 10 1" 12 13 14 15

IVccil—Supply Voltage—V

FIGURE 4

uA709AM
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE

Vees = $15V
[Rg < 10kQ

Ta—Free-Air Temperature—°C

FIGURE 7

uA709M, uA709C
TOTAL POWER DISSIPATION
vs
SUPPLY VOLTAGE

175

T
Ta =25°C T
No load

No signal ‘lx\ :

10 n 12 13 14 5
IVect!—Supply Voltage—V
FIGURE 10
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

V/mV

Voltage

Ayp-Di

Ayp-Differential Voltage Amplification

Vopp—Maximum Peak-to-Peak Output Voltage—V

=2k
4
50
Vee: =15V
Vees =12V
30 \T; | l
P——
™~~~ vees «iow ]
2 foa CC:
T
10 uA709C T

30
28
26
24
22
20
18
16
14

12

10

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

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

T a—Free-Air Temperature—°C

FIGURE 11

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREQUENCY

VCCs =15V
Ta=25°C

100 1k 10k 100 k ™ oM

f—Frequency—Hz

FIGURE 14°

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs
LOAD RESISTANCE

T TT
Vees =215V
Ta = 25°C >

01 02 04 071 2 4 7 10

R —Load Resistance—k2
FIGURE 16

TYPICAL CHARACTERISTICS
(unless designated maximum or minimum)

uA709AM, uA709M
OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

g 70 .
> R > 2kQ
60 |Ta=-55°C10125°C 1
[ Lt
50 L]
Maximum
Typical (Tp = 25°C)
g 40 // -
32
3 /
S 30 /,
20
Minimum L —1
L [
|
2 |
>
< 0
9 0N 1213 14 15
IVecs!-Supply Voltage—V
FIGURE 12

CLOSED-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

FREQUENCY

=
B

AVD(0) - Ayp at f = 10 Hz
Vee: =$15V

Ta=25°C

=10pF, R1=0,Cy=3pF
o 1
Avp(g) = 100
1.5kQ,

Cq=100pF, Ry =
C=3pF

Cy = 500 pF, Ry = 1.5k%2,
Cp=20pF

A I
Cq = 5000 pF, R1= 1.5k,
Cp = 200 pF

il

100 1k 10k 100k M 10M

Ayp-Closed-Loop Differential Voltage Amplification

f—Frequency—Hz

FIGURE 15

MAXIMUM PEAK-TO-PEAK

OUTPUT VOLTAGE
vs

SUPPLY VOLTAGE

> 30 T T
% Ta = Full Range
§ 1
>
S Minimum (R > 10 km/</
g
S 20
] =
3 / L]
$ et
¥ L—"Minimum (R, >2 k)
E 10
5
E
3
=
&
o
> 0 -
9 10 n 12 13 14 15

IVee:l—Supply Voltage—V
FIGURE 17

Ayp- Differential Voltage Amplification

Vopp-Maximum Peak-10-Peak Output Voltage—V

12,000

uA709C
OPEN-LOOP LARGE-SCALE
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

R 22kQ |

Ta = 0°C to 70°C
10,000 |—= ///
8,000 o

Minimum
6,000
4,000
2,000
0
9 10 Al 12 13 14 15

32

28

IVecs!-Supply Voltage—V

FIGURE 13

ouUTPUT
FREQ ¢
comp

When the amplifier is operated with
capacitive loading, Ry = 50 .

FREQUENCY
COMPENSATION CIRCUIT
FOR FIGURES 14, 15, AND 18

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs

FREQUENCY

Vees =15V
Ta = 25°C

s o o R = 10k£2
"

T
5="'2

4

;

d 000

Ly " 39 005

g '3d 0oL

W ——144

A
A S\

ToHS A S
"0

k 10k 100 k ™ mnom

f—Frequency—Hz

FIGURE 18
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

uA709AM, uA709M uA709C
VOLTAGE TRANSFER VOLTAGE TRANSFER
CHARACTERISTICS CHARACTERISTICS
15 T = 15 T J
Vees = #1568V 2 Vecs =%15V / et
RL =10 kQ / RL =10k b
10 TA=-55°C 10 /A
=0° /
/\ Ta = 25°C TA=0C Ta=25°C
¥ & | ¥ /4 |
2 :.f; P> TA = 70°C
£ -Ta=125°C <
> >
= 0 - 0
g g
>
? i
o =5 o -5
> =S / //
g
d
2/
-10 -10 7/
’
7
/
/
-15 ~15
-06 -04 0.2 0 0.2 0.4 0.6 -06 -0.4 0.2 0 0.2 0.4 0.6
V|p—Differential Input Voltage—mV V|p—Differential Input Voltage—mV
FIGURE 19 FIGURE 20
SLEW RATE
RELATIVE OUTPUT SWING v
vs CLOSED-LOOP DIFFERENTIAL
ELAPSED TIME 16 VOLTAGE AMPLIFICATION
ke Overshoot Vee: =215V
-4 ——-- = 25°C
oo ] JI'\ 4gf Tig = 25 2
& ﬂ[‘?o% |
| 80 “
? ;1 'OE
3 |
2 <
3 40 3
s ] ¢ LA
5 2 H
& 10% 0.4
0 T Vees =$15V
— PRise Time Tp =26°C
| 1 1 0.1 Il
[} 0.5 1 1:5 2 2.5 1 4 10 40 100 400 1000
t-— Elopsed Time — s Ay p-Closed-Loop Amplification
FIGURE 21 FIGURE 22
NORMALIZED FREQUENCY CHARACTERISTICS NORMALIZED FREQUENCY CHARACTERISTICS
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 ey 1.8 —r—
" Vecs =39V to 215 Ta = 25°C
2 e 3 1.4
; 1.6 — E L) <_
g 14 < ol Té :T [ Rise Time
o i P A S 1o Stow Rate ]
§ 1.0 Siew Rate {— Zoo =
g = R —
o 0.8 C \ E 0.8 Open- or Closed-Loop Bandwidth ]
‘g 0.6 ——+ Open- or Closed-Loop Bandwidth ™ ";: 0.7
2 0.4 500
5 § 0.5
%z o2 Z 04
0 0.3
=75 -50 -25 0 25 50 75 100 125 5 10 1 12 13 14 15
T, — Free-Air Temperature — °C IVccs|—Supply Voltage—V
FIGURE 23 FIGURE 24
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LINEAR TYPES uA741M, uA741C
INTEGRATED GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

cchuITs BULLETIN NO. DL-S 11363, NOVEMBER 1970—REVISED OCTOBER 1979
e Short-Circuit Protection e No Frequency Compensation Required
e Offset-Voltage Null Capability e Low Power Consumption
e Large Common-Mode and e No Latch-up

Differential Voltage Ranges
description
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 uA741M 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.

SChematlc INVERTING
INPUT v,
L1 l} cc+

NON- N 34q

INVERTING
INPUT
—0 OUTPUT
340

OFFSET
NULL
50 7
(N1) 1ka k2 K
) Vee—

OFFSET
UL ]
(N2)

Resistor values shown are nominal

terminal assignments

J OR N DUAL-IN-LINE OR JG OR P DUAL-IN-LINE u
W FLAT PACKAGE PACKAGE FLAT PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
ouT- O;EfELT OFFSET orSSf.ELY
NC NC  COMP Vgce PUT  (N2) NC OUT- NULL NC  COMP Vg, OUTPUT (N2)

COMP Vce+ PUT  (N2)

Sninininininins nlol ofofoxefo

——l L —F ¥
skl 2[]3]]4 ONORONONO)
123 el s ]s[17 1
OFFSET INV_ NON- Vgco— NC OFFSET NV  NON- Ve
NC NC OFFSET Ih‘l’:l\j‘[ r:ml Vee— NG HULLINPUT 1NV FEEEE Neu
L (N1) INPUT (N1) INPUT

(N1) INPUT

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES uA741M, uA741C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

uA741M uA741C |UNIT
Supply voltage Vcc+ (see Note 1) 22 18 \%
Supply voltage Voo — (see Note 1) -22 -18 Vv
Differential input voltage (see Note 2) +30 +30 v
Input voltage (either input, see Notes 1 and 3) +15 +15 Y
Voltage between either offset null terminal (N1/N2) and Vee— +0.5 +0.5 W
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 mwW
Operating free-air temperature range —55 to 125 0to 70 "C
Storage temperature range —65t0 150 | —651t0 150 | °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, U, or W package 300 300 (S
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °C
NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vg4 and Voo,

2.
3.
4.

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

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

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.

. For operation above 256°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages,uA741M

chips are alloy-mounted; uA741C chips are glass-mounted.

electrical characteristics at specified free-air temperature, Vcc+ =15V, Veggc—-=-15V
PARAMETER TEST CONDITIONSt ppcaan Lt UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Rg < 10kQ age L > : g mV
Full range 6 7.5
AV|0(adj) Offset voltage adjust range 25°C +15 +15 mV
o Input offset current & T - A0 £ - nA
Full range 500 300
hB Input bias current g - i g 200 nA
Full range 1500 800
Common-mode 25°C +12 +13 +12 +13
Vicr ; v
input voltage range Full range 212 12
R =10kQ | 25°C 24 28 24 28
- Maximum peak-to-peak R = 10 kQ | Full range 24 24 7
output voltage swing R =2kQ 25°C 20 26 20 26
R > 2k Full range 20 20
Large-signal differential RL>2kQ, | 25°C 50 200 20 200
Avbp = V/mv
voltage amplification Vo =+10V | Full range 25 15
r Input resistance 25°C 0.3 2 0.3 2 M
o Output resistance Yp=RY, 25°C 75 75 Q
See Note 6
C; Input capacitance 25°C 1.4 1.4 pF
25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10 kQ dB
Full range 70 70
i Supply voitage sensitivity By 25°C 30 150 30 150 _—"
svs (aV|o/avee) s Full range 150 150 |*
10s Short-circuit output current 25°C +25 +40 +25 +40 | mA
- Sanely surant No load, 25°C 1.7 2.8 1.7 2.8 A
No signal Full range 3.3 3.3
Pp Total power dissipation s 25.¢ 2 2 L = mw
No signal Full range 100 100

T All characteristics are specified under open-loop operation, Full range for uUA741M is —55°C to 125°C and for uA741C 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, Vcc+ =15V, Vec—-=-15V, Ta = 25°C

uA741M uA741C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
t, Rise time V)=20mV, R =2kQ, 0.3 0.3 us
Overshoot factor CL =100 pF, See Figure 1 5% 5%
o V=10V, RL=2kQ,
SR Slew rate at unity gain i 0.5 0.5 V/us
Cp =100 pF, See Figure 1
PARAMETER MEASUREMENT INFORMATION
s \/ |
»—? OuUTPUT
INPUT + L
———-0V =
INPUT VOLTAGE =
WAVEFORM
CL =100 pF RL=2k&
TEST CIRCUIT
FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE
TYPICAL APPLICATION DATA
FIGURE 2—-INPUT OFFSET VOLTAGE NULL CIRCUIT
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TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE

100 400
- T T
xm‘i‘i‘év— Vec+=15V
cc— Vee-=-15V
< 80
; A
g §
‘j’ & \ é le— uAT4IC —tof
2 8 200 ]
S le— ua741Cc 1o @ |
5 40 ! 3 |
2 i o :
6 \ ! 2 oo P !
T 20 ! : [
N ! N
! —
0 [} \ | |
—60 -40 —20 0 20 40 60 80 100 120 140 -60 —40 20 0 20 40 60 80 100 120 140
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—"C
FIGURE 3 FIGUER 4
OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL
vs VOLTAGE AMPLIFICATION
FREQUENCY vs
40 SUPPLY VOLTAGE
> MM TTT 00
#% | || Vecs=15V Vo 10V
= Veg—=~15V " FRL =2k
Sx RL=10kQ 3 Ta=25°C
5 Ta=25°C S 200
g 28
s
o
A 100
3 o
s \
5 r
e 16 £
E > 40
g T
: ) !
51 8 20 el =l
§ o |
= £ ‘
0 10
Yoo 7 o8 — ed 2 4 6 8 10 12 14 16 18 20
IVees | ~Supply Voltage—v
f—Frequency—Hz
FIGURE 6 FIGURE 7
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs
FREQUENCY ELAPSED TIME
100 T 28
Vo= 15V
? %0 B vggzqsvﬁ 24
2 Rg = 10k
Hi N\ Ta»20'C 20 —
§ 70 = 90%{
g 0 % 186 ,‘
& z !
50 > 12 I
: N\ W
é L 3 8 5 Vee+= 15V
E 3 AN Q / i Vee-=-15V
3 \ L. ! Ry =2kQ
T H €| = 100 pF
z 20 0% : Ta=25°C
3 0 ,
S 10 SN—_ —l
0 -4
110 100 1k 10k 100k 1M 10M 100M o 05 1 15 2 25
f—Frequency—Hz t-Time—us
FIGURE 9 FIGURE 10

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

Vopp—Maximum Peak-to-Peak Output Voltage—V

Vs

LOAD RESISTANCE

28 — =
Vees = 15V =1
26 |vee-=-15V
Ta=25°C
24
A
22
20
8 /
16
14 /
12
10 £ -
. l
01 02 04 071 2 a 710

Ayp-Differential Voltage Amplification

R —Load Resistance—k

FIGURE 5

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREQUENCY
107 T T
Vees =15V
Veg-= 15V
6 cc 4
L Vo =410V
RL =2k
105 Ta=25Cc—
104
103
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10!
1
10!
110 100 1k 10k 100k 1M 10M 100M
f~Frequency—Hz
FIGURE 8

Input and Output Voltages—V
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LARGE-SIGNAL PULSE RESPONSE

¢ T
Vegs =18V
6 Vee- = —15 VT
F= RL=2k02
4 / Al cl-1000r |
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FIGURE 11
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LINEAR
INTEGRATED
CIRCUITS

TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE
OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 11446, FEBRUARY 1971—REVISED OCTOBER 1979

e No Frequency Compensation Required
e Low Power Consumption

e Short-Circuit Protection

e 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
voltage 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 characterized for operation from 0°C
to 70°C.

schematic (each amplifier)

INVERTING o
INPUT

Wide Common-Mode and
Differential Voltage Ranges

No Latch-up

Designed to be Interchangeable with

Fairchild uA747M and pA747C

JOR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)

AMPLIFIER NO. 1 AMPLIFIER NO. 2
A\ A

r \ g \

OFFSET OFFSET
NULL A% 2 % “NulL
INT  VCcC+ OUTPUT NC  OUTPUT Vcc+  2N1

" 13 12 n L 9 8

1 2 3 L) ] L} 7

INVERT- NONIN. OFFSET Vcc— OFFSET NONIN- INVERT
ING VERTING NULL NULL VERTING ING
INPUT  INPUT N2 2N2  INPUT INPUT

.

Vv N
AMPLIFIER NO. 1 AMPLIFIER NO. 2

NC—

* On parts date-coded 7701 or higher, the two positive supply
terminals (1 Vce+ and 2 Vog4) are connected together internally.
For parts without this internal connection, order uA747-1M or

uA747-1C.

No internal connection

NON-
INVERTING
INPUT
P:

340

OFFSET
NULL O—¢

(N1) 1kQ 0 !

OFFSET 2 o *

]

34Q

NULL o
(N2)

Resistor values shown are nominal

4 oVee—

—O 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 Vcc+ (see Note 1) 22 18 \%
Supply voltage Ve — (see Note 1) -22 —-18 \Y
Differential input voltage (see Note 2) +30 +30 \%
Input voltage any input (see Notes 1 and 3) 215 £15 \%)
Voltage between any offset null terminal (N1/N2) and Vcc— +0.5 0.5 \4
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C Each amplifier 500 500 W
free-air temperature (see Note 5) Total package I J,N, or W package 800 800
Operating free-air temperature range —55 to 125 0to 70 *C
Storage temperature range —65t0 150 | -65t0 150 | °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between V¢cc+ and Veogo—.
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 uA747M 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 and for total package ratings, refer to Dissipation Derating Table, In the J package,
uA747M chips are alloy-mounted; uA747C chips are glass-mounted.
electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vec—=—-15V
PARAMETER TEST CONDITIONS' pacaln uhtae uNIT
MIN TYP MAX MIN TYP MAX
\% | ff | Rg < 10k&Q o ! : ] g \%
nput offset voltage < m
10 pu o3 S Full range 6 Z
AV|Q(adj)  Offset voltage adjust range 25°C +15 +15 mV
; : = 25°C 20 200 20 200 A&
nput offset current n
10 P Full range 500 300
I i i 25°C 80 500 80 500 A
nput bias current n
15 4 Full range 1500 800
Common-mode 25°C +12 +13 +12 +13
Vicr » %
input voltage range Full range 12 +12
RL =10k | 25°C 24 28 24 28
¥ Maximum peak-to-peak RL = 10 k§2| Full range 24 24 i
D output voltage swing RL=2kQ | 25°C 20 26 20 26
RL = 2kQ Full range 20 20
Large-signal differential RL > 2k, | 25°C 50 200 25 200
AvD s V/mV
voltage amplification Vp =+10V | Full range 25 15
r Input resistance 25°C 0.3 2 0.3 2 M
Output resi Vo=0V, | e 75 75 Q
r utput resistance
0 P See Note 6
Ci Input capacitance 25°C 1.4 1.4 pF
e 5 25°C 70 90 70 90
CMRR Common-mode rejection ratio Rg < 10k dB
Full range 70 70
ksvs Supply voltage sensitivity o 0 25°C 30 150 30 150 VIV
< Q
(aVpo/avVee) S Full range 150 150 | “
los Short-circuit output current 25°C 25 +40 +25 +40 mA
Supply current No load, 25°C i 2.8 1.7 28
lcc o . mA
(each amplifier) No signal Full range 3.3 3.3
Power dissipation No load, 25°C 50 85 50 85
Pp - : mw
(each amplifier) No signal Full range 100 100
Vo1/Vo2 Channel separation 25°C 120 120 dB

t All characteristics are specified under open-loop operation. Full range for uA747M is —55°C to 125°C and for uA747C 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 uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ =15V, Vgc—-=—-15V, Ta = 25°C

uA747M uA747C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
ty Rise time Vi=20mV, R =2kQ, 0.3 0.3 us
Overshoot factor CL =100 pF, See Figure 1 5% 5%
V=10V, RL =2 k&2,
SR Slew rate at unity gain , & 0.5 0.5 V/us
CL =100 pF, See Figure 1

PARAMETER MEASUREMENT INFORMATION

7

r—?ouwur
INPUT + L

INPUT VOLTAGE -

WAVEFORM r
RL =2kQ

CL = 100 pF

TEST CIRCUIT
FIGURE 1—-RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

TO Ve —

FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT

DISSIPATION DERATING TABLE

POWER DERATING ABOVE

EReAE RATING FACTOR TA

J (Alloy-Mounted Chip) 800 mW 11.0 mwW/°C 77;C
J (Glass-Mounted Chip) 800 mW 8.2 mwW/°C 52°C
N 800 mW 9.2mwW/°C 63°C
w 800 mW 8.0 mW/°C 50°C

Also see Dissipation Derating Curves, Section 2.
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TYPES uA747M, uA747C

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

1)0—Input Offset Current—nA

Vopp—Maximum Pesk-to-Pesk Output Voltage—V

CMRR —Common-Mode Rejection Ratio—dB

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE
18 T T 7T
Vees= 18V
Veg- = -18V
80 A\
60
le- [uA747C (]
40
\& :
N :
20 J . ——
[

~60 -40 -20 O 20 40 60 80 100 120 140

Ta-Free-Air Temperature—'C

FIGURE 3

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE

vs
FREQUENCY

“©

» B 522'-'_'1:v
. iz

28

24

20

16

12

8

4

0

100 1k 10k 100 k ™

f—Frequency—Hz
FIGURE 6
COMMON-MODE REJECTION RATIO
Vs
FREQUENCY

100 T T

% :2:-‘-5-:v“
. R

. X

80

. N

= N\

% N

20

10

o

1 10 100 1k 10k 100k 1M 10M 100M
f—Frequency—Hz

FIGURE 9

TYPICAL CHARACTERISTICS

Ay p-—Differential Voltage Amplification—V/mV

INPUT BIAS CURRENT
vs

FREE-AIR TEMPERATURE

- [T T
Vog+= 18V |
Veg-=-18V
€ 300
|
i
3 \ le- UA747C 4ol
2 o= i
i N !
3 h !
= 100 :
Nl
]

-60 ~40 -20 O

20 40 60 80 100 120 140

Ta—Free-Air Temperature—"C

FIGURE 4

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs

SUPPLY VOLTAGE

400
FRL =2k
Ta-25°C 1
200 >
P
100
j/
40
V-
20
10
2 4 6 8 10 12 14 16 18 20
Veey | =Supply Voltage—v
FIGURE 7
OUTPUT VOLTAGE
vs
ELAPSED TIME
F]
24
20
i =t
%
1L
3 \
E3RP) -
H / :
g & ' Vee+= 15V
1 l ! Vee-=-18V
34 - :L-‘z;n*
i (M Th-25C
0 = l
- 1
0 05 1 15 2 25
1=Time—ys
FIGURE 10

Ayp—Differentisl Voltage Amplification

Vopp—Maximum Pesk-to-Pesk Output Voltage—V

Input and Output Voltages—V

4

2

-2

MAXIMUM PEAK-TO-PEAK

OouT!

PUT VOLTAGE

vs
LOAD RESISTANCE

o S L »
Veg+® 18V 4
- Veg-= -1 V.
Ta-2'C
A
Vi
0.1 02 04 07 1 2 4 7 10
R —Load Resistance—kil

FIGURE 5

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREQUENCY

=
Vege = 16V
Nec-* -8V |

RL=2kA
Ta=26°C

1 10 100

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

—F requency—Hz

FIGURE 8

VOLT

AGE-FOLLOWER

LARGE-SIGNAL PULSE RESPONSE

T T
Veg+= 18V

Vee- = ~18V—]

Ry =2kA
€y = 100 pF

OUTPUT

Ta=26°C

\

>

o 10 2

30 40 50 60 70 80 90
t=Time—us

FIGURE 11
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TYPES uA748M, uA748C
GENERAL-PURPOSE
OPERATIONAL AMPLIFIERS

BULLETIN NO.DL-S 11418, DECEMBER 1970—-REVISED OCTOBER 1979

LINEAR
INTEGRATED
CIRCUITS

e Frequency and Transient Response Characteristics Adjustable

e Short-Circuit Protection e Low Power Consumption
e Offset-Voltage Null Capability e No Latch-up
e Wide Common-Mode and e Same Pin Assignments as uA709

Differential Voltage Ranges
description

The uA748 is a general-purpose operational amplifier. |t 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.

N comp
schematic INVERTING
INPUT
Wl A e
£l
NON- Ma
INVERTING
INPUT
$—o oUTPUT
34q

OFFSET
NULL
(N2)

Lo k2 ka2

"

OFFSET Vee-

ML @it ——
(NT)

Resistor values shown are nominal.

U FLAT PACKAGE

JOR N DUAL-IN-LINE PACKAGE

JG OR P DUAL-IN-LINE

ORW FLAT PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
OFFSET
ouT- NULL
NC NC COMP Vgc+ PUT (N2) NC OFFSET O:;E‘SET
OUT- NULL = s
“ 13 12 n 10 9 8 COMP Vcct PUT  (N2) NC  COMP  Vgc, OUTPUT (N2)
sl[7]fe]5 ONONONO)
 S— 1 | |
— 1|
_] L ] L] T
L1122 118 ONONONONO,
AgtipBiptigtigUigking - o8 ges o W e Voo
NC NC OFFSET INV_ NON- Vcc—  NC COMP INPUT NULL/ INPUT  INV
NULL/ INPUT  INV N1) comp INPUT
P INPUT (N1)
INT)

NC—No internal connection

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 Voc+ (see Note 1) 22 18 \%
Supply voltage Voc— (see Note 1) ~ 28 —18 \
Differential input voltage (see Note 2) +30 +30 \Y
Input voltage (either input, see Notes 1 and 3) +15 +15 Vv
Voltage between either offset null terminal (N1/N2) and Vco— —-0.5t0 2 —0.5t0 2 \%
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 mwW
Operating free-air temperature range —551t0 125 0to 70 ’c
Storage temperature range —65t0 150 | —65t0 150 | °C
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds J, JG, U, or W package 300 300 e
Lead temperature 1/16 inch (1, 6 mm) from case for 10 seconds N or P package 260 °c

NOTES: 1.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3.
4. The output may be shorted to ground or either power supply. For the uA748M only, the unlimited duration of the short-circuit

All voltage values, unless otherwise noted, are with respect to the midpoint between Ve and Veo—.

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

applies at (or below) 125°C case temperature or 75°C free-air termperature.

For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA748M chips are
alloy-mounted; uA748C chips are glass-mounted.

electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vcc—

=—15V, Cc = 30 pF

uA748M uA748C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX MIN TYP MAX
\" | ff: | Rg < 10 kQ 2 L 5 ! g \"
t t volt: < m
10 npHLONSeR RO S Full range 6 7.5
| [ ST X 25°C 20 200 20 200 A
n
10 e Full range 500 300
I e " 25°C 80 500 80 500 "
n c n
1B PAL DS eunEI Full range 1500 800
Common-mode 25°C 12 +13 12 +13
Vicr : v
input voltage range Full range +12 12
R =10kQ | 25°C 24 28 24 28
v Maximum peak-to-peak RL = 10 k2 | Full range 24 24 Vi
oee output voltage swing RL-2kQ | 25°C 20 26 20 26
R >2kQ Full range 20 20
Large-signal differential RL>2kQ, | 25°C 50 200 20 200
AvDp i V/mV
voltage amplification Vo =+10V | Full range 25 16
T Input resistance 25°C 0.3 2 0.3 2 MQ
Vpo=0V,
o Output resistance o 25°C 75 75 Q
See Note 6
G; Input capacitance 25°C 1.4 1.4 pF
: 25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10 kQ dB
Full range 70 70
Supply voltage sensitivity 25°C 30 150 30 150
k Rg < 10 kQ VIV
SVs (aVipo/avee) S Full range 150 150 | * i
l0s Short-circuit output current 25°C +25 +40 +25 +40 | mA
[ s i < No load, 25°C 1.7 2.8 7 2.8 A
u curren
cc i No signal Full range 3.3 3.3 m
= No load, 25°C 50 85 50 85
Pp Total power dissipation i mwW
No signal Full range 100 100

T All characteristics are specified under open-loop operation. Full range for uA748M is —55°C to 125°C and for uA748C 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 uA748M, uA748C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ =15V, Vgc—=-15V, Ta = 25°C

PARAMETER TEST CONDITIONS NATAOM peE UNIT
MIN TYP MAX MIN TYP MAX

tr Rise time Vi=20mV, R =2k, 0.3 0.3 us

CL=100pF, Cc=30pF,
Overshoot factor See Figure 1 5% 5%

V=10V, R_=2kQ,

SR Slew rate at unity gain CL =100pF, Cc=30pF, 0.5 0.5 V/us
See Figure 1

PARAMETER MEASUREMENT INFORMATION

N2 (OPEN)
vi
b——@OUTPUT
———0vV INPUT o =
100 g RL =2k
oF
; tl‘
INPUT VOLTAGE Cc =30 pF =
WAVEFORM TEST CIRCUIT
FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE
TYPICAL CHARACTERISTICS
INPUT OFFSET CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT
vs FREE-AIR TEMPERATURE vs FREE-AIR TEMPERATURE VOLTAGE vs LOAD RESISTANCE
100 400 28
T T I T 1] o Vees =15V L
Veer=15V Vee+=15V # 26 |Veg—-=-15V
Vee-=-15V Vee-=-15V 2 TA=25°C
80 -\ i - i S
g | < 300 - + 5, %
: — I | 1] | gz
g i l l § T T T‘ i T 9 20
E_=’ = \ LATAC | 1.1- | 3 — uAT748C :—0— 3
2 T 8 200 T —-«L— s 18
g ! | E : | H
5 40 3 16
i \C T : N H—t 5
1 |
2 20 I 4 J‘ £ o | > ] : T § 12
~N | | j _L S (N N e~ /8 N D (O T{ /
Jnae | 1] b
0 o | | L | > &
-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 O 20 40 60 80 100 120 140 0.1 0.2 04 07 1 2 a 7 10
Ta~Free-Air Temperature—°C Ta~Free-Air Temperature *C R —Load Resistance—k 2
FIGURE 2 FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT DIFFERENTIAL VOLTAGE DIFFERENTIAL VOLTAGE
VOLTAGE vs FREQUENCY AMPLIFICATION vs SUPPLY VOLTAGE AMPLIFICATION vs FREQUENCY
40 T T T Sl e 107 R
2 Vees= 15V > | Stk el
% o i : Ta-25¢C i ce 1
g YoopPes15y, > |1 5 R = 2k&
5w | [lIRL =10k 1 20 2 o a0
2 ml Cc = 30 pF 2 L1 2 0s Ta=25C o
22 | 1lTa=25C 3 3
8 g 00 < 0t
3 24 \ & %
?3 20 5’ S 103
a: 18 Zg 40 g 102
: 8 720 o
: M S 2 <
} I
0 10 101
100 1k 10k 100 k ™ Z G 110 100 1k 10k 100k 1M 10M 100M
{—Frequency—Hz Ve [-Supply Voltage-v f-Frequency—Hz
FIGURE 5 FIGURE 6 FIGURE 7
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TYPES uA748M, uA748C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

COMMON-MODE REJECTION RATIO

vs
FREQUENCY
100 —
veet = 15V
@ 9 Vee = 15 vV
4 Rg = 10 k2
s 80 N —1~Cc = 30 pF
3 Ta=25"C
5 70 - g
3 |
g o N ey
g s0
2
é 40 ]
f N
i \
x 20
3
H
S 10
0
110 100 1k 10k 100k 1M 10M 100M
f—Frequency—Hz
FIGURE 8

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE

Vs
ELAPSED TIME
28 8
24 6
£ 90%/ §
16 : 52
g /: 3
S § 0
3 /; Vec+= 15V o
g s ‘ Vee-=-15V ? -2
b i | Ry = 2kQ <
$ o 3 N
’ | [ c=30p
o | Ta=25C
0 o 4 -6
.
> | 8
o o5 1 15 2 25
t-Time—us
FIGURE 9

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

| S
Vee+= 15V
Vee-= -‘|5VJ
RL=2kQ
CL = 100 pF
Cc = 30 pF
Ta=26°C

\

S

7
|
i

~

>

~_]
(3
s
e
=
o o o e e

i
1

| A
|

1
|
.
|
|

0 10 20 30 40 50 60 70 80 90

t-Time—us

FIGURE 10

TYPICAL APPLICATION DATA

Vi
-i— comp

N2
(OPEN)

Négm
ce 30 pF

rj = 400 MQ, fe %1 R,

Ci=1pF, BW = 1 MHz

FIGURE 11-UNITY-GAIN VOLTAGE FOLLOWER

Vo R2
v R1
R1-30 pF
G ———
R1+R2
R1-R2
R3 =
R1+R2

FIGURE 12—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,

COMPENSATION, AND OFFSET ADJUSTMENT
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LINEAR
INTEGRATED
CIRCUITS

TYPE uA771C

HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12307, SEPTEMBER 1973—REVISED OCTOBER 1979

e Low Input Currents
e Low Input Offset Parameters

e Frequency and Transient Response
Characteristics Adjustable

e Short-Circuit Protection

description

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)

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

OFFSET
OUT-  NULL
NC NC  COMP Vcce PUT (N2)  NC

14 13 12 n 10 9 8

i

1 2 3 4 5 6 17
NC NC

OFFSET INV_ NON. Vgc-  NC
NULL/ INPUT  INV
comp INPUT

N1

OFFSE1
OUT- NULL
COMP Vec+ PUT  (N2)

OFFSET INV. NON- Vcc—
NULL/ INPUT INV

comp INPUT

NY)

NC—No internal connection,

schematic

COMPENSATION

INVERTING
INPUT

NONINVERTING
INPY

OFFSET

NULL
N2)

ouTPUT

50 k 50 T
" vee—

OFFSET NULL
COoM
NT)

Resistor values shown are nominal and in ohms.

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 Vcc+ (see Note 1) 22 ¥
Supply voltage Vcc— (see Note 1) -22 \%
Differential input voltage (see Note 2) +30 \%
Input voltage (either input, see Notes 1 and 3) +15 \Y
Voltage between either offset null terminal (N1/N2) and Vcc— —0.5t0 2 \
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 0to 70 “t
Storage temperature range —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or JG package 300 C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °e
NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vccy and Voo —.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4, The output may be shorted to ground or either power supply.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG package, uA777C chips are
glass-mounted,
electrical characteristics at specified free-air temperature, Vcc+ =15V, Vcc—-=-15V, Cc = 30 pF
(unless otherwise noted)
PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT
v 1 ff | Rg < 50 kQ2 $.e - LA -
nput offset voltage = =
L B 2 s 0°Ct0 70°C 5
Average temperature coefficient
V10 ERRmD Rg < 50 kQ 0°C to 70°C 4 30 |uvrc
of input offset voltage
i 0 i 25°C 0.7 20 A
t t € n
10 nput offset curren 0°C to 70°C 20
Average temperature coefficient 0°C to 25°C 20 600 &
«110 - s S PA/"C
of input offset current 25°Cto 70°C 10 300
: | - " 25°C 25 100 %
nput bias curren n
i ® 0°C to 70°C 200
Common-mode input
Vicr 4 0°C to 70°C $12  $13 %
voltage range
o Maximum peak-to-peak RL=10kQ 0°C to 70°C 24 28 "
OFR output voltage swing RL=2ka 0°C t0 70°C 20 26
Large-signal differential Vo=%10V, 25°C 25 250
AvD i = = V/mV
voltage amplification R >2kQ 0°Cto 70°C 15
ri Input resistance 25°C 1 2 MQ
o Output resistance 25°C 100 Q
G Input capacitance 25°C 3 pF
CMRR Common-mode rejection ratio Rg =50 kQ 0°C to 70°C 70 95 dB
Supply voltage rejection ratio . 2
ksSVR Rg <50 kQ 0°Cto 70°C 15 150 | wV/V
(AVee/avp)
los Short-ircuit output current 25°C +25 mA
25°C 19 33
No load, =
Icc Supply current ) 0°C 3.3 mA
No signal =
70°C 3.3

T All characteristics are speciffed under open-loop operation.
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TYPE uA771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

operating characteristics, Vcc+ =15V, Vee—==-15V, Tao = 25°C

uA777C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX

Vi=20mv, Ay =1, Cc =30pF 0.3

ty Rise time RL =2k, us
CL = 100 pF Ay =10, Cc=3.5pF 0.2
Vi=20mv, Ay =1, Cc =30pF 5%

Overshoot factor RL=2kQ,

Cy = 100 pF Ay =10, Cc=3.5pF 5%
RL =2k, Ay =1, Cc =30 pF 0.5

SR Slew rate L Y c P V/us
CL =100 pF Ay =10, Cc=3.5pF 5.5

PARAMETER MEASUREMENT INFORMATION
\ ® OUTPUT
e \/ | N1
INPUT +
COMP | N2 CL =100 pF R =2k&2
me——eem OV OPEN
INPUT VOLTAGE Cc
WAVEFORM TEST CIRCUIT

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 500 mW 11.0mW/°C 105°C
J (Glass-Mounted Chip) 500 mW 8.2mwW/°C 89°C
JG (Alloy-Mounted Chip) 500 mW 8.4 mwW/°C 90°C
JG (Glass-Mounted Chip) 500 mW 6.6 mW/°C 74°C
N 500 mW 9.2 mw/°C 96°C
P 500 mW 8.0 mW/°C 87°C

Also see Dissipation Derating Curves, Section 2.
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TYPE uA771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIER

TYPICAL CHARACTERISTICS

PULSE RESPONSE WITH
FEED-FORWARD COMPENSATION

6
> 10 kQ
@ AN
$ 4
S 10 k2
= 12 —— AN
3 Vec+ =15V INPUT
£ 0 Vee—=-18V
7 B = OUTPUT
2l CL =10 pF ___I___
= Cc=5pF
-] o
2 0 TA=25C
= See Figure 3 3ka
>
5 -2
2 / 150 pF  Cgc =5 pF
3 —4
|
? T IC /
> -6
0 1 2 3 4 5 6 7
t—Time—us
FIGURE 3—INVERTING CIRCUIT WITH UNITY GAIN
FIGURE 2 AND FEED-FORWARD COMPENSATION
TYPICAL APPLICATION DATA
Vo _ R2
v, R1
R1-30 pF
R > Cc = Railist ot
2k R1+R2
R1-R2
R3 & ——
R1+R2
FIGURE 4—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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SELECTION GUIDE

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

VOLTAGE COMPARATORS

s | Vio | ho '0L | pesponsE TIME

LA mv LA Ayp mA POWER SUPPLIES |DEVICE |PACKAGE |PAGE
MAX | mMAX | MAX MIN &
45 3 | 7 40,000 TYP | 16 40 MAX 12V, -3Vto—12V| LM106 | J4,JG,W | 195
015| 4 | 002 |200000TYP | 8 140 TYP 15V, —15 V LM111 1,46 201
005| 4 | 002 |200000TYP | 8 210 TYP 15V, —15 V TLI1 J,4G, N, P| 219
Single 0.1 5 | 0025/200000TYP | 6 | 1300TYP 2V 1036V TL331M | JG 223
25 3 | 7 10,000MIN | 05| 80 MAX 12V,-6V TLS1OM | J,JG,U | 233
150 6 | 20 500MIN | 16|  40TYP 12V, -6V TL710M | J,4G,U | 239
25 3 | 7 10,000MIN | 05| 80 MAX 12V,-6V TL8IOM | 4,46, U | 245
20 2 | 3 1250 MIN | 2 40 TYP 12V, -6V uA710M | 4,4G,U | 259
0.1 5 | 0025|200,000TYP | 6 | 1300TVP 2V 1036V tm193T | 4G, U 211
45 3 | 7 40,000 TYP | 16 40 MAX 12V, -3V to—12V| TL506M | J,W 227
i 25 3 7 10,000MIN | 05| 80 MAX 12V, -6V TLS14M | W 237
25 3 | 7 10,000MIN | 05| 80 MAX 12V, -6V TLg20M | J 255
Dual- 30 6 | 5 8000 MIN | 05| 80 MAX 12V, -6V T81IM | JU 249
Channel| 150 6 | 20 500MIN | 05| 80MAX 12V, -6V uA71IM | J,U 263
Quad 0.1 5 0.025| 200,000 TYP 6 1300 TYP 2Vto36V Lm139t JW 209
Hex 0.1 5 0.025| 200,000 TYP 6 1300 TYP 2Vto36V TL336MT H ) 225
Automotive Temperature Range (—40°C to 85°C)

Dual 025 7 | o005 |[100000TYP | & | 1300TYP 2V 1036V Lm2903t| JG,P 215
0.25 0.05 |100,000TYP | 6 | 1300TYP 2Vt036V [M2901T| J.N 213
S 05| 20 | 01 | 30000TYP| & | 1300TYP 2V1028V Lm3302t| J,N 217

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)

s | Vio o '0L | pespoNSE TIME

uA mv uA Avp mA N POWER SUPPLIES |DEVICE |PACKAGE |PAGE
MAX | MAX | mMAX MIN
45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vto—12V| LM206 J,JG,N,P| 195
—_— 0.15| 4 0.2 [200,000TYP | 8 140 TYP 15V, —15V Lm211t | 4, 0GP 201
01 | 5 0.025 200,000 TYP | 6 1300 TYP 2Vt036V TNt | JG,p 223
01 | 5 0.025 {200,000 TYP | 6 1300 TYP 2V to36V Tazut | JG, P 223
Dual 0.25| 5 0.005 [ 200,000 TYP | 6 1300 TYP 2V 1036V Lm293t | JG,P 211
Quad 0.25| 5 0.05 |200,000TYP | 6 1300 TYP 2V 1036V Lm239t | U N 209
Hex 01 |5 0.025 200,000 TYP | 6 1300 TYP 2V 1036V TL3sslt | U N 225
Commercial Temperature Range (0°C to 70°C)
40 6.5 7.5 | 40,000 TYP | 16 28 TYP 12V, -3V to—12 V| LM306 J,JG,N,P| 195
03 |10 0.07 |200,000TYP | 8 165 TYP 15V, —15V LmM311t | 4,06, 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 [200,000TYP | 6 1300 TYP 2Vto36V TL331ct| JG,P 223
30 45 7.5 8000MIN | 0.5 80 MAX 12V, -6V TLS10C | J,JG,N,P| 233
150 |10 25 500 MIN 40 MAX 12V, -6V TL710C | J,JG,N,P| 239
30 45 75 8000 MIN | 0.5 80 MAX 12V, -6V TL810C | J,JG,N,P| 245
25 5 5 1000 MIN | 16 40 TYP 12V, -6V uA710C | J,JG,N,P| 259
0.25| 5 0.05 |200,000TYP | 6 1300 TYP 2V 1036V Lm393t | UG, P 211
i 40 6.5 7.5 | 40,000 TYP | 16 28 TYP 12V, -3Vto—-12V | TL506C | J,N 227
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TLS14C | J,N 237
30 45 7.5 8000 MIN | 0.5 80 MAX 12V, -6V TL820C | J,N 255
Dual 50 |10 10 5000 MIN | 0.5 33TYP 12V, -6V TL810C | J,JG,N,P| 245
Channel | 150 |10 25 500 MIN | 05 40 TYP 12V, -6V uA711C | J,N 263
Quad 0.25| 5 0.05 [200,000TYP | 6 1300 TYP 2V 1036V M3zt [ U N 209
Hex 025| 5 0.05 |200,000TYP | 6 1300 TYP 2V 1036V TL3zsct| 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 (V|Q)

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 (Rg) are inserted in series
with the input leads.

Average Temperature Coefficient of Input Offset Voltage (ay0)

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.

(Vip@Ta(1)) —(Vio @TA(2))
TA(1) —TA(2)

ayvio = where TA(1) and TA(2) are the specified temperature extremes.

Input Offset Current (Ij0)
The difference between the currents into the two input terminals with the output at the specified level.
Average Temperature Coefficient of Input Offset Current (a)10)

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.

_|tho@Ta() — (o @TA(2)
TA(1) = TA(2)

a0 where TA(1) and TA(2) are the specified temperature extremes.

Input Bias Current (1)
The average of the currents into the two input terminals with the output at the specified level.
High-Level Strobe Current (lj4(s))
The current flowing into or out of* the strobe at a high-level voltage.
Low-Level Strobe Current (I (s))
The current flowing out of * the strobe at a low-level voltage.
High-Level Strobe Voltage (V|H(s))

For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the
operation of the comparator.

Low-Level Strobe Voltage (V| (s))

For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or low,
as specified, independently of the differential inputs.

Input Voltage Range (V)
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 (V|c)
The average of the two input voltages.
Common-Mode Input Voltage Range (V|cR)
The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly.
Differential Input Voltage (V|p)
The voltage at the noninverting input with respect to the inverting input.
Differential Input Voltage Range (V|p)

The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning
properly.

Differential Voltage Amplification (Ayp)

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 (VoR)

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 (VoL ) E

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, (IoH)

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, (IgL)

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 (rg)
The resistance between an output terminal and ground.
Common-Mode Rejection Ratio (kgcpmRr, 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 (Igc+, Icc=)
The current into™ the Voc+ or Voc— terminal of an integrated circuit.
Total Power Dissipation (Pp)

The total d-c power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp=Vce+ * lcc+ + Vee- -+ Icec—-

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

TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 11586, JANUARY 1972—REVISED OCTOBER 1979

e Fast Response Times e Strobe Capability
e Improved Gain and Accuracy e Short-Circuit and Surge Protection
e Fan-Out to 10 Series 54/74 TTL Loads e 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 LM106 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

JG OR P DUAL-IN-LINE

NC—No internal connection

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

Supply voltage Vcc+ (see Note 1) 15V
Supply voltage Vcc— (see Note 1) —-15V
Differential input voltage (see Note 2) . BV
Input voltage (either input, see Notes 1 and 3) . = EEN
Strobe voltage range (see Note 1) 0 VtoVce+
Output voltage (see Note 1) v o ow 28V
Voltage from output to Voo— - 30V
Duration of output short-circuit (see Note 4) . . 10s
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 Cc

LM206 Circuits —25°C 10 85°C

LM306 Circuits 0°C to 70°C

Storage temperature range

Lead temperature 1/16 inch (.1 6 mm) from case for 60 seconds J JG or W package

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

NOTES: 1.
terminal.

o b WN

All voltage values, except differential voltages and the voltage from the output to VCC—-

alloy-mounted; LM206 and LM306 chips are glass-mounted.

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less.
. The output may be shorted to ground or either power supply.
. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages, LM106 chips are

. 66°C to 150°C

300°C
260°C

are with respect to the network ground

Copyright © 1979 by Texas Instruments Incorporated
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(TOP VIEW) PACKAGE (TOP VIEW)
out STROBE
+ ouT N—
NC NC NC Vcc+ NC  PUT STROBE2 vece o 7 ;
8 TLH6]]5
3 1[12(]3]]4
NC GND NON- INV NC Vcc- STROBE 1
INV_INPUT GND ngs INV vee—
INPUT INPUT
INPUT
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Voc+ = 12 V, Vgg— = =3 V to —12 V (unless
otherwise noted)
LM106, LM206 | LM306
+ »
PARAMETER TEST CONDITIONS MIN_— TYP MAX |ViN_— TYP MAX UNIT
25°C 05% 2 168 5
Vio Input offset voltage Rg <200 2, See Note 6 Full range 3 55 mV
Average temperature
ay|o  coefficient of input Rg=50 %, See Note 6 Full range 3 10 5 20 [uVv/C
offset voltage
25°C 0i78. 3 188 5
lio Input offset current See Note 6 MIN 2 7 175 uA
MAX 0.4 3 0.5 5
Average temperature MIN to 25°C 151 75 24100
a0 coefficient of input See Note 6 nA/°C
offset current 25°C to MAX 5 25 15 50
) _ MIN to 25°C 45 40
IiB Input bias current Vop=05Vto5V 25°C to MAX 75 20 765 25 HA
ljL(s) Low-level strobe current V(strobe) = 0.4 V Full range —1,78-3.2 —1.78-32] mA
V|H(s) High level strobe voltage Full range 2.2 2.2 \
ViL(s) Low-levelstrobe voltage Full range 0.9 09| V
Common-mode input _
ViCcR o EAeranga Vee===-7Vto-12V Full range =33 +5
Vib Differential input Fiill Fifge 5 5 v
voltage range
Large-signal differential No load o
! 40 § 408 V/mV
AvD voltage amplification Vo=05Vto5V e o
High-level _ Vip=5mV Full range 2.5 5.5
VoH output voltage loH 400 B4 Vip=8mV Full range 25 55 v
_ Vip=-5mV| 25°C 0.8% 15
loL ~100'mA Vip=—7mV| 25°C 085 2
Low-level Vip = =5 mV| Full range 1
\ ol = 1D
oL output voltage oL =50mA Vip = -8 mV| Full range 1 b
_ Vip = -5 mV| Full range 0.4
IgL=smA Vip = —8 mV|[ Full range 0.4
MIN to 25°C 0028 1
Vip=5mV =
High-level _ 25°C to MAX 100
] =
OH  output current VOH =8V 1024V g o =5V T MIN 1o 25°C 0025 2| *A
Vip=8mV | 25°C to MAX 100
lcc+ Supply current from Vee+ | Vip = —5 mV, No load Full range 6.6% 10 6.6 10| mA
lcc—  Supply current from Voc—| No load Full range -1.9%-3.6 -1.98-36[ mA

1'Unless otherwise noted, all characteristics are measured with the strobe open.
§These typical values are at Vocy = 12 V, Voo = —6 V, T = 25°C. Full range (MIN to MAX) for LM106 is —55°C to 125°C; for LM206 is
—25°C to 85°C; and for LM306 is 0°C to 70°C.
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vo) or
up to the high range (VOH)‘ Thus these parameters actually define an error band and take into account the worst-case effects of
voltage gain and input impedance.

switching characteristics, Vcc+ =12V, Vec—=—-6V, Ta = 25°C

T CONDITIONS! LM106, LM206 LM306 UNIT
FARAMETER RERY o0 MIN TYP MAX |MIN TYP MAX
Response time, low-to-high-level output RL_=390921to5V, C|_=15pF, See Note 7 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 ?STROBE
1 ? 2

- o o Vece+

5k
63v ¥, ¥e3v

6.3V

NONINVERTING O

INPUT 70
+———0 OUTPUT

INVERTING O—n
INPUT

O GND

Vce—- O

Resistor values are nominal in ohms.

TYPICAL CHARACTERISTICS ﬂ

INPUT OFFSET CURRENT INPUT BIAS CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
) - - - 20
Vee+=12V Vee+=12V
Vee—=-6V 18 Vee—=-6V 1
g 25 Vp=05Vto5V o 18 S \\ V|o=0.l5Vt05V
S i
L \ \ ® i N N\ LMm306
s 2 \ <
5 LM306 5 12
£ 1 : N . b
o
5 \ N E S
& 1 . g LM106, "N
T LM106, \ T B LM206% AN
LM206 o
i—j i \4‘ - 4
05 R~y , =
0 0
—-75 —50 —25 O 25 50 75 100 125 -75 =50 =25 O 25 50 75 7100 7125
TA—Free-Air Temperature—°"C Tpa—Free-Air Temperature—°C
FIGURE 1 FIGURE 2
i Data for free-air temperatures below —25°C and above 85°C is applicable for LM 106 only.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

VoH—High-Level Output Voltage—V
H

1

Vp—Output Voltage—V

HIGH-LEVEL OUTPUT VOLTAGE

Vs

TYPICAL CHARACTERISTICS ¥

FREE-AIR TEMPERATURE

Vs

LOW-LEVEL OUTPUT VOLTAGE

FREE-AIR TEMPERATURE

1.2
Vee+=12V Vee+ =12V
Vec_=-3Vto—12V " Vee—=—-3Vto—12V
FVID=5mV l 1Ttvip=-5mVv
—1 =2
//\/ |OH =0 _S 4 | —
’/ o
= B loL =100 mA
2
5
S 06 T
[ IOH = —400 pA E loL =50 mA —
E
s 04
3 loL =16 mA
3 —
2
>O 0 loL=0
-75 -50 25 0 25 50 75 100 125 -75 =50 -266. 0 25 50 75 100 125
TA—Free-Air Temperature—°C Ta—Free-Air Temperature—"C
FIGURE 3 FIGURE 4
OUTPUT CURRENT
vs
DIFFERENTIAL INPUT VOLTAGE
VOLTAGE TRANSFER CHARACTERISTICS
7 10 T I
Vee+ =12V 1}Ta=-55°C
6 FVee—=—68V : 3 ; =~+_~TA=0°C
RL=°° = 10-1 ——= .
. 71 7 = Ta =125°C N
g 4 F 10-2 l -
2 TA =70°C~]
4 £ 103 e
Ta=0Cc—"] [ l\‘ﬂ Ta=25°C 8 o Hadk e TA=125°C
3 T g v SN
TA=70°C 5 10-5 .
2 T T C|> Ta=70°C
i B
tTA = —56
1A J jJ 10-7 Ta = —-55°C Ta =25°C: |
: ws) o vosuy | — ki
_=— o—
108 | VEC-=—3Vt0 12
i o - . g =5 4 8§ -2 -1 @4 1! 3 8

V|p—Differential Input Voltage—mV

FIGURE 5

FIGURE 6

V|p—Differential Input Voltage—mV

$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 CHARACTERISTlCSI
LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
80 000 0.4
. '\ VCC_=—-3Vt0—‘|2V VCC+=VO=12V
o Vo =1t02 V <« Vee—-=-6V
® = o0 | TN s i
8 RL = ViD= -5 mV
= 60000 Vee+ =12V % ! % 2 03 !/ See Note 8 A
E ™ Voot =15V 3
< N cc+ b N
& ) 2 \\
= Vee+ =10V 5
S 40000 AN 9 g P
g g
E \\ 5
5 ~— £
= \.h\ s o
5 20000 ~——] & 0.1
: —~ &
> o
2 S
0 0
-75 55 —25 0 25 50 75 100 125 -75 =50 —25 0 25 50 75 100 125
T a—Free-Air Temperature—°C Ta—Free-Air Temperature—"C
FIGURE 7 FIGURE 8 u
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
= ;vf’ = & ]
5 - € % F 1
52 100 mV | 5= 100,mV
= 3 E 3
- Qo -— -
0 < Veet =12V S g
Vee—-=-6V
5 CL=15pF 5 e
E w \ RL=390 Q105 V " //
Loa Ta=25°C Loa 20 mV
g 20 mv \ g //
S 3 29
= 5 10 mV —~ =
3 » l\ \ g 5 1" ﬁ(/ Vee+ =12V
5 5 5 mV~] Vee-=-6V
(? 10 mV 5 mV 2mV o| 2' V\/ CL=15 pF
B 1 \\ o " RL =390 Qto5V
\ \ S Ta=25°C
0 0
0 20 40 60 80 100 0 20 40 60 80 100
t—Time—ns t—Time—ns
FIGURE 9 FIGURE 10

iData for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.

NOTE 8: This parameter was measured using a single 5-ms pulse.
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TYPES LM106, LM206, LM306

DIFFERENTIAL COMPARATORS WITH STROBES

Icc+—Supply Current from Voo+—mA

Pp—Total Power Dissipation—mW

fData for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.

TYPICAL CHARACTERISTICS1

SUPPLY CURRENT FROM Vcc+
Vs

SUPPLY VOLTAGE Vcc+

10 T T T  § | l
Vec—=-3Vto-12V
9t Rfcz - —t+—Ta =-55°C
1A = 25°C
A = =" A
7 _E //‘/ Ta=125°C
6 == P O
I | — Apo
sL o = /TA—[25 c
>
4 — ,//TA =125°C
3> 1 A
E V
2 1 e
—
o
I
0
9 10 11 12 13 14 15 16 17
Vcc+—Positive Supply Voltage—V
FIGURE 11
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
120
‘ ] ‘ Vee+ =12V
Vip =-5mV Vee-=-6V
100 RL = o -
\
N
80
Vip=5mV ]
60
\
— |
40
20
0
—-75 -50 -25 0 25 50 75 100 125

Ta—Free-Air Temperature—"C

FIGURE 13

SUPPLY CURRENT FROM Vcc—
vs

SUPPLY VOLTAGE Vcc—

4 . .
< VCC+ =12V
E b RL = 00
b Ta =-55°C
Q 3 e
(& =1 =
> Ta=25°C
£ et
o i
Y= o
TaA=125C
§ 5 /r/// "
‘i A |
o
g o
a 1
1|
Q
©
0
0 -2 -4 -6 -8 —-10 —12 —-14 -16
Vcc——Negative Supply Voltage—V
FIGURE 12
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 600 mW 11.0 mW/°C 95°C
J (Glass-Mounted Chip) 600 mW 8.2mW/°C Te
JG (Alloy-Mounted Chip) 600 mW 8.4 mW/°C 79°C
JG (Glass-Mounted Chip) 600 mW 6.6 mMW/°C 59°C
N 600 mW 9.2mw/rC’ 85°C
P 600 mW 8.0 mW/°C 75°C
W 600 mW 8.0 mW/°C 75°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR TYPES LM111, LM211, LM311

I NRGEATED DIFFERENTIAL COMPARATORS WITH STR
CIRCUITS S WITH STROBES

BULLETIN NO. DL-S 11797, SEPTEMBER 1973—REVISED OCTOBER 1979

e Fast Response Times e Maximum Input Bias Current. .. 300 nA
Strobe Capability e Maximum Input Offset Current. .. 70 nA

e Designed to be Interchangeable with National e Can Operate From Single 5-V Supply
Semiconductor LM111, LM211, and LM311

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, Vcc+, or VoC—. 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°C to 125°C, the LM211 is
characterized for operation from —25°C to 85°C, and the LM311 is characterized for operation from 0°C to 70°C.
terminal assignments

J OR N DUAL-IN-LINE JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
NC NC NC_ Vces  NC c B/S Veer C BS B veer € NC  B/S 8
8lI7Ll6f]5 w| (s |s[ 7] ]s
1 2 3 4 1 2 3 4 5
E IN+ IN- Vge- E IN+ IN— NC Vee-
NC—No internal connection
schematic
B[S
300 300
vee

B Balance
B/S Balance/Strobe
C Collector Qutput
P/ E Emitter Output
IN+ Noninverting Input
'N'—c IN— Inverting Input
NC No Internal Connection
ik & Vee+ Positive Supply Voltage
NS [ A Vee— Negative Supply Voltage
130
JH:
800

S 3

Vee—

Resistor values shown are nominal and in ohms.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LMI111, LM211, LM31
DIFFERENTIAL COMPARATORS WITH STROBES

absolute maximum ratings over operating free-air temperature range

(unless otherwise noted)

LM111 LM211 LM311 UNIT
Supply voltage, Voc+ (see Note 1) 18 18 18 Y]
Supply voltage, Vcc— (see Note 1) -18 —18 —-18 Vv
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (either input, see Notes 1 and 3) +15 +15 +15 \%
Voltage from emitter output to Vcc— 30 30 30 \
Voltage from collector output to Voc— 50 50 40 \
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 —55to 125 —25 to 85 0to 70 ¢
Storage temperature range —65 to 150 —65to 150 | —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds| J, JG, or U package 300 300 300 e
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds| N or P package 260 260 e

NOTES:

All voltage values, unless otherwise noted, are with respect to the midpoint between V¢4 and Vego—.
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

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

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or +15 volts, whichever is less.
a
5

For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, LM111

chips are alloy-mounted; LM211 and LM311 chips are glass-mounted.

electrical characteristics at specified free-air temperature, Vcc+ = £15 V (unless otherwise noted)

LM111, LM211 LM311
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX |MIN TYPE MAX
25°C 0.7 3 2 .
Vio Input offset voltage Rg < 50 k2, See Note 6 25 mV
Full range 4 10
25°C 4 10 6 50
lio Input offset current See Note 6 nA
Full range 20 70
. 25°C 75 100 100 250
B Input bias current Vo=1Vto 14V nA
Full range 150 300
liL(s) Low-level strobe current V(strobe) =0.3V, V|p<-10mV 25°C -3 -3 mA
Common-mode input
VICcR Full range 14 +14 \
voltage range
Large-signal differential %
AvD e Vo=5Vto35V, R =1kQ 25°C 40 200 40 200 V/mV
voltage amplification
i ; 1
High-level (collector) Vip=5mV, VoH =35V g2 92 g i
loH Full range 0.5 KA
output current S
Vip=10mV VoH =35V 25°C 02 50| nA
Vip=-5mV 25°C 0.7 ¥
IoL = 50 mA 1D 2 A
Vip=-10mV 25°C 0.75 1:5
Low-level (collector-to-emitter) -
VoL Veer =45V, Vip =-6mV | Full range 023 04 v
output voltage Ve =0V
loL =8 mA Vip=—-10mV [ Full range 0.23 04
Supply current from V : °
Ice+ EC% Vip=-10mV,  No load 25°C 5.1 6 51 75| maA
output low
Supply current from Vee—, o
lco— . 6e Vip=10mvV, No load 25°C ~43 -5 41 5| ma
output high

tUnless 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.
fan typical values are at Tp = 257E;
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 7.6 k{2 to Vgc+. 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 LM, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

switching characteristics, Vcc+= 15V, Vgc—=—-15V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT

Response time, low-to-high-level output 115 ns
pone. g P Rc=500 92105V, C_=5pF, SeeNote7 = ;
n

Response time, high-to-low-level output

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.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
20 e 500
% N Voo =$15 V ol Vee: =15V
18 \ Vo=1Vto14V 450 LM311 ~T—Vp=1Vto 14V
< 16 \\ Ti8 arss < 20 —imin fee How?
|
2 14 \ ek, T 350 [~ LM2117 N
§ LM111 2 R~ :'
3 12 LLM211T_ )\ 2 300 | L\
- N 3 N CONDITION 2
2 10— 2 250 N
£ conpITIoN 1] (| conpiTion 2 & ™
= 8 - = 200
Al / | 2 —L
< 64 < 150 CONDITION 1—
5, N | LM311 N 2 100 LM311 &
= = 1
: » B
0 Lm2p1t | 0 T
—60-40-20 0 20 40 60 80 100 120 140 —60-40-20 0 20 40 60 80 100 120 140
Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—"C
FIGURE 1 FIGURE 2
Vees =30V +V =560V (LM111, LM211)
VOLTAGE TRANSFER CHARACTERISTICS AoV{(LMan¥
1k
60 :
Veet =£15V [,_N” - ouTPUT
Ta=25°C t
- ILMzn
J, 40 LM311
g
2 EMITTER OUTPUT “ =
> 3| RL=6002 || coLLEcTOR | COLLECTOR OUTPUT TRANSFER CHARACTERISTIC
3 OUTPUT TEST CIRCUIT FOR FIGURE 3
5 RL=1kQ Vee+ =30V
Q' 120 |
o 7 I
S \
10 - \

-1 ~0.5 0 0.5 1
V|p—Differential Input Voltage—mV

FIGURE 3 =

EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 3

tData 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 Vcc4.
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TYPES LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

OUTPUT RESPONSE FOR

VARIOUS INPUT OVERDRIVES

Vo-Output Voltage—V

FIGURE 8

800

700

500

400

=& T
=8 |
§3 f 100 mv
g3
= a Veee =215V
e = RC=500Q2t05V
TA=25°C
7
> 5 +
]
g 5 l*’ ]
= m
2 3 2m 4
23 o 20m o
5
g, /
s
0
0 50 100 150 200 250 300 350
t—Time-ns
FIGURE 4
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
2
sB 1 11 [ [ 11
§3 100 mV Vees =$15V
25 RE = 2kQ to —15 Vo
a2 Ta=25°C
‘ [
5 ZOmV—\‘/
= 40 1
®
g sp—5mV
s
Z o
S 2T
o -10
>
-15
0 02 04 0608 10 1.2 14 16 1.8
t=Time—us
FIGURE 6
OUTPUT CURRENT and DISSIPATION
v
OUTPUT VOLTAGE
160
Vece =215V
140 t<10s
Vip=-10mV
< 120 TASBTE ——F '
£ \Y
& N
£ 100 &
g [ <0
S a0 A
5
g & JIN—T |
g
o
- 40l/ 10 (Left Scale)
. j j
0
0 5 10 15

TYPICAL CHARACTERISTICS

Vee+ =15V

TEST CIRCUIT FOR FIGURES 4 AND 5

Vegs =15V

Veg-=-15V

TEST CIRCUIT FOR FIGURES 6 AND 7

SUPPLY CURRENT FROM Ve
Vs
SUPPLY VOLTAGE Vcc+

T
TA=25°C
€ | Notoa
z L
z S Vip=-10mv_L—"1
o
¢ > ]
5 T 4 =
a £ ¥ AR Z\/|D =10mv
S g 7 ¢
2 4 /] |
e o
s
(e} z 2 1
o g |
& 3 |
[} 1 Il
%
& [ '
2 |
1
0 Il
0 5 10 15
Vec+—Positive Supply Voltage—V
FIGURE 9

Vo-Output Voltage—V

Differential

Vo-Output Voltage—V

Differential

i
2
5
S
=
-3
a
5
@
1
Q
L

OUTPUT RESPONSE FOR

VARIOUS

INPUT OVERDRIVES

3 -
S [ 100 mv
g Vees =$15V J
= Rc=500Qto5V
Ta=25°C N
: ]
4
5 20 mV—/'l\
|
3 5 mv=—1 ol
= m
1 e r —i7
0 =F:
0 50 100 150 200 250 300 350
t-Time—ns
FIGURE 5
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
2 |
¥ [ ]
3 I 100 mV
3
2
£
15
2mv I [
H N
5 mv
5 \
0 : \
5 LN
20 mv /'\
10 ] *4[
. INL N
0 0204 060810 1.2 1.4 16 18
t—Time—pus
FIGURE 7
SUPPLY CURRENT FROM Vg
vs
SUPPLY VOLTAGE Vce—
-6 T T T
Vip =10 mV or —10 mV
5 [ TA=28°C
> | No load
= i —
/
3 =1
=
4 s
0
0 -5 —10 -15

Vcc——Negative Supply Voltage—V

FIGURE 10
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TYPES LMI111, LM211, LM31
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

Vee+
20 k2 Y
W r————— 7
|
|
SQUARE WAVE |
OUTPUT
(Fan-outto two oo | et e e e e _]
Series 54 gates
or equivalent) TTL
STROBE
1k
FIGURE 11-100-kHz FIGURE 12 FIGURE 13—STROBING
FREE-RUNNING MULTIVIBRATOR OFFSET BALANCING
BV
!

Vee+

240 k§2
INPUTT

T Resistor values shown are for a 0-to-30-V logic swing and a
15-V threshold.

iMav be added to control speed and reduce susceptibility
to noise spikes.
FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC

Vee+

100 k2 2 k§2

100 kHz 10 pF

100 k2 E

0.1 uF
MAGNETIC
TRANSDUCER
FIGURE 16 —DETECTOR FOR MAGNETIC TRANSDUCER FIGURE 17—100-kHz CRYSTAL OSCILLATOR
FROM D/A NETWORK
Vee+
1N4001
ouTPUT
ANALOG
INPUT
TIP30

TTL STROBE

SAMPLE

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+

OUTPUT

FIGURE 20— LOW-VOLTAGE
ADJUSTABLE REFERENCE SUPPLY

Vee+ =5V

Vee-=-10V

FIGURE 21— ZERO-CROSSING
DETECTOR DRIVING MOS LOGIC

Vec =5V sV
2 Vees =5V
<
::| k2 31 k2
5. T ]
> Il’.ﬁl.__ ——— g e TiL02 (WS 5k2 9 g1ka
I
Ny ! | @ L_ ™
P
i ] ] m':! QUIRLT ouTPUT
4
| | Reur FROM 100 % 1kQ
i l ot WA—9-
FROM l
S I £ e SRt i $ oo %S
S2740 154F b R Rl
w2222 S
S 22k02

1Adiust to set clamp level.

FIGURE 22—-PRECISION SQUARER

Vees =15V

INPUT

INPUT

1M0Q

Vee— =15V

FIGURE 24— POSITIVE-PEAK DETECTOR

FIGURE 23-DIGITAL TRANSMISSION ISOLATOR

Vees =18V
r——t-——"
1M | :
AAA T B ==
T =3
2kQ | I |woxa | Loat
K
B S ) p— OUTPUT
~d
s uF
Veg—=-15V

FIGURE 25— NEGATIVE-PEAK DETECTOR
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TYPES LMIiN, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL APPLICATION DATA

Vee+=5V
Vee+

el -0

1kQ2

INPUTS |
IN3708 OUTPUT
TOTTL
t
TTL
STROBE
2N3708

2N2222 1k§2

TR1 sets the comparison level. At com i
& parison, the photo- %
" = . Transi i i i i
diode has less than 5 mV across it, decreasing dark current stentvaltage andiinductive kickback protection.
by an order of magnitude.

FIGURE 26—-PRECISION PHOTODIODE COMPARATOR FIGURE 27—-RELAY DRIVER WITH STROBE

Vee vees
620 39k ‘@
ﬁ TIP30
% e 300 ki
100 ki
$—— OUTPUT )
noaKs REFERENCE o
INPUT s ’_‘e‘ | i
SEERE OUTPUTS
510 12
BT aa QL 15 ki {
= INPUT ——AAA—@ ciod | |
&— Veo- : : B/S } 620 =
4 L TIP29
| |
= T
39 k. : } 620 1
- |L _____ vec- J TIP30
= 620 1t
FIGURE 28—SWITCHING POWER AMPLIFIER FIGURE 29—SWITCHING POWER AMPLIFIERS
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LINEAR TYPES LM139, LM239, LM339
INTEGRATED QUADRUPLE DIFFERENTIAL COMPARATORS

CIRCUITS
BULLETIN NO. DL-S 12236, MARCH 1975—REVISED OCTOBER 1979

e Single Supply or Dual Supplies e Low Input Offset Voltage .. .2 mV Typ
e Wide Range of Supply Voltage e Common-Mode Input Voltage
...21to 36 Volts Range Includes Ground
e Low Supply Current Drain e Differential Input Voltage Range
Independent of Supply Voltage Equal to Maximum-Rated
...0.8mA Typ Supply Voltage . .. +36 V
Low Input Bias Current. .. 25 nA Typ e Low Output Saturation Voltage
Low Input Offset Current e Output Compatible with TTL, DTL,
...3nATyp (LM139) MOS, and CMOS

J OR N DUAL-IN-LINE

schematic (each comparator) O W FLATPACKAGE

N vee (TOP VIEW)
80-4A (OR
CURRENT e Vee+)
REGULATOR COMPARATOR COMPARATOR
NO.4 NO.3
Ay
’°“A“ S0uA g 10uA OUTPUT OUTPUT NON NON
COMP COMP IV INVINVINV
NO.3 NO4 GND INPUT INPUT INPUT INPUT

NONINVERTING OUTPUT 14 13 12 1 10 9 8
INPUT ] E

INVERTING
INPUT

Current values shown are nominal.

description 1 2 3 4 5 6 7
= ! o OUTPUT OUTPUT V, INV NON- INV NON-

These devices consist of four independent voltage COMP COMP CC INPUT INV  INPUT INV
comparators that are designed to operate from a No.p  NQ2 \ INPUT, INPUT
single power supply over a wide range of voltages. COM;A(\)RZATOR COMP’:\::\TOR

Operation from dual supplies is also possible so long
as the difference between the two supplies is 2 volts
to 36 volts and pin 3 is at least 1.5 volts more positive
than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be
connected to other open-collector outputs to achieve wired-AND relationships.

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

Supply voltage, VCC (568 NOte 1) . .. oo it i e e e e e e et e e 36V
Differential input voltage (see NOte 2) .. . . .. .ttt e e e e e e +36 V
Input voltage:range (eItherinpUL) s in swewssmins dhsmsmbinims ships@aisins e85 -0.3Vto36V
Output voltage! vux sssmzms s5 5585 503 EFERiEs (0B iEsiEIEs s0isiERems0s S5 Mmywe 9@ 36V
Ouipuf CUrfERE s s v S e 85 s B 0l x e gs 50 o s s 8o s 500 o 160 an o 4 Vel oy v 6 g o e % 20 mA
Duration of output short-circuit to ground (see Note 3) .. .. ... ... ... .. i unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) . .. .. ........... 900 mW
Operating free-air temperature range: -LM139 . . .. .. .. . . . i e —55°C to 125°C

IN285] s cmen s e e o R A iy —25°C to 85°C

LM339 .ttt 0°Cto 70°C
Storage temperatire Tante  zisss s5 sms s saims 75 SR RGF EMEFF G5 sNFFER AN EEE EA e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: Jor W package .. ................. 300:C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . ..................... 260 C

NOTES: . All voltage values, except differential voltages, are with respect to the network ground terminal.

3

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

3. Shortcircuits from outputs to V¢ 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-mounted,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM139, LM239, LM339
QUADRUPLE DIFFERENTIAL COMPARATORS

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

PARAMETER TEST CONDITIONST e LMD, Lo UNIT
MIN TYP MAX MIN TYP MAX
Vec=5V 1030V, 25°C 2 5 2 5
Vio Input offset voltage cc mV
Vic = VIcR. Vo = 1.4V Full range 9 9
| | t offset t Vpo=14V L : = - = nA
10 npy SHrEn O Full range 100 150
| | B i Sas NGB 25°C -25 -100 -25 -250 A
B nput bias curren ee Note e p— 300 200
o Oto Oto
25C
Vicr Common-mode input Vee=2Vto36V Vec—15 Vee-15 v
voltage range Full range Oto Oto
Vee—2 Vee—2
L. -signal diff tial Vee=15V, .
Ryp = e U Teente e 25°C 200 200 VimV
voltage amplification RL =15k to Vce
: High-level 3 sl o VoH= 5V 25°C 0.1 0.1 nA
igh-level output curren =
OH L D Vor =30V | Full range 1 1| sA
v Low-evel output volt \Y iV, | 4 mA A = o o= e \"
evi vol =—1V, =
OL; oS =1 OL =M% I"E Nl range 700 700] "
loL Low-level output current | Vip =—1V, VoL =15V 25°C 6 16 6 16 mA
Supply current N
Icc No load 25°C 08 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, Vcc =5V, TA =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input st
X R connected to 5 V through 5.1 k2, . gL ep 13
Response time with 5-mV overdrive us
CL=15pF * 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 DERATING  ABOVE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 900 mW 11.0 mW/°C 68°C
J (Glass-Mounted Chip) 900 mW 8.2mwW/°C 40°C
N 900 mW 9.2mW/°C 52°C
w 900 mW 8.0 mW/°C 87°C

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

TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 12411, JUNE 1976—REVISED OCTOBER 1979

e Single Supply or Dual Supplies
e Wide Range of Supply Voltage

e Low Supply Current Drain

e Low Input Bias Current . .. 25 nA Typ
e Low Input Offset Current

e Low Input Offset Voltage ... 2 mV Typ

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR NO. 2

4 NON-Y
OUT- INV_ INV
Vgct PUT INPUT INPUT

<]

...21t0 36 Volts

Independent of Supply Voltage
...05mA Typ

...3nA Typ (LM193)

e Common-Mode Input Voltage OUT: Y., (oWt IGND
Range Includes Ground e
COMPARATOR NO. 1
e Differential Input Voltage Range
Equal to Maximum-Rated U FLAT PACKAGE
Supply Voltage . .. +36 V (TOP VIEW)
e Low Output Saturation Voltage AMPLIFIER NO. 2
e Output Compatible with TTL, DTL, o Voo, 2T v .3"53,
MOS, and CMOS :
; ® ONO)
description , @ @ 1

These devices consist of two independent voltage
comparators that are designed to operate from a
single power supply over a wide range of voltages.
Operation from dual supplies is also possible so long
as the difference between the two supplies is 2 volts

=
<1

to 36 volts and pin 8 is at least 1.5 volts more positive L @ . (19
than the input common-mode voltage. Current drain et N N hen e
is independent of the supply voltage. The outputs can RUT! (INEUT 1NV

be connected to other open-collector outputs tc
achieve wired-AND relationships.

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

AMPLIFIER NO. 1

SUpply Voltage, VO (SEBINGEE 1) . . coe: v« oson o o minss 5 asmin o 2wk 8 wincn o o msmion miomsooi saim s s weavil § § ool 8% 90 & & § 58 8 % s 36V
Differential input voltage (588 NOTE 2) . .. it i ittt ittt e et ettt et e te i et e ee it +36 V
Input voltage:range (EIther INPUL) . . .« v s s wm v s e o o mim e s mme s o wm s s st s o oo &6 @i o s @ wu s o wie o s m o —-0.3Vto36V
OULPUL VOITAGR & s vvis 55w v s wime s s mim s s s o momes o mow s 5 s e o & @ & & % e & & WUE 5 o & R K & w0w 8 08 AR 5 8 wwe R e e e 36V
OUIPUTCUFTEONT s s ¢ 5 s 5 s o weavs & 5 G 5 & 5 W0 5 S SEe 5 i RS & SR 6 & SHESE & @ W & ¥ % WHE B 6 S b ST 6 N e 8N e 8 20 mA
Duration of output short-circuit to ground (see Note 3) .........cvuviuennnnn 4w s A 8 S 6 8 wies ¢ e unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): LM293JG,LM393JG. .. .. 825 mW
LM193JG, LM293P, LM393P. .. .. 900 mW

LM193U, LM293U, LM393U. .. .. 675 mW

Operating free-air temperature range: LM193 ... ciiivvisecmssnmmosvasesamessimssaniessasss —55°C to 125°C
LM293 oottt e e e e —25°C to 85°C

IWIBOB , orisons oo covay o ot 3 e 73 s 3 e 8 o o e o s 0°C to 70°C

Storage temperature rantel .o s wie s mioe b 56 5 RO 600 60 S HOLE B G656 S0 8 @Y S e § E W 8§ e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JGor Upackage ...............c...0... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: Ppackage ...........00iiinueennnnnnn 260°C

NOTES: . All voltage values, except differential voltages, are with respect to the network ground terminal.

1

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

3. Short circuits from outputs to V¢ 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, LM193 chips are alloy-
mounted; LM293 and LM393 chips are glass-mounted,

Copyright © 1979 by Texas Instruments Incorporated
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TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

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

PARAMETER TEST CONDITIONS S LM39q Ligss UNIT
MIN TYP  MAX MIN TYP__MAX
" Vec=5Vt30V, 25°C 1 5 1 5 3
t volt m
Vio Input offset voltage Vic = VicR. Vo = 1.4 V [Full range 9 9
| | ff V 14V o g 28 2 £ A
n t offset current ol & n
10 P ) Full range 100 150
. — " e 25°C —25 —100 —25 —250 %
e ee Note n
18 e Full range —300 —400
& 0 to 0to
C de i t i V 1.5 vV 1.5
ommon-mode inpu et 2% g
VIcR a Vec =2V 1036V ce ce v
voltage range 0to 0to
Full range
Vee—2 Vee=2
Large-signal differential [Voc=15V, "
Avp i e cc 25°C 50 200 50 200 V/mV
voltage amplification R =15V to Vge
Vip=1V, VpH=5V 25°C 0.1 0.1 A
IoH  High-level output current 1D OF =
Vip=1V, VoH =30V |Full range 1 1| pA
Vv Low-level output voltage [V 1V, | 4 mA 26e o . = \"
-levi u B A =4m m
oL AR geVip oL Full range 700 700
loL  Low-level output current|Vip=—1V, Vg=1.5V 25°C 6 16 6 16 mA
Vee=5V 25°C 0.8 1 0.8 1
Icc  Supply current No load G mA
Vce =30V | Full range 25 25

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, Vec =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
A R connected to 5V through 5.1 k2,| | ) 13
Response time G =1BoF *  Se6 Noto® with 5-mV overdrive us
L 2 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 schematic (each comparator)
POWER DERATING ABOVE vee
PACKAGE 80-uA —o(OR
RATING FACTOR Ta CURRENT e Vee+)
= o REGULATOR
JG (Alloy-Mounted Chip) 900 mW 8.4 mW/°C 43°C
JG (Glass-Mounted Chip) 825 mW 6.6 mW/°C 25°C 10 uA!t 60 uA
P 900 mW  8.0mW/°C 37°C
U 675 mW 5.4 mW/°C 25°C
Also see Dissipation Derating Curves, Section 2. NONImIPm'TING OUTPUT
INVERTING
INPUT
GND
(OR
Vee-)

Current values shown are nominal.
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LINEAR
INTEGRATED
CIRCUITS

e Eliminates Need for Dual Supplies °

e Wide Range of Supply Voltages
. 2 to 36 Volts

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

e Low Input Bias and Offset Parameters

TYPE LM2901
QUADRUPLE DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 12247, MARCH 1975—REVISED OCTOBER 1979

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

e Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage . .. +36 V

® | ow Output Saturation Voltage

Input Offset Voltage . .. 2 mV Typ -1mV Typat5uA
Input Offset Current . . .5 nA Typ - 70 mV Typ at 1 mA
Input Bias Current . . . —25 nA Typ e Output Compatible with TTL,
DTL, MOS, and CMOS
schematic (each comparator) JOR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)
Vee
-9- (OR
cuagr‘;é\NT e vees) COMP’::\‘;:TOR COMPARATOR
REGULATOR
OUTPUTOUTPUT NON NON
10 kA COMP  COMP INV. INV INV NV
h 4 NO.3 NO.4 GND INPUT INPUT INPUT INPUT

4 13 12 1 10 9 8

NONINVERTING
INPUT
INVERTING
INPUT
Current values shown are nominal,
1 2 3 4 5 6 7
H H OUTPUT OUTPUT Vcc INV NON- INV NON-
descr'pt'on COMP COMP INPUT INV INPUT INV
The LM2901 consists of four independent voltage NOiT NoZ2 INPUT INRUT,

comparators designed specifically for automotive and COMPARATOR COMPARATOR
industrial control systems. They operate from a single NO.2 po:
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 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 VCQO'’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, VCC (see Note 1) . 36V
Differential input voltage (see Note 2) +36 V
Input voltage range (either input) —-03Vto36V
Output voltage . 36V
Qutput current 20 mA
Duration of output short cm:wt to ground (see Note 3) unlimited

900 mW

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

NOTES:

"_40°C to 85°C
—65°C to 150°C

. All voltage values, except differential voltages, are with respect to the network ground terminal.

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

1
2
3. Short circuits from outputs to Vg 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, LM2901 chips are glass-

mounted.

79
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TYPE LM2901
QUADRUPLE DIFFERENTIAL COMPARATOR

electrical characteristics at 25°C free-air temperature, V¢ = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
v | " ; Vec=5Vto 30V, 25°C 2 7 -
nput offset voltage N —
- ; ’ Vic=Vicr:  Vo=14V  [4rcwssc 15
| | ff Vv 14V e g g A
nput offset current = 1. n
0 o —40°C t0 85°C 200
I Input bi See Note 5 =k e
nput bias current ee Note
o v — —40°C t0 85°C ~500
25°C 0 to
Input common-mode Vee —1.5
VICcR Vec=2Vto36V v
voltage range = " 0to
—40°C to 85°C
Vee -2
Large-signal differential Vec=18V,
A 25 100 V/mV
vD voltage amplification R =15kQ to Vcc
) Vip=1V Vo=5V 25°C 0.1 nA
IoH High-level output current =
Vip=1V Vo=30V —40°C t0 85°C 1 | KA
Vv Low-level | \Y 1V [ 4 mA &a . \"
ow-level output voltage =-1V, =4m m
oL . - & i —40°C 10 85°C 700
loL Low-level output current Vip=-1V, VoL=15V 25°C 6 16 mA
Vee=5V 25°C 0.4 1
Icc Supply current No load = = mA
Vcc =30V | —40°Cto 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.
< : . o
switching characteristics, Vcc =5V, TA=25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
R =51k t05V 100:m) inputistep 15
Response time with 5mV overdrive us
C_=15pF *  SeeNote6
L 4 ee Note 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

<
33kn
100 k2 1
100 k02
b—O OUTPUT
LOW-
IMPEDANCE g
TRANSDUCER
= 4
VREF

BASIC SINGLE-SUPPLY TRANSLATOR
THERMAL INFORMATION

DISSIPATION DERATING TABLE

— POWER DERATING ABOVE
RATING FACTOR Ta
J (Glass-Mounted Chip) 900 mW 8.2mwW/°C 40°C
N 900 mW 9.2 mW/°C 52°C
W 900 mW 8.0 mW/°C 37°C

Also see Dissipation Derating Curves, Section 2.
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LINEAR

INTEGRATED
CIRCUITS

TYPE LM2903
DUAL DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 12412, JUNE 1976—REVISED OCTOBER 1979

e Eliminates Need for Dual Supplies

e Wide Range of Supply Voltages
...21t0 36 Volts

e Low Supply Current Drain
Independent of Supply Voltage
...05mA Typ

e 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)

80-uA
CURRENT
REGULATOR

10 uA 60 uA
b

OUTPUT
NONINVERTING
INPUT
INVERTING
INPUT
GND
(OR
4 M e
Current values shown are nominal.
description

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 VCQO’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.

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

e Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... +36 V

e Low Output Saturation Voltage
...TmV Typat5uA
...70mV Typ at TmA

e Qutput Compatible with TTL,
DTL, MOS, and CMOS

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

OUT- INV_ INV
Vce+ PUT INPUT INPUT

[
1[{j2]]3][|4

OUT- INV_ NON- GND
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

U FLAT PACKAGE
(TOP VIEW)

AMPLIFIER NO. 2

NON
ouT INV INV
PUT  INPUT INPUT

O ®
o

J-e%
O
®

®©
©

NC ouT INV N

NO!
PUT  INPUT INV
INPUT

o}
o

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, Ve (seeNote 1) : 5o s s s mm s oo » 2 s o@ 5 9® 8 % § M § 485 8§ 53 6§35 &8 36V
Differential input voltage (see Note 2) . . . . . . . . . i i i e e e e e e e e e e e e e e e e e +36 V
Input voltage range (either iNPUL) . . . . . . o v i i i i e e e e e e e e e e e e e e e e e —0.3Vto36V
OQuitputvoltage : : m.c 3 @ s 5 8 9% § BE & B@ S 5 53 55§ 55 55 &85 008 3 H T35 8 €888 568 5,86 36V
OutpubCurtent . o'y s @il o @ & §@ .6 5 o 3E T 5 S C B W K S WL s A s % e % s W w6 s R s s 20 mA
Duration of output short-circuit to ground (see Note 3) . . . . . . . . . . o i v v it i e e unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): LM2903 JG/883B 900 mW

LM2903JG i ¢ wos s 825 mW

Ppackage . s s wios s 900 mW

U package ... .... 675 mW
Operating free-air temperature rande . . . . . . . . . . o i e e e e e e e e e e e e e e —40°C to 85°C
Storage teMpPerature range . . . . « v v v v 4 e e e e e e e e e e e e e e e e e e e e e e e e e e e —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: Ppackage .. ... ... .......... 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the netwerk ground terminal.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to Ve 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, LM2903/883B chips are

alloy-mounted; LM2903 chips are glass-mounted.
electrical characteristics at specified free-air temperature, Vgc = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX |[UNIT
7 N — Vec=5V 130V, 25°C 2 7 v
nput offset voltage - - m
10 P 9 Vic =Vicr: Vo=14V  [“40°cto85°C 15
| Input offset ent \% 1.4V &G 2 a0 A
nput ofrset curren = 1. n
10 o —40°C t0 85°C 200
) 25°C —25 —250
B Input bias current See Note 5 = = nA
—40°C to 85°C —500
25°C 0 to
Input common-mode Vee —1.5
ViCcR Veec=2Vto36V \
voltage range . o 0to
—40°Cto 85°C
Vee—2
Large-signal differential Vee=15V,
A 25 100 V/mV
vD voltage amplification RL =15k to Vcc 0 fm
Vip=1V Vo=5V 25°C .1 nA
loH High-level output current 1D 0 9
Vip=1V Vo =30V —40°C t0 85°C 1 kA
\% Low-level output voltage \% 1V | 4 mA &C e \%
-level output voltal =— s =4m m
oL 5 . - o —40°C 10 85°C 700
loL Low-level output current Vip=-1V, VoL=15V 25°C 6 16 mA
Vee=5V 25°C ; 1
Icc Supply current No load cc o mA
Vec =30V | —40°Cto 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, Vcc =5V, TA =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
RL=15k2 105V, 100-mV input step "
Response time + with 5-mV overdrive us
CL=15pF See Note 6 "
TTL-level input step 0.3
DISSIPATION DERATING TABLE
$CL includes probe and jig capacitance. POWER DERATING ABOVE
NOTE 6: The typical value is for the interval between the input PACKAGE RATING FACTOR Ta
step function and the time when the output crosses 1.4 V.
JG (Alloy-Mounted Chip) 900 mW 8.4mwfcC 43°c
JG (Glass-Mounted Chip) 825 mW 6.6 mW/°C 25°C
P 900 mW 8.0 mW/°C 37°C
u 675 mW 5.4 mW/°C 25°¢C
e e T
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179

LINEAR
INTEGRATED
CIRCUITS

TYPE LM3302

QUADRUPLE DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 12579, OCTOBER 1977—REVISED OCTOBER 1979

.3mV Typ

Single Supply or Dual Supplies e Low Input Offset Voltage . .
e Wide Range of Supply Voltage e Common-Mode Input Voltage
. 2 to 28 Voits Range Includes Ground
e Low Supply Current Drain e Differential Input Voltage Range
Independent of Supply Voltage Equal to Maximum-Rated
. 0.8 mA Typ Supply Voltage . ..+28 V
Low Input Bias Current . .. 25 nA Typ e |Low Output Saturation Voltage
Low Input Offset Current e Qutput Compatible with TTL, DTL,
.5nA Typ MQOS, and CMOS
schematic (each comparator)
Vee

80-uA
CURRENT
REGULATOR

’°“A! SOuA  104A 80 A COMPARATOR COMPARATOR
’_Lg' NO.4
OUTPUTOUTPUT NON NON
OUTPUT COMP  COMP INV INV  INV NV
NONH‘:X’EE_TING NO.3 NO.4 GND INPUT INPUT INPUT INPUT
14 13 12 1 10 9 8
INVERTING
INPUT
GND
(OR
Vee-)
description Current values shown are nominal,

This device consists of four independent voltage

comparators that are designed to

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 input common-mode voltage. Current drain
is independent of the supply voltage.

JORN

DUAL-IN-LINE PACKAGE (TOP VIEW)

operate from a

<&

The outputs can

1 2 3 4 5 6 7
OUTPUTOUTPUT Ve INV NON- INV NON-
comp OMP INPUT  INV  INPUT INV

NO.1 NO.2 INPUT INPUT

COMPARATOR COMPARATOR
NO.2 NO.1

be connected to other open-collector outputs to

achieve wired-AND relationships.

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

Supply voltage, Ve (see Note 1)

Differential input voltage (see Note 2)

Input voltage range (either input)
QOutput 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.

28V
... .*28V
—0.3V to 28V
28V

20 mA

unlimited

. 900 mW
—40°C to 85°C

. —65°C to 150°C
. 300°C

. 260°C

All voitage values, except differential voltages, are with respect to the network ground terminal.

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

2
3. Short circuits from the output to V¢ 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,

mounted.
e

LM3302 chips are glass-
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TYPE LM3302
QUADRUPLE DIFFERENTIAL COMPARATOR

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
” | " : Vec=5Vto28V,Vp=14YV, 25°C 3 20 v
t offset volt m
g, e o Vic=VicR —40°C 1085°C 40
I | ff \% 14V Ze 8 109 A
t S n
10 nput offset current [o) 20°C 10 85°C 300
) 25°C —-25 —500
7] Input bias current See Note 5 —20°C 10 85°C 1000 nA
0t
25°C v 01 5
Common-mode input Sems
ViICR Vee=2Vto28V v
voltage range 0to
—40°C to 85°C
Vee—-2
-si i i Vee=15V,
AvD Large-signal differential (655 25°C 2 30 V/mv
voltage amplification RL=15k&QtoVce
| High-level v Y v v % o1 -
igh-level output current =1V, =5
g I 0 —40°C to 85°C 1 HA
\Y Low-level | Y 1V | G 2w e \"
ow-level output voltage = : =4 mA m
oL 1D oL —40°C to 85°C 700
loL Low-level output current | Vip=-1V, VQoL=15V 25°C 2 16 mA

Supply current =
lcc No load 25°C 0.8 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, Vcc =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MIN UNIT
100-mV input
step with 1.3

R =5.1kQ2to5V 5 mV overdrive

CL=15pF ¥ See Note 6 TTL-level
input 0.3

Response time

us

step

T-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 DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Glass-Mounted Chip) 900 mW 8.2mwW/°C 40°C
N 900 mW 9.2mW/°C 52°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TLI1, TL311, TL3NA
JFET-INPUT DIFFERENTIAL COMPARATORS
WITH STROBES

BULLETIN NO. DL-S 12737, NOVEMBER 1979

LINEAR

INTEGRATED
CIRCUITS

e Fast Response Times e Common-Mode Input Voltage Range
e Strobe Capability Includes Vce—
e Designed to Replace LM111 and LM311 e N-Channel JFET High-Impedance Input

e Can Operate From Single 5-V Supply

JG OR P DUAL-IN-LINE

description PACKAGE (TOP VIEW)

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 Vgc— 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, Vcc+,
or Voe—. Additionally, it is capable of driving loads
that require switching up to 50 volts. Outputs can be
wire-OR connected.

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

NC NC NC Vgce+  NC c B/S

- : 3| (2] {n] [w] [o] |8
Offset balancing and strobe capability are available. Bl

If the strobe input is low (more negative than
Vic + 0.3 V), the output will be in the off state
regardless of the differential input.

The TL111 is characterized for operation over the
full military temperature range of —55°C to 125°C.
The TL311 and TL311A are characterized for
operation from 0°C to 70°C.

NC—No internal connection

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

TLI1 TL311, TL3NMA UNIT
Supply voltage, Voo+ (see Note 1) 18 18 \%
Supply voltage, Vcoe— (see Note 1) —-18 —-18 Y
Differential input voltage (see Note 2) +30 +30 \
Input voltage range (either input, see Notes 1 and 3) Vee—to 15 Vce-to 15 \
Voltage from emitter output to Vcc— 30 30 \4
Voltage from collector output to Voco— 50 40 \%
Duration of output short-circuit (see Note 4) 10 10 s
Continuous total dissipation at (or below 25°C free-air temperature (see Note 5) 500 500 mwW
Operating free-air temperature range —55 to 125 0 to 70 §0;
Storage temperature range —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds J or JG package 300 300 i
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds N or P package 260 °C

NOTES: 1. These voltage values are with respect to the midpoint between Vcc4+ and Veeo—.

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 Vg4 or 15 volts, whichever is less, or more negative than Vgc_.

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

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J and JG packages, TL111
chips are alloy-mounted; TL311 and TL311A chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLI11, TL311, TL311A
JFET-INPUT DIFFERENTIAL COMPARATORS
WITH STROBES

Vee+
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TYPES TLI11, TL31, TL311A

JFET-INPUT DIFFERENTIAL COMPARATORS

WITH STROBES
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TYPES TLI11, TL311, TL3NA
JFET-INPUT DIFFERENTIAL COMPARATORS
WITH STROBES

switching characteristics, Vecc+= 15V, Veg—=—-15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Response time, low-to-high-level output 115 ns
P - - 1 8 Rc=500Q2 to5V,C| =5pF, See Note 8
Response time, high-to-low-level output 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.

TYPICAL CHARACTERISTICS

VOLTAGE TRANSFER CHARACTERISTICS

20

] N
il e

-1 -0.5 0 0.5 1

60 T
Vees =215V
TA=25°C
- TLIM
- - / \ TL311
& TL311A
£ EMITTER OUTPUT
> 30} RL=60082 _{ COLLECTOR—
3 OUTPUT
= RL = 1k§2
Q
o
>

V|p—Differential input Voltage—mV
FIGURE 1

Vee+ =30V

G +V =50V (TL111)
cC+=30V 40V (TL311, TL311A)

1kQ
OUTPUT
Vio |
COLLECTOR OUTPUT TRANSFER CHARACTERISTIC EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 1 TEST CIRCUIT FOR FIGURE 1
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL331M, TL331l, TL331C
DIFFERENTIAL COMPARATORS

BULLETIN NO, DL-S 12516, APRIL 1977—REVISED OCTOBER 1979

Single Supply or Dual Supplies

Wide Range of Supply Voltage
. 2 to 36 Volts

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

Low Input Bias Current . .. 25 nA Typ
Low Input Offset Current
.3nA Typ (TL331M)
schematic (each comparator)
s (o8
CURRENT veee
REGULATOR
80 A
NONINVERTING, QUIRYT
INPUT
INVERTING
INPUT ¢
GND
2 4 L 2 (OR
J SR V)
Current values shown are nominal,
description

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.

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,
MQOS, and CMOS

JGORP
DUAL-IN-LINE
PACKAGE (TOP VIEW)

oUT
NC  Vee PUT  NC

LE'REYE TR

1]12(]3][]¢4

NC INV_NON GNO
INPUT INV.
INPUT

NC—No internal connection

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

Supply voltage, Vo (see Note 1)
Differential input voltage (see Note 2)
Input voltage range (either input)
Output voltage

Qutput current

Duration of output short-circuit to grou nd (see Note 3)

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)
Operating free-air temperature range: TL331M

TL331I
TL331C
Storage temperature range

—03Vto36V

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 Vg can cause excessive heating and eventual destruction.
4

mounted; TL331l and TL331C chips are glass-mounted.

unlimited
680 mW

. —55°C to 125°C
—25°C to0 85°C

. 0°C to 70°C
. —65°C to 150°C

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TL331M chips are alloy-

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL331M, TL331l, TL331C
DIFFERENTIAL COMPARATORS

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

TL331M, TL331I TL331C
PARAMETER TEST CONDITIONST MIN TYP33MAX MIN VP MAX UNIT
Vee=5Vto30V 25°C 2 5 2 5
Vio Input offset voltage cc o p mV
Vic = VicR. Vo = 1.4V Full range 9 9
I Input offset current Vo=14V cHE 8 3 2 - nA
1o P o=l Full range 100 150
| Input bi i Spe/Nota® 25°C —-25 -100 —-25 -250 _-
rren
1B nput bias curre ee Note il 300 — o
" Oto Oto
25C
Vicr Common-mode input Vee=2V1to36V Vce-15 Vee-15 »
voltage range Full range Oto Oto
Vee—2 Vee-2
L -signal diffi tial Vee =15V, 6
gy, e LRSI, | 00 25°¢C 200 200 V/mv
voltage amplification R =15k to VcC
I High-level output current | V 1V VoH= 8V e 9% 91 A
i =
OH ks 1D VoH =30V | Full range 1 1| kA
v Lowslevslioutput volta v v 1 4mA 25°C 250 500 250 500 v
ow-evel output vo ==1V, =4m
oL P 9 10 oL Full range 700 700 s
loL Low-level output current | Vip=—1V, VoL =15V 25°C 6 16 6 16 mA
Ice Supply current No load 25°C 0.5 0.8 0.5 08| mA

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.
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, Vcc =5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
X R connected to 5 V through 5.1 k2,| i 13
Response time & with 5-mV overdrive us
CL =15pF, 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 DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 680 mwW 8.4 mW/°C 69°C
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C
P 680 mW 8.0 mW/°C 65°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL336M, TL336l, TL336C

HEX DIFFERENTIAL COMPARATORS

BULLETIN N

O. DL-S 12641, JUNE 1978

Single Supply or Dual Supplies

Low Input Offset Voltage . .

.2mV Typ

Wide Range of Supply Voltage e Common-Mode Input Voltage
. 2 to 36 Volts Range Includes Ground
e Low Supply Current Drain e Differential Input Voltage Range
Independent of Supply Voltage Equal to Maximum-Rated
. 1TmA Typ Supply Voltage . .. +36 V
Low Input Bias Current . . . 25 nA Typ ® Low Output Saturation Voltage
Low Input Offset Current Output Compatible with TTL, DTL,
.3 nA Typ (TL336M) MOS, and CMOS
schematic (each comparator) JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
Vee
80-uA 4 (OR NO.6& NO.5 NO.4
CURRENT Vee+) W“ﬁw*—’%’_—"m‘
REGULATOR Voo INUT WRUT PUT NUT RRUT ST BUT iedT it
20 " L] n % 15 " n 12 n
80 uA
NONINVERTING oUTPUY
INPUT
INVERTING
INPUT P
1 2 4 5 L] 7 [ ] ) ]
o o W B Bt
A 4 . = OR
Current values shown are nominal, /% Vee-) omen s il

description

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¢ 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, VcC (see Note 1)

Differential input voltage (see Note 2)

Input voltage range (either input)
Output voltage
Qutput 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

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds:

NOTES:

> WN =

36V

. 36V
—-0.3Vto36V
36V

20 mA

unlimited

) 680 mW
. —55°Cto 125°C

TL336I —25°C to 85°C
TL336C . 0°C to 70°C
i s S . —65°C to 150°C

K package . 300°C

N package . 260°C

mounted; TL3361 and TL336C chips are glass-mounted,

All voltage values, except differential voltages, are with respect to the network ground terminal.

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
. Short circuits from the output to V¢ can cause excessive heating and eventual destruction.

. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, TL336M chips are alloy-

Copyright © 1978 by Texas Instruments Incorporated
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TYPES TL336M, TL3361, TL336C
HEX DIFFERENTIAL COMPARATORS

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

TL336C
PARAMETER TEST CONDITIONS?t M':';336I\:,;L3:§IAX N 333:; AR UNIT
Vec=5Vto30V, 25°C 2 5 2 5
Vio Input offset voltage cc = mv
Vic = VicRr. Vo = 1.4V Full range 9 9
| Input offset current V 1.4V 26°C 3 25 5 50 A
u =1. n
10 P 0 Full range 100 150
| ——— ¢ See Nota & 25°C -25 -100 —-25 -250 -
n rren ee Note
1B put bias currel e Fallrange s —
25°C 0to 0to
Vicg Common-mode input Vee=2V1t036V Vee—15 Vee-15 %
voltage range Full range Oto 0o
Vce—2 Vee—2
-signal diff tial \Y =15V, N
AvD Large-signal -l. er.en ia cc - 00 o e
voltage amplification RL=15kQ to Ve
1 High-level output x| Vigsi ' |aH - B¥ 25°C 0.1 0.1 nA
o B io VoH =30V | Full range 1 1 LA
T — T A T —
ou =-1V, =
oL ow-eve! put voltage D oL m A— = - -
loL  Low-level output current | Vip=—1V, VoL =15V 25°C 6 16 6 16 mA
Supply current B
! d
CC (six comparators) Rolgd 25°C 1 3 1 3| mA

TEull 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.

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, Vcc =5V, TA=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
R i R connected to 5 V through 5.1 k2, . it 13
esponse time with 5-mV overdrive us
CL=15pF * See Note 6
L E TTL-level input step 03

*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 DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 680 mW 11.0mW/°C 88°C
J (Glass-Mounted Chip) 680 mW 8.2mW/°C 67°C
N 680 mW 9.2mW/°C 76°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS
WITH STROBES

BULLETIN NO. DL-S 11671, MARCH 1972 — REVISED JUNE 1976

e Each Comparator Identical to LM106 or
LM306 with Common Vcc+, Vee—,
and Ground Connections

e Improved Gain and Accuracy

Fan-Out to 10 Series 54/74 TTL Loads
Strobe Capability

Short-Circuit and Surge Protection
Fast Response Times

description

The TL506 is a dual high-speed 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.

JOR N DUAL-IN-LINE PACKAGE OR
W FLAT PACKAGE (TOP VIEW)

STROBE
1B GND

LRIRRERVANRINER RER NN

OUTPUT STROBE

OUTPUT
1 CC+ 2 NC 28

1Ha2fAsHefdsAsr

STROBE INV  NON-INV Vge. NON-INV INV  STROBE
1A 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 Vcc+ (see Note 1) 15V
Supply voltage Vcc— (see Note 1) —-15V
Differential input voltage (see Note 2) 5V
Input voltage (any input, see Notes 1 and 3) . 7V
Strobe voltage range (see Note 1) . 0 V to Vee+
Output voltage (see Note 1) s & w24V
Voltage from output to Voo— - 30V
Duration of output short-circuit (see Note 4) - o I b - WS 10s
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) Each amplifier . 600 mW
Total package - . . . 800mW
Operating free-air temperature range: TL506M Circuits —55°C to 125°C
TL506C Circuits ; « 0°CHo70°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 . .. ........0ovuvvuneenn. 260°C
NOTES: 1. All voltage values, except differential voltages and the voltage from the output to Vcc—. 7= 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 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.
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vcc+ = 12V, Vge—=-3V to —-12V
(unless otherwise noted)

PARAMETER TEST CONDITIONST L JL06C UNIT
MIN TYP MAX | MIN TYP MAX
25° 058 2 168 5
Vio Input offset voltage See Note 6 Full range 3 55 mV

Average temperature coefficient y
ayv|0 . o P See Note 6 Full range 3 10 5 20 |uVv/°C
of input offset voltage

25°C 0.78 3 1.8% 5
o Input offset current See Note 6 MIN 2 7 1 75| kA
MAX 0.4 3 0.5
a0 Av(erage temperature coefficient — MlON to 25°C 15 15 24 100 nAJ'C
of input offset current 25°C to MAX 5 25 15 50
) 25°C 7§ 20 168 25
B Input bias current Vo=05Vto5V Ol Tae a5 20 WA
liL(s) Low-level strobe current V(strobe) = 0.4 V Full range =178 =33 -1.7% -33| mA
ViH(S) High-level strobe voltage Full range 25 25 \%
ViL(s) Low-level strobe voltage Full range 0.9 0.9 \%

Common-mode input
VicR e Voo = =7Vto—12V Full range 15 5 v
voltage range

Diff tial i t
vio ifferential inpu Full range +5 +5 v
voltage range

& Large-signal differential No load, 25°C 40 000§ 40 0008
vD voltage amplification Vp=05Vto5V
VoH High-level output voltage Vip=5mV, IgH=—400 kA Full range 2.5 55 | 2.5 5.5 i
Vip=-5mV, IgL =100 mA 25°C 088 15 0.8% 2
VoL Low-level output voltage Vip = =5mV, IgL =50 mA Full range 1 1 Vv
Vip=-5mV, IgL=16mA Full range 0.4 0.4
) 25°C 0.02% 1 0.02% 2
10H High-level output current Vip=5mV, VoH=8Vto24V Full range 100 100 HA
lcc+ Supply current from Vcc+ Vip = —=5mV, See Note 7 Full range 13.9%8 20 13.9% 20 mA
leec=— Supply current from Voo— See Note 7 Full range 398 92 3.2% 7.2 | mA

tUnless otherwise noted, all characteristics are measured with the strobe open.
§These typical values are at Voey = 12 V, Veg. = —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 voitages and offset currents given are the maximum values required to drive the output down to the low range (Vg )
or up to the high range (Vgp). 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, Vcc+ =12V, Vee—=-6V, Ta =25°C

TL506M

PARAMETER TEST CONDITIONST Ly UNIT
MIN TYP MAX |MIN TYP MAX

Response time, low-to-high-level output R =390Qto5V, C_=15pF, See Note 8 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

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 600 mW 11.0 mW/°C 95°C
J (Glass-Mounted Chip) 600 mW 8.2mwW/C 77°¢C
N 600 mW 9.2mW/°C 85°C
w 600 mW 8.0 mW/°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)

STROBE STROBE
1 ? ? 2

Py -9—9—0 VCC+
g !. TO OTHER
<

COMPARATOR
¥e63v

p

NONINVERTING
INPUT

INVERTING O——
INPUT

L

GND

— TO OTHER
VEe_0 COMPARATOR

Resistor values are nominal in ohms.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 - T v 20
Vee+ =12V Vee+ =12V
Vee-=-6V 18 Vee—=—-6V .

« 29} Vvp=05Vto5V 16 \ Vo=05Vto5V
?. gi \ \ T T
& \ .L 14 N TL506C
g 2 N S
3 TL506C 5 12
o o
» 15 2 10
-~ N N L.
S o
S \ N "~ B W\
e 3 = TL506M \\
= TL506M \ T 6 ~
| [+2]
g 05 =

o T —

2 X‘
0 0
75 -50 —25 0 25 50 75 100 125 -75 -50 =26 0 256 50 75 100 125
T a—Free-Air Temperature—"C Ta—Free-Air Temperature—"C
FIGURE 1 FIGURE 2
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

VoH—High-Level Output Voltage—V
»H

1

TYPICAL CHARACTERISTICSE

HIGH-LEVEL OUTPUT VOLTAGE

Vs

FREE-AIR TEMPERATURE

Vee+ =12V
Vcg-=-3Vto-12V
rVip=5mV
/\//I/O"Tzo
—]
_“/_/—""' IoH = —400 uA
=75 -50 =256 0 25 50 75 100 125

Vo—Output Voltage—V

TA—Free-Air Temperature—°C
FIGURE 3

VOLTAGE TRANSFER CHARACTERISTICS

Vee+ =12V
6 FVoee-=-6V
Ry =0
L 74 Vd
; g
4 -
TA=0°C/ ] L\ TaA=25°C
3 '\{\ I I
Ta =70°C
2 ==l
J l “_Ta = 125°C
1TA=-55"C
i
0
-2 -1 0 1 2
V|p—Differential Input Voltage—mV
FIGURE 5

10—Output Current—A

VoL—Low-Level Output Voltage—V

LOW-LEVEL OUTPUT VOLTAGE

Vs

FREE-AIR TEMPERATURE

1.2
Vecr =12V
Vee—=-3Vto-12V
Tt Vip=-5mV
~ —1
0.8 loL = 100 mA
b loL =50 mA P |-
0.4
loL =16 mA
1 L
| |
0.2 by =B
0 | |
-75 -60 -26 0 25 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 4
OUTPUT CURRENT
Vs
DIFFERENTIAL INPUT VOLTAGE
10
[
1}TA=-55°C
1 : $ TA=0°C
10— +
Ta=125°C N
102 .
Ta =70°CH
10-3 -
T4 =257C TA = 125°C
10-4 L
10-5
10—6
10-7 Ta = —55°
10-8} Vcc+=Vp =12V —
Veg-=-3Vto-12V
10-9 L VCC 0
%5 -4 -3 -2 - 0 1 2 3

V|p—Differential Input Voltage—mV

FIGURE 6

iData 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 CHARACTERISTICSE
LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT
Vs 3
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
80 000 0.4
_ < Veg—=-3Vto—-12V VCC+=V0=12V
S Vo=1t02V <« Vcc—=-6V
g Ry =es L = VID = -5 mV
= 60000 +Vee+ =12V % % II g 0.3 ,/ See Note 9 4
s Vees =15 V 3 -
S Y 2 N
& =10V 5 [
S vee+ N 3
S 40000 < 2 02 A
= 5 Y
— :
E \ £
& 20000 S~ \\ & oa
| — |
@] (%)
> o
2 C
0 0
-75 65 —25 0 25 50 75 100 125 -75 -50 —25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°C
FIGURE 7 FIGURE 8 u
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
-4}
5 5 |
35 = €5 1
52 100 mV s> 100,mV
£ 3 L 3 -4
e c Veet+ =12V =
Vee—-=-6V
5 CL=15pF 5 —
i w RL =390 2 to5 V - //
L 4 Ta=25°C é) i 20 mV /
ETIIE 7
S 3 G
- \ \ 3 1°|mV\# Vees =12V
P = 2 -
\V; Vee—=-6V
c? 10 mV-/ \ \5 mV \2 mV CT’ ; mv\\/i Cfi15 pF
m
IS 1 \ ° 1 RL=390Qto5V
N \ . A4 Ta=25°C
0
0 20 40 60 80 100 0 20 40 60 80 100
t—Time—ns t—Time—ns
FIGURE 9 FIGURE 10

1 Data for temperatures below 0°C and above 70°C is applicable to TL5E06M 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 Vcc+ SUPPLY CURRENT FROM Vce—
Vs Vs
SUPPLY VOLTAGE Ve SUPPLY VOLTAGE Vg
8
@ Vee—=-6V [ og | Vee+ =12V
E 18 FRL =9 7 4/66 T —25°C E 7_RL=‘>°
| i |
+ 16 2C
8 > e S 6 I
> 14 - E A AP A > A
§ T | r S E 8 98¢
£ 12 [ Ta=25°C = TP‘/F
§ 10 -2 ] C . 5 4 AR
< I 0 e P
3 I e £ =T T
o - 1 o o 7 L~ _12%
. B > [ B 2% © > 3 < —1—TA
= L1 T 5
g8 5 [S TR 2. ~1
g' wn 3 2 =
(7] L [77]
I+ 4o I|
Q S Q
o g| -
0 0
9 10 11 12 13 14 15 16 17 0O -2 -4 -6 -8 -10-12 —-14 -16
Vcc+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V
FIGURE 11 FIGURE 12
TOTAL POWER DISSIPATION
Vs
FREE-AIR TEMPERATURE
200 S S
— ID=-5m
180 —
=
£ 160
c
2 140
3 —
'z 120
5 T
= 100
s —
2 0
o . Vip=5mV
5 60
.
o M rveei=12v
20 F Vec—=-6V
RL =060
0 . .
—75 -50 —26 0 25 50 75 100 125
Ta—Free-Air Temperature— ‘e
FIGURE 13
jData for temperatures below 0°C and above 70°C is applicable to
TL506M circuits only.
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LINEAR TYPES TL510M, TL510C

INTEGRATED

CIRCUITS " DIFFERENTIAL COMPARATORS WITH STROBE

BULLETIN NO. DL-S 11452, MARCH 1971—REVISED OCTOBER 1979

e Low Offset Characteristics schematic s —ovecs
e High Differential Voltage Amplification
e Fast Response Times b
e QOutput Compatible with Most TTL A3
and DTL Circuits

description ST
The TL510 monolithic high-speed voltage comparator NONINVERTING ?“
is an improved version of the TL710 with an extra ,:‘:;:T.NG b
stage added to increase voltage amplification and THEST e
accuracy, and a strobe input for greater flexibility. <
Typical voltage amplification is 33,000. Since the 0 68
output cannot be more positive than the strobe, a O Vee—

low-level input at the strobe will cause the output to

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

Resistor values shown are nominal in ohms.
Component values shown are nominal

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-

JGORP u
J OR N DUAL-IN-LINE DUAL-IN-LINE PACKAGE FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
ouT-
ouT- Vect PUT STROBE NC our-
NC  NC  NC Vccs STROBE PUT NC 3 7 5 5 NC NC  Vccd STROBE PUT
Wijnpjn{injjwojsle @

| 3 'l J |

VI2]]3]]¢4 L)

1 2[13[]4[|S[]6[]7
GND NON NV Ve
NC GND NON INV  NC Vce— NC INV_INPUT
INV  INPUT INPUT f GND NON 1 NC vee—
INPUT | INV_ INPUT
INPUT

HOL
=

NC—No internal connection
absolute maximum ratings over operating free-air temperature range (unfess otherwise noted)

Supply voltage Vcc+ (see Note 1)
Supply voltage Vcc— (see Note 1)
Differential input voltage (see Note 2)
Input voltage (either input, see Note 1)
Strobe Voltage (see Note 1)
Peak output current (ty <1 s) -
Continuous total power dissipation at (or below) 70 C free -air temperature (see Note 3)
Operating free-air temperature range: TL510M 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 terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

14V
-7V

5V

+7V

6V

10 mA

300 mW
—55°C t0 125°C
0°Cto 70°C

—65°C to 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, Vcc+ =12V, Vec—=—-6V
(unless otherwise noted)

NDIT o TL510M TL510C UNIT
PARAMETER TEST CONDITION MIN Ve MAX MIN Tve MAX
; - i Rg < 200 €2, 25°C 0.6 2 1.6 3.5 e
Yip;  ngsoisiuoliee See Note 4 Full range 3 45
Average temperature coefficient Rg=50%, MIN to 25°C 3 10 3 20 »
avio . S uvre
of input offset voltage See Note 4 25°C to MAX 3 10 3 20
25°C 0.75 3 1.8 5
ho Input offset current See Note 4 MIN 1.8 7 7.5 kA
MAX 0.25 3 7.5
Ave temperature coefficient MIN to 25°C 15 75 24 100 =
a0 v.vage P See Note 4 = nA/’C
of input offset current 25°C to MAX 5 25 15 50
i 25°C 7 15 7 20 I
T} Input bias current See Note 4 MIN 12 25 9 30
v =5V, N
I1H(s) High-level strobe current V:‘D":'b_eé e 25°C 100 £100 | wA
Vv =—-100mV,|__,
ljL(S) Low-level strobe current {strobe) 25°C -1 -25 =1 -25 mA
Vip =5mV
Co -mode input
VIcR mman AneY Vee-=-7V Full range +5 *5 v
voltage range
V|p Differential input voltage range Full range 15 +5 \Y
-sil i i 25°C
A Large-signal fjlffer?ntlal No load, 12,56 33 10 33 V/mV
voltage amplification Vo=0to25V Full range 10 8
Vip=5mV, v g
10 Full range 48 5 48 5
r IoH =0
VoH High-level output voltage v STV \
D= . . ¢
25 368% 25 368
lop=~8mA Full range
Vip=SimVi Full range -1 -os¥ ot | -1 -os8 of | v
loL=0
VoL Low-level output voltage V{strobe) = 0.3V,
Vip =5mV, Full range —1 ot =1 ot v
loL=0
7 B mV 25°C 2 2.4 1.6 2.4
=—5mV,
loL Low-level output current VID_ ° MIN 1 2.3 0.5 2.4 mA
oF MAX 05 23 05 24
o Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 2 Full range 80 1008 70 1008 dB
Icc+ Supply current from Vo4 i B Full range 558 9 5.5% 9 mA
lcc— Supply current from Voo — le st g Full range -35% -7 -358 -7 mA
o lo; 3 3
Pp Total power dissipation Full range 908 150 908 150 mwW

tUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL510M is —55°'C to 125°C and
for the TL510C is 0°C to 70°C.

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 0 V is the maximum, the minimum limit is a more-negative voltage.

§These typical values are at T 5 = 26°C.

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vpo=18V
at Tp=—55°C, Vg =1.4VatTp=25°C,and Vg =1V atTp =125°C; for TL510C, Vg = 1.5 V at Tp = 0°C, Vg = 1.4 V at 25°C,
and Vo =12 VatTp = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of
digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ =12V, Veec—-=—-6V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Response time Ry =, CL=5pF, See Note 5 30 80 ns
Strobe release time R =, Cp =5pF, See Note 6 5 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. 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 TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

DISSIPATION DERATING TABLE

1oL —Low-Level Output Current—mA

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0mW/°C 123°C
J (Glass-Mounted Chip) 300 mW 8.2mW/°C 18%¢
JG (Alloy-Mounted Chip) 300 mW 8.4 mW/°C 114°C
JG (Glass-Mounted Chip) 300 mW 6.6 mW/°C 105°C
N 300 mW 9.2mW/°C 117°¢
P 300 mW 8.0 mW/°C 1M2°c
V] 300 mW 5.4 mW/°C 94°C
Also see Dissipation Derating Curves, Section 2.
TYPICAL CHARACTERISTICS
LARGE SIGNAL DIEFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION OUTPUT VOLTAGE LEVELS
v vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE FREE-AIR TEMPERATURE

z & T T > ® T T 5

- Vees =12V E Vo=0t025V J [ | |

i Vee—= -6V 3> 9 |_Noload VoH (Vip =5 mV, IgH = 0)

® Vo=0t25V Ta=25°C Vo1c __TW / Y (- :

No load o Ak i

o . 1 N\ B 3—t—i '
AT = cC+ =

[ I~ ' Vee- =5Vl | ._5 S e !

$» : © s 2k :

; :\ 2 L 2 — Tistoc —

a b—Tis10c —| N 0 S & 4 !
N - o :
8 P2 g |

S 10 3 %/ 0 :

E z | o
3 - 7 = VoL (Vip = -5 mV, gL = 0
76 80 26 0 25 8 75 100 125 10 1" 12 13 14 75 -B0 25 O 25 50 75 100 125

TaA—Free-Alr Temperature—"C Vg +—Positive Supply Voltage—V Ta—Free-Air Temperature—"C
FIGURE 1 FIGURE 2 FIGURE 3
LOW-LEVEL OUTPUT CURRENT
vs TL510M TL510C
550 FREE-AIR TEMPERATURE & VOLTAGE TRANSFER CHARACTERISTICS & VOLTAGE TRANSFER CHARACTERISTICS
vcc.-dv Veee =12V
Vee-=-8V Vec-=-6
245 —vip= -5 mV 4|-Rg=500 4
Vo=0 No load S
: . [ . neve- Jlmome
0 ] 3 Ta=-565"C— N_Ta=25°C i 3
/ s ] Ta=125°C 3
1 >
™ — TLS10C — 3 2 3 2
3
™ ¢ g
230 o 1 5
> > Vees =12V
Vee—= -8V
225 0 = 0 —T Rg=50n 1
I No losd
220 -1 = ]
-76 -850 -25 o 25 50 76 100 126 -3 -2 -1 o 1 2 3 -3 -2 -1 o 1 2 3
TA—Free-Air Temperature—"C V|p—Differential Input Voltage—mV Vp—Differentisl Input Voltsge—mV
FIGURE 4 FIGURE 5 FIGURE 6
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TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO

vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE

18

vc:;.-ulzv Vecs =12V
Vee-= -8V Vee- = -8V
12 e s S 110 Vic= 6105V

\ Rg <2000
N

N

1jg—Input Bias Current—uA
3
A

1 b— TLS10C —
b— TLS10C += —

®
CMRR—Common-Mode Rejection Ratio—d8
8

2

85
7% -850 -26 O 25 S50 75 100 126 -7 -50 -26 0 2% 8 75 100 126

Ta—Free-Air Tempersture—"C
TA—Free-Air Temperature—"C

FIGURE 7 FIGURE 8
OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIQUS INPUT OVERDRIVES o FOR VARIOUS INPUT OVERDRIVES
l - it =
1} T T ]
3 —14100 mv- Vees =12V | 3 2 ol
52 Vee-=-6V 3 ) Vees =12v
3 CL=6pF -~ 1 Vee-=-6v
5 RL=o & CL=5pF
Ta=26°C | 0 :L - ; ] o
> 4 A=26°C |
£ Lk 7 s 2mV108 vI
2 v mV to 5 m!
§ 5 10mv / /k?mv 3! 2 / = {
3, / Smv 2 4 V. omv
3
S o1 /] - o
o 117 Q
S £ I
0 20 40 60 80 100 120 140 0 5 10 15 20 26 30 35 40
t-Time—ns - ——
FIGURE 9 FIGURE 10.

TOTAL POWER DISSIPATION

V!
COMMON-MODE PULSE RESPONSE FREE-AIR TEMPERATURE
T 1,
Vees =12V
Vee-=-8V
10 ~yip=6mv
No Load

i

[ Vees=12V 7]
Vee-=-6V |
No Losd
—Ta=26C 4

fo— TLE10C s+t

70

Vjc—Common-Mode Input Voltage—V
-
Pp—Total Power Dissipation—mW
8

Vo—Output Voltage-V
.
-

T3 M O O S |
] %
o 40 80 120 160 -75 =50 =26 O 25 50 75 100 125
t=Time—ns T A—Free-Air Temperature—"C
FIGURE 11 FIGURE 12

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vo=18V
at Tp=—55°C,Vo=1.4VatTp=25°C,and Vg =1V atTp =125°C; for TL510C, Vo = 1.6 V at Tp = 0°C, Vo = 1.4 V at 25°C,
and Vg = 1.2 V at Tp = 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 TYPES TL514M, TL514C

CIRCUITS DUAL DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 11451, MARCH 1971—-REVISED OCTOBER 1977

e Fast Response Times e Low Offset Characteristics

e High Differential Voltage Amplification e Outputs Compatible with Most TTL
and DTL Circuits

JOR N DUAL-IN-LINE PACKAGE
schematic (each comparator) OR W FLAT PACKAGE
(TOP VIEW)

—OVees
AMPLIFIER No. 1
43k e e AMPLIFIER NO. 2

%

v INV INV OouT-
VCC- INPUT INPUT GND VCC+STROBE PUT

:)— +——O STROBE Wilngjuiinijwe !ll
433

910 910

ouTPUT
NONINVERTING
INPUT 0 GND
INVERTING
INPUT 17k INIRZIERIERIR IR R
oor STROBEVCC+ NC NON- INV Vec-
INV_INPUT
| 4 \_V_J INPUT
200 AMPLIFIER NO. 1 Ny
68 AMPLIFIER NO, 2
O Vee-
Resistor values shown are nominal in ohms.
Componenit vakies shiown ars Rominel; NC—No internal connection
description

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°C
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)

Supplyvoltage Voo fseeNotel) = w v v s o 5 w5 8 w3 53 5 & & @ @5 9 & o5 » @ 4 5 & w5 VAV
Supply'voltage Ve —(seeNotel) . + i o 5 5 5 = 5 5 % 5 & 5 5 7 6 56 s & 5 & o o o o o a o =0V
Differential input voltage (see Note 2) i wrAE B e aRE A RRE S EheE @ B e e EHV
Inputvoltage (any INPUL. SEENOTET) . ¢ » w 5 5 & & & @ & 5 o o & & &% & & 0% @ o & 5 @ @« EIV
Strobevoltage(sBeNOtE'Y) « « « = v 4 s = @ T @ 55 B E S G B E DS E A D AR D& @& & @ w s w OV
Peak output current (ty, <1s) . . . h B e B e W oe e TOMA
Continuous total dissipation at (or below) 70 C free -air temperature (See Note 3)

each comparator . . . . . . . . . . . .« « . . .« .« . . . . . 300mW

totalipackage = o @ s 0 6 m @ w B @ W W oa w5 s s 5w s o 600MW
Operating free-air temperature range: TL514M Circuits . . . . . . . . . . . . . . . . . . —55°C t0 125°C

TUSTACICITEHS: v v v v vl v o o w4 460 3 % ¢ w 0CHT00C
Storage temperature range . . . .. . .. ... .-65Cto150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package e B AR S s e 03006
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 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, Vcc+ =12V, Vggc—-=-6V
(unless otherwise noted)

TL514M TL514C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
Rg < 200 2, 25°C 0.6 2 1.6 3.5
Vio Input offset voltage mV
See Note 4 Full range 3 45
Average temperature coefficient Rg =50 %, MIN to 25°C 3 10 3 20 .
avio .. = wv/'C
of input offset voltage See Note 4 25'C to MAX 3 10 3 20
25°C 0.75 3 1.8 5
o Input offset current See Note 4 MIN 1.8 7 1.5 HA
MAX 0.25 3 7.5
Average temperature coefficient MIN to 25°C 15 75 24 100 o
a0 X See Note 4 = nA/’C
of input offset current 25°C to MAX 5 25 15 50
| | t bi, t See Note 4 25°C L 15 L 20 A
il as curren ee Note
18 e MIN 12 25 9 s0: | *
\Y =5V, 5
HL(s) High-level strobe current {strobe) 25°C +100 100 HA
Vip = —5mV
A =-100mV,|
IIH(S)  Low-level strobe current {strobe) Meanic 1 25 -1 -25 | ma
Vip=5mV
v Common-mode input v 7v Euii 5 5
= n + +
ICR voltage range cec- range
Vip  Differential input voltage range Full range +5 15 v
Large-signal differential No load, 25°C Y 10
AvD ge-sig .l. rentia a 125 33 33 V/imv
voltage amplification Vop=0to25V Full range 10 8
Vip =5mV g .
' ID_O Full range 4% 5 48 5
VoH High-level output voltage OH A"
ViD= 5mV. Full 25 388 25 36"
ioH= =5mA ull range 8 2 B 8
Vip=-5mV : ¢
ID= =6imV, Full range -1 -ost of | -1 -os% of | v
loL=0
VoL  Low-level output voltage V(strobe) = 0.3V,
Vip=5mV, Full range -1 of -1 ok \
loL=0
25°C 2 24 16 24
Vip=-5mV,
loL Low-level output current VAEI MIN 1 2.3 0.5 2.4 mA
0 MAX 05 23 05 24
o Output resistance Vpo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 2 Full range 80 1008 70 1008 dB
Icc+ Supply current from Vo4 q N — Full range 55% 9 558 9 mA
=-5mV, i :
Icc— Supply current from Voo 1 NIDI A Full range -3.5% =7 -35% -7 mA
o loa v T
Po Total power dissipation 1 Full range 908 150 908 150 mwW

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.

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 0 V is the maximum, the minimum limit is a more-negative voltage.

§These typical values are at Tp = 25°C.

ﬂSuppy 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

) o c o

at Tp = —55'C, Vo = 1.4V at Tp = 25'C, and Vg = 1 V at Tp = 125'C; for TL514C, Vg = 1.5 V at To =0°C, Vg = 1.4 V at
25“(:, and Vg = 1.2 Vat Ty = 70“C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ = 12V, Veg— =—6 V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Response time Ry =om, CL =5pF, See Note 5 30 80 ns
Strobe release time R =, Ci=95pF, See Note 6 5 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. 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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LINEAR TYPES TL710M, TL710C

INTEGRATED DIF
CIRCUITS FERENTIAL COMPARATORS

BULLETIN NO. DL-S 11441, FEBRUARY 1971—REVISED OCTOBER 1979

e Fast Response Times

e Low Offset Characteristics schematic
e Output Compatible with Most TTL and o e (R
DTL Circuits
description

(R

\]../

The TL710 is a monolithic high-speed comparator

having differential inputs and a low-impedance -
output. Component matching, inherent in silicon _[:\
integrated circuit fabrication techniques, produces nom:x’ﬁn'rmso__(
a comparator with low-drift and low-offset charac- wy,g:;;wo_{:
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
—B55°C to 125°C; the TL710C is characterized for
operation from OQC to 70°C. Component values shown are nominal.

500 (2

Ferv Eeav

terminal assignments

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

Vge+ OUTPUT NC NC

NC_ NC_ NC_VCC+ NC OUTPUT NC NC NC veer NG ouTPuT
wilgjjn{inijwijsiis @ @
[ { ' I 1 i 3
|
L
v v
vilaflafjef{sfisf]?

NC GNDNONIN INVERT NC Vcc-  NC
VE

RTING ING GND NONIN INVERT- NC  VcC

INPUT  INPUT GND NON- INV Vce- I
" INV_ INPUT INPUT INPUT
INPUT

NC—No internal connection

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

TL710M TL710C UNIT

Supply voltage Vcc+ (see Note 1) 14 14 Vv
Supply voltage Voc— (see Note 1) -7 -7 \
Differential input voltage (see Note 2) +5 +5 \J
Input voltage (either input, see Note 1) $7 £7 \%
Peak output current (ty, < 1) 10 10 mA
Continous total Sower d|'ssmanon 300 300 mW
at (or'below) 70°C free-air temperature (see Note 3)

Operating free-air temperature range —55 to 125 0to70 °C
Storage temperature range —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J, JG, or U package 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N or P package 260 °c

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,
3. 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 |ncorporated
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240

TYPES TLMOM, TL710C
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vec+ =12 V,Vgg—=-6V
(unless otherwise noted)

TL710M TL710C
PARAMETER TEST CONDITIONS? MIN _TYP MAX|MIN TYP MAX UNIT
25°C 2 5 2 75
Vio Input offset voltage Rg <200 Q, See Note 4 e 5 ) mV
—_— Av.erage temperature coefficient Rg <2009, S Ribad Fiilliseigs 5 75 WV
of input offset voltage
: 25°C 1 10 1 15
ho Input offset current See Note 4 Full range 20 T MA
25°C 25 75 25 100
hB Input bias current See Note 4 Eullfangs 150 150 LA
VICR .Common-mode Veg—=-7V 25°c +5 +5 \%
input voltage range
Vip Differential input voltage range 25°C %5 +B \%
Large-signal differential 25°C 750 1500 700 1500
Avp - No load, See Note 4 V/mV
voltage amplification Full range | 500 500
VoH High-level output voltage Vip=15mV, IoH=-05mA| 25°C 25 3.2 4| 25 32 4 Vv
VoL  Low-level output voltage Vip=—-15mV, gL =0 25°C -1 -05 of| -1 -o05 of \Y
loL Low-level output current Vip=-15mV, Vg =0 25°C 1.6 25 mA
o Output resistance Vo=14V 25°¢c 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 25°C 70 90 65 90 dB
lcc+ Supply current from Vee+ Vip=—-5Vto5V 25°C 5.4 101 5.4 mA
lcc— Supply current from Voo— (=10 mV for typ), 25°C -3.8 -89 -3.8 mA
Pp Total power dissipation No load 25°C 88 175 88 mwW

NOTE 4: These charactensncs are verified by measurements at the following temperatures and output voltage levels: for TL710M, Vpo=18V
atTA——55 C, Vo—14VatTA=25C and Vo-1VatTA—125 C; for TL710C, Vo—15VatTA-OC Vpo=14Vat

Ta = 25° C,and Vg = 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 TL710M is —55°C to 125°C and for TL710C is 0°C to 70°C.

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 0 V is the maximum, the minimum limit is a more-negative voltage.

switching characteristics, Vcc+ = 12V, Vgcc—=—-6 V, Ta = 25°C

TL710M TL710C
PARAMETER TEST CONDITIONS UNIT
TYP TYP
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 DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0mW/°C 123°C
J (Glass-Mounted Chip) 300 mwW 8.2mwW/C 113°C
JG (Alloy-Mounted Chip) 300 mW 8.4 mW/°C 114°C
JG (Glass-Mounted Chip) 300 mW 6.6 mW/°C 105°C
N 300 mwW 9.2 mW/°C M7°¢C
P 300 mW 8.0 mW/°C 112°C
U 300 mW 5.4 mW/°C 94°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL710M, TL710C
DIFFERENTIAL COMPARATORS

Differential

Vp—Output Voltage—V

Vic—Common-Mode

Input Voltage

Input Voltage—V

Vo—Output Voltage—V

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

)
t ER
€3
100 mV £> 100 mV
i Veg+ =12V £ 5
a Q
Vee— =—6 VT £
No load 1 |
Ta =25°C Vee+ =12V
. B Vee— = —6 VT
| 3 No load ||
/7 HEENNNNEEEE
S S 2
SN Z N\ T
N AR A 2 212\ ¢ 2L
NS ‘,S \‘S/ g \03 03 bL \\
- T o 2l o
Z o 3
>
-1
20 40 60 80 100 120 0 20 40 60 80 100 120
t—Time—ns t—Time—ns
FIGURE 1 FIGURE 2
COMMON-MODE PULSE RESPONSE OUTPUT VOLTAGE
vs vs
ELAPSED TIME FREE-AIR TEMPERATURE
T 1 4 T T = T
s ~ Yeow=12V VoH (Vip =15 mV, IgH4 = —0.5 mA)
Vee— = -6 V4 T —
S
Ta =25°C 3 —
>
3
b 2
°
Yoy > Veey =12V
2 Vec-=-6V
Vic g 1
L |
= o
>
0
\ Vg VoL (Vip==15mV, Ig =0)
-1
o 40 80 120 160 —-75 =50 =25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
t—Time—ns
FIGURE 3 FIGURE 4
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TYPES TL710M, TL710C
DIFFERENTIAL COMPARATORS

Vp—Output Voltage—V

-1

-5

TYPICAL CHARACTERISTICS

TL710M

VOLTAGE TRANSFER CHARACTERISTICS

TL710C

VOLTAGE TRANSFER CHARACTERISTICS

4
1T g [
| Vec+=12V Ta=-55C | Vvee+=12V _plepl
Ve =—6V P i Vee—=—6V TA,_ O.E—.-
7 3 = =
// St —0—- = )7 €%i Ta = 70°C
[/l 21 Ta=125°C | i Vil T
/ /\ / % i,' k l
LI\ = / Ta =25°C
7 S £ 2 7 B
/ NTa = 25°C = /
H'Ai 2 /
77 g
i =]
/// o il
M |O 1 it
/i s /
4
-~
—4 -3 -2 -1 0 1 2 3 4 5 -5 —4 -3 -2 -1 0 i) 2 3 4 5
V| p—Differential Input Voltage—mV V|p—Differential Input Voltage—mV
FIGURE 5 FIGURE 6
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
100 T
| Vec+r=12V
Vee-=-6V
= =
% 95 L Vip=0
& No load
L
®
2
2
S o0
2
<)
o
B e |
o / \:‘
’T 85 “ je— TL710C —ei
o
o
80
-76 -50 -25 0 25 50 75 100 125

Ta—Free-Air Temperature—°"C

FIGURE 7
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LINEAR TYPE TL720C
INTEGRATED DUAL DIFFERENTIAL COMPARATOR

cl RCUITS BULLETIN NO. DL-S 11440, MARCH 1971 — REVISED JUNE 1976

NOT RECOMMENDED FOR NEW DESIGN

FOR NEW DESIGN, USE TL820C

. JORN

schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW)
COMPARATOR NO. 1

,_; /_—'A—NOT\ COMPARATOR NO. 2

T INV  INV
Vee— INPUT INPUT GND Vec+  NC OUTPUT

&l./

NONINVERTING |
INPUT

Koov Kooy

500
INVERTING :
ouTPuT

OUTPUT NC Vcc+, NC NON INV Vee-
INV INPUT
COMPARATOR NO. 1 INPUT

Component values shown are nominal. COMPARATOR NO. 2

NC—No internal connection u

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
TL720C is characterized for operation from 0°C to 70°C.

description

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

Supplyvoltage VggsiseeNote1) : = ¢ « = = % 3 © ¢« w ¢ 3 @ 57 © § 3 @ s w s 5 s 3@ 5 @ #+ 5 V4V
Supplywoltage Veg_lseeNoteT) « & ¢ & = 3 5 8 @ 2 @ # & ¢ & 8 & & 6§ @ 8 @ 5 ® 8 8 @ 5 @ =4V
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . ... ... BV
Input voltage (any input,see Note 1) . . . . . . . . . . . . . e e e e e e e £V
Peak output current, each comparator (ty, < 1s) . . . . . . . . . L L oo L e e 10 mA
Continuous total power dissipation: each comparator . . . . . . . . . . . . . . . . . . ... 300mw

totalpackage < & ¢ = & 5 & s 5 5 s 5 s & 5 w5 ow 4 s« « 600mW
Operating free-air temperature range . . . v e m s m mowm s om s 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

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.
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TYPE TL720C
DUAL DIFFERENTIAL COMPARATOR

electrical characteristics at specified free-air temperature, Vgc+ =12V, Vgg—=-6V
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
Vio Input offset voltage Rg <200 £, See Note 3 B o mV
0°C to 70°C 10
i L e Rg <2009,  SeeNote3 0°C to 70°C 75 WVC
of input offset voltage
25°C 1 15
lio Input offset current See Note 3 °C 1o 70°C 25 RA
. 25°C 25 100
g Input bias current See Note 3 °C1070°C 150 nA
VicR Common-mode input voltage range NEe_==7 ¥V 25°C +5 \"
Vip Differential input voltage range 25°C +5 \
Fmy Large-signal c_ii_ffer.ential No load, — - 25°C - 700 1500
voltage amplification 0°C to 70°C | 500
VoH High-level output voltage Vip=15mV, lIoH = —0.5mA 25°C 25 3.2 4 \
VoL Low-level output voltage Vip=-16mV, lgL=0 25°C -1 -05 o v
o Output resistance Vo=14V 25°C 200 ' Q
CMRR Common-mode rejection ratio Rg < 200 25°C 65 90 dB
Icc+ Supply current from Vc+ (each comparator) Vip=-5Vto5V 25°C 5.4 mA
lcc— Supply current from Vo (each comparator) (=10 mV for typ), 25C -38 mA
Pp Total power dissipation (each comparator) No load 25°C 88 mwW
NOTE 3:These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.5 V at

logic threshold voltages of the types of digital logic circuits these comparators are intended to drive.

Ta= 0°C, Vo =14VatTp = 25°C, and Vg = 1.2 VatTp = 70°C. These output voltage levels were selected to approximate the

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,

switching characteristics, Vcc+ = 12V, Vgc—=—-6V, Ta = 25°C

PARAMETER

TEST CONDITIONS

TYP

UNIT

Response time

No load, See Note 4

40

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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L TYPES TL81OM, TL810C
CIRCUITS DIFFERENTIAL COMPARATORS

BULLETIN NO, DL-S 11449, MARCH 1971 — REVISED OCTOBER 1979

Low Offset Characteristics schematic

High Differential Voltage Amplification e
Fast Response Times a3k
Output Compatible with Most TTL '
and DTL Circuits } - #TROGE

53
910 2910 = ¢
description ,)'[{
The TL810 is an improved version of the TL710 $100 'H
high-speed voltage comparator with an extra stage SoRERTING <
added to increase voltage amplification and accu- = OeND

INVERTING
racy. Typical amplification is 33,000. Component a2
matching, inherent in monolithic integrated cir- { ;

240

OUTPUT

cuit fabrication techniques, produces a compar-
ator 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.

Resistor values shown are nominal in ohms.

The TL810M is characterized for operation over the full military temperature range of —55°C to 125°C;the TL810C
is characterized for operation from 0°C to 70°C.

terminal assignments

JGORP U
J OR N DUAL-IN-LINE DUAL-IN-LINE FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
ouT- ouT- ouT-
NC NC NC Vcce NC  PUT NC vces PUT  NC - NC NC NC  Vgce STROBE PUT

ininnins ®WOO®OOO®

i 't 'l i I

v L4 L) v

21314
NC GND NON- INV. NC Vce— NC GND NON- TNV VCC— (D @ @ @ @
INV_ INPUT INV_ INPUT rrd <

NON  IN
INPUT INPUT NV INPUT
INPUT

NC—No internal connection

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

Supply voltage Voo (see Note 1) . . . . . . . . . . .. L. 14y
Supply'voltage Vee—(seeNote 1) « ¢ & o 5 © 5 5 % = @ » @ v w o« o & @ o w0 o« o & s 9 & @ 8 -7V
Differential input voltage (see Note 2) e B A B R R e mE e s e e e e e e AV
Input voltage (either input,see Note 1) . . . . . . . . . . . . . . . . . ... 7V
Peak output current (ty, <1 s) v 1 e @ § A B @ s W 10 mA
Continuous total power dissipation at (or below) 70 C free -air temperature (see Note 3) . oa om o & o 00 MW
Operating free-air temperature range: TL810M Circuits o T T e e T e e W VR S A —55°C to 1256°C

TL810C Circuits - - - - = « « « = « . . .. .. .. 0Cto70°C
Storage temperature range . . 2 I B O I —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J JG or U package o m e w e e % (30050
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N or P package ... . ... ... 280°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 TL810M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J and JG packages,
TL810M chips are alloy-mounted; TL810C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated

TEXAS INSTRUMENTS 245

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



246

TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vgg—- = -6 V
(unless otherwise noted)
PARAMETER TEST CONDITIONS! L i UNIT
MIN TYP MAX | MIN TYP MAX
Rg < 200 92, 25°C 0.6 2 1.6 35
Vio Input offset voltage mV
See Note 4 Full range 3 45
Average temperature coefficient Rg =50 2, MIN to 25°C 3 10 3 20
avio . = wv/c
of input offset voltage See Note 4 25°C to MAX 3 10 3 20
25°C 0.75 3 1.8 5
o Input offset current See Note 4 MIN 1.8 7 7.5 pA
MAX 0.25 3 7.5
Average temperature coefficient MIN to 25°C 15 75 24 100
Note 4
10 o input offset current DesNots 25°C to MAX 5 % 15 = Rl
| Input bias current See Note 4 il z L ! 20 A
u u ee Note
18 MIN 12 25 9 0 |~
v Common-mode input v - Eull 5 5 v
=_ + +
ICR voltage range cc- e = B
Vip Differential input voltage range Full range 165 16 v
Large-signal differential No load, 25°C 12.5 33 10 33
AvD = V/mv
voltage amplification Vo=0to25V Full range 10 8
Vip=5mV ¢ >
) L =10 Full range a8 5 48 5
VoH High-level output voltage 2, v
Vip=5mV, F 25 368 25 368
IoH = ~5mA ull range . - . -0
Vip=-5mV, ¢ .
VoL Low-level output voltage oL = 0 Full range -1 -0.5% ot -1 -05% ot Vv
25°C 2 2.4 1.6 2.4
Vip=-56mV,
loL  Low-level output current a0 MIN 1 2.3 0.5 2.4 mA
0 MAX a5 23 05 24
o Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rs <200 @ Full range 80 1008 70 1008 dB
Icc+ Supply current from Voot v 5mv Full range 558§ 9 55% 9 mA
=-5mV, = T
Icc— Supply current from Voo— N'DI o Full range -3.5% -7 —358%8 -7 mA
Pp Total power dissipation — Full range 90% 150 908 150 mW

TFull range (MIN to MAX) for TL810M is —55°C to 125°C and for the TL810C 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 O V is the maximum, the minimum limit is a more-negative voltage.

8 These typical values are at T p = 25°C.
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo =
1.8 VatTp=-55°C, Vo =1.4VatTp=25C,and Vg =1VatTp=125"C; for TL810C, Vo =15V at T =0°C, Vg = 1.4V
at 25°C, and Vo =12 VatTp = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ =12 V,Vcc—-=-6V, Ta =25°C

PARAMETER

TEST CONDITIONS

TYP

MAX

UNIT

Response time

RL=oa‘

Cp=5pF,

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 TL810OM, TL810C
DIFFERENTIAL COMPARATORS

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
J (Glass-Mounted Chip) 300 mW 8.2mW/°C 1138°¢c
JG (Alloy-Mounted Chip) 300 mW 8.4 mW/C 114°C
JG (Glass-Mounted Chip) 300 mwW 6.6 mW/°C 105°C
N 300 mW 9.2mW/C 117°¢C
P 300 mW 8.0mW/°C 12°¢
u 300 mW 54 mW/C 94°C
Also see Dissipation Derating Curves, Section 2.
LARGE:SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION OUTPUT VOLTAGE LEVELS
vs vs vs
FREE-AIR TEMPERATURE - SUPPLY VOLTAGE . FREE-AIR TEMPERATURE
> @ T
< vcc‘.-vz‘v 3 Vo= 0t025V l
2 Veo_ = ~6V > 70| -Nelosd VOH (Vip =5 mV, IgH = 0)
¢ - 26"
s % Vo =01t025V] H Ta=26°C VcL-‘—W-\ A :
2 No losd § e S i
£ £ Vee— = -6V }
E 40 g lcC | V% 1B v 12V 0
Lt < = 2 cc+ ™= i
3> s > 2 !
3 “\ ; / 2 l—- TLB10C —
|5 l— TL810C — N t 3 1
H 20 UL \ i . // Z} 1 :
z b= i
1 o
5 é A // o :
< < 1 L T
o 0 - VoL (Vip=-5mV, IgL =0)
-75 -50 -26 0 25 50 75 100 125 10 n" 12 13 14 -75 -50 -25 o % 50 75 100 125
TA—Free-Air Temperature—"C Vieg+—Positive Supply Voltage—V Ta—Free-Air Temperature—"C
FIGURE 1 FIGURE 2 FIGURE 3
LOW-LEVEL OUTPUT CURRENT
TL81OM TL810C
55 FREE-AIR TEMPERATURE VOLTAGE TRANSFER CHARACTERISTICS o VOLTAGE TRANSFER CHARACTERISTICS
! 5
vcvc4=12'v I Vees =12V [
Vec— =6V | Vee—=-6 |
€ 245 vp=-5mv t 4|-Rg=509 t+—— 4
L Vo =0 | No load L Ta=25°C
§ : 7 | 1 Tamgie 'rA =70°C
S 240 L 8 = ] 3 A e
3 § Ta=-55C— N-Ta =25°C )
i \ | 3 Ta=125°C 3
3 23 N I % 2
(=3 2 3
3 —-TL810C -~ 2 2
H 3 2
g 7 2
g 230 o ! o 1
g > > Vee+ =12V
Iy Vee— = -6V
o 22 0 — o Rg=509
S No load
220 L -1 -1
-75 -50 -25 0 25 50 75 100 125 -3 -2 -1 [ 1 2 3 -3 -2 -1 ] 1 2 3
Ta—Free-Air Temperature—"C V|p-Differential Input Voltage—mV V|p-Differential Input Voltage—mV
FIGURE 4 FIGURE 5 FIGURE 6
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE

=Ty
Vees =12V
Vee_ = -6V

Vic=-5t5V —
Rs < 200 2

N

— TL810C —

14 T T 115
Vees=12V
Ve =6V $
2 See Note 4 g Mo
%
< o
3 N e
: 10 -§ 105
& s
8 s § 100
s H
= 3
g g
2
T L £ o
= | T
" —TL810C — T %
H
3
2

-75 -50 -25 o 25 50 75 100 125

TA—Free-Air Temperature—"C

FIGURE 7

COMMON-MODE PULSE RESPONSE

@

Vic—Common-Mode Input Voltage—V
~

85
-7 -50 -26 O

_J
2% S50 75 100 125
Ta—Free-Air Temperature—"C

FIGURE 8

Vee+ =12V
Vee-=-6V |
No Load
2 Ta=25C A
3
2 |
4 =
g |
c|> o 40 80 120 160
9 t-Time—ns
FIGURE 9
TOTAL POWER DISSIPATION
OUTPUT RESPONSE FOR vs
VARIOUS INPUT OVERDRIVES % FREE-AIR TEMPERATURE
T T
=8 l | | veer =12V
g8 I _l P Vee-=-6V
§ 8 —1f100m Veer =12V | 210 yp-5my
g5 Vee-=-6V L No Load
08 CL= & £ g
= i 2 =
Ta= 2 1 \\
>4 S ——
20 mv H ]
;f' 5 1nfrn \ 1 E f—TLB10C —
2 g sy 5 70
3
50 Nesdv g
=5 o
s, / // £ 60
(] 11V
= 50
0 20 40 60 80 100 120 140 —~76 -50 —25 0 25 50 75 100 125
t—Time—ns T A—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 TL810M, Vo =
1.8 VatTp=-55C, Vg =14VatTy=25C,andVg=1VatTp=125"C;for TL8I1OC, Vo =1.56VatTp =0°C, Vg = 1.4 V
at 25°C, and Vo =12 Vat Ty = 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 TL811IM, TL811C

DUAL-CHANNEL DIFFERENTIAL COMPARATORS

WITH STROBES

BULLETIN NO. DL-S 11464, MARCH 1971 — REVISED OCTOBER 1979

® Fast Response Times

e Improved Voltage Amplification and Offset Characteristics
e  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 17,5600) 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.

These dual-channel voltage comparators are partic-

schematic

outeut

sTROBE 1 STROBE 2

NONINVERTING
NPT T

INVERTING
RUTT

S8k NONINVERTING
IeUT2

INVERTING
T2

11“: a

aNo vee-

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)

U FLAT
PACKAGE (TOP VIEW)

STROBE STROBE
NC GND VcC+ OUTPUT 2

Wiinapjupnjjwis

NC

STROBE 1 GND  VCC+ OUTPUT STROBE 2

b

L § T b T

V{l2[|3[[4[|S]]®6
NC NV NON-Vcc- NON- 1INV
INPUT 1INV INV INPUT 2
INPUT1  INPUT2

1

NC

INV. NON- vcc- NON- N
INPUT 1INV INV_INPUT 2
INPUT 1 INPUT 2

NC—No internal connection

Supply voltage Vcc+ (see Note 1)
Supply voltage Vcc— (see Note 1)
Differential input voltage (see Note 2)
Input voltage (any input, see Note 1)

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

14V
-7V
5V
7V

Strobe Voltage (see Note 1)
Peak output current (ty <1 s)

Continuous total power dissipation at (or below) 70 C free -air temperature (see Note 3)
Operating free-air temperature range: TL811M Circuits

Storage temperature range

Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds J or U package
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package

NOTES: 1.

TL811C Circuits

All voltage values, except differential voltages, are with respect to the network ground terminal.

. BV
50 mA

: 300 mW
—55°C to 125°C

. 0°C to 70°C
—65°C to 150°C
300°C

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

3. For operation of the TL811M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J package, the TL811M
chips are alloy-mounted; TL811C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL81IM, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vgc+ =12V, Vec—=—-6V
(unless otherwise noted)
PARAMETER TEST CONDITIONS' JLETIM sl UNIT
MIN TYP MAX | MIN TYP MAX
Rg <200 Q, 25°C 1 35 1 5
Vic=0,
Vio  Input offset voltage See Note 4 Full range 4.5 6 mVv
Rs <200 @, 25°C 1 5 1 75
See Note 4 Full range 6 10
Rg <200 Q
Average temperature coefficient = 3 °
ayvio 9 Vic=0, Full range 5 5 wv/°C
of input offset voltage
See Note 4
| Input offset t See Note 4 = o5 3 2] 2 A
nput offset curren
10 i ol e.INate Full range 5 10 i
= 25°C 7 20 7 30
T Input bias current See Note 4 HA
Full range 30 50
liL(S) Low-level strobe current V(strobe) = —100 mV [25°C -12 =25 -12 -25 mA
v Common-mode input v = 26°C 5 5 v
= o b g - 4
ICR voltage range cc—
Differential input o
Vip 25°C £6 45 \
voltage range
Large-signal differential Vp=0to25V, 25°C 12,6 17.5 10 17.5
Avp - V/mv
voltage amplification No load Full range 8 5
Vip = \%
| i :)D e 25°C a 5 a4 5
VoH High-level output voltage OH = v
Vip = 10mV, N
25°C 2.6 3.6 25 3.6
IoH = =56 mA
Vip=-10mV,
12 m 25°C -1 -04 ot | -1 04 ot
loL=0
VoL Low-level output voltage Vip=10mV, \Z
V(strobe) = 0.3 V, 25°C -1 o} -1 0%
loL=0
Vip=-10mV,
loL Low-level output current VID 0 = 25°C 0.5 0.8 0.5 0.8 mA
0=
o Output resistance Vp=14V 25C 200 200 Q
CMRR Common-mode rejection ratio Rs < 200 25°C 70 90 65 90 dB
Icc+ Supply current from Veo+ Vip=-5to5V 25°C 6.5 6.5 mA
lcc— Supply current from Voo— (=10 mV for typ),|25°C -2.7 -2.7 mA
Pp Total power dissipation No load, See Note 5 |25°C 94 150 94 200 mwW

tUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open, the strobe of the other channel is

grounded. Fu
iThe algebraic

Il range for TL811M is —55°C to 125°C and for the TL811C is 0°C to 70°C.

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.

NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for

TL811M,

Vo=1.8VatTa=—55°C, Vg=1.4V at Tp = 25°C, and Vg = 1 V at Tp = 125°C; for TL811C, Vg =1.5 Vat Tp =0°C,
Vo=14VatTp= 25°C, and Vo =12V at 70°C. These output voltage levels were selected to approximate the logic threshold
voltages of the types of digital logic circuits these comparators are intended to drive.

5. The strobes are alternately grounded.

switching characteristics, Vcc+ = 12 V,Vgc—=—6V, Ta =25°C
TL811M TL811C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Response time RL= %, C__=5pF, SeeNote6 33 80 33 ns
Strobe release time R =%, C_=5pF, SeeNote7 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.

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 TL81IM, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

Ayp—Differential Voltage Amplification—V/mV

Vo—Output Voltage—V

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION
vs

FREE-AIR TEMPERATURE

LARGE-SIGNAL DIF

FERENTIAL

VOLTAGE AMPLIFICATION

Vs

SUPPLY VOLTAGE

- N ]
Vigo== =TV, /
> - TN,
20 > Vee—=—6 V4
|
5 30 g
T T 8 >/
15 TLEINC —™ & 25 A
g / / /
: 20 Lo A
10 S - N A A Vee—=-5V* |
= / //
Veer =12V 5 10 ///
5 Veg—=-6V ] £ 2 VO=0t025V
Vo=0to25V | C|' 5 74 No load e
No load g Ta=25°C
0 | < i I
-75 -650 -26 0 25 50 75 100 125 10 i | 12 13 14
T a—Free-Air Temperature—°"C Vcc+—Positive Supply Voltage—V
FIGURE 1 FIGURE 2
TL811IM TL811C
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS
5 5
4 A 4
TA=-55°C Ta=0°C
Ta=125°C > Ta=70°C
3 @ 3 It
g
S \_Tp=25°C
2 i 2
o a
T \—-TA =25°C g
b
1 () 1
>
J Vee+ =12V Vee+ =12V
0 Vee—=—-6V+ 0 Vee—=-6V
Rs =50 2 Rs = 50 2
No load No load
-1 1 -1 |
-3 -2 -1 ¢} 1 2 3 -3 —2 -1 o 1 2 a
V|p—Differential Input Voltage—mV V|p—Differential Input Voltage—mV

FIGURE 3

FIGURE 4
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TYPES TL81IM, TL81IC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
> 4
3§ g 3 -
€0 =
£3 100 mV 2 o / Vecr =12V
£5 t 8 Voe—=—6V
= —-c‘=l g 1 / Rfc= o 7
4 . CL=5pF |
20 mV Ta=25°C
A
> 3 Y1/ /
: R,
2 > 3
g 2 N 5mV ‘L ) mV'
& 1 Vee+=12V §’ 2 ’Z—mV
s i Vee— = -6V s A
3 [ 2mv RCC_ z . V.a O mV
| L= 3
o o 2
> 71] 7 CL=5pF 5 0
Ta =25°C 9 I~ —
-1 b O 4 m
0 20 40 60 80 100 120 140 0 5 10 15 20 25 30 35 40
t—Time—ns t—Time—ns
FIGURE 5 FIGURE 6
COMMON-MODE PULSE RESPONSE
g OPEN
8> 38
4 N\ 50 2
S
E= 4
3% 50 02
g o
> ey
Vecr =12V A
5 Voe—=—6V o
L No load Vic
g Tp=25°C | ? .
5
>
g 2
g ~~
ér b =
£ 0
0 40 80 120 140
t—Time—ns
TEST CIRCUIT
FIGURE 7 FOR FIGURE 7
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TYPES TL81M, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT TOTAL POWER DISSIPATED
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
12 — 100 e
Vees =12V Vee+=12V
Vee—=—-6V 98 Vee-=-68V 1
10 - Vip=-10mV
E p——
g N < 94 i B e
.‘IE 8 < g 4 \,\
£ \ 2 92 — —
= 3
o @
8 6 \\ ?.; 90
< ™~ 3
2 TS £ 88
8 =
T 4 t 3
@ — TL811C — = 86
B o
o 84
2
82
0 80
-7 -50 -25 O 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C T a—Free-Air Temperature—°C
FIGURE 8 FIGURE 9

NOTE 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M,

Vo=18VatTa=-65"C,Vg=14VatTp=25C, and Vo =1V at Tp = 125°C; for TL811C, Vg =1.5 Vat Tp = 0°C,
Vo=14VatTpa= 25°C, and Vg =1.2V 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.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123°C
J (Glass-Mounted Chip) 300 mwW 8.2mW/°C 113°C
N 300 mwW 9.2mW/°C 1977
u 300 mW 54 mW/°C 94°C

Also see Dissipation Derating Curves, Section 2.
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LINEAR
INTEGRATED TYPES TL820M, TL820C

CIRCUITS DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 11450, MARCH 1971—-REVISED OCTOBER 1977

e Fast Response Times o Low Offset Characteristics
e High Differential Voltage Amplification e Outputs Compatible with Most TTL
and DTL Circuits
. J OR N DUAL-IN-LINE
comparat
schematic (each parator) PACKAGE (TOP VIEW)
O Vee+
) 4 COMPARATOR NO. 1
43k p NON. COMPARATOR NO. 2
ey
4 VOG- INUT INBUT GND 'Veoe  NC OUTRUT
:)— g a —ostrose w|[n]n][n][w][s]]s
910 2910 L )
[l
e Lﬁ ’ QUTPUT
NONINVERTING q
INPUT O GND
INVERTING 17k
IteUT : [T s s T T
OUTPUT NC VCC+ NC  NON- INV Veo—
il — —— INV_INPUT
g“o 68 COMPARATOR NO. 1 \’:UY_V_/
Ovee- COMPARATOR NO. 2
Resistor values shown are nominal in ohms.
NC—No internal connection
Component values shown are nomenal
description

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 Vcc+ (seeNote 1) . . . . . . . . . . . . . . . . . . . . ... ... .... N
Supply voltage Vcc— (see Note 1) . . . . . . . . . . e b e T o [ e e e S Y
Differential input voltage (see Note2) . . . . . . . . . . . . . . . . . . . ... ...... %YV
Input voltage (any input,seeNote 1) . . . . . . . . . . . . . . . . ... 7V
Peak output current (ty, <1s) o W w e SR 10 mA
Continuous total power dissipation at (or below) 70 C free-alr temperature each comparator ... . . . 300mwW
total package, (see Note 3) . . . 600 mW

Operating free-air temperature range: TL820M Circuits . . . . . . . . . . . . . . . . —55°Cto125°C
TL820C Circuits RO i - (-t (o )y -

Storage temperature range . . : w b Pl wite B —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package v e s E s m owwn w e 3007C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package s s w9 mlee ¥ e s e 26006

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

N

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. For operation of the TL820M above 70°C free-air temperature, refer to Dissipation Derating Table. In'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, Vcc+ =12V, Vcc-=-6V
(unless otherwise noted)

PARAMETER TEST CONDITIONS! Ll e UNIT
MIN TYP MAX MIN TYP MAX
Rg < 200 Q, 25°C 0.6 2 1.6 3.5
\Y 1 t offset volt: mV
10 neu i See Note 4 Full range 3 a5
Average temperature coefficient Rg =509, MIN to 25°C 3 10 3 20 vre
VIO ¢ input offset voltage See Note 4 25°C to MAX 3 10 3 20 |“
25°C 0.75 3 1.8 5
o Input offset current See Note 4 MIN 1.8 7 7.5 kA
MAX 0.26 3 7.5
Average temperature coefficient MIN to 25°C 15 75 24 100
10 ) Bgeiemph See Note 4 < nA/°C
of input offset current 25°C to MAX 5 25 15 50
| [} t bi t See Note 4 8 E z s ! 24 A
n| as curr
18 . e MIN 12 25 9 0 |
Common-mode input
\ Vee-=-7V Full 5 5 \"
ica voltage range cc uiliange
Vip Differential input voltage range Full range 5 +5 \%
AV Large-signal t.ﬁ."er.emial No load, 25°C 125 33 10 33 —
voltage amplification Vo=0to25V Full range 10 8
Vip = \
) 'D_zm Full range a8 5 4% 8
VoH High-level output voltag VOH Smv \
ID=omV,
25 368 25 368
iop= =6 mA Full range
Vip=-5mV,
VoL Low-level output voltage loS= 0 Full range 1 —o0s§ ot | -1 -—os8 ot | v
" — 25°C 2 2.4 1.6 2.4
loL  Low-level output current VID——O Ll MIN 1 23 0.5 2.4 mA
G MAX 05 23 05 24
o Output resistance Vp=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 Full range 80 1008 70 1008 dB
lccs Supply current from Veoc+ Full range 5.58 9 558 9 ik
(each comparator)
Supply current from Vg Vip=-5mV, §
lcc- Full range -358 -7 -3.58 -7 | mA
€0 (each comparator) No load
PD Total power dissipation Full range 90§ 150 908§ 150 mw
(each comparator)

tFull range (MIN to MAX) for TLB20M is —55°C to 125°C and for the TL820C is 0°C to 70°C.

tThe algebraic convention where the most-positive (Ieas(-negative)‘limit is designated as maximum is used in this data sheet for logic levels

only, e.g.,, when O V is the maximum, the minimum limit is a more-negative voltage.

§ These typical values are at Tp = 25°C.

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vp =
18 VatTy = —55°C, Vg = 1.4 V atTp = 25°C,and Vg =1V at T = 125°C; for TL820C, Vo = 1.6 VatTp =0°C, Vg = 1.4 V
at 26 C, and Vg = 1.2 V at T, =70 C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ = 12V, Vgcc—-=—-6V, Ta =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Response time Ry =<, CL =5pF, 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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IoL~Low-Level Output Current—mA

TYPES TL820M, TL820C

DUAL DIFFERENTIAL COMPARATORS

DISSIPATION DERATING TABLE

Ta—Free-Air Temperature—"C

FIGURE 4

V|p-Differential Input Voltage—mV

FIGURE 5

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 600 mW 11.0mW/°C 95°C
J (Glass-Mounted Chip) 600 mW 8.2mw/°C e
N 600 mW 9.2 mW/°C 85°C
Also see Dissipation Derating Curves, Section 2,
LARGESIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION OUTPUT VOLTAGE LEVELS
Vs vs vs
FREE-AIR TEMPERATURE - SUPPLY VOLTAGE . FREE-AIR TEMPERATURE
z @ T T T T
3 Vees =12V E VO=01025V |
q Voo = -8V > 70|-Nolosd VoH (VIp =5mV, IgH = 0)
L Vo =01025V"] s Ta=25°C L - L "
No load § e — !
= Vee- = —6 !
“ ] E 50 } 1 A ; - Vees =12V i
4 = i
3 I~ : Vee—= -5V ) = g e ]
™ 3 5 2 :
2 3
: s H — TLs20d —
» L risaoc | N P )/ 3 4 :
§
3 T
\ :; - / ° |
(3 10 o B é/ 9 T
< T VoL Vip=-5mV.loL =0
6 s s oL (Vip=-5mV. gL =0
-75 50 -26 0 25 50 75 100 12 10 " 12 1 14 -75 -850 -25 0 25 50 75 100 125
TA-Free-Air Temperature—"C Vca—Positive Supply Voltage—V Ta-Free-Air Temperature—°C
FIGURE 1 FIGURE 2 FIGURE 3
LOW-LEVEL OUTPUT CURRENT
vs TL820M TL820C
456 FREE-AIR TEMPERATURE VOLTAGE TRANSFER CHARACTERISTICS o VOLTAGE TRANSFER CHARACTERISTICS
. 5
vc;;.n;v Vees =12V
Vee-=-6V Voo =6
245 [~vip=-5mV 4 [-Rg=500 7
= No load L 5es
Vo=0 = ) Ta=0C TA 7z5l‘c
240 i B i 3 Ta-70Cl |
g Ta = —55°C— N—Ta-25°C i.
/ \ 3 Ta=128°C 3
2.35 + s 2 s 2
—TL820C — \ 2 2
5 5
G ?
2.30 o 1 o 1
> = Vees =12V
Vee-= -6V
2.25 o o Rg =50 2
== No load
220 -1 =1
-75 -50 -26 0 25 50 75 100 126 -3 -2 -1 o 1 2 3 -3 -2 -1 0 1 2 3

V|p-Differential Input Voltage—mV

FIGURE 6
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TYPES TL820M, TL820C
DUAL DIFFERENTIAL COMPARATOR

TYPICAL CHARACTERISTICS
INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO
v vs
FREE-AIR TEMPERATURE - FREE-AIR TEMPERATURE
1 LS Vees = 12V
Veee =12V VCC' -
- (~ T
12 VCC,;M. 5y ] g 10— c=—5w6EV
N 2 \ Rs < 200 2

i AN gt
L 10 N ¥ 3
£ H N
; N .
3 8 g
s N :
P, B,
_'! h g I— TL820C —

. L Tis2oc—| T~ z %

I 3
2 =
275 50 2% 0 2% 8 75 100 125

75 -50 -25 0 26 50 75 100 125 Ta—Free-Air Temperature—°C

TA—Free-Air Temperature—"C

FIGURE 8
FIGURE 7
>
1
§ + __ COMMON-MODE PULSE RESPONSE
>
3 a3
E 2
1
o
o
s - Vees = 12V
— Vec-=-6V |
e, No Load
> Ta=25°C 4
B ool
¥
% 15 [ 1
g T 1T 11
9 o w0 8 120 160
>° t-Time—ns
FIGURE 9
TOTAL POWER DISSIPATION
OUTPUT RESPONSE FOR 2
VARIOUS INPUT OVERDRIVES - FREE-AIR TEMPERATURE
T 1
I ] vees =12V
¥ i =1 - Voo = -8V
ES—t00m Vecs =12V £ 10 Vvip=5my
5z Vee-=-6V & No Load
=3 CL=5pF S
s RL = o g w
Ta=25°C | ] L N~
> 4 S w0 =
& .| 2mvy A i § [— TL820C —
LN/ /ki?'“" 3
2, 5mv 'TQ
5 < 80
S o M/
=] V"4
> 1 50
0 20 40 60 80 100 120 140 ~76 —50 —256 0 25 50 75 100 125
t=Time=ns T A—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 TL820M, Vpo=18V
atTa=—55°C, Vo =14V atTp =25°C,and Vo = 1V atTp = 1256°C; for TL820C, Vg = 1.5 V at Tp = 0°C, Vg = 1.4 V at 25°C,
and Vg =12 V atTpy = 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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CIRCUITS

LINEAR TYPE uA710M
INTEGRATED DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 12415, JUNE 1976—-REVISED OCTOBER 1979

e Fast Response Times
e Low Offset Characteristics
e Output Compatible with Most TTL and DTL

utpL schematic .
clrcults 28k0 39k .
e Designed to be Interchangeable with Fairchild
wA710
description }—'
H 500 22 500
The uA710 is a monolithic high-speed comparator [: L/.
having differential inputs and a low-impedance out-
put. Component matching, inherent in silicon inte- NONIVERTING ( Fozv Foav
grated circuit fabrication techniques, produces a myeRTING
comparator with low-drift and low-offset character- \ S

istics. This circuit is especially useful for applications
requiring an amplitude discriminator, memory sense 1748
amplifier, or a high-speed voltage comparator. The
uA710M is characterized for operation over the full
military temperature range of —55°C to 125°C.

100 2 680

= Vee-
Component values shown are nominal,

terminal assignments

JG U
J DUAL-IN-LINE DUAL-IN-LINE FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)

NC  Vgg+ STROBE PUT

NC_ NC Nc_ VEC+ NC OUTPUT NC Vee+ OUTPUT NG NC . @ @ @ @

>

Higjan : D G
NC GND NON- INV. NC Vcc- NC GND NON- INV Vce- @ @ @ @ @
NC  Veeo

INV INPUT INV INPUT GND NON INV
INPUT INPUT INV INPUT
INPUT

NC—No internal connection

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

Supply voltage Vcc+ (see Note 1) 14V
Supply voltage Vcc— (see Note 1) =7V
Differential input voltage (see Note 2) 5V
Input voltage (either input, see Note 1) 7V
Peak output current (ty < 1) 5 ” 10 mA
Continuous total power dissipation at (or below) 25 C free -air temperature o 5 300 mW
Operating free-air temperaturerange . . . . . . . . . . . . . . e e e e e e e e —55°C to 125°C
Storage temperature range . . . e e B BEEA @ @ BB G050 C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds 5 . 300°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In the J and JG packages, UA710M chips

are alloy-mounted.

Copyright © 1979 by Texas Instruments |ncorporated
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TYPE uA710M
DIFFERENTIAL COMPARATOR

electrical characteristics at specified free-air temperature, Vcc+ =12V, Vgg—-=-6V

(unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX UNIT
\Y I ff I Rg <200 2 See Note 4 =L L 2 %
ee e
10 nput offset voltage s ; o Full rase 5
Average temperature coefficient
G e temperetineic Rg <509, See Note 4 Full range 3 10 |wvrc
of input offset voltage
[ | lif See Note 4 BE L - A
nput offset current ee Note
10 pY ’ Full range 7 .
Average temperature coefficient —55°C to 25°C 5 25 .
@10 ) See Note 4 5 = nA/’C
of input offset current 25Cto125°C 15 75
| | bi See Note 4 2 0 i L A
t ee Not
B nput bias current ote Full range 25 K
Common-mode o.
VicrR . Veg—==7V 25°C 45 v
input voltage range
Vip Differential input voltage range 25°C x5 A\
Large-signal differential 25°C 1250 1700
Avp I No load, See Note 4
voltage amplification Full range 1000
VOoH High-level output voltage Vip= 5mV, loH = -5 mA 25°C 2.5 3.2 4 V
VoL Low-level output voltage Vip=-5mV, loL=0 25°C -1 -05 5% \Y
25°C 2 2.5
loL Low-level output current Vip=-5mV, Vpo=0 —55°C 1 2.3 mA
125°C 0.5 1.2
ro Output resistance Vo=14V 25°C 200 Q
CMRR Common-mode rejection ratio RS <200 Q 25°C 80 100 dB
lcc+ Supply current from Voot Vip=-5Vto5V 25°C 5.2 9 mA
Icc—  Supply current from Voo (=10 mV for typ), 25°C -46 -7 mA
Pp Total power dissipation No load 25°C 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, Vg=1.4V at T =25°C, and Vg =1 V at Tp = 125°C. These output voltage levels were selected to approximate the
A o A o A

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.

fThe algebraic convention where the more-positive (less-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.

switching characteristics, Vcc+ =12V, Vgc—=—-6V, Ta =25°C

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

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0 mW/C 123°C
JG (Alloy-Mounted Chip) 300 mW 8.4 mW/°C 114°C
u 300 mwW 5.4 mW/°C 94°C

Also see Dissipation Derating Curves, Section 2.
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TYPE uA710M
DIFFERENTIAL COMPARATOR

V{c—Common-Mode

Differential
Input Voltage

Vp—Output Voltage—V

)

Input Voltage—V

Vp—Output Voltage—V

Vo —Output Voltage—V

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

L Vee+ =12V

Vee-=-6V
No load

Ta=26°C

JARaS

60 80 100 120

t—Time—ns
FIGURE 1

COMMON-MODE PULSE RESPONSE
vs
ELAPSED TIME

7
Vees =12V

Vee- = -6 VA
Ta=25°C

0 40 80 120 160

t—Time—ns

FIGURE 3

VOLTAGE TRANSFER CHARACTERISTICS

T T T
Vee=12V
Vee=-6V

T
55°C

-5 4 -3-2-10 1 2 3 4 5
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LINEAR
INTEGRATED
CIRCUITS

TYPES uATIIM, uATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS

WITH STROBES

BULLETIN NO. DL-S 11442, FEBRUARY 1971 — REVISED OCTOBER 1979

e Fast Response Times @
e Low Offset Characteristics e

description

The uA711 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

sTRosE 1 ouTPuT  STROBE 2

Output Compatible with Most TTL and DTL Circuits
Designed to be Interchangeable with Fairchild xtA711 and utA711C

2V Zona

a3

INVERTING

NONINVERTING
T 1

INVERTING
weuT2

NONINVERTING
weuT2

ano

Companent valuen thowe are nominal

discriminating sense amplifier with an adjustable threshold voltage. The uA711M 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

JOR N DUAL-IN-LINE

PACKAGE (TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

STROBE STROBE
1 GND VCC+OUTPUT 2 NC

NC
wijnj{junjjwoljs|ies

P AA

NC INV NON- Vcc— NON

INV NC
INV INPUT 2
INPUT 2

INPUT 1INV
INPUT 1

STROBE 1 GND

3

Vces OUTPUT STROBE 2

ATA

v T 1 )

INPUT 1 INPUT 2

T L]
Vec-  NON. INV.
INVINPUT 2

NC—No Internal Connection

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

uA711M uA711C UNIT
Supply voltage Vcc+ (see Note 1) 14 14 \
Supply voltage Voc— (see Note 1) -7 -7 \%
Differential input voltage (see Note 2) +5 +5 \"
Input voltage (any input, see Note 1) +7 +7 )Y
Strobe voltage (see Note 1) 6 6 \%
Peak output current (ty, < 1s) 50 50 mA
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 300 300 mW
Operating free-air temperature range —55to 125 0to 70 i >
Storage temperature range —65 to 150 | —65 to 150 *c
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds|J or U package 300 300 e
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 uA711M above 70°C free-air temperature, refer to Dissipation Derating Table. In the J package, uA711M chips

are alloy-mounted; uA711C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES uAT1IM, uATIC

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vecc+ =12V, Vggc—=-6V
(unless otherwise noted)
uA711M uA711C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX |MIN TYP MAX
Rg < 200 £, Vic=0, 25°C 1 35 1 5
See Note 4 Full range 4.5 6
Vio Inputoffset voltage Rg < 200 %2, 25°C ] 5 T 75 mV
See Note 4 Full range 6 10
- Av?rage temperature coefficient| Rg < 200 2, Vic=0, S — 2 5 AVIC
of input offset voltage See Note 4
25°C 0.5 10 05 15
o Input offset current See Note 4 — >0 56 uA
i 25°C 25 75 25 100
hB Input bias current See Note 4 Full range 150 150 nA
lIL(S) Low-level strobe current V(strobe) = 0. Vip=10mV 25°C -1.2 -25 -1.2 =25 mA
Vier Common-mode input Voo = -7V 25°C 5 5 v
voltage range
i Differential input 25°C .5 . Vv
voltage range
Kot Large-signal differential No load, 25°C 750 1500 700 1500
voltage amplification Vp=0to25V Full range | 500 500
. Vip=10mV, IoH=0 25°C 45 5 45 g
VoH High-level output voltage — \Y
Vip=10mV, Igy=-5mA 25°C 25 35 25 35
Vip=-10mV, IgL=0 25°C -1 -05 0¥ -1 -05 of
VoL Low-level output voltage :/O|'|.3:—010 mV,  V(strobe) = 0.3V, 550 4 ot ot \
loL Low-level output current Vip=—-10mV, Vg=0 25°C 0.5 0.8 05 0.8 mA
o Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio |Rg < 200 Q 25°C 70 90 65 90 dB
Icc+  Supply current from Voc+ Vip=-5Vt05V(-10mV for typ), 25°C 9 9 mA
Icc— Supply current from Voo Strobes alternately grounded, 25'C —4 —4 mA
Pp Total power dissipation No load 25°C 130 200 130 230 | mW

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA711M, Vo = 1.8 V
at Tp = —55°C, Vo = 1.4 V at T = 25°C, and Vg = 1 V at Tp = 125°C; for uA711C, Vg = 1.5 V at Tp = 0°C, Vo = 1.4 V at
A= 25°C, and Vg = 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. The strobe of the other channel is
grounded. Full range for uA711M is —55°C to 125°C and for the uA711C is 0°C to 70°C.

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 0 V is the maximum, the minimum limit is a more-negative voltage.

switching characteristics, Vcc+ =12V, Vee—-=-6V, Ta = 25°C

uA711M uA711C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX |[MIN TYP MAX
Response time No load, See Note 5 40 80 40 ns
Strobe release time No load, See Note 6 7 25 7 ns

NOTES: 5.

and the instant when the output crosses 1.4 V.

The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function

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 uA71IM, uATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

DISSIPATION DERATING TABLE

. POWER DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 300 mW 11.0 mW/°C 123%¢
J (Glass-Mounted Chip) 300 mwW 8.2mwW/°C 113°¢
N 300 mW 9.2mW/°C 117°€
U 300 mW 5.4 mW/°C 94°C

Also see Dissipation Derating, Section 2.

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs

FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2000 — 3000
A T
g 1800 Vec-=—-6V-] c ro-zé°c
H +— No load § 2500 [ Ao
§ 1800 SeeNote 4 ] G
2 1400 . 3 NEge==TY
< Ll E 2000 t
g 1200 — UA711C —u ; Voo = -6V | —
S 1000 3
1 =5V
I
H k-]
H 800 g // //
£ & 1000
& 600 = L
; 5 L1
S 400 I?
< < 500
200
0 0
-75 -850 —25 0 25 50 75 100 125 10 1 12 13 14
Ta—Free-Air Temperature—°C Vcc+—Positive Supply Voltage—V
FIGURE 1 FIGURE 2
INPUT BIAS CURRENT TOTAL POWER DISSIPATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
50 T T 140 =T
Vees =12V Veer =12V
N Vee-= -6V 138 Fvee_=-6V
%0 See Note 4 138 No load
z
= N | :
i L 134
4 \ $
£ 3 \'* &
5 &
o =
] i S 130
@ | N § 1 ™
= | | |
22 T T g 2 TN
= b— UAT1IC —= 3 h— uA711C —
i — '(T’ 126 SRR <
10 S 124
122
120

-75 -50 -25 O 25 50 75 100 125

Ta—Free-Air Temperature—°C

FIGURE 3

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

Ta—Free-Air Temperature—°C

FIGURE 4

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uUA711M, Vo = 1.8V
at Tp = —55°C, Vo = 1.4 V at Tp = 25°C, and Vg = 1 V at Tp = 125°C; for uA711C, Vo = 1.5 V at Tp = 0°C,Vp=1.4Vat
A= 25°C, and Vg = 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 uAT1IM, uATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

uA711M uA711C
VOLTAGE TRANSFER VOLTAGE TRANSFER
CHARACTERISTIC CHARACTERISTICS
5 % z T 5 T T T
Voot = 12V Vees =6V I (
Vee— =—6V R vV, =
L - cc—=-6V T =0° P
4 j-Hs =200 8 ¥ rde 4 |_Rs <200 2 ladiolek WP ..
Ta = -55°C— /], N7 \

4 1 . = o
= ,y /| Ta =125°C /X | \Ta=70°C
3 1/ 7 R = 7 \Ta =25°C
@ 777 t T I 3 7
g ol NTa=25°C = i
2 8 ¢
o ° /
> i s /

s 2 7 -] 2 4
H / / ] i
= Wt a 1
1
: ji ; '
1 4
) 1
> // e
!
o1
'I
0 0
I A | Sk
—1 -1
5 4 -8 =2 =1 0 1 2 3 4 8
-5 -4 -3 -2 -1 0 1 2 3 4 5
V|p—Diff tial | t Voltage—mV
Ip=Rifterential tnput Violtage=m V|p—Differential Input Voltage—mV
FIGURE 5 FIGURE 6
OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
4
-5
T3 >
£3 L
5T 100 mv F 5 /] Veer =12V |
= § Ve =12V | § 74 Vee—=—-6V
= Vee— = -6V | = 4 / No load
No load ] g Ta =25°C
TA = 25°C » 0
5 e L]
il T
Lo 1T IYF 1/ "
o ==
8 10 mV ~| / A 1 ul,
g 2 g 2 5 mV;
- 1 A £ 2mv
3 / / /( ~2mv S 9 /] —
g O [ 5 /ﬂ g
y i 5mV g 0 é SR
o -2 | l o —1mV
<3 o -1 1
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0O 20 40 60 80 100 120 = 9 o b 38
t—Time—ns t—Time—ns
FIGURE 7 FIGURE 8
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SELECTION GUIDE

SPECIAL FUNCTIONS

PAGE

Timers

SE555 : General-purpose timers adjustable from 1 microsecond to 1second . . . . . . .. o 281

NEB55 : Commercial-temperature version of SEB55 . . . . . . . o o i e e 281

SEBS6 ¢ Diial VersioN'6f SEBBE . v . b il $HIEE FE IEHEEE SR EE §R EME W EEE B Y@ R S0 WS aw w0 a 291

NEB56 : Commercial-temperature version of SEB56 . . . . . . . . . .. e 291

uA2240 : Programmable timer and 8-bit counter specially designed for delays greater than 1second .. ... .......... 401
Amplifiers

MC1445 : 2-channel-multiplexed video amplifier . . . . v . oo o i v v o v m e v w e m s s e s e e e e e e e e e s 277

TL441 :  Logarithmic amplifier with 80-dB inputrange . . . . . . vt v it v v it i e e e e e e 325

uA733 : Differential video amplifier with 200-MHz bandwidth . . . . . . . ... e e 393
Voltage-Level Detectors

TL480 : 10-level logarithmic converterinthe Jor N package . . ... ... .. ittt ittt it et 339

TL481 :  10-level logarithmic converterin theJorNpackage .. .. ..o v v v n it vens o an 341

TL487 : b5-level linear converterinthe PorJG package . . . . v o v v v o v o v v v o v m oo tiie so s m e n o emn o s o asn 343

TL489 : b5-level logarithmic converterinthe PorJG package . . . .. . .. .. .. .ttt 345

TL490 : 10-level linear converterinthe Jor N package . . . . . . . . . o i i it e e e 349

TL491 :  10:level linear converterinithe'Jior NiPECKEOE: . s o swi s w5 o om w om0 o i wooe n e se w e o wse ww0s dm e e m mE m e 353
Analog-to-Digital Converter Components

ADCO808: Siuccessive-approxXimation CONVETTEr o« s o st 8 i w56 o ¥ w6 &9 % (% & % @ W a o s %50 % @ 6§ 0 E S8 % w5 e el 270

ADCOB09: Successive-approximation CONVETIEr oy s v v s s aWis B8 §p o83 @3 3@ s [HE 65 s @6 ¢8 ¢mE@s s @s o 270

ADCO816: Successive-approXimation CONVEITET . . . . . v v v v v v v v vt ot b e e e e e e et e e e 272

ADCO817: Successive-approximation converter with 8-bit resolution . . . . .. .. .. ... oo 272

TL500 : Dual-slope-converter analog processor with 14-bit resolution . . . . . .. . . ..o ittt 357

TL501 : Dual-slope-converter analog processor with 13-bit resolution . . . . . ... ... ... ... e 357

TL502 : Dual-slope-converter digital processor with 4%-digit capability, seven-segment-display outputs . . ... .. ... .. 357

TL503 :  Dual-slope-converter digital processor with 4%-digit capability, BCD outputs . . . ... ... ............. 357

TL505 : Dual-slope-converter analog processor with 10-bit resolution . . . . . . . .. . . ... i 369

TLB07 : Pulseswidth modulatoriwith! 7-bitr@sofbtion < w o wc s v ms sn v e @ oo ma sa wio s om s o e sy s e m e w 877
Zero-Crossing Detector

TLAAO & saivmn smgmn we vms sy o5 g @s SMews o/ Bm s Ba T A BB S RE S e w6 A 8 MR Y 6w E (e s e e 319
Doubly-Balanced Mixer

BIEA4 2N B s S ML i, S, Mgy, on SN, ey, Sl e S P SR S S A R PR, SR ST 333
Precision Level Detector

TLEBD : sais iz 89353 6RIGE 82505 ,58 553,95 SHIFs VR FAS S0 oMEEs SEENE §8 S5 9% 5% 38 SR 5@s EmER 381
Overvoltage Sensing Circuits

ME3428 swsws snsws o398 Gs SR EME SR EME EREEE TH IS5 HE B M E PO EE $H W EWE S EHE B ENE 3686 279

ME3523 cmsmp ensls srs®ems SIS FRIES FRIMEIF SHEES FHEES RIS FOITE s THEEE EMEEE 1858 279
3-Channel Stepper-Motor Controller

B < R 315
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SELECTION GUIDE

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

Zsw ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL182 Twin SPST 100 10V 15, +8 303
TL185 Twin DPST 150 @ +10V +15, 45 306
TL188 Dual Complementary SPST 100 @ +10 V 15, t5 309
TL191 Twin Dual Complementary 150 +10V +15, 45 312
SPST
Analog Switches With 10-mA Capability (P-MOS)
Zsw ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL601 SPDT 200 +10V +10, —20 387
TL604 Complementary SPST 200 +10 V +10, —20 387
TL607 SPDT 200 ©2 10V +10, —20 387
TL610 SPST 100 @ +10V +10, —20 387
Hall-Effect Devices
DEVICE DESCRIPTION ON OFF HYSTERESIS PAGE
TL170 General purpose switch >+350 G <-350 G 200G 293
TL172 Normally-off switch >+600 G <+100 G 230G 295
TLA75 Latch >+350 G <-350 G 400 G 299
TL176 Normally-off switch >+500 G <+100 G 75 G 301
(Automotive Temp. Range)
TL173 Linear sensor 1.5 mV/G Sensitivity 297
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LINEAR TYPES ADC0808, ADCO809

INTEGRATED DATA ACQUISITION SYSTEMS
CIRCUITS JANUARY 1980

N

e Total Unadjusted Error . . . +%2 LSB Max for DUAL-IN-LINE PACKAGE
ADC0808 and +1 LSB Max for ADC0809 (TOP VIEW)
o Resolution of 8 Bits [: U
INPUT3 1 28 INPUT 2
e 100 us Conversion Time I
INPUT 4 2 E ] 27 INPUT 1
e Ratiometric Conversion INPUTE '3 E :]zs INPUT O
e Guaranteed Monotonicity ineuTs 4[] :] 25 ADDRESS A
e No Missing Codes wput7 5[] []24 aporesss
e Easy Interface with Microprocessors  START OF conversion 6 [] []23 Aporessc
s Latched 3-State Outputs END OF CONVERSION 7 E :|22 ADDRESS LOAD CONTROL
5 8 E :|21 2-1msB
e Latched Address Inputs T—— E ] 20 2-2
e Single 5-Volt Supply SEBEK ,0[ ]19 9-3
e Low Power Consumption Vee 1] IR
e Designed to be Interchangeable with REF+ 12 |: ]17 2-81sB
National Semiconductor ADC0808, ADC0809 anp 13[] :|16 REF—
27 14 []15 2-6
description

The ADCO0808 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 ADCO0809 are characterized for operation from —40°C to 85°C.

Copyright © 1980 by Texas Instruments Incorporated
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TYPES ADCO0808, ADC0809
DATA ACQUISITION SYSTEMS

functional block diagram
functional block diagram

MULTIPLEXER FUNCTION TABLE

REF+ REF—
INPUTS SELECTED
ADDRESSLOAD | ADDRESS | ANALOG | _ _ _ _ _ _ _Y_ _ _
CONTROL c B Al cHanner |Moonanp i
t g Lt 0 |
t Lt L M 1 256R |
5 i B i 3 | RESISTOR
¢ L H M 3 | LADDER |
t H oL oL 4
' H L H 5 | l
t H H L 6 | |
t H H H 7
H = high level I SWITCH I
L = low level | TREE | —
* = low-to-high-level transition | —
| 3STATE
= l ouTPUT [T\ 8BIT
— | LATCH |— { ouTPuT
. e | | comparator I BUFFER |—
—] AnALOG —
ANALOG -
INPUTS ") —] sw'“’”“* ' s |
—] I REGISTER |
— |
: A | 2
i i |
| CONTROL
| AND | R 56
3BIT J TIMING P
AT N— | | CONVERSION
——{DECODER [, Bk i, fo, sl Rl [l = prsll)
ADDRESS LOAD
CONTROL — B
cLock >
START .
CONVERSION >
OUTPUT =
CONTROL

operating sequence
r—lli-j

START \

CONVERSION __50% \22% s
be—et—twis)
ADDRESS LOAD g
conTROL  0%F 1 \50%
—t—=——%w(aLC)
je——=+ ADDRESS STABLE
ADDRESS 50% X | : 50%
bt
ANALOG INPUT :X i ANALOG VALUE
f—— INPUTSTABLE—
[ See Note A
MULTIPLEX 1 d
ST L ' ANALOG VALUE X -
b—ita—]
END OF 50%
CONVERSION H R5o%
—1d(EOC) —= |
[; teonv e
OUTPUT 50%
CONTROL d oo
el i PZX o p-tpxz
90
LATCH OUTPUTS 20% Lo
HI-Z STATE 10% 10%

NOTE A: Instant at which output is within 1/2 LSB of final value.
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LINEAR TYPES ADCO0816, ADCO817
INTEGRATED DATA ACQUISITION SYSTEMS

cl RC'."TS BULLETIN NO. DL-S 12672, DECEMBER 1979

e Total Unadjusted Error . .. +% LSB Max for N
ADC0816 and +1 LSB Max for ADC0817 PR CINA R e
(TOP VIEW)
e Resolution of 8 Bits U
3 ; INPUT 3 1 []40 INPUT 2
e 100 us Conversion Time INPUT 4 ZE 39 NPUT 1
e Ratiometric Conversion porurs ol 1% T
INPUT 6 4[ :]37 EXPANSION CONTROL
e Guaranteed Monotonicity INPUT 7 5] []36 ADDRESS A
No Missing C INPUT 8 6[] ()35 ADDRESS B
° o Missing Codes INPUT 9 7[] []34 ADDRESS C
e Easy Interface with Microprocessors iNBUTOA ) ]33 ADDRESS D
INPUT 11 9[ ]32 ADDRESS LOAD CONTROL
e Latched 3-State Outputs INPUT 12 10[] []31 2-1ms8
INPUT 13 11 30 2-2
e Latched Address Inputs INPUT 14 12E %29 2-3
e Single 5-Volt Supply END OF CONVERSION 13[] []28 274
INPUT 15 14 ] [127 25
e Low Power Consumption MUX OUTPUT 15[] 26 26
=]
e Designed to be Interchangeable with i CONVERS\',ZZ :jE Z :_e -
National Semiconductor ADC0816, ADCO817 0. zaror i 18] 23 Rer-
REF+ 19 []22 cLock
GND ZOE :]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).

functional block diagram
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 L
latched 3-state outputs from the SAR and el
latched inputs to the multiplexer address
decoder. The single 5-volt supply and low
power requirements make the ADCO0816

COMPARATOR REF+  REF—
INPUT G —

MUX OUTPUT
Mearr A/D

256R
RESISTOR

U

|
|
|
|
|
|
| SWITCH
|
|
|
|
|
|

A

LTl

ANALOG
WITCHES|

= e e e

TREE

| 3STATE

OUTPUT

LATCH

COMPARATOR BUFFER

8-BIT
ouTPUT

[TTTTTTT

SUCCESSIVE

APPROXIMATION
REGISTER

|
|
and ADCO0817 especially useful for a wide |
variety of applications. Ratiometric con- | * :
version is made possible by access to the — | |
A i 48IT | CONTROL
reference voltage input terminals. ADDRESS] —] AboRess | it ]
ADDRESS LOAD ] oo | oo:cg:sfon
CONTROL —P (R =1, ]
The ADC0816 and ADC0817 are N i
characterized for operation from —40°C cLock
START
to 85°C.
OUTPUT
CONTROL
Copyright © 1979 by Texas Instruments Incorporated
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TYPES ADCO816, ADCO817
DATA ACQUISITION SYSTEMS

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS LOAD EXPANSION ADDRESS ANALOG
CONTROL CONTROL D C B A CHANNEL
t B L L Lk L 0
£ H L &% L H 1
1 H L L H L 7)
t H L L H H 3
t H L H L L 4
* H L H L H 5
1 H L H H L 6
* H L H H H 7
1 H H A b i 8
t H H L L H 9
* H H L H L 10
$ H H L H H 1
t H H H L L 12
t H H H L H 13
% H H H H L 14
1 H H H H H 15
X L X X X X All channels OF F
H = high level, L = low level, X = irrelevant, t = low-to-high-level transition

operating sequence

I-—?/v«‘

START
CONVERSION

ADDRESS LOAD
CONTROL

ADDRESS 50%

50%

(e

bt tw(s)

——=——T(aLC)
fe-—=+ ADDRESS STABLE

X 50%

bt

ANALOG INPUT

MULTIPLEX
OUTPUT

END OF
CONVERSION

OUTPUT
CONTROL

LATCH OUTPUTS

! ANALOG VALUE
T

INPUT STABLE
Note A

|
'
|
h ANALOG VALUE
T

. AL

|
L
T
—t ]

] \50%

e

f—4(E0C) —={

—of

=

50% 4 50%

= !- PZX o p-tpxz
90% % 90%

HI-Z STATE

10%*—4 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 (SBENOIET)  &osvs v smamas SEmaEms S B s BEe B 5w 8 R as & 5 o & 5 con BBY
INDUL VO tAHE S CONERON TDMIIEL s, i wriv wimion: mianaissiaibions o Sovin S b0 5 AL o S 3 B0 BB 16 Rabind) T —0.3Vto15V

AllOYRCTHIPTES) . coiemers iossmmons s mamoassomsspsr i cmase svaso inncs e ol SO0, SIS GBS A5 —0.3VtoVce+0.3V
ContinuousTtotal dissIPAtION. s 6w 46 s e & 60 6B E ©E S S © @ SRS 55 S s S 6] s A e e b 500 mW
Operating*fregzair tOMPOTatUTEIFaNGR (@ 5 (e sy (o ous 57 ame: or 4 res/a witen ol 4325508 16, wbcib'al 105 30k WA i i —40°C to 85°C
Storage temperature ranNge . . . . . v v v vt vt i e BYE. e Sy . —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 10seconds . . ... ...t i i i innn s 260°C

NOTE 1: All voltage values are with respect to network ground terminal.
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TYPES ADCO816, ADCO817
DATA ACQUISITION SYSTEMS

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Voo 4.5 5 6 \
Voltage at top of 256R ladder, V ef+ Vee Vee 101 \Y
Voltage at bottom of 256R ladder, V gf_ 0 -0.1 \
Voltage across 256R ladder (see Note 2) 0.512 5.12 5.25 Y
Start pulse width, tyy(s) 200 ns
Address load control pulse width, ty(ALC) 200 ns
Address setup time, tg, 50 ns
Address hold time, ty 50 ns
Clock frequency, fciock 10 640 1200 kHz
Operating free-air temperature, T —40 85 °c
NOTE 2: For proper operation, the voltage across the ladder must be centered oniczL +0,1 V.,

electrical characteristics over recommended operating free-air temperature range, Vcc =4.75V t0 5.25 V
(unless otherwise noted)

total device

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
V|4 High-level input voltage Vec=5V Vee —1.5 \
ViL Low-evel input voltage Vec =5V 1.5 Vv
VoH High-level output voltage 1o = —360 A Vee —0.4 \
U Lovedavat : Data outputs lIp=1.6mA 0.45 v
-level output voltage
Ol EoREVELOTIRATES End of conversion |Ig=1.2mA 0.45
Off-state (high-impedance-state) Vo=5V 3
loz HA
output current Vo=0 -3
h Input current at maximum control input voltage| V| =15V 1 KA
liL  Low-level control input current V=0 —1 HA
\ =Vce. Viaf—=0,
Comparator input current Llig ce ref +0.5 +2 RA
fclock = 640 kHz, See Note 3
lcc Supply current felock = 500 kHz 0.3 1 mA
. Analog inputs 5 7.5
C; Input capacitance -~ pF
Control inputs 10 15
Co  Output capacitance, data outputs 5 7.5 pF
Ladder resistance from pin 19 to pin 23 1 4.5 kQ
analog multiplexer
PARAMETER TEST CONDITIONS MIN TYPt mAX |UNIT
] Ta=25°C 1.5 3
fon Channel on-state resistance R =10 k&2 = = k2
TaA=-40"Cto85C 6
Difference in on-state resistance
RL =10 kQ 75 Q
between any two channels
| Channel off-state current MEes el 1 s cis nA
off Ta=25°C Vi=0 —10 200

TTypical values are at Vo =5 V and Tp = 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 little temperature dependence,
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TYPES ADCO816, ADCO817
DATA ACQUISITION SYSTEMS

operating characteristics over recommended operating free-air temperature range, VCC = VREF+ =5V,
VREF— = 0V, analog input voltage = comparator input voltage (unless otherwise noted)

ADC0816 ADCO0817
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX [MIN TYPT MAX
Supply voltage Vee = Vief+ =475V 10 5.25 V
ki 5 0.05 0.15 0.05 0.15 %/V
svs sensitivity A= —40°C to 85°C, See Note 4 /
Linearity error +0.25 +0.5 105 4 LSB
(see Note 5)
Zero error (see Note 6) +0.25 0.5 +0.25 +0.5| LSB
e 1025 0.5 £0.25 :0.5| LSB
(see Note 7)
Total unadjusted Ta=25C +0.25 *0.5 +0.5 +1 .
error (see Note 8) T = —40°C to 85°C +0.75
Resolution
(quantization) error :05 +05| LsB
(see Note 9)
Overall error Ta=25°C +0.75 1 1 #15 HEH
(see Note 10) Ta=—40°C t0 85°C +1.25
Delay time, address
load control t Rg + Ron < 5 k92, CL =10 pF,
tq Sy 50N R 1 25 1 25| ws
analog multiplexer Pin 15 connected to pin 18
output
tpzX Output enable time CL= 50 pF, See Note 11 1256 250 125 250 ns
CL=10pF R =10 k&2,
Pz Output disable time S:e Note"1 1’ L 125 250 1256 250 | s
tconv Conversion time felock = 640 kHz, See Note 11 90 100 114 | 90 100 114 M
Del i
elay time, Glcke
td(EOC) end of conversion 1 8 1 8 P—_—
output

t Typical values for all except supply voltage sensitivity at Voc = 5 V, and all are at T4 = 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 V e¢4 are varied together and the change in accuracy is 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.
. 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.

o

8. Total unadjusted error is the maximum sum of linearity error , zero error, and full-scale error,
9. Resolution error is the +% 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 ADCO816, ADCO817
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. Qutput 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 %2 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 dc 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+

CONTROiFROHSAR
peepobioo tieesesid
! 112R '
|
! |
| ° |
L]

| . __ s [

: : \}‘:'mmuuon
° =) ]

| ° |

| ° |

| T |

| |

L d

REF—

FIGURE 1-256R RESISTOR LADDER AND SWITCH TREE
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LINEAR
INTEGRATED

TYPES MC1545, MC1445
GATE-CONTROLLED

CIRCUITS 2-CHANNEL-INPUT VIDEO AMPLIFIER

BULLETIN NO. DL-S 12742, JANUARY 1980

e Differential Inputs and Outputs
e Channel Select Time . .. 20 ns Typ
e 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.

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

e 16-dB Minimum Gain
e Common-Mode Rejection Typically 85 dB
e Broadband Noise Typically 25 uV

MC1545 . ..J DUAL-IN-LINE OR
W FLAT PACKAGE
MC1445...J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW)

NC NC NC NC NC  Veer Veco
" 13 12 n 0 9 8

o g

1 2 3 4 5 ] 7

INV GATE  NON- INV NON- INV NON-
OUTPUT INV INPUT  INV  INPUT  INV
INPUT B INPUT A OUTPUT
B

NC — No internal connection

MC1545 MC1445 | UNIT

Supply voltage Vcc+ (see Note 1) +12 +12 \%

Supply voltage Vcc— (see Note 1) —-12 -12 Vv

Differential input voltage (see Note 2) +5 x5 \%

Output current +25 +25 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) 675 675 mW
Operating free-air temperature range —55t0 125 0to 75 e
Storage temperature range —651t0 150 |—-65t0 150| °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W package 300 300 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 260 *C

NOTES: 1. Voltage values, except differential input voltage, are with respect to the midpoint of Vg4 and Veg—.

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, MC1545 chips are alloy -

mounted; MC1445 chips are glass-mounted.

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 DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 675mW 11.0mW/°C  89°C
J (Glass-Mounted Chip) 675 mW 82mwW/°C  68°C
N 675mW  9.2mW/°C  77°C
W 675 mW 8.0 mwW/°C 66°C

PACKAGE

Also see Dissipation Derating Curves in Section 2.

electrical characteristics at Vcc+=5V, Vgc—=-5V, Ta =25°C

MC1545 MC1445
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [MIN TYP MAX

Large-signal-single-ended

Avs T =125 kHz, Vi=20mV 16 19 21 16 19.5 23 dB
voltage amplification

BW Bandwidth Vi=20mV 40 50 50 MHz

Vio Input offset voltage 1 5 7:5 mV

llo Input offset current 2 2 KA

1B Input bias current 15 25 15 30 uA

VIiCcR Common-mode voltage range £2.5 +2.5 \

vpEg omam peckiopask f =50 kHz, RL =1k 1.5 25 15 25 v
output voltage swing

Z; Input impedance f =50 kHz 4 10 3 10 k&

CMRR  Common-mode rejection ratio f =50 kHz 85 85 dB
Broadband equivalent input BW =5 Hz to 10 MHz,

Vn . 25 25 uv
noise voltage Rs =50 2

VTH High-level gate threshold voltage Ays(a) = 16 dB, Ays(B) < 0dB 1.5 22 1.3 3 \4

V1L Low-level gate threshold voltage Ays(g) > 16 dB, Ays(a) < 0dB 04 0.7 02 04 \

IIH High-level gate current V=5V 2 4 LA

hL Low-level gate current V=0V 25 4 mA

Propagation delay time,
T Lty g AV =20mV, 50% to 50% 65 10 65 ns
low-to-high-level output

Propagation delay time,

tPHL ———— AV =20mV, 50% to 50% 6.3 10 6.3 ns
tTLH Transition time, low-to-high-level AV =20mV, 10% to 90% 6.5 15 6.5 ns
tTHL Transition time, high-to-low-level AV|=20mV, 10% to 90% 7 15 7 ns
lcc+ Supply current from Voo+ No load, No signal 7 11 7 15 mA
lcc— Supply current from Voo— No load, No signal -7 -1 -7 —-15 | mA
Pp Power Dissipation No load, No signal 70 110 70 150 mW
180
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LINEAR
INTEGRATED
CIRCUITS

TYPES MC3523, MC3423
OVERVOLTAGE-SENSING CIRCUITS

BULLETIN NO. DL-S 12611, APRIL 1978

e Commercial and Military Temperature
Ranges Available

e Separate Outputs for “Crowbar”” and Logic
Circuitry

e Programmable Time Delay to Eliminate
Noise Triggering

e TTL-Level Activation Isolated from
Voltage-Sensing Inputs

e 2.6-Volt Internal Voltage Reference with
Temperature Coefficient Typically 0.08%/°C

description

MC3523..... JG
MC3423..... JGORP
DUAL-IN-LINE PACKAGE
(TOP VIEW)
INDICATOR
OUT- REMOTE
OUTPUT VEE  PUT ACTIVATE
8 T1161]5
1{12]]13]]4
Vcc 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

&

Vce
(1)

T

CURRENT
SOURCE
(4) CURRENT
SOURCE
VREF~ 2.6V &
SENSE 1 2) /
3
SENSE 2 B,
(8 OUTPUT

Im

VEE

(5) (6)
REMOTE INDICATOR
ACTIVATE OUTPUT

079

Copyright © 1978 by Texas Instruments Incorporated
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TYPES MC3523, MC3423
OVERVOLTAGE-SENSING CIRCUITS

absolute maximum ratings

Supply voltage, Vg (see Note 1) 40V
Sense 1 voltage 6.5V
Sense 2 voltage 6.5V
Remote activate input voltage s a AV
QOutput current, | g e a1 p 300 mA
Continuous dissipation at (or below) 25 C free -air temperature (see Note 2) M03523JG ........... 825 mW

MC3423IG| . . =i v v o s 3 1000 mW

P package. ;o 54 @ & v b 1000 mW
Operating free-air temperature range: MC3423 ' ' 0°C to 70°C

. —55°C to 125°C
. —65°C to 150°C

MC3523
Storage temperature range

NOTES: 1. Voltage values are measured with respect to the Vg g terminal.
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

MIN MAX UNIT
Supply voltage, Veg - - - . TR F W E B E S S S 4.5 40 \%
High-level input voltage, remote activate mput T R B S 2 \Y)
Low-level input voltage, remote activate input 5 E F B R mG o RE R E P s 05 \Y
electrical characteristics over operating free-air temperature range, VcCc =5V to 36 V
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Output voltage T;rzo::;c:;ate w2V Vee—22V  Vec-18V \"
Indicator low-level output voltage Remote activate 2V, 0.1 0.4 Y
Io=1.6mA
Threshold voltage at either sense input Ta=25°C 245 26 2.75 \Y
Temperature coefficient at input threshold voltage 0.06 %/°C
Source current (pin 4) Sense 1at3 V,Pin4at1.3V 0.1 0.22 0.3 mA
High-level input current, remote activate input Vee=5V; V| 2V 5 40 HA
Low-level input current, remote activate input Vec=5V, =08V —-120 —-180 HA
Supply current it Outputs open c . mA
MC3523 5 7
Propagation delay time, remote activate input to output | Ta =25°C 0.5 us
Output current rate of rise Ta=25°C 400 mA/us
DISSIPATION DERATING TABLE
POWER DERATING ABOVE
PACKAGE
RATING FACTOR TaA
JG (Alloy-Mounted Chip) 1050 mW 8.4 mW/C 25°C
JG (Glass-Mounted Chip) 825 mW 6.6 mW/°C 25°C
P 1000 mW 8mw/°C 25°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR TYPES SE555, NEbBS5

INTEGRATED PRECISION TIMERS
CIRCUITS

BULLETIN NO. DL-S 12053, SEPTEMBER 1973—REVISED OCTOBER 1979

e Timing from Microseconds to Hours

e Astable or Monostable Operation

[ ] Adjustab|e Duty Cycle JG OR P DUAL-IN-LINE PACKAGE
(TOP VIEW)
e TTL-Compatible Output Can Sink or
Source up to 200 mA CONTROL

DIS- THRES-VOLT-

e Designed to be Interchangeable with e

Signetics SE555/NE555 81T 6][]5

description B

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- 1 2 3 4
ternal resistor and capacitor network. In the astable GND TRIG. OUT. RESET
mode of operation, the frequency and duty cycle GER PUT

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 Vgg. 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 functional block diagram
goes low. The reset input can override all other inputs

and can be used to initiate a new timing cycle. When Vi R —

the reset input goes low, the flip-flop is reset and the = - -
output goes low. When the output is low, a low- ::

; - 3 : R

impedance path is provided between the discharge @

& THRESHOLD (3)
terminal and ground. comp d ouTPUT
The output circuit is capable of sinking or sourcing J8 R o
current up to 200 milliamperes. Operation is specified b FLIP-FLOP
for supplies of 5 to 15 volts. With a 5-volt supply, ) s
output levels are compatible with TTL inputs.

TRIGGER 2 G
s
SR
[e}}
m m
GND DISCHARGE
Copyright © 1979 by Texas Instruments Incorporated
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TYPES SE555, NE555
PRECISION TIMERS

schematic
Vce 8 o ° o o =
S
4.7k < 1k
A | '
b 5k :: K
¢ 39kS
6 =
THRESHOLD {_{4 E \'r 3:10k &2 outeut
id
CONTROL _(5) ]
VOLTAGE
<§5 k Yook ‘
(2) L
TRIGGER
4 [
RESET (4’—{: y 1{3,{
7
DISCHARGE i [ r |
3
cn; ]"" 310k 3100k 5k a7k
GROUND — ’; . &
100
Resistor values shown are nominal and in ohms.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’
Supply voltage, Vcc (see Note 1) P 18V
Input voltage (control voltage, reset, threshold, trlgger) . Vece
Output current : W s 1225 mA
Continuous total dlsslpatlon at (or below) 25 C free -air temperature (see Note 2) T . 600 mwW
Operating free-air temperature range: SEBBD! oo m o w ov @ m s W5 B S 5 5 W & am & F —55 Cto 125°C
NES55 . . w5 ow E W oE W s W e w 0°C to 70°C
Storage temperature range . . .. .. ..... —65Cto150°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 network ground terminal.

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, SE555 chips are alloy-

mounted, NE5S55 chips are glass-mounted,

recommended operating conditions

SE555 NES55 UNIT
MIN NOM MAX [MIN NOM MAX
Supply voltage, Vcc 4.5 18 4.5 16 \%
Input voltage, V| (control voltage, reset, threshold, trigger) Vce Vee|l V
Output Current, Ig +200 +200| mA
Operating free-air temperature, Ta —55 125 0 70| °C
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TYPES SE555, NE555
PRECISION TIMERS

electrical characteristics at 25° C free-air temperature, Vgc =5 V to 15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS SEtbh NEg S 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 MA
Vee=15V 4.8 5 5.2 5
Trigger voltage level ce \
Vee=5V 145 1.67 1.9 1.67
Trigger current 0.5 0.5 MA
Reset voltage level 0.4 0.7 1 0.4 0.7 1 \%
Reset current 0.1 0.1 mA
Control voltage Vec=15V 9.6 10 104 9 10 11 v
(open-circuit) Vec=5V 29 3.3 3.8 2.6 3.3 4
loL=10mA 04 .015 0.1 0.25
loL =50 mA 0.4 0.5 04 0.75
Vee=15V o)
loL = 100 mA 2 2.2 2 2.5
Low-level output voltage \
loL = 200 mA 2:5 25
| =5mA i 0.3
Vg5V oL 0.25 5
loL=8mA 0.1  0.25
loH = —100 mA 13 133 12175 133
. Vee=15V
High-level output voltage IoH = —200 mA 12.5 12.5 A\
Vee=5V loH = —100 mA 3 33 2.75 3.3
Output low, Vee=15V 10 12 10 15
No load Vee=5V 3 5 3 6
Supply current - cc mA
Output high, Vec=15V 9 11 9 14
No load Vee=5V 2 4 2 5

NOTE 3: This parameter influences the maximum value of the timing resistors R and Rpg in the circuit of Figure 13. For example when
Vce = 5 V the maximum value is R = Rp+Rg ~ 20 MQ2.

operating characteristics, Vcc =5 V and 15 V
SES555 NE555
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX [MIN TYP MAX
trirtal eregrot Ra =1 k€2 10 100 k&, Tp = 25°C 05 2 1 i
timing interval
Temperature coefficient Ta =MIN
Rp =0 to 100 kQ 30 100 50 m/°C
of timing interval B=vto * | to MAX EE
S | It: itivi
HEpLVVD geisensl Ity C=0.1uF Ta = 25°C 005 0.2 0.1 %IV
of timing interval
Output pulse rise time . 100 100 ns
- CL = 15pF, Ta =25°C
Output pulse fall time 100 100 ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 600 mW 8.4 mW/°C 79°C
JG (Glass-Mounted Chip) 600 mW 6.6 mW/°C 59°C
P 600 mW 8.0 mW/°C 75°C

Also see Dissipation Derating Curves, Section 2.

FIGURE 1

TExAs INSTRUMENTS

INCORPORATED

283

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES SE555, NE555
PRECISION TIMERS

LOW-LEVEL OUTPUT VOLTAGE
vs
LOW-LEVEL OUTPUT CURRENT

TYPICAL CHARACTERISTICST

LOW-LEVEL OUTPUT VOLTAGE
vs

LOW-LEVEL OUTPUT CURRENT

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

10 10 10 =
7FVec=5v 7EVec=10V 7TEvec=15V
> L} >1 4 —T > 4
I mansy ) ) ey
g’ === I |
S 1E==Ta=-55°C i — z 0 S 1
5 07 1 H A g ——== 5 07
i3 —Ta=26°C T4 = 125°c T H -3
s 04(—'A Ta=125"C110 3 04 5 04
<} = <)
- 3 -
3 02 5 E 0.2 T 0.2
§ 07 3 0w 2 007 fTA=1257C3
!, 004 3 004 1, 0.04
o > <] == T
> 0.02 0.02 | > 002 -
0.01 \ 0.01 | 0.0 |
1 2 4 710 20 40 70100 1 2 4 710 20 40 70100 1 2 4 710 2 40 70100
IoL—Low-Level Output Current—mA loL—Low-Level Output Current—mA lgL—Low-Level Output Current—mA
FIGURE 1 FIGURE 2 FIGURE 3
MINIMUM PULSE WIDTH REQUIRED
FOR TRIGGERING
DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT SUPPLY CUKnew | vs
vs vs LOWEST VOLTAGE LEVEL OF
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE TRIGGER PULSE
20 TTTTT 10— 150
o 17 Output low, No load
18i==—pTA=b.Ch - No load .
T L Lt 8 ¢ 125
e Ta=25%c][l _—+— g Ta=25°C b
s v 7 L 2 100
Er L d §¢ 3 Ta=-55°C_L—|
;5 1o Ta=125°Cl .| _—— 3 (g
; z E 75 A0l
X a E L~
co8 S 4t o =
7 i AT ) TA=25°C ]
=]
8 0.6 8 41' —T '\c_ [ —1 = =
= =3 TA=125°C £
: Vec=5Vto 15V 3 5 \ rTA=|25"C_"
02 = !
[ [T a7 |
0 0 0 1 s
1 2 4 7 10 20 40 70100 5 6 7 8 9 10 11 12 13 14 15 0 0.1xVee 02xVge 0.3xVee  0.4xVoe
IoH—High-Level Qutput Current—mA Vec—Supply Voltage—V Lowest Voltage Level of Trigger Pulse
FIGURE 4 FIGURE 5 FIGURE 6
NORMALIZED OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE WIDTH PROPAGATION DELAY TIME
(MONOSTABLE OPERATION) (MONOSTABLE OPERATION) vs
vs vs LOWEST VOLTAGE LEVEL
SUPPLY VOLTAGE FREE-AIR TEMPERATURE OF TRIGGER PULSE
5 1015 1.015 T 300
o 9 Vec=10V
= w0
% 1.010 < 1010 ? 250
> e g
Z = E .2
S 1005 5 100 = 200 Ja=0C
= | — = — 2 TA=-855°C
S > ™~ Q | 4+
2 1.000 2 1.000 — & 150 =
] 5 T O s ) 9" g L
£ 0995 £ 0995 S 100 L
—
ﬁ; % 1 _///R FTA =l70°c
s g
3 0990 i 0.990 = 50 O I
2 L | Ta=125°C
& & | | -
0.985 0.985 0
0 5 10 15 20 -7 -60 -25 0 25 50 75 100 125 0 0xVge 02xVee 0.3xVoe 0.4xVee

Vce—Supply Voltage—V

FIGURE 7

Ta—Free-Air Temperature—°C

FIGURE 8

Lowest Voltage Level of Trigger Pulse

FIGURE 9

T Data for temperatures below 0°C and above 70°C are applicable for SE555 circuits only.
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TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA

- RA=9.1k02
monostable operation 253'?1 e
I~ Seo Figure 11

Vee (BVto 15V)

1 1 1 |
(4) I (8) RL RA % INPUT VOLTAGE
RESET Vee @) S
(2) OUTPUT OUTPUT & ey —n s =
INPUT —— TRIGGER )
SE555/NE555 i) E’
DISCHARGE >°
(5) |CONTROL OUTPUT VOLTAGE
VOLTAGE THRESHOLD (6) / /‘ )A
0.01 uF GND == / /
I __L(n /

- CAPACITOR VOLTAGE

Time—0.1 ms/div
FIGURE 10—CIRCUIT FOR MONOSTABLE OPERATION 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 (@ 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 @ 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- u

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 Q1, the output pulse width is

approximately ty, = 1.1 RAC. Figure 12 is a plot of 10
the time constant for various values of Rp and C. The
threshold levels and charge rates are both directly
1 / /

proportional to the supply voltage, Vcc. The timing
interval is therefore independent of the supply
voltage, so long as the supply voltage is constant
during the time interval.

Applying a negative-going trigger pulse 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

. i 4
should be connected to Vgc to prevent false
triggering.

102
0.001  0.01 0.1 1

tyw—Output Pulse Width—s

-

0 100
C—Capacitance—uF

FIGURE 12—OUTPUT PULSE WIDTH vs CAPACITANCE
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TYPES SE555, NE555
PRECISION TIMERS

astable operation

TYPICAL APPLICATION DATA

RAkldkﬂ !
R=3ka
Vee (5V to 15V) —g:g.:iﬂﬁ
See Figure 14
(4)| (8) RL RA
RESET Vce
(2) OUTPUT 3) OUTPUT
TRIGGER 2
>
SE555/NE555 i
piscHARGE {2 H
>
t
OPEN _ (5) IcONTROL i T
(See Note A) VOLTAGE  THRESHOLD (6) ot o OUTPUT VOLTAGE
GND ~cC /\ /\ /\ /\
I /AN AN
+ /T VIVIVY]N
NOTE A: Decoupling the control voltage input (pin 5) to APACITOR VOLTA
ground with a capacitor may improve operation,

This should be evaluated for individual applications. Time—0.5 ms/div
FIGURE 13—CIRCUIT FOR ASTABLE OPERATION FIGURE 14—TYPICAL ASTABLE WAVEFORMS

Addition of a second resistor, Rg, 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 Rp then discharge through Rp only. The duty cycle may be controlled, therefore, by the values
of Ra and Rp.

This astable connection results in capacitor C charging and discharging between the threshold-voltage level
(~0.67-Ve) and the trigger-voltage level (~0.33-V(). 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 t| may be found by:

100 k

tH = 0.693 (RA + Rp) C

Output driver d le = - = o
utput driver duty cycle = YEETH = RA + 2RB

tL =0.693 (Rp) C T 10k
|
>
Other useful relationships are shown below. 2
g 1k
o
period = tH4 + t|_ = 0.693 (RA + 2RB) C &’
(=2
frequency ~ . . S £ 10
quency ™ TRa + 2Rp) C g
x
&
T

BN
S

Output f dut | 1 1 2B
utput w. = 2=
p aveform duty cycle T RA +2Rp 0.1
. . t Rg 0.001  0.01 0.1 1 10 100
Low-to-high ratio —T —m C—Capacitance—uF

FIGURE 15—FREE-RUNNING FREQUENCY
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TYPES SE555, NEb55
PRECISION TIMERS

TYPICAL APPLICATION DATA

missing-pulse detector LVCCLSV
RA=1k2
C=0._1 uF
Vce (5Vto 15 V) sk
I————«L
(4) (8) RL RA
INPUT RESET  Vce - 5 | I
(2) OUTPUT OUTPUT S INPUT VOLTAGE
TRIGGER s
|
SE555/NE555 - &
DISCHARGE =
>
(5) |CONTROL OUTPUT VOLTAGE
l VOLTAGE  THRESHOLD |8
0.01 uF GND ] /
i T Aamuas
e ind { ; i CAPACITOR VOLTAGE
K) A5T3644 [ |
= 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=5V
RA = 1250
}—C=0.02 uF

RL=1kQ

See Figure 11
= 4
) INPUT VOLTAGE
<
> "2
o
|
L
(=
©
g
o
>

OUTPUT VOLTAGE
4 /A %
CAPACITOR VOLTAGE

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

RA=3ka %
Vee (5V to 15 V) B
See Figure 2(
~
| RL RA Nl
(4) (8) 1 1
MODULATION INPUT VOLTAGE
RESET vce @)
P 2
cLock _(2)|tRigGeR e SRR 3
INPUT >
SE555/NE555 e
DISCHARGE (7) é CLOCK INPUT VOLTAGE
&
S
MODULATION (5) |coNTROL E
ol VOLTAGE  THRESHOLD |{€)
(See Note A)
== Uy U
G-NL(D) ]\C OUTPUT OLT:GE
1
= = } l / 4l
NOTE A: The modulating signal may be direct or capaci- AAA
tively coupled to the control voltage terminal. For [ CAPACITOR VOLTAGE
direct coupling, the effects of modulation source Time—0.5 ms/div

voltage and impedance on the bias of the
SE555/NE555 should be considered.

FIGURE 19—CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 20—PULSE-WIDTH-MODULATION WAVEFORMS
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 19 is a circuit for
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage
is modulated by a control signal. The resultant effect is a modulation of the output pulse width, as shown in Figure 20.
A sine-wave modulation signal is illustrated, but any wave-shape could be used.

pulse-position modulation

Vee (5Vto 15V RIS

e il s

[CRL=1kQ

See Figure 22
f R
@] ®) LE $RA L~ N
RESET Vi
COCUTPUT 8 (o] ™
(2) UTPUT 2
———TRIGGER T ODULATION INPUT VOLTAGE
>
SE555/NE555 - ~
DISCHARGE qlx
g
MODULATION  (5) |conNTROL @ R 8
INPUT VOLTAGE
(See Note A) THRESHOLD
GND ~C OUTPUT VOLTAGE
(1)
Il AdA Vi 4
NOTE A: The modulating signal may be direct or capaci- V W /MM
tively coupled to the control voltage terminal. For
direct coupling, the effects of modulation source A AC‘TQRLVOLTlce

voltage and impedance on the bias of the Time—0.1 ms/div
SE555/NE555 should be considered.
FIGURE 21-CIRCUIT FOR PULSE-POSITION MODULATION FIGURE 22—PULSE POSITION-MODULATION WAVEFORMS

The SE555/NE5S55 may be used as a pulse-position modulator as shown in Figure 21. In this application, the threshold
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows such a circuit, with a
triangular-wave modulation signal, however, any modulating wave-shape could be used.
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TYPES SE555, NEb5S
PRECISION TIMERS

TYPICAL APPLICATION DATA
sequential timer

vee
@ I (L S—" | M. S asia @ | ; l® Sk
RESET _ Vce $ RESET  vec | <8 RESET __ VCC (3)1’
3) | |
2 2 2 oUTPUT
BB iinin g (QUIRUT 1 @ rigeen  OUTPUT | el TRIGGER
s SE555/NE5G55 7 0.001 SE555/NES55 . 0.001 SE555/NES55 |(7)
DISCHARGE H1lg uF DIsCHARGE }Zlg uF DISCHARGE —
5) |CONTROL ©) (5) |coNTROL (5) |CONTROL ©)
VOLTAGE  THRES- THRES- |(6) VOLTAGE  THRES. |(6
oo HOLD —‘L VOLTAGE T io[—® HOLD _j'
_ I GND | GND
0.01 ca | 0.01 L - cc
uF T T« T (1) T2« T T T
Ca=10uF . Cc=14.7 uF
Ra = 100 k2 = Re = 100 ka2
OUTPUTA CB=47uF OUTPUT B OUTPUT C

S closes momentarily at t = 0. R = 100 kQ

FIGURE 23—SEQUENTIAL TIMER CIRCUIT

Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such
as test equipment require activation of test signals in sequence. 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.

T
See Figure 24
OUTPUT A  fe-tyA twA = 1.1 RACA
twB
]
=
§ OUTPUT B twB = 1.1 RgCp
[Te}
|
)
S
S
>
OUTPUT C et-1,,c —» twc=1.1RcCe
fe——1t=0
t—Time—1 s/div

FIGURE 24—SEQUENTIAL TIMER WAVEFORMS
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LINEAR TYPES SE556, NE556
INTEGRATED DUAL PRECISION TIMERS

CIRCI."TS BULLETIN NO, DL-S 12609, APRIL 1978
SE556 ....J
NE556....JORN

o - A DUAL-IN-LINE PACKAGE (TOP VIEW)
e Two Precision Timing Circuits per Package

TIMER 2
e Astable or Monostable Operation
° ﬂL-C:)gopatK)Ie Output Can Sink or Source Vie ol ’:;fg%“ms, Qe
up to m
e Active Pull-up and Pull-Down
e Designed to be Interchangeable with Signetics
SE556/NE556
APPLICATIONS
CHARGE HOLD TROL ' PuT o
Precision Timer from volTAG
Microseconds to Hours TIMER 1
Sequential Timer
Pulse-Shaping Circuit functional block diagram of each timer
Pulse Generator v VoutAgh
Missing-Pulse Detector N el
Tone-Burst Generator s
Pulse-Width Modulator "
Time-Delay Circuit g o oo e
Frequency Divider B o
Pulse-Position Modulator - B e
Appliance Timer i FLIP-FLOP
Touch-Tone Encoder ¢ :
Industrial Controls TRIGEE cow
3n
‘ N ﬂ
description
GND DISCHARGE

The SE556 and NE556 provide two monolithic, independent timing circuits of the SE555/NE5S55 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 SEB56 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, Vo (see Note 1) . . . . s ol e baSndlbwidr nerpi sl JIBY
Input voltage (control voltage, reset, threshold tngger) 2 I ErER Y TR gt D BE S B AVCE
Output current . . . v ow e o ow e om o owe E208 A
Continuous total dnssmataon at (or below) 70 C free -air temperature (see Note 2) e e e e e . . . 600 MW
Operating free-air temperature range: SE556 . . . . . . . . . . . . ... .. ... =—55°Cto125°C

NEESB 4w s o5 @ % o5 5@ s 5+ @¢ 8: =@ 06706
Storage temperature range . . . . . e e e e . . . ..... —85°Cto150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J package sw s owm s owm o w8 @ #800°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package R e (1 o

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.

Copyright © 1978 by Texas Instruments Incorporated
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TYPES SE556, NE556
DUAL PRECISION TIMERS

recommended operating conditions

SE556 NE556
MIN NOM MAX | MIN NOM MAX UNIT
Supply voltage, Vcc 4.5 18 45 16 \%
Input voltage, V| (control voltage, reset, threshold, trigger) Vece Vee Vv
Output Current, Ig +200 +200 mA
Operating free-air temperature, TA —55 125 0 70 °c
electrical characteristics at 25°C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted)
PARAMETER TEST CONDITIONS S L UNIT
MIN TYP MAX | MIN TYP MAX
Threshold voltage level as a 665 66.7 %
percentage of supply voltage
Threshold current (see Note 3) 30 100 30 100 nA
) Vee =15 V 48 5 52 5
Trigger voltage level \
Vec =5V 145  1.67 1.9 1.67
Trigger current 0.5 0.5 MA
Reset voltage level 0.4 0.7 1 0.4 0.7 1 \V
Reset current 0.1 0.1 mA
Control voltage Vee=15V 9.6 10 104 9 10 1 v
(open-circuit) Ve =5V 2.9 3.3 3.8 2.6 33 4
loL = 10 mA 0.1 0.5 0.1 0.25
loL = 50 mA 0.4 0.5 04 0.75
Vee=18 V
loL = 100 mA 2 225 2 2075
Low-level output voltage oL = 200 mA 25 5% \%
L loL =5 mA 0.25 0.35
loL =8 mA 0.1 0.25
IOH = —100 mA| 13 133 12.75 13.3
: Vee=15 V
High-level output voltage IoH = —200 mA 125 125 \%
Vee=5V IoH = —100 mA 3 3.3 2.75 3.3
Output low, Vce = 15 V 10 11 10 14
Supply current No load Vec=5V 3 5 3 6 o
(average per timer) Output high, Vee=15V 9 10 8 13
No load Vee=5V 2 4 2 5

NOTE 3: This parameter influences the maximum value of the timing resistors R 5 andrFiB» in the circuit of Figure 13 on page 286. For example,
when Vee = 5 V the maximum valueis R = Ry + Rg ~ 20 M,

monostableT operating characteristics, Vcc =5 V and 15 V

PARAMETER L peE PEShS UNIT
CONDITIONSf [MIN TYP MAX | MIN TYP MAX
Initial error of Each timer N 0.5 1.5 1
timing interval § Timer 1 — Timer 2 Ta=25C $0.05 0.1 01 w02 ] *
Temperature coefficient Each timer Ta = MIN to 30 100 50
of timing interval Timer 1 — Timer 2 MAX +10 +10 Emmi™G
Sup‘pl\{ vo!tage sensitivity Eéch timer : T = 25°C 0.05 0.2 0.1 %V
of timing interval Timer 1 — Timer 2 +0.1 +0.2 +0.2 10.5
Qutput pulse rise time CL =15 pF, 100 100 ns
Output pulse fall time Ta=26"C 100 100 ns
tValues specified are for a device in a monostable circuit similar to Figure 10 on Page 285, with compenent values as follow: Rp = 2 k£2,

C=0.1uF.

iFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
§Tirning interval error is defined as the difference between the measured value and the nominal value computed by the formula: t,, = 1.1 FlAC.
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LINEAR TYPE TL170C

INTEGRATED !
CIRCUITS SILICON HALL-EFFECT SWITCH

BULLETIN NO. DL-S 12588, DECEMBER 1977—REVISED FEBRUARY 1979

e Magnetic-Field-Sensing Hall-Effect Input LP SILECT! PACKAGE
e On-Off Hysteresis TOP VIEW
e Small Size
. Vee
e Solid-State Technology
GROUND
e 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 TL170C is characterized for operation over the temperature range of 0°C to 70°C.

FUNCTIONAL BLOCK DIAGRAM

Vi

QO vee
] SRR 1 T FUNCTION TABLE (Tp = 25°C)
| [ { : . b FLUX DENSITY OUTPUT
LA TRANSISTORS S
: SILICON | outPuT | scas 2 mT Off_
| HALL-EFFECT SIGNAL CONDITIONING | ;z:jfyss —25mT <B<25mT Undefined
l SENSOR AND HYSTERESIS l > 25 mT on
| |
|
s = |
L

_____________ l ]
GROUND
mechanical data u

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 MIL-STD-202C, Method 1068B.

SEATING PLANE 0.165 (4,19)
0.050 (1,27) — 0.125 (3,17)
(see Note b) 0.105 (2,67) 0.105 (2,67)
0.080 (2,03) w14 0.080 (2,03)
3 =~
0.205 (5.21) 0.135 (3,43)
0175 (4,48) DA N T = = = . #—
& ! = T .
0.100 + o.oosf
0210 (5,34) _| 254013 ~ ¥ |
0.170 (4,32)
0,500 (12,7) MIN 0,050  0.005 | A
(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 TO-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, Vg (seeNote 1) . . . . . . . . . L L Lo e e o TV
Output voltage T 30V
Outputicurrent: & « « 4 w 4 = = 20 mA
Operating free-air temperature range . 0°C to 70°C
Storage temperature range . . . . . . . . . . . —65°C to 150°C
Magnetic flux density . . . . . . . . . . . . unlimited
NOTE 1: Voltage values are with respect to network ground terminal.
electrical characteristics at specified free-air temperature, Vg = 5 V + 5% (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Threshold of positive-going 25°C 25
BT+ . . S S mT§
magnetic flux density T 0°C to 70°C 35
Threshold of negative-going 25°C -251
BT— ; . 5 5 mT§
magnetic flux density ¥ 0°C to 70°C -351
BT+—BT_  Hysteresis 0°C to 70°C 20 mT$
10H High-level output current VoH =20V 0°C to 70°C 100 kA
VoL Low-level output voltage Vec=4.75V, lgL=16mA [0°Cto70°C 0.4 \Y
lcc Supply current Veo=625V |umutlow oo 070°C 8. wa
Output high 4

TThreshold values are those levels of magnetic flux density at which the output changes state. For the TL170C, a level more positive than B+

causes the output to go to a low level and a level more negative than By _ causes the output to go to a high level. See Figures 1 and 2.

§Tha unit of magnetic flux density in the International System of Units (S1) is the tesla (T). The tesla is equal to one weber per square meter.

Values expressed in milliteslas may be converted to gauss by multiplying by ten,

9§ The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold levels

only.
BN MIN BT MAX BT+
at 25°C at 25°C
) . ' £ Py Iy /
= S BT— B BT— B BT— Br+!
Vo l T T+ Von—ET . r+ viii LET. it
" i off off off |
1A 4 4
! |
! I
| j&— 20 mT —» 1420 mT: —20 mT— |
! I
: v 4 :
on BT— on on %
k. Vou_ °T VoL ~—VoL
The north pole of a magnet is the pole -25 0 0 0 25
that is attracted by the geographical B (mT) B (mT) B (mT)

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

The positive-going threshold (Bt4) may be a negative or positive B level at which a positive-
going (decreasing negative or increasing positive) flux density results in the TL170 output turn-
on. The negative-going threshold is a positive or negative B level at which a negative-going (de-
creasing positive or increasing negative) flux density results in the TL170 turning off.

FIGURE 2—REPRESENTATIVE CURVES OF Vo vs B
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LINEAR TYPE TL172C
INTEGRATED NORMALLY OFF SILICON HALL-EFFECT SWITCH

c' Rcu lT BULLETIN NO. DL-S 12643, AUGUST 1977—REVISED FEBRUARY 1979

® Magnetic-Field-Sensing Hall-Effect Input LP SILECT! PACKAGE

e  On-Off Hysteresis ——

e Small Size

e Solid-State Technology Vee

e Open-Collector Output GROUND

e Normally Off Switch OUTPUT
description

The TL172C 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 TL172C 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 TL172C is characterized for operation over the temperature range of 0°C to 70°C.

TL172C FUNCTIONAL BLOCK DIAGRAM

? Vee
e TN LUI| [N ey T
I DTL
I [ RTL
MOS
| TRANSISTORS
2
| SILICON ?fmscs
| HALL-EFFECT SIGNAL CONDITIONING Abive
| SENSOR AND HYSTERESIS
| C -
lGROUND

mechanical data n

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 MIL-STD-202C, Method 106B.

SEATING PLANE —

0.165 (4,19)
- 0.050 (1,27) — 0125 (3,17)
{see Nota b} 0.105 (2,67) ___ 0.105 (2,67)
0.080 (2,03) il4 0.080 (2,03)
0205 (5,21) = B
9206 (6.21) 0.135 (343
a7 aam 0A. O RAN L e = = - =
j. = | >
0.100+ o.oosf
0.210 (5,34) _| (2,54£0,13) r
0.170 (4,32) 0,500 (12,7) MIN 0080+ 0,008 |

3 LEADS

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)

(1,27 £ 0,13)

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 TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE

T Trademark 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, Vi (see Note 1) 7Y
Output voltage G5 oy @ s v A s e e e m s v a e e ow w1 e e ok om o (BOM
Qutput current 0 S B T TR B ] 3RS B Bl 20 mA
Operating free-air temperature range . . . . . . . . .« . . e e e e e e e e e e 0°C to 70°C
Storage temperature range . . . . . . . 0 . e e e e e e e e e e e e e e e e e e —65°C to 150°C
Magnetic fluxdensity . . . . . . . . . . . . . . . . . . . .« o« o« ... ... unlimited
NOTE 1: Voltage values are with respect to network ground terminal.
electrical characteristics over rated operating free-air temperature range, Vcc =5V + 5%
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Threshold of positive-going
B 60 T
T Magnetic flux densityt s
By Threshc.)ld of negat.ive-go ing 10 mT§
magnetic flux densnty‘r
BT+—BT— Hysteresis 23 mT§
loH High-level output current VoH=20V 100 KA
VoL Low-level output voltage Vec =475V, loL=16mA 0.4 \
lcc Supply current Vec=5.25V 6 mA

TThreshold values are those levels of magnetic flux density at which the output changes state. For the TL172C, a level.more positive than Brs+
causes the output to go to a low level, and a level more negative than B _ 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 (S1) is the tesla (T). The tesla is equal to one weber per square meter,
Values expressed in milliteslas may be converted to gauss by multiplying by ten.

Vo
B N MIN BT— MAX BT+
! i
S
BT—
—B s VQHL T > Br+ |
N I l
| |
I g— 23 mT —b» :
|
| |
| o -
| % oL
0 = 4
The north pole of a magnet is the pole 0 10 B (mT) 60
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 FIGURE 2—REPRESENTATIVE CURVE OF Vg vs B

MAGNETIC FLUX POLARITY
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1079

LINEAR
INTEGRATED

CIRCUITS

e Output Voltage Linear with Applied Magnetic Field

TYPES TL1731, TL173C
LINEAR HALL-EFFECT SENSORS

BULLETIN NO. DL-S 12678, MARCH 1979 — REVISED OCTOBER 1979

LP SILECT' PACKAGE

e Sensitivity Constant Over Wide Operating TOP VIEW
Temperature Range
e Solid-State Technology Ve
e Three-Terminal Device GROUND
e Senses Static or Dynamic Magnetic Fields OUTPUT
description

The TL1731 and TL173C 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 TL173C is characterized for operation from
0°C to 70°C.

functional block diagram

SILICON

HALL-EFFECT
SENSOR

O OUTPUT

CONSTANT-CURRENT
CURRENT REGULATOR SOURCE

OGND

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

Supply voltage, VCC (S8 NOTE 1) . o ittt it e et et et e e e e 25V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) .. ..o vvveenn.. 775 mW
Operating free-air temperature range: TL1731 . ..o ittt e e e e e —20°C to 85°C
TEBIBE o5 550 w0 e 0w e i 5 B0 200 5 B0 OB 0808 06 0% 0°C to 70°C
Storage tempPerature FaNGE . . v v v v v e et e e e e e e e e e e e e e —65°C to 150°C
Magnetic flux density . . .o oo it e e e e e e e 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
TL173I TL173C
UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Voo 10.8 12 13.2 10.8 12 13.2 \%
Magnetic flux density, B +50 +50 mT
o i Sink 0.5 0.5 &
utput current, O Source ) _2 m
Operating free-air temperature, T Ao —20 85 0 70 °c
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  TYPE MAX | UNIT
Vo Output voltage lo=—2mA to 0.5 mA, 5.8 6 6.2 Y
kS‘VS Supply voltage sensitivity (AV|g/AVcc) B=0mT§, Ta=25°C 18 mV/V
S Magnetic sensitivity (AVQ/AB) B=-50t050 mT§, Tp=25°C | 13.5 15 16.5 | V/T§
AS Magnetic sensitivity change with temperature ATp = 25°C to MIN or MAX 5 %
Icc  Supply current B=0mT§, Ip=0 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.

I Typical values sre at Vog = 12 V and Tp = 25°C.

§ The unit of magnetic flux density in the International System of Units (Sl) is the tesla (T). The tesla is equal to one weber per square meter.
Values expressed in milliteslas may be converted to gauss by multiplying by ten, e.g.,50 millitesla = 500 gauss.

OUTPUT VOLTAGE

N vs
s MAGNETIC FLUX DENSITY
-8B .
S 6.8 Vee=12V /
N 87 og0
Ta=25C
TYPICAL
, 66 | Rhiarain, W
T UPPER EOUNDARY—VK //
) L
s 6.2 7
>
- A
i d
Th th pole of t is th [ e b8
e north pole of a magnet is the pole
that is attracted by the geographical Ol 5.6 /J =LOWER BOUNDARY.
north pole. The north pole of a magnet >
repels the north-seeking pole of a com- 5.4
pass. By accepted magnetic convention, 52 /]
lines of flux emanate from the north :
pole of a magnet and enter the south 5
pole. -50-40-30 -20-10 0 10 20 30 40 50
B — Magnetic Flux Density — mT
FIGURE 1-DEFINITION OF
MAGNETIC FLUX POLARITY 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 R1), and to set the sensitivity to

exactly —15 V/T (using R2), as depicted in Figure 4.
COMPENSATED OUTPUT VOLTAGE
vs

012V MAGNETIC FLUX DENSITY
1 R2 ! Vig= 108V 10132V
ce= R (o} . ]
10ka g Toka 68 Ta=25°C
< >
| 66
39k Q £ =
.9 kQ = 64
TLI73C A - s e
TLO81 OUTPUT 5 6.2 N
R1 < 5 B
25kQ By o
d 2 58 A
g N
< § 56 AN
10k = 3
< £
8 54
5.2

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

TYPE TL175C

SILICON HALL-EFFECT LATCH

BULLETIN NO. DL-S 12732, DECEMBER 1979

Magnetic-Field-Sensing Hall-Effect Input

On-Off Hysteresis Assures Latched Output

Small Size

Solid-state Technology

Open-Collector Output
description

LP SILECT! PACKAGE

TOP VIEW

Vee
GROUND
OUTPUT

The TL175C 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 BLOCK DIAGRAM

2

O

ouTPUT

SILICON
HALL-EFFECT
SENSOR

|
t
|
SIGNAL CONDITIONING |
AND HYSTERESIS |

__.___________l___.___J
GROUND

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

MOS
TRANSISTORS
SCR'

TRIACS
RELAYS

FUNCTION TABLE
(T = 25°C, See Figure 2)

FLUX DENSITY OUTPUT
<-35mT High (off)
—-5mT<B<5mMT Latched in Previous State*
=>35mT Low

* During power-up the output will always assume the off state.

conditions and is capable of meeting MIL-STD-202C, Method 1068B.

SEATING PLANE —

0.050 (1,27)
= F_ (see Note b)

0|

0.205 (5,21)

0.135 (3,43) |
MIN

=1

0.105 (2,67)
0.080 (2,03)

e

0.175 (a,44) DIA.

S |

'

NOTES: a.
b. Lead dimensions are not controlled in this area.

0.210 (5,34) _|
0170 4,32) P_Lo.soo (12.7) MIN

0.100 + 0.005 f
(254:013) = §|

0.050 + 0.005 |

(1,27 0,13) HLEADS

0.165 (4,19)
0.125 (3,17)
0.105 (2,67)
0.080 (2,03)

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)

Dimensions are in inches and parenthetically in millimeters. Inch dimensions govern.

c. Beyond 0.100 (2,54) below seating plane, tolerance on lead width reduces to +0.001 (0,03).
ALL JEDEC TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE

tTrademark of Texas Instruments Incorporated

ADVANCE INFORMATION

This d inf on
a new product. Specifications are subject
to change without notice.

Copyright © 1979 by Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPE TL175C
SILICON HALL-EFFECT LATCH

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

Supply voltage, Vg (see Note 1)
Output voltage
Qutput current
Operating free-air temperature range
Storage temperature range
Magnetic flux density

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

—40°C to 125°C
—65°C to 150°C
unlimited

20 mA

MIN NOM MAX | UNIT
Vv o it TA=—40°C to 125°C 10 16.5 ¥
€c it SO TA=-0°Ct0125°C 8.1 16.5
electrical characteristics over rated operating free-air temperature range, Vcc = 10.8 V to 13.2 V (unless
otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Brs Threshold of positive-going 5 35 mT§
magnetic flux density T
By_ Th reshc?ld of negative-going _35q _5q mTs
magnetic flux densny‘r
BT4+—BT_ Hysteresis 40 mT§
loH High-level output current VoH =20V 100 MA
VoL Low-level output voltage loL=16 mA 04 \Y}
| s | Output low 7 A
t m
ce HRERen Output high 7

T Threshold values are those levels of magnetic flux density at which the output changes state. For the TL175C, a level more positive than B
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 multiplying by ten.
4 The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold levels

only.

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
[®—Br_RANGE—— 4 |=— B, RANGE a:
| |
! } ' |
} off | | |
I
! & =0 !
| I I
| |
| ' ' |
1 | ' |
| | | on |
1 ] ] 1
-35 -20 -5 0 +5 +20 +35

B (mT)

The positive-going threshold (BT4) is the positive B level at which a positive-going flux density
results in the TL175 output going low. The negative-going threshold (BT_) is the negative B
level at which a negative-going flux density results in the TL175 going high.

FIGURE 2—REPRESENTATIVE CURVES OF Vg vs B

TEXAS INSTRUMENTS
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LINEAR TYPE TL176C
INTEGRATED NORMALLY OFF SILICON HALL-EFFECT SWITCH

c' RCUITS BULLETIN NO. DL-S 12729, OCTOBER 1979

® Magnetic-Field-Sensing Hall-Effect Input LP SILECT! PACKAGE

e  On-Off Hysteresis ———

e Small Size

e Solid-State Technology Vee

e Open-Collector Output GROUND

e Normally Off Switch OUTPUT
description

The TL176C 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 TL176C 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 TL176C is characterized for operation over the temperature range of —40°C to 150°C.

FUNCTIONAL BLOCK DIAGRAM

V+
Vee
e ol e ST e oy el e i St P e e et TTL
| i by
| l | RTL
| MOS
TRANSISTORS

l | OUTPUT SCR'S

SILICON | TRiaas

HALL-EFFECT SIGNAL CONDITIONING
| RELAYS
I SENSOR AND HYSTERESIS |
I I
| I T |
| >——¢ |
L__.__.__._______l ______ J
GROUND

mechanical data n

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 MIL-STD-202C, Method 106B.

SEATING PLANE — 0.165 (4,19)
< 0.050 (1,27) — 0.125 (3,17)
Note b)
(see 0.105 (267) 0.105 (2,67)
0.080 (2,03) & 0.080 (2,03)
3 -
0.205 (5,21) 0.135 (3,43) _
0.175 (4,a4) DIA. © " 0 = = = = 3 #
: i £
0100+ uoos}
0.210 (5,34) | (254013 = K|
0.170 (4,32)
0.500 (12,7) MIN 0.050 + 0.005 | —
(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 TO-226AA DIMENSIONS AND NOTES ARE APPLICABLE

TTrademark of Texas Instruments Incorporated

Copyright © 1979 by Texas Instruments Incorporated

TEXAS INSTRUMENTS 301
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TYPE TL176C
NORMALLY OFF SILICON HALL-EFFECT SWITCH

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

Supply voltage, V¢ (see Note 1) 30V
Output voltage . 30V
20 mA

OQutputcurrent . . . . . . . . . .
Operating free-air temperature range . . . . . . . « .+ . . . . . e e e e
Storage temperature range . . . . . . . . . . e e e e e e e e e e e

. —40°C to 150°C
. —65°C to 150°C

Magnetic flux density unlimited
NOTE 1: Voltage values are with respect to network ground terminal.
electrical characteristics over rated operating free-air temperature range, VcC = 4.5 Vto24V
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Threshold of positive-going
T
B+ magnetic flux densitvT 50 mls
BT_ Threshc.:Id of negative-going 10 mT§
magnetic flux density T
Br+—BT-— Hysteresis 7:5 mT§
loH High-evel output current VoH =20V 100 A
VoL Low-evel output voltage Vec=4.75V, loL =16 mA 04 \
Icc Supply current Vec=24V 10 mA

TThreshold values are those levels of magnetic flux density at which the output changes state. For the TL176C, a level more positive than By,
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 (S1) is the tesla (T). The tesla is equal to one weber per square meter.
Values expressed in milliteslas may be converted to gauss by multiplying by ten.

Vo
+B N MIN BY— MAX BT+
I i
S
—B s VoH = Pr £ B |
i |
| |
l b 7.5 mT —d :
|
| |
I I
| % Vo
B + +
The north pole of a magnet is the pole 0 10 B (mT) 50
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 FIGURE 2—REPRESENTATIVE CURVEOF Vg vsB
MAGNETIC FLUX POLARITY
302 TEXAS INSTRUMENTS
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LINEAR TYPES TL182M, TL1821, TL182C
INTEGRATED TWIN SPST BI-M0OS ANALOG SWITCHES
_cl Rcu‘Ts BULLETIN NO. DL-S 12416, JUNE 1976

e  Functionally Interchangeable with Siliconix e  JFET Inputs

DG182 with Same Terminal Assignments ° Uniform On-State Resistance for Minimum

e  Monolithic Construction Signal Distortion
e  Adjustable Reference Voltage e  +10-V Analog Voltage Range
e TTL, MOS, and CMOS Logic Control
Compatibility
description

The TL182 is a twin, monolithic, high-speed SPST JORN

analog switch constructed using BI-MOS technology. DUAL-IN-LINE PACKAGE (TOP VIEW)
Each half consists of a JFET-input buffer, level
translator, and output JFET switch.

2S 2D NC NC 2A VEE Vref

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vyef). The
input threshold is related to the reference input by
the equation Vih = Vief + 1.4 V. Thus, for TTL
compatibility, the Vef 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 Vih =

Vieft+ 1.4 V. 1S 1D NC NC 1A Ve ViL
NC—No internal connection
The output switches are junction field-effect transis- Switch positions shown are A inputs low.

tors featuring low on-state resistance and high off-
state resistance. The monolithic structure ensures
uniform matching.

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS can have ion-
implanted JFETs, p-channel MOS-FETs, plus the functional diagram
usual bipolar components all on the same chip.
BI-MOS allows circuit designs that previously have
been available only as expensive hybrids to be

- 1D
monolithic.

18

s

For the TL182, a low level at the input turns the
switch on. 14 9

_—

D_D- SWITCH POSITIONS
SHOWN ARE FOR

The TL182M is characterized for operation over the A INPUTS LOW

full military temperature range of —55°C to 125°C, 28 _OD_D

the TL182I is characterized for operation from

—25°C to 85°C, and the TL182C from 0°C to 70°C.

pST—— |

20 y O 25
FUNCTION TABLE
(EACH HALF)
INPUT SWITCH

A S

L ON (CLOSED)

H OFF (OPEN)

TEXAS INSTRUMENTS 303
INCORPORATED

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



TYPES TL182M, TL1821, TL182C
TWIN SPST BI-MOS ANALOG SWITCHES

schematic (each channel)
Vio Vee

l r_,r_’i TO OTHER HALF

T 1
N
= _WE.}LTJ_._]

TO OTH!
»f OTHER HALF

BEE

Vee v

ref

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

Positive supply to negative supply voltage to either drain, VCC — VEE
Positive supply voltage to either drain, VCC -Vp
Drain to negative supply voltage, VD VEE
Drain to source voltage, VD - VS
Logic supply to negative supply voltage, VLL — VEE
Logic supply to logic input voltage, VLL -V
Logic supply to reference voltage, VLL - Vref
Logic input to reference voltage, V| — Vref
Reference to negatvie supply voltage, Vref - VEE
Reference to logic input voltage, Vref - V|
Current (any terminal)
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1):

TLABIMY  csiswvms sasmses s s @ses
TLI82K), TLIB2CS svvvicvimama an
NIPAckage ¢ s s 38 008 §@Em i 00
Operating free-air temperature range: TLT182M . . . . . .t it ittt et et e et e e e
TEEBZL . o ocmcimn Gms @ T B mn e o SIE R o v o d s 8
TLABZE . - i s v e 3 o o e sk it o o s B

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

1375 mW
1025 mW
1150 mW
—55°C to 125°C

—25°C t0 85°C

. 0°Cto 70°C
300°C
260°C

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL182M chips are alloy-mounted;

TL1821 and TL182C chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 1375 mW 11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C
N 1150 mW 9.2mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

TExXAS INSTRUMENTS
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TYPES TL182M, TL182I, TL182C
TWIN SPST BI-MOS ANALOG SWITCHES

electrical characteristics, Vcc =15V, VEE=—15V, VLL =5V, Vyef = 0 V (unless otherwise noted)

TL182M TL182I TL182C
PARAMETER TEST CONDITIONS UNIT
MIN MAX |[MIN MAX |[MIN MAX
ViH High-level control input voltage Ta = MIN to MAX |V gf+2 Vreft2 Vreft2 \
ViL Low-level control input voltage Ta=MINto MAX| Vief+0.8| Vieft0.8| V,(eft0.8| V
: ) Ta=25C 10 10 20
WH High-level control input current|V| =5V KA
Ta =MAX 20 20 20
hiL Low-level control input current [V =0V Ta = MIN to MAX —-250 —250 —250 | uA
Vee =15V, [Ta=25°C 5 5
vp=10v, | c€ A
) VEE = —15 V[T = MAX 100 100 100
ID(off) Off-state drain current Vg=-10V, = nA
Ty Vee=10V, |TA=25"C 5 5
' VEE = —20 V[T = MAX 100 100 100
Vec =15V, [Ta=25°C 5 5
vp=-10v) € A
VEgE = =15V |Ta = MAX 100 100 100
IS (off) Off-state source current Vg=10V, - nA
vieay  |[Vec=10V, [Ta=25°C 5 5
: VEE = —20 V[T = MAX 100 100 100
On-state channel Vp=-10V,Vg=-10V, [Ta=25°C —10 -10
ID(on)*!s(on) |, - = i
akage current V=08V TA = MAX —200 —200 —200
Drain-to-source on-state Vp=-10V,Ig=1mA, [Ta=MINto25°C 75 100 100 &
r
DS{on) resistance V| =08V Ta = MAX 100 150 150
lce Supply current from Ve 1.5 1.5 15
| t f \ -5 -5 -
IEE Supply current from VEE Both control inputs at 0 V, Tp = 25°C > mA
L Supply current from V| | ) 4.5 4.5 4.5
Iref Reference current =2 =2 -2
lce Supply current from Ve 1.5 1.5 1.5
| I f v =5 -5 =h
EE Supply current from Vg Both control inputsat 5V, Tp = 25°¢ mA
L Supply current from V| | 4.5 4.5 45
Iref Reference current -2 -2 —2
switching characteristics, Vcc =10V, VEE=—-20V,VLL =5V, Vief =0V, TA =25°C
TL182M TL1821 | TL182C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
ton Turn-on time 175 175 175
- R, =300%,Cy =30pF, See Figure 1 ns
toff Turn-off time L 350 350 350
PARAMETER MEASUREMENT INFORMATION
v|_|_=5vT IVCC=15V tf <10ns ty<10ns
v S D
so—~——————o 1% OUTPUT INPUT A

300 2

5§ 8 T T

= Vief=0 VEg=-15V

1
A‘D‘D" F‘L:ICL:”"F

C| includes probe and jig capacitance. OuUTPUT
TEST CIRCUIT

Vg =3V for ton and —3 V for toff.

R VOLTAGE WAV EFORMS

Vo=Vs S .. "V

RL+ rDS(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

TYPES TL185M, TL185l, TL185C

TWIN DPST BI-M0OS ANALOG SWITCHES

BULLETIN NO. DL-S 12417, JUNE 1976

Functionally Interchangeable with Siliconix
DG185 with Same Terminal Assignments

Monolithic Construction
Adjustable Reference Voltage

description

The TL185 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 (Vyef).
The input threshold is related to the reference input
by the equation Vth = Vyef + 1.4 V. Thus, for TTL
compatibility, the Vyef 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 Vih =
Vief+ 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.

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS can have ion-
implanted JFETs, p-channel MOS-FETs, plus the
usual bipolar components all on the same chip.
BI-MOS allows circuit designs that previously have
been available only as expensive hybrids to be
monolithic.

For the TL185, a high level at the input turns the
switches on.

The TL185M is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL185l is characterized for operation from
—25°C to 85°C, and the TL185C from 0°C to 70°C.

FUNCTION TABLE

(EACH HALF)

INPUT SWITCHES
A S1 AND S2
I OFF (OPEN)
H ON (CLOSED)

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)

181 1A VEE Vref VLL Vcc 2A 252
0}1]9

-

___}__JL ______ 4

VI2( 3] 4f|5[|6]]7]]8
1D1 NC 1D2 1S2 251 2D1 NC 2D2

NC—No internal connection
Switch positions shown are for A inputs high.

functional diagram

SWITCH POSITIONS
SHOWN ARE FOR
A INPUTS HIGH

TEXAS INSTRUMENTS
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TYPES TL185M, TL185I, TL185C
TWIN DPST BI-MOS ANALOG SWITCHES

schematic (each channel)

Vi Vee
J 1 }TO OTHER HALF
: &
s1
<l E ;I <| L
l D1
A —et >
s2

o

}TO OTHER HALF

VEE Vet

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

Positive supply to negative supply voltage, VGC — VEE + + + « + « « « « «+ « v v v v v v o o . . . 36V

Positive supply voltage to either drain, VCC—VD . - - +« « « « « « v« v v v e e e e e e 33V

Drain to negative supply voltage, VD —VEE . . . « « « « « & v v 4 e e e e e e e e e .. .. 33V

Drain to source voltage, VD — Vs . . : A N e EE B R R4

Logic supply to negative supply voltage, V|_|_ VEE s mm Bl e orm o AR R RE 3 @ om SOV

Logicsupply 16 logicinputvoltage, VILE =V & » « » v o w « @ s w0 o % w5 @ 2 @ o e ox e .. 33V

Logic supply to reference voltage, VL —Vrpef . . « « « « « v v v v i h v e e e e e e e .. 33V

Logic input to reference voltage, Vi — Vief .« v v v v v v v i v e e e e e e e e e .. 33V

Reference to negative supply voltage, Vigf —VEE + « « + « « v« v v v v e e e e e e e e e 2TV

Reference to logic input voltage, Vyef — V| T I I Y T O Ry

Current (any terminal) : om e wow s m s om e owow s SOMA
Continuous dissipation at (or below) 25 c free -air temperature (see Note 1)

TLIBBMY. ... e inmnimnn bt s 65 B8RS 1375 mW

TL1851J, TL186CJ .. ............. 1025 mW

Npackage ..................... 1150 mW

Operating free-air temperature range: TL185M . . . . . . . . . . . . . . . .. ... .—55Cto125°C

TLIBEL w v 5w v 5 5w s m w s w5 5@ 3w & =25 CitoB5C

TL18C . . . . . e e e mw mow w (0161070°€

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, TL185M chips are alloy-mounted
TL1851 and TL185C chips are glasss-mounted,

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 1375 mW 11.0mwW/°C 25°C
J (Glass-Mounted Chip) 1025 mW 8.2mW/°C 25°C
N 1150 mW 9.2mwW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL185M, TL185l, TL185C
TWIN DPST BI-MOS ANALOG SWITCHES

electrical characteristics, Vcc =15V, VEE=—15V, VLL =5V, Vyef = 0 V (unless otherwise noted)

Vg =3V for toy and —3 V for tyf.

V 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-

Vies=0 Vgg=-15V

Tvcc=15v

D

Cy includes probe and jig capacitance.

TEST CIRCUIT

ing edges of the output waveform.

RL

Vo =Vs

RL+r

OUTPUT
C,_=30pF

QUTPUT

VOLTAGE WAVEFORMS

DS(on)

FIGURE 1

TL185M | TL185I TL185C
PARAMETER TEST CONDITIONS UNIT
MIN MAX [MIN MAX [MIN MAX
ViH High-level control input voltage TA = MIN to MAX |V eft+2 Vreft2 Vryeft2 \
ViL Low-level control input voltage Ta = MIN to MAX Vieft0.8[ Vief+0.8| Viet0.8| V
. y Ta=25°C 10 10 20
H High-level control input current| V| =5V uA
Ta =MAX 20 20 20
he Low-level control input current| V| =0V Ta = MIN to MAX —250 —250 —250 | pA
Vcc=15V, [Ta=25"C 5 5
vp=10v, | ¢ &
y VEE =—15V|Ta = MAX 100 100 100
1D (off) Off-state drain current Vg==10V, = nA
Vi GEY Vec=10V, [TaA=25C 5 5
=52 Y lveg = —20 V[T = MAX 100 100 100
Vcc=15V, |[Ta=25°C 5 5
vp=-10v/| €€ L
VEE = =15 V[Ta = MAX 100 100 100
IS(off) Off-state source current Mg=10V, - nA
V=08V Vee=10V, |TA=25C 5 5
i VEE=—-20V|Tpa = MAX 100 100 100
On-state channel Vp=-10V,Vg=—-10V, [Tp=25°C -10 -10
ID(on)*Is(on) _ = nA
leakage current Vg=2V Ta = MAX —200 —200 —200
; Drain-to-source on-state Vp=—-10V,lg=1mA, Ta =MIN to 25°C 1256 150 150 =
DSlon} resistance V=2V TA = MAX 250 300 300
Icc Supply current from Vg 1.5 1.5 1.5
| Supply current from V ~5 —5 —5
EE ¥ EE Both control inputsat 0 V, Tp =25°C mA
L Supply current from V| 4.5 4.5 4.5
Iref Reference current =2 =3 —9
Icc Supply current from Ve 1.5 1.5 1.5
| Supply current from V 5 -5 -5 -5
o EE Both control inputsat 5V, Tp=25C mA
ILL Supply current from V| | 45 45 45
lref Reference current -2 -2 -2
switching characteristics, VCCc =10V, VEE=—-20V, VLL =5V, Vref =0V, Ta = 25°C
TL185M | TL1851 | TL185C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
t Turn-on time 175 17 17
o0 : RL =300 &, CL_ = 30 pF, See Figure 1 5 2 ns
toff Turn-off time 350 350 350
PARAMETER MEASUREMENT INFORMATION
"<10ns ty<10ns
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LINEAR TYPES TL188M, TL188I, TL188C
INTEGRATED DUAL COMPLEMENTARY SPST
CIRCUITS BI-MOS ANALOG SWITCHES

BULLETIN NO. DL-S 12418, JUNE 1976 — REVISED OCTOBER 1979

° Functionally Interchangeable with Siliconix ° JFET Inputs

DG188 with Same Terminal Assignments o Uniform On-State Resistance for Minimum

° Monolithic Construction Signal Distortion
e  Adjustable Reference Voltage e  +10-V Analog Voltage Range
e TTL, MOS, and CMOS Logic Control
e Compatibili
description P by

The TL188 is a monolithic, high-speed dual comple-
mentary SPST switch constructed using BI-MOS JORN
technology. It consists of a JFET-input buffer, DUAL-IN-LINE PACKAGE {TOP VIEW)
level translator, and two output JFET switches NC NC D2 s2 NC VEE Vyef
that can easily be connected in SPDT configuration. 1 1 12 1 10 9 8

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vief). |
The input threshold is related to the reference input |
by the equation Vih = Vyef + 1.4 V. Thus, for TTL b :
1
|

===
|

compatibility, the Vef 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 Vih =
Vieft+ 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.

NC NC D1 S1 A Vce VLL

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS can have ion-
implanted JFETs, p-channel MOS-FETs, pius the
usual bipolar components all on the same chip.

functional diagram

. . 2 2 D2
BI-MOS allows circuit designs that previously have Dl J
been available only as expensive hybrids to be ~ Jeeo\== -
monolithic,
$1 s2

For the TL188, a high level at the input turns switch

1

|

|

1

|

S1on and S2 off. [ 1
A — H >—---l

The TL188M is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL188I| is characterized for operation from
—25°C to 85°C, and the TL188C from 0°C to 70°C.

SWITCH POSITIONS
SHOWN ARE FOR
INPUT A HIGH

FUNCTION TABLE

INPUT SWITCHES
A S1 S2
L OFF (OPEN) ON (CLOSED)
H ON (CLOSED) OFF (OPEN)

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL188M, TL188I, TL188C
DUAL COMPLEMENTARY SPST BI-M0OS ANALOG SWITCHES

schematic

310

Ve

! s
’__l_

D1

< l_
A <% € IND
s2
D2

VEE Vref

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

Positive supply to negative supply voltage, VCC_VEE ..................................... 36V

Positive supply voltage to either drain, VCC — VD ........................................ 33V

Drain to negative supply voltage, MPDFEVEE] T e Ll e i Benals O et s g e el e 33V

Drain to source voltage, VD— VS .................................................. 22V

Logic supply to negative supply voltage, VLL SIVEE seminsus s s EurR iR AR ERE MR dn IR 36V

Logic supply to logic input voltage, Mpp =V 205860 0B s SRiEims AEFETE0 205 md wmnms i nmsm 33V

Logic supply to reference voltage, VLL — Meart  GE R T F 0T £ T T B E S m ke et v e a0 A S 33V

Logic input to reference voltage, Narir M op a8 Smi s i3 ehie 2 dhe lion o s v e s o s oms S e o, i s 33V

Reference to negative supply voltage, Vref o N 00 R B et o 50w el e s g o 8 s e e 27V

Reference to logic input voltage, Vopaf— V| woo e oo mon e o w0 i sk e e T 6 2V

Current (any terminal) . .. . ... e 30 mA
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1):

TEIBBNIL . & 5w v ot 3 g = 1375 mW

TLI88IJ, TLI8BCS ., vssmums swsms s 1025 mW

INipackage s sssmsws amsms imsma s 1150 mW

Operating free-air temperature range: TL188M . . . . . .. ittt e e e e e e e —55°C to 125°C

TLABBL 5 it ins 2@ e imia w5 i funn fms w6 e ot s w s —25°C t0 85°C

TLIBBE  viosms emems dn smsms s mims s Soimsdmid —0°Cto 70°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: Jpackage . ..............c.couo... 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, TL188M chips are alloy-mounted;

TL188I d TL188C chi lass- d.
L cnips are glassmounted: 5 1SSIPATION DERATING TABLE

POWER DERATING ABOVE
PRCKASE RATING FACTOR TA
J (Alloy-Mounted Chip) 1375 mW 11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C
N 1150 mW 9.2mwW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL188M, TL188I, TL188C
DUAL COMPLEMENTARY SPST BI-M0OS ANALOG SWITCHES

electrical characteristics, Vcc =15V, VEE=—=15V, VLL =5V, Vref = 0 V (unless otherwise noted)

TL188M | TL188I TL188C
PARAMETER TEST CONDITIONS UNIT

MIN MAX|MIN MAX |MIN MAX

ViH High-level control input voltage TA =MIN to MAX | Vieft2 Vyeft2 Vieft2 A

ViL Low-level control input voltage Ta =MIN to MAX Vief—0.8] Vief—0.8] Vief—0.8] V
) : Ta=25°C 10 10 10

IH High-level control input current |V =5 V kA
Ta = MAX 20 20 20

I Low-level control input current |V =0 V TA = MIN to MAX —250 —250 —250 | uA
Vp=10V, |Vcc=15V, [Ta=25°C 5 5
] Vg =—-10V,|VEg = —15 V|T o = MAX 100 100 100

ID(off) Off-state drain current = nA
VIH=2V, |[Vcc=10V, |Tao=25C 5 5
ViL=08V |VEg =-20 V|Tpa = MAX 100 100 100
Vp=-10V/Vec=15V, |[Ta=25°C 5 5
Vg=10V, |VEg=-15V|[Ta=MAX 100 100 100

1S (off) Off-state source current = nA
ViH=2V, |Vcc=10V, [TA=25"C 15y 5
ViL =08V |VEg=—-20V|TA = MAX 100 100 100
On-state channel Vp=-10V,Vg=—10V, |Ta=25°C —-10 -10

ID(on)*IS(on) = = = DR
leakage current VIH=2V, V|L=08V |Ta=MAX —200 —200 —200

Drain-to-source on-state Vp=-10V,Ilg=1mA, |Ta=MINto25°C 75 100 100 &

V

Ds{an) resistance ViH=2V, V|L=08V |[Ta=MAX 150 150 150
Ice Supply current from Ve 1.5 1.5 1.5
| Supply current from V -5 -5 -5

EE PRY EE Both control inputs at 0 V, Tp =25°C mA
ILL Supply current from V| | 45 4.5 4.5
Iref Reference current -2 -2 ~2
lce Supply current from Ve 1.5 1:5 1.5
| S | t f \% & —5 -5 -5

=E pby SIS IEIT) AEF Both control inputs at 5 V, T = 25°C mA
L Supply current from V| | 4.5 4.5 4.5
Iref Reference current -2 -2 -2

switching characteristics, Vcc =10V, VEE=—-20V, VL =5V, Vief =0V, Ta =25°C

TL188M | TL1881 | TL188C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
ton Turn-on time . 175 175 175
- R =300 2, C_=30pF, See Figure 1 ns
toff Turn-off time 350 350 350

PARAMETER MEASUREMENT INFORMATION
VLL=5V  veec=15V

i g
Vs 0— oTE

A : RL =
== looa Ic._—so pF

6 é =7

= Vief =0 VEE = =18V

t, <10 ns

i s o 8 13\

4

OUTPUT

QUTPUT
C includes probe and jig capacitance.

TEST CIRCUIT
Vg=3V for tgn and =3 V for toff.

RL

Input A: Solid for testing S1, dashed for testing S2.

Vo= VS R T oston
L abion 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

TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY
SPST BI-M0S ANALOG SWITCHES

BULLETIN NO. DL-S 12419, JUNE 1976—REVISED OCTOBER 1979

° Functionally Interchangeable with Siliconix

DG 191 with Same Terminal Assignments

° Monolithic Construction
e  Adjustable Reference Voltage

description

Each TL191 consists of two monolithic, high-speed
dual complementary SPST analog switches con-
structed using BI-MOS technology. Each half consists
of a JFET-input buffer, level translator, and two
output JFET switches that can easily be connect-
ed in SPDT configuration.

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vyef). The
input threshold is related to the reference input by
the equation Vih = Vyef + 1.4 V. Thus, for TTL
compatibility, the Vyef 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 Vih =
Vief+ 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.

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS can have ion-
implanted JFETs, p-channel MOS-FETs, plus the
usual bipolar components all on the same chip.
BI-MOS allows circuit designs that previously have
been available only as expensive hybrids to be
monolithic.

For the TL191, a high level at the input turns switch-
es S1on and S2 off.

The TL191 is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL191l is characterized for operation from
—26°C to 85°C, and the TL191 from 0°C to 70°C.

FUNCTION TABLE

(EACH HALF)
INPUT SWITCHES
A S1 S2
L OFF (OPEN) ON (CLOSED)
H ON (CLOSED) OFF (OPEN)

° JFET Inputs

° Uniform On-State Resistance for Minimum

Signal Distortion
e  +10-V Analog Voltage Range

e TTL, MOS, and CMOS Logic Control
Compatibility

JorN
DUAL-IN-LINE PACKAGE (TOP VIEW)

1s1 1A VEE Vref VLL Vcc 2A 251

D,
— i\

&

#

| S,

T{f2af[3(f|4]]5]|6[]7]]8
1D1 NC 1D2 152 252 2D2 NC 2D1

NC—No internal connection
Switch positions shown are for A inputs high.

functional diagram

151 281
1D1 ﬁﬂ’o'—l L_-°|\l_2m
l i
102 ——= | —o 7 A—2m2
|
[

152 I 252
L—

]
]
]
— i

O <K

SWITCH POSITIONS
SHOWN ARE FOR
A INPUTS HIGH

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY SPST BI-M0OS ANALOG SWITCHES

schematic

L
l TO OTHER HALF

T 1

| T
4

[——4
-{H , L 4

>
B v TO OTHER HALF
| = }
Vee Vv,

s

ref

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

Positive supply to negative supply voltage, VG — VEE  « « « v« v vttt it ettt e i i e i e 36V
Positive supply voltage to either drain, VGG — VD -+« t c vttt ittt it ie e e et iin e e cinaes 33V
Drain‘to:negative:supply voltage; VD =="VEE s s s s s 5 a5 558 waa s iss o o e ssmasiseessisnssassss 33V
Drain to source voltage, VD = VG . . ..\t ittt it e e e 122V
Logic supply to negative supply voltage, VI L — VEE  « « vt v vttt ittt et ettt et i et 36V
Logic supply to logic input veltage, VILL = V| a5 s w6 6% v e o s wmsins s omeion smsinsme smams s ssosms 33V
Logic supply to reference voltage, VLI — Viref  « vt v ittt it et et e e 33V
Logic input to reference voltage, V] — Vief < oot v v v emnverorsninnessnsnesososesononssesnss 33V
Reference to negative supply voltage, Vief — VEE - ¢t vt v vttt ittt iit i is tis e et e 27V

Referenceito/logicinput voltage, Vs =V wsumimwsmwswimy somiome o 5o 5 s s0ed s 5 @ s0e 0 § 55 9008 @56 2V
Currenti(any Termingl), v wrsos o & s 51 5 s G S0 L8 5 505 WIS SR 51 LS UG BT B S 1§ e B 2 8 B 30 mA

Continuous dissipation at (or below) 25°C free-air temperature (see Note 1):

WETOANEY o on o imimn ot 55 01 5 7 o e 5 1375 mW

TEA9T 1), TLIOACY o « s o s o v v s 0 1025 mW

N package: ., w .y e e s s e s e sme poe e 1150 mW

Operating free-air temperature range: TL19TM . . .. .. ittt et e ee s —55°C to 125°C
TEIONN 5 ssanm s 5 5 fussarss 5wl o . 05 3 sl 3 s ko o —25°C to 85°C

FAMOTC, 1 oimiois e ) s ol oo o e la s o oot s i 0°C to 70°C

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package . ...........c.oveunennn 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package ............cvuieunon.. 260°C

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Table. In the J package, TL191M chips are alloy-mounted;
TL1911 and TL191C chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
J (Alloy-Mounted Chip) 1375 mW 11.0 mW/°C 25°C
J (Glass-Mounted Chip) 1025 mW 8.2mw/°C 25°C
N 1150 mW 9.2mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY SPST BI-M0S ANALOG SWITCHES

electrical characteristics, VCCc =15V, VEE=—15V, VLL =5V, Vref = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS L e L LY UNIT
MIN MAX |[MIN MAX|MIN MAX
VIH High-level control input voltage Ta = MIN to MAX|Vreft2 Vreft2 Vieft2 Vv
ViL Low-level control input voltage Ta=MIN to MAX|  Vieft0.8] Vieft0.8| Vief+0.8| V
) ] Ta=25°C 10 10 20
lIH High-level control input current (V| =5 V KA
Ta = MAX 20 20 20
L Low-level control input current |V| =0V Ta = MIN to MAX —250 —250 —250 | uA
Vp=10V, |Vcc=15V, [Ta=25°C 5 5
) Vg=-10V,|VEg = —15 V[T A = MAX 100 100 100
ID(off) Off-state drain current = nA
VIH=2V, [Vcc=10V, [Ta=25"C 5 5
ViL=08V |VEg=—-20 V|Ta = MAX 100 100 100
Vp=-10VVec=15V, [Ta=25°C 5 5
V=10V, |VEg=-15V|Ta=MAX 100 100 100
Is(off) Off-state source current 3 nA
VIH=2V, Vcc=10V, |[TA=25C b 5
ViL=08V |[VEg =—-20 V|Ta = MAX 100 100 100
On-state channel Vp=-10V,Vg=-10V, [Ta =25°C —-10 -10
ID(on)*IS(on) | _ _ - nA
eakage current VIH=2V, V|L=08V |Ta=MAX —200 —200 —200
Drain-to-source on-state Vp=-10V,lg=1mA TA = MIN to 25°C 125 150 150 a
r
DS(on) resistance ViH=2V, W =08V [Ta=MAX 250 300 300
Icc Supply current from Vo 1.5 15 15
| Supply current from V -5 —! =5
EE b EE Both control inputsat 0 V, Ta =25°C > mA
L Supply current from V| | 45 45 45
lref Reference current -2 -2 -2
lcc Supply current from Ve 1.8 15 1.6
| Supply current from V -5 -5 -5
EE PP EE Both control inputsat 5V, Tp =25°C mA
ILL Supply current from V| | 45 45 45
lref Reference current -2 -2 -2
switching characteristics, Vcc =10V, VEE=—-20V,VLL =5V, Vief=0V, Ta = 25°C
TL191M | TL1911 | TL191C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
t Turn-on time 17 17 17
on - Ry =300 €, C[_ = 30 pF, See Figure 1 > g . ns
toff Turn-off time 350 350 350

PARAMETER MEASUREMENT INFORMATION
ViL=5VvV Vec=1V

! ?
Vs o— o7

T |z o |
- p=B0lpF @ e +——m—— =) —_— — —— =3V
300 0.9 Vo Vol

Iy d = ouTPUT
- Vief =0 VEg=-15V
Cy includes probe and jig capacitance.
TEST CIRCUIT
Vg=3V for ton and —3 V for toff.
G Ry Input A: Solid for testing S1, dashed for testing S2.
0= Vsm 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

tr <10 ns

pmmmm—— 3V

/

D OUTPUT
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LINEAR TYPE TL376C

INTEGRATED ] _
Ll sl THREE-CHANNEL STEPPER-MOTOR CONTROL

BULLETIN NO. DL-S 12738, DECEMBER 1979

NE DUAL-IN-LINE
e Three Independent Inverting Stepper-Motor PACKAGE
Control Circuits (TOP VIEW)

e High Output Source Current . . . 500 mA Typ
e High Output Sink Current . .. 500 mA Typ

e |nputs Are Compatible With Bipolar and MOS
e Large Supply Voltage Range...4V to 18 V

e Threshold Voltage Range is Approximately
One-Half V¢e

e Active Pull-Down on Each Input
e Low Standby Power Dissipation
o 14-Pin NE Power Package

description

The TL376C 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 Vg 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

OINPUT

TO TWO
OTHER AMPLIFIERS

ouT

@—— GND

Resistor values shown are nominal.

Copyright © 1979 by Texas Instruments Incorporated

ADVANCE INFORMATION

This d informa on
a new product. Specifications are subject
to change without notice. POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPE TL376C
THREE-CHANNEL STEPPER-MOTOR CONTROL

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

Supply voltage, Vcc (see Note 1)
Input voltage, V|
Output voltage range

Vee

—09VtoVgec+1V

Quitput curient, BECh aMIPHRIBT . & .o vs siis e s ns S5 FET AT TE T 5 SEEY LA @ SP 5 R B s S 550 mA
Total power dissipation at (or below) 25°C free-air temperature (see NOte 2) . . . oot 2075 mW
Storage temperatireTange s siwis srs o @ 5 s o s wims m i o e wee s v e w s e S5 Bl G e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) fromcasefor 10seconds . ...ccvevonmsiososens sawnswsas 260°C
Notes: 1. Voltage values are with respect to the network ground terminal.
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C.
recommended operating conditions
MIN NOM MAX UNIT
Vce
High-level input voltage, V|4 > +0.8 Vece \
) Vee
Low-level input voltage, V| T —-0.2 \
Supply voltage range, Vce 4 i 18 \
Operating free-air temperature, Tz 0 70 e

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
VoL  Low-level output voltage loL =500 mA, V| =V|y min 1.5 \
VoH  High-level output voltage loH = —500 mA, V| = V| max Veeg— 158 \
1 Input current Vi=Vec L ge
V=18V 5 uA
lcc Supply current Inputs open, Outputs open, Vce =18V 0.7 2 mA

t Typical values are measured at V=15V, Ta= 25°C.

TYPICAL CHARACTERISTICS
INPUT CURRENT

Vs
INPUT VOLTAGE
20 |
| Vec=18V
Ta=25°C

16

14

l|—Input Current—pa

N

0 2 4 6 8 10 12 14 16
V|—Input Voltage—V
FIGURE 1

18 20
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TYPE TL376C
THREE-CHANNEL STEPPER-MOTOR CONTROL

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
INPUT VOLTAGE LOW-LEVEL OUTPUT CURRENT
20 1
1 AFT—L
18 Vec=18V TA=00C /2
= 1 S L —1
o _0 " | ;;/ 1
16 TA=25C +— %08 — I
> 14 £ e Ta=50°C
¢ > Ta = 25°C
212 3 06
3 5
~ 10 o
2 2
5 8 3 04
9 3
o 6 3
= I Vee= 18V
- (-
4 ) 0.2 Vi =18V
>
2
0 0
0 2 4 6 8 10 12 14 16 18 20 0 100 200 300 400 500
V|—Input Voltage—V loL—Low-Level Output Current—mA
FIGURE 2 FIGURE 3
HIGH-LEVEL OUTPUT VOLTAGE SUPPLY CURRENT
Vs Vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
0.9
>| s 18V Outputs Open
o 17.8 VFE 0.8 ——‘ Inputs Open
= < Ta=25°C //
o g 0.7 7
> | /
5 g <
g 1786 g 06 7
8 3 0.5 //
s = /]
8 174 1 ;& 0.4 4
£ N\" TA=50C uI) i /
e o 8 .
Lo170 \\\‘$\ TA=25°C___| ~ 02 4/
3 B /
° —_— 0.1
TA=0C
17 L : 0
0 —100 —-200 -—-300 —400 500 0 2 4 6 8 10 12 14 16 18 20
IoH—High-Level Output Current—mA Vcc—Supply Voltage—V
FIGURE 4 FIGURE 5
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LINEAR
INTEGRATED
CIRCUITS

TYPE TL440C
ZERO-VOLTAGE SWITCH

BULLETIN NO. DL-S 11595, MAY 1972—REVISED JUNE 1976

e Differential Amplifier Inputs
e A-C Line Operation

e (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

Internal Active Elements of Saw-Tooth
Generator for Proportional Control

Wide Variety of Possible Connections of
Input Section and of OQutput Section

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

SENSOR ouT-
NC |NPUT Viref) VDA  PUT Rihigh) R(low)

Wilnuzjjnjjwi{sf/e

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
which may be used as a voltage divider for the
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.

vIl2[|3[|4]|S[|68]]7

AC/DC AC ODET DC INHIBIT ST ST
INPUT COM INPUT COM GEN GEN
INPUT OUTPUT

NC—No internal connection.

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-c lamp flasher,
small relay driver, 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 dc 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
SAW-TOOTH
GENERATOR
vpa' AC COMMON INPUT
Ac/DC ? 2 ? ?
inpuT (1
r L %
l' 3k
a 10k
ZERO DETECTOR t Y *
weut B
SENSOR INPUT (13— as
5 Q3 o4
10k
Viret) (12) 250 X 37« 15k
34k
o )
inHiBIT () ——t as
400 < 10k
oc common () .
ouTPUT @ @ R(nigh)
® @
Rilow) SAW-TOOTH

GENERATOR
OuTPUT

Resistor values shown are nominal and in ohms.
TPin 11 is usually connected to the AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4.

179
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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) 15V
Peak current into AC/DC input 40 mA
Peak current into zero-detector input 1 L R I e 30 mA
Peak output sink current (See Note 2) S . e e e e o o o . . . 250mA
Continuous total power dissipation at (or below) 70 C free -air temperature range v W s B R s w e g o00mW
Operating free-air temperature range . . . . . . . . . . . . e e e e e 0°C to 70°C
Storage temperature range . . ¢ s & @ ¥ &.m e s =00 C10150°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 dc common terminal unless otherwise specified.
2. This value applies for a maximum pulse width of 400 us and for a maximum duty cycle of 2%.
recommended operating conditions
MIN NOM MAX | UNIT
D-c voltage applied to AC/DC input (See Note 3) 12 Y
Differential input voltage, V13 — V12 +2 \
Voltage at sensor or V(ref) input, Vi3 or V12 6 v
Peak output current (See Note 4) 200 mA
Output pulse width 100 400 us
Operating free-air temperature, T 0 70 Ll

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 t,, < 400 us, duty 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 input to inhibit output 1 3 \
Current into sensor input Vi3=6V, Vi2=4V 5 KA
Current into V(yef) input Vi2=6V, Vi3=4V 5 MHA
Current into inhibit terminal required to inhibit output 20 KA
Peak output current (pulsing) Vg =0 75 100 mA
Output current (inhibited) V10=135V 1 uA
25 k2 connected to zero-
Output pulse width into resistive load detector input, 150 us
60-Hz power source
Average temperature coefficient of output pulse width (0°C to 70°C) 0.7 us/°C
Peak output voltage of saw-tooth generator V=12V 9 \
Voltage at AC/DC input(See Note 5) 9 116 \4

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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TYPE TL440C
ZERO-VOLTAGE SWITCH

TYPICAL APPLICATION DATA

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 D5 and D6 is in parallel with the series combination of C1 and D7,
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, Q1 is turned on by the current flow through either D1, Q1, D4 or D2, Q1, D3, depending
on the polarity of the a-c voltage between pins 1 and 3. The collector current of Q1 turns on Q6. With Q6 on, base
drive to Q7 and Q8 is inhibited, resulting in no output pulse to fire the triac. When the a-c voltage crosses zero, Q1 and
Q6 are turned off. This enables Q7 and Q8 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 Q1 enough to allow Q1 to stay on for the complete cycle, thus

inhibiting the output pulses as explained above. Similarly when the temperature being controlled falls, Q1 is allowed to
turn off during the intervals where the line voltage passes through zero, thus generating 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
| 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 |
OUTPUT
R20 PULSE
WIDTH
—_— ska T5kQ | 100 ps
HEATER 115V 22 kQ2 150 us
LOAD 42 kQ 300 us

TRIAC

L c1
I 250 uF
25V

B s

— e - - - - = o o o o o ]

R(trigger)

FIGURE 1—-ON-OFF HEATER CONTROL

t H(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 Q9 and Q10 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 Q9 and Q10 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 Q1 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).

8 8
7 7
o 06 Ce
< £ c
e %5 Ts
H § §
3 3 2
g §4 §4
8 & 8
4 3 3
2 2 2
1 1 1
0 0 0
el BERNE AN P L] o LLLLLL
Pulses Pulses Pulses I l
Time —en Time —& Time ———e
(a) (b) (c)
DESIRED TEMPERATURE SLIGHTLY DECREASED TEMPERATURE GREATLY DECREASED TEMPERATURE

FIGURE 2
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.

3k
60 Ha Sk
HEATER 15 V]
L0AD
Y
TRIAC - /,J,\ 2O i
H \l./ N A
1
H
R 4kt
1yo
1
L]
]
SENSOR ! a1 10 kst
n2o | K02 Yo
15 k2 tLic
3 an TN 0
d oo i 5y
AT 250,4F >——®—
2
H R2
0.1uF 4 10 kit AL
(2 15k
N R4 A
H 10ks2
j :' R 10 kit
10 ka2 Q6
Y
(- H
2 e H
------------------- 1
@
Ritrigger)t

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 R 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 kQ
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.

HEATER sV Ra
LoAD
o
TRIAC

R4k

5
e

g
-
4

s 1206 a7

P
2
z
8
E
S+
8

10k

2
o

R20
15k0

°

>T D
L)

o

10 ka2

Ritrigger)t

?H(triggsr) is adjusted so that the peak output is less than 200 mA.

FIGURE 4—ON-OFF HEATER CONTROL WITH HYSTERESIS ADDED

B
/\
/A N
7~
T — P s -
utput inhibited . I 7
7 | P
o 7y J
g 4 ] Vi
e 4 | 1 ’I
o / I
: oonr g
s / ! 1 ’
b P ! | ’
> 7/ : ] ’I
Output enabled /’ i : '/
7/ 1 (4
B
~—
S o
B

V13—Voltage at Pin 13

FIGURE 5—HYSTERESIS CURVE FOR FIGURE 4

A—Circuit without added hysteresis (AVq3 =~ 15 to 20 mV residual hysteresis)

B—Circuit with added hysteresis (AV 13 =~ 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 TYPES TL441M, TL441C
INTEGRATED LOGARITHMIC AMPLIFIERS

("Rcu"‘s BULLETIN NO. DL-S 11427, JANUARY 1971—REVISED JUNE 1976

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

OUTPUTS

INPUT e\, |[NPUT
B1 z Z B2

NC  Cg2 CB2' GND

16 LJ15 | JW 12 {mjjw)]9

e Excellent Dynamic Range

e Wide Bandwidth

e Built-In Temperature Compensation

e Log Linearity (30 dBV Sections) ... 1dBV
e Wide Input Voltage Range

TfP2{131|4([|S]|6([|7]]|8
C Vce- Ca2' INPUT v , INPUT V
A2 VCC A2 A7 Y Y v cC+
OUTPUTS

Y log A1 + log A2; Z= log B1 + B2
where: A1, A2, B1,and B2 are indBV, 0dBV =1 V.
Ca2. Ca2’, Cga, and Cgypr, are detector compensation inputs.
description 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 dc 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 |F circuitry as well as video
and log amplifiers. The TL441M 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

veer (B)—

ou'r;u‘r@
OU‘:PUT@

@OUEPUT
OUTPUT

p
wo—l hl hik h ik

b
N AT A T

13) GND

al S D
cAz'@ 14)Ce2’
Caz @ L L ;: J E___J 15) Ce2

vee- (@)
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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

. 8V

-8V

¢ 5 1BY

30 mA

. . . . 500 mwW
—55°C to 125°C
. 0°C to 70°C
—65°C to 150°C

NOTES: 1. All voltages, except differential output voltages, 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, TL441M chips are alloy-mounted; TL441C chips are glass-mounted.

recommended operating conditions

TL44TM TL441C
MIN NOM MAX |[MIN NOM MAX A
Input voltage for each 30-dBV stage 0.01 1 (0.01 1 Vpp
Operating free-air temperature, T p —55 125 0 70 i[5
electrical characteristics, Vcc+=6V,Vcc—=-6V, Ta=25°C
PARAMETER TEST TL441M TL441C UNIT
FIGURE |[MIN TYP MAX [MIN TYP MAX
Differential output offset voltage 1 +25 60 +40 mV
Quiescent output voltage 2 545 5.6 585|545 5.6 5.85 \"
D-c scale factor (differential output),
3 T 8 10 6 8 12 |mV/dBV
each 30-dBV stage, —35 dBV to —5 dBV
A-c scale factor (differential output) 8 8 mV/dBV
D-c error at —20 dBV (midpoint
3 1 2 1 dBvV
—35dBV to —5 dBV range)
Input impedance 500 500 Q
Output impedance 200 200 Q
Rise time, 10% to 90% points, C|_ = 24 pF 4 20 30 20 30 ns
Supply current from Voo+ 2 145 185 231145 185 23 mA
Supply current from Voo— 2 -6 -—-85-10.5| —6 —8.5-10.5 mA
Power dissipation 2 123 162 201|123 162 201 mW

PARAMETER MEASUREMENT INFORMATION

Vee+  Vee-

FIGURE 1

/]

lcc+
* vee+
_—°., Vee-
~ ICC—

A1l

A2

B1

TR

B2
Cg2 CB2'

Ca2 Ca2'

7T

Pp =Vcc+lcc+ + Vee—+lcc—
FIGURE 2
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

Vees  Vee- Vee+  Vee-

& 1000 pF
Y8 ovM ¥ TEKTRONIX
SAMPLING SCOPE
@ @) WITH DIGITAL
. READOUT OR
EQUIVALENT
18mv[ DC PULSE
100 mv | POWER GENERATOR Cu cL
560 mV | SUPPLY 500
+ pe L
NOTES: A. The input pulse has the following character-

Vout(560 mv) — Vout(18 mv)] mV
30dBV

Scale Factor =

istics: t, = 50 ns, t, < 2 ns, tyf < 2 ns,
PRR =10 MHz.
B. Capacitor C; consists of three capacitors in

- Mout(100 mv) = 0.5 Vout(560 mv) —0.5 Vout(18 mv)!

Error parallel: 1 uF, 0.1 uF, and 0.01 uF.
Scale Factor C. C includes probe and jig capacitance.
FIGURE 3 FIGURE 4
TYPICAL CHARACTERISTICS
TL44TM TL441M
DIFFERENTIAL OUTPUT OFFSET VOLTAGE QUIESCENT OUTPUT VOLTAGE D-C SCALE FACTOR
Vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
60 8 12
. g
2w £
§ e . i
3w é‘ % [ Tlaaic —i g 8
; N : T
S 3 2 s £ 6
i ~N s
] 3 =]
) i ;-
; Vees =6V I~ g 2 P v Vees =6V
8 10— vee_ =-6v o B & 2f—vee -6V
See Figure 1 B ;gm 3 8 See Figure 3
B — P e P 1o |
75 60 -25 0 26 50 75 100 125 75 -50 —26 0 25 80 75 100 125 75 50 -265 0 25 50 75 100 125
Ta-Fres-Air Temperature—°C Ta—Free-Air Temperature-°C Ta-Free-Air Temperature—"C
FIGURE 5 FIGURE 6 FIGURE 7
TL441M
D-C ERROR OUTPUT RISE TIME POWER DISSIPATION
vs vs vs

D-C Error st Midpoint of 3098V Range—dBV

FREE-AIR TEMPERATURE

2.0
1.8
16
14
A
1.2 <
1.0
T —t—
08
06
v =6V
e
Vee-=-6V
0.2 ™ see Figure 3
° L
—75 -60 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 8

t;—Output Rise Time—ns

3

3

LOAD CAPACITANCE

[ Vecs =8V

- vec—=-6V

Ta=25"C

[ See Figure 4, outputs
L L

oaded symmetrically
1
25 EY

0 5 10 15 20
C|—Load Capacitance—pF

FIGURE 9

Power Dissipation—mW

FREE-AIR TEMPERATURE
200
180
|
160
=1
! —~
i F— TL441C =
120
100
80
60
a0 | Veer=ov
Vee- = -6V
20 = gee Figure 3
ol ]
~75 50 25 0 25 50 75 100 125

Ta—Free-Air Temperature—°C

FIGURE 10
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

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-VBg = In [(Ic+ ICES)/ICES]
where: Ic = collector current
ICES = collector current at VBg = 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 diagram

INPUT
A1 O

log log

<3
<

OUTPUTS

FIGURE 11

log sections

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.

TYPICAL APPLICATION DATA

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-dBV stage in the pair. The
compensation pins may also be used to match the
transfer characteristics of input A2 to A1 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 levelsin
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
+3.5volts, 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

INCORPORATED
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

circuits

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.

TYPICAL TRANSFER
CHARACTERISTICS

A1 v - [T T T T
7 —— A0 A A
i » o LI T T e
2 % g |
GND OUTPUT B o |
* L iill!llliiii 1l
A HADJUSTED ;oa
l ‘ . SLOPE WITH ZERQ OFFSET ""
L = |IIII|||||||||||!|||||||!|||||||||||||||||
104 1073 1002 107} 10!
Input Voltage—V
FIGURE 12—OUTPUT SLOPE AND ORIGIN ADJUSTMENT
TRANSFER CHARACTERISTICS *
OF TWO TYPICAL INPUT STAGES
2k, 1% 0.4
B1 4
1/2 03
TL441 ; 7
-— 2 kﬂ, 1% OUTPUT S 02
INPUT el . . 2
i 2k, 1% 3 2k 1% o
¢ /
= 0 = JfH]l/
0001 001 01 1 10
Input Voltage—V
FIGURE 13—UTILIZATION OF SEPARATE STAGES
TRANSFER CHARACTERISTICS
WITH BOTH SIDES PARALLELED
A1 Y * M ﬂﬂ T
A2 Y 03
TL441 > [ || u
B1 Z| H /
INPUT - S 02 t
B2 z 2 \
GTD 2kn, 1% o 2KE. 1% . /
- 8.001 0.01 0.1 1 10

Input Voltage—V

FIGURE 14—UTILIZATION OF PARALLELED INPUTS
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TYPES TL441M, TL44A1C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

TRANSFER CHARACTERISTICS

<|

e " v A
Ve =4V 2ke
1k0 15k0
A2 —

ORIGINS %
9100 TLAaY 20k >
Vee-=-4 VJ I !
81 z
) ol £
5ka Vee+ =4V s
100 2 4
INPUT 1k Al 2k F
B2 z 4 3
S SLOPE ouTPUT S
91008 v o
cc-=
< 2kq
5ka
100 @

1072 10
Input Voltage—V

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.

FIGURE 15—-LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV

O

Al

A2

INPUT
A o

OUTPUT W
(See Note B)

TLa4

iIo

e

B2

INPUT
B

;
o See
i ‘ B1 Note A

|—o

NOTES: A. Connections shown are for multiplication. For division, Z and E connections are reversed.
B. Output W may need to be amplified to give actual product or quotient of A and B.
C. R designates resistors of equal value, typically 2 k2 to 10 k2.

Multiplication: W = A*B = log W = log A + log B, or W = a(loga A + log, B)

Division: W= A/B = logW = log A — log B, or W = a{loga A — loga B)

FIGURE 16—MULTIPLICATION OR DIVISION
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

nR R R
A1
Y FvwA——N ~ =9
INPUT 1/2 B1 z- OUTPUT
A w
TLaat + + 1/2
z

vhivi—e
o M= TL441 9
A2 =
R -
nR R

NOTE: R designates resistors of equal value, typically 2 k2 to 10 k§2. 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, or W = a(n loga A)

FIGURE 17—-RAISING A VARIABLE TO A FIXED POWER

2kQ 2kQ
O—MN—@— WA
INPUT -0
A — \ SLOPE OULPUT
o S e
—2 20 k2 W Al Y
L 4 g 112 9
TL441 _
A2 Y
2kQ 2
it—wﬁ
L. . 2
. o =l
NOTE: Adjust the slope to correspond to the base “‘a”’.
Exponential to any base: W = a
FIGURE 18—RAISING A FIXED NUMBER TO A VARIABLE POWER
0.2 uF
22ka
INPUT V4
Al A -0
y V i I\ OUTPUT
$320 ko 0.2 uF 1
v AAA- I( & 0
2.2ka  Gain
i Adj 1kQ 1E1 KQ
TL441 S
50 28 L
= = 02,F T T
INPUT,_ 64 3 22 ka J]( 1 5
;s 4: 20 k@ > 35 F OUTZPUT
p B2 7| AN A °
Ca2CA2' CB2 CB2 22k 3e A
amn
m 3 adi 1ke  $1ka
s
50 2 <
- = + =

o
Vee-

FIGURE 19—DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE PER CHANNEL AT 10 MHz
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LINEAR TYPES TL442M, TL442C

INTEGRATED
C|RCUITS BULLETIE?OL.?LE Ei?oc?olafflggs

FORMERLY SN56514, SN76514

e Flat Response to 100 MHz

e Local Oscillator IF Isolation...30 dB Typ T —

e Local Oscillator RF Isolation ... 60 dB Typ (TOP VIEW)

e RF-IF Isolation...30dB Typ

e Conversion Gain ... 14dB Typ NC OUEPUT Rcc INFF"’l:JT DECOUP%E NC
e Use with 12-V or +6-V Power Supplies | j13n 8 (|8

nllw
L

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 pd
supplies is possible. Refer to typical application data. 1 2 3 4 3 6 1

NC +Vcc OUT- FLOAT- LOC -Vcc NC

The TL442M is characterized for operation over the PUTE ING OSC
full military temperature range of —55°C to 125°C; GND INPUT
the TL442C is characterized for operation from
0°Cto 70°C. NC—No internal connection
schematic
+Vee
I 3kn
AM—O0 Rce
600 ¢ 600 © <
OUTPUTE O ®——————OOUTPUTE

O DECOUPLE 2

RF
INPUT
600 2 600 02 <
oFLOATING
GND
LOCAL OSCILLATOR
INPUT 01 200 200
gs00 5008 g1k
O DECOUPLE 1
3 1.05 k2

All component values are nominal.

-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, Vgog (seeNote 1) . . . . . . . . . . . . . . . . . . . ... ... .. ... 18V
Inputvoltage ([seeNotes Tand2) . w ¢ s w & w = w @ 5 w §'% ¢ 5 6's @ § & 5 6 w5 s @5 @AV
Continuous output current (see Note 3) . . . . . i s owm s w5 om & 1AmA
Continuous total power dissipation at (or below) 25°C free -air temperature (see Note 4) .« +« . . . . . 50OmMmW
Operating free-air temperature range: TL442M Circuits i e o m s m e m o aom aT ~855°Cit0:125°C

TL442C Circuits . . . . . . . . . . .. ... ... 0°Cto70°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . v . . . . . .... —B5Cto150°C

recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, Vee - - - - R R R 12 \%
Local oscillator input voltage (see Note 5) T EE R R 250 300 mVrms
RF input voltage (see Note5) . . . . . . ? amd cEaa A e o 10 30 mVrms
Operating free-air temperature range: TL442M Crrcmts R T L 125 °C
TL442C Circuits . . . . . . . . . . . . . 0 70 " “c

electrical characteristics at 25°C free-air temperature, Vgc =12 V

TEST TL442M TL442C
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN TYP MAX|[MIN TYP MAX
Vo Quiescent output voltage 1 96 10.5 11.3] 96 105 13| V
Icc Supply current 1 55 74 109| 55 74 109 | mA
G Conversion gain (single-ended output) o |fRFaNdfLO=100kHz | ol 0 a4 17| a8
onversion gain -
c rsion gain (single-ended outpu S —
f =100 kHz
LOIFI  Local oscillator to IF isolation 3 - 15 29t 20t dB
thru 40 MHz
] —— fLo = 100 kHz
LORFI Local oscillator to RF isolation 3 40 52t 52t dB
thru 40 MHz
f =100 kH
RFIFI RF to IF isolation 4 RF : 15 28t 28t dB
thru 40 MHz

T The typical values are at 40 MHz.

NOTES: 1. All d-c voltage values are with respect to —V ¢ terminal.
. This rating applies to the local-oscillator input, RF input, and Decouple 2.
. This value applies for both outputs simultaneously.
. For operation above 25°C free-air temperature, refer to Dissipation Derating 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.

A WN =

DISSIPATION DERATING TABLE

—— POWER DERATING ABOVE
RATING FACTOR TA

J(Alloy-Mounted Chip) 500 mW 11.0mwW/°C 105°C

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

N 500 mW 9.2mwW/°C 96°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL442M, TL442C
BALANCED MIXERS

PARAMETER MEASUREMENT INFORMATION

Ovcc =12V Qvec=12V

PD = Vceice SIGNAL
SOURCE
RG =50

ANALYZER
(See Note 7)

—1 SPECTRUM
[

See
Pin
Designations

RF
VOLTMETER

SIGNAL

o] c
C  SeeNote 6 SOURCE c c c See Note 6
RG =502

FIGURE 1-Vq, Icc, and Pp FIGURE 2-G¢
0% — — ——————————
!
SPECTRUM
ANALYZER
(See Note 7) Ovee =12V
RF SPECTRUM
VOLTMETER —s ANALYZER
k (See Note 7)
VRF RL= < \ N
600 2 S \ !
\ |
RF ¢ Pin p
VOLTMETER Designations
Below s,
Or-=35 "7
SELECTIVE SIGNAL, | opEw 60003 /
SIGNAL VOLTMETER = f
SOURCE foror = \?(E)EVE‘}/:R
RG =50 c
c /Lc%j.c See Note 6 _L
FIGURE 3—-LOIFI| and LORFI FIGURE 4—RFIFI
Pin Designations: For all test circuits appearing in this RF e
data sheet, terminal functions are defined by their
relative positions as shown in the drawings in this T oL
block. 0sc
DECOUPLE 2
DECOUPLE 1
(@) Rcc
FLOATING GND
NOTES: 6. Capacitor C comprises the following capacitors in parallel: 1 uF, 0.1 4F, and 0.0015 uF.
7. The spectrum analyzer is used for frequencies above the normal range of the selective voltmeter.
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TYPES TL442M, TL442C
BALANCED MIXERS

TYPICAL CHARACTERISTICS

QUIESCENT OUTPUT VOLTAGE
Vs

FREE-AIR TEMPERATURE

| Vec=12v
See Figure 1
>
& M
g
5 ~—
- T—
2 T
3 10 !
[¢] |
- [®— TLA442C —&
§
2
@
s
S|
1 9
o
>

8
-75 -50 -25 o 25 50 75 100 125

TA—Free-Air Temperature—°"C

FIGURE 5

CONVERSION GAIN
Vs

SUPPLY VOLTAGES

32 | i T
Veg =12V
28 |- VLo =300 mV
VRF = 10 mV
24 | fLO~TRE = 1 MHz
@ " Ta=25°C
it See Figure 2
<
S 20
o
<
2 18
—
2
L? 12
O
Q 8 //
4
)

Vec—Supply Voltage—V

FIGURE 7

CONVERSION GAIN

Vs
FREQUENCY
25
20
o 15
7 I
<
"5 10 \
<
2 N\
s 5
§
-
s
¢ o
$ Vee=12V
_5|-Vio =300mv
VRE =10 mV b
fLO—fRF = 1 MHz
—10fT,=25°C
See Figure 2
T M ol T
1 4 10 40 100 400 1000

fRE—Frequency—MHz

FIGURE 9

Pp—Power Dissipation—mW

Ge-Conversion Gain—dB

Gc—Conversion Gain—dB

TOTAL POWER DISSIPATION
vs

FREE-AIR TEMPERATURE

100
|_Vec=12v
See Figure 1
90 T
1
// | ]
1
A/ fe— TL442C —o4
80
70
60

-75 -50 -25 ] 25 50 75 100 125

Ta~Free-Air Temperature—"C

FIGURE 6

CONVERSION GAIN

vs
LOCAL OSCILLATOR VOLTAGE
© Vee=12V
0 —*'rLAo:;gfc: L
See Figure 2
20
] VRF = 0.1-10 mV}
VRF = 100 mV ]
o /V vzi =150 mV
ol [
T
VRF = 300 mV
-10
-20

0 100 200 300 400 500 600 700 800

V| 0-Local Oscillator Voltage—mV

FIGURE 8

CONVERSION GAIN
vs

FREE-AIR TEMPERATURE

16
14
1 —
I
12 L
1
[ TL442C ——=
10
8
6
Vee=12V
41 Vi p=300mV
VRF = 10 mV
21— fLO—fRF = 1 MHz
See Figure 2
ol 1 I 1 1

-60-40 -20 0 20 40 60 80 100 120 140

Ta-Free-Air Temperature—"C

FIGURE 10
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TYPES TL442M, TL442C
BALANCED MIXERS

LOCAL OSCILLATOR TO IF ISOLATION

TYPICAL CHARACTERISTICS

LOCAL OSCILLATOR TO IF ISOLATION

'H Vs
FREQUENCY FREE-AIR TEMPERATURE
- 40

@
i 3
(4 T L
=] c L—
£ £ 1 =]
8 = T 2 —r—" :
‘ 3 ;
% w
g ° — TLa42c 1+
e -
5 2 S 20
= 2
3 3
3 4
Ci g
1 10 S j0lVecc=12V
o Vee=12V i VLo =100 mV
S VLo = 100 mv H flLo=1MHz

[ Ta=25°C ] [~ See Figure 3

See Figure 3 m l
0 rai Wi
0.1 04 1 4 10 40 100 —60 —40 —20 O 20 40 60 80 100 120 140

LOCAL OSCILLATOR TO RF ISOLATION

80

70

60

LORFI—Local Oscillator to RF Isolation—dB

40

30

20

RFIFI—-RF to IF Isolation—dB

0
0.1

fLo~Frequency—MHz

FIGURE 11

Ta—Free Air Temperature—"C

FIGURE 12

LOCAL OSCILLATOR TO RF ISOLATION

vs
FREE-AIR TEMPERATURE
I

L.

TL442C —

Veg=12V
VLo = 100 mV
fLo=1MHz
See Figure 3

o
—60 -40 -20 O

20 40 60 80 100 120 140

Ta—Free-Air Temperature—°"C

FIGURE 14

RF TO IF ISOLATION
Vs
FREE-AIR TEMPERATURE

/r

TL442C ——4|

—=Vec=12V

[ See Figure 4

VRE = 10mV
fRE = 1 MHz

vs
FREQUENCY
80
8
<
s
”l <] N § 60
N
& 50
m s
s a0
K
é
®
8
"' 20 —
Vec=12V @
Vio =100 mV A
[ Ta=25C 9
See Figure
i
0.4 1 4 10 40 100
fLo—Frequency—MHz
FIGURE 13
RF TO IF ISOLATION
vs
FREQUENCY
40
8 2
T =
i é
8
= 20
b
w
&
T
Iy
&
w 10
cc=12V 3
VRE = 10 mV
Ta=25'C
See Figure 4
i 0
1 4 10 40 100 400 1000

fRE—Frequency—MHz

FIGURE 15

—60 -40 -20 0

20 40 60 80 100 120 140
Ta—Free-Air Temperature—'C

FIGURE 16
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TYPES TL442M, TL442C
BALANCED MIXERS

TYPICAL CHARACTERISTICS

SIDEBAND HARMONIC SUPPRESSION
Vs
LOCAL OSCILLATOR FREQUENCY

) I

o 35 2fLoz fRF
bii L H~
w
gf = —
89 ail T By
32 25 2fLot 2fRF
o™
T
% /
:g 20 4
g3 /
§2 - P ——
ags 3fLo £ f
%§ Vee=12V Lo * TRF
SE 10 |— fRF = 100 kHz
B VRF =10 mV
& VLo =220 mV
5 —Ta =25°C
See Figure 2
0 ) 10 I A
0.1 0.4 1 4 10 40 100
fLo — 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 +V¢g, the negative terminal
to —V e, and the floating-ground terminal to Rggc. For operation from two 6-V supplies, leave Rgc open and connect
the positive terminal of one supply to +V g, the negative terminal of the other supply to —V¢(, 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
performance.

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.

O Veec=+12V Vec1=+6V 0 O Vcez=-6V

RF INPUT ()
Pin NOTE: Capacitor C comprises the fol-
E:;ggam"‘ lowing capacitors in parallel:

LOCAL OSCILLATOR
1 WF, 0.1 WF, and 0.0015 uF. INPUT O

= FIGURE 18—EXTERNAL CAPACITOR CONFIGURATIONS =
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INCORPORATED
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

1079



179

LINEAR

TYPE TL480C

INTEGRATED 10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

CIRCUITS

BULLETIN NO. DL-S 12735, NOVEMBER 1979

e 10 Comparators Logrithmically Digitize
Analog Input Signals

e High Input Impedance . .. 100 k2 Typical

e Open-Collector Outputs Capable of
Sinking up to 40 mA and Withstanding
upto 32V

e Economical 14-Pin Dual-In-Line
Plastic Package

e 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 Q1 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.

Q9

Q10

Veer

ANALOG
INPUT

GND

Q1

Q2

JORN
DUAL-IN-LINE PACKAGE
(TOP VIEW)

F

NC-No internal connection

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

Ve 3 VOLTAGE
cc REGULATOR
ANALOG_(4)
INPUT
(5)

GND—j

Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL480OC
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

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

Supply voltage; Vo (seeNote' 1)  .uvvwswewvswsmwsmems vuvmswss 63 [ BT BT o33 TSR 50 5 70 Bud 2V
ITDUE VOILAGR!  « w: o 1o s & o s S o Glog ) ) ¥ pnas o7 % 5 8 SLENE G/E ) 8 10 815 0 © ¥ 0 B SEE S R 8 B 860 e ettt Whaie, sl B 8V
Off:sstataoutputivoltage ;@ sis s paememsi@e 455 @VEE § 6580w s e s & o s 0 S ol kS, e .... 40V
Onestate output current (80K DULDUL) sl 55 0nd wve e must o w o mos 5o 507550 506 81 5 @ 50 B 4iors st w05 1 8 9% .00 08 381 9 60 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): J package . ..... v % 1025 mW

N package ...... .. 1150 mW
Operating free-air teMPErature raNge: . v v evw o was w0 s & 56 s 998 8 5168 8 45 518 5s @97 $6& 60w s 0°Cto 70°C
Storage temperature range . . ..... B o ) S el e A e e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package ..... e e s 3006
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . .............uvuuennn 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

P
———— OWER DERATING ABOVE
RATING FACTOR TA
J (Glass-Mounted Chip) 10256 mW 8.2 mW/°C 25°C
N 1150 MW 9.2 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

recommended operating conditions MIN NOM MAX

Supplyvoltage, VCE -+ v v vt v i iiiii e s e g A P S 10.8 12 1312
QUIDTGEVOIRAGEAVDI™ 5« ot w0 4 1ot w00 3 s e s o g v 906 506 ) 0 5 00 P08 80 6 Y8 905 32
OUIPULCOTENt, 1O o s cie orvus s 3 a0s o0 5 m 5 6 ma 008 8308 65 ©8 S5 5688588 o mon @ me 40
Operating free-air temperature, TA . ... ... inennnnn SRR S R e 0 70

UNIT
v
\
mA
°c

electrical characteristics over recommended operating free-air temperature, VcC = 12 V, (unless otherwise

noted)
PARAMETER TEST CONDITIONS | MIN TYPt  MAX | UNIT
Switching Q1 197 218 242
Switching Q2 247 275 304
Switching Q3 311 346 383
Switching Q4 392 435 483
Positive-going threshold Switching Q5 3 494 548 607
VT+ p —— Ta=25C mV
voltage at input A Switching Q6 621 690 765
Switching Q7 782 868 963
Switching Q8 985 1093 1212
Switching Q9 1240 1376 1526
Switching Q10 1561 1732 1921
VT+—VT_ Input hysteresis 10 mV
10H High-level (off-state) output current VoH =32V 0.5 200 | upA
VoL Low-level (on-state) output voltage :gt ; ;g :: 0012 gz \%
I Input current V=2V 10 20 KA
- Supblyicitrant All outputs high Vee =12V, 7.5 12 -
All outputs low No load 24 38

TAll typical values are at Voe = 12 V and T4 = 25°C.
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LINEAR TYPE TL481C
E'ﬂgﬁ?{g“" 10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

BULLETIN NO. DL-S 12736, DECEMBER 1979

e 10 Comparators Logarithmically Digitize DUAL_IN_L:“NGE BABRAGE

Analog Input Signals (TOP VIEW)

e High Input Impedance . . . 100 k2 Typical '
e Open-Emitter Outputs Capable of Sourcing a9 o]
Up to 25 mA and Withstanding Up to
35V ato &
e Supply Voltage Range of 10 to 35 V (Vcc2)
e Economical 14-Pin Dual-In-Line Plastic Veer Q6
Package
e 2-dB Intervals ANALOG Vs
INPUT
description
y GND as
The TL481C features open-emitter outputs capable
of operating to 35 volts and sourcing 25 milliamperes
for driving vacuum fluorescent displays. The TL481C Q1 04
uses ten comparators and a reference voltage network
to detect the level of a signal at the analog input.
Output Q1 is switched to a high logic level at a Q2 a3
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

at high logic levels at a typical input voltage of 1732 millivolts. The hysteresis of all trigger points is typically 10
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 TL481C is designed for logarithmic detection of analog signals and may be used in applications such as low-precision u
meters, warning signal indicators, A/D 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

Vee2
Vo, 330 | VOLTAGE 1
cc1 REGULATOR
(2)
e m— 1 ]
]
1
|
ONLY
TWO
OF TEN
OUTPUTS
SHOWN
ANALOG (4)
INPUT
(5)

GND——;

Copyright © 1979 by Texas Instruments Incorporated
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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; VIOET (588 NOTE TN & w s o v wimn wivows s wn »min e e i w e i ook oo onr s o e (m mt 3 ims w00 mi 90 0 20V
L 0. S B R 40V
[VDUE VOTBAGE! & i s 5 5 15 505 05 1518 5 100 568 5 0 0B s o Gar 0 i 0 &S W 0 W5 8 Rk ) 6 o e e G Y w105 G, (o1 o 8V
OUIDUL VOItAGEITAMEE o s miios oo E @ em© SO T I 6@ 50§ B & 608 5 A0805 /5 & 18 5 8 98 55 o 18 00,8 ) & me e & 8 & e 0V to Vce2
Oh:state oUtPUt CUTFBNT (GAch GUtPUT) v mims sm B BE 2H s M6 W HEEs HEEHE LB YO @S ms 8s @ —-30 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note2) . ................ 2075 mW
. o o
Operating free-air teMpPerature range . . . . . .o oo vt ittt it it e et et 0Cto70 C
o (-}
Storage toMPEYature TaNGE: s <5 s m 2 s s @ e 8 55 56 E T & § 810508 § @ 518§ 46 bl 6 e 0w 6 8 e 0 e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds . .. .. ... ..ttt nenen.s 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 at 70°C at the rate of 16.6 mW/°C.
recommended operating conditions
MIN NOM MAX UNIT
SUPPIY VOlItage, VCCT « v v v v vmmmmn st se et sa e tasinenns 10.8 12 132 \Y
VIGED! s 55 55 5o a6 ar s 3 a0 ¥ st s i % 0t wi vt 0 e a0 s G e e 10 25 35 \
OULPUL CUTFENL, 10 . o385 s us®s smam s 0 RO ams £ 853 a5 o8 50w e 8w ss v 25 TA
Operating free-air temperature, TA . . . oo v v i ittt i e 0 70 C
electrical characteristics over recommended operating free-air temperature and supply voltage ranges
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Switching Q1 197 218 242
Switching Q2 247 275 304
Switching Q3 311 346 383
Switching Q4 392 435 483
Positive-going threshold Switching Q5 494 548 607
VT4 R o Ta=25°C mv
voltage at Analog input Switching Q6 621 690 765
Switching Q7 782 868 963
Switching Q8 985 1093 1212
Switching Q9 1240 1376 1526
Switching Q10 1561 1732 1921
VT4+—VT_ Input hysteresis 10 mV
| =—10mA \% —-1.3 V —0.8
VoH High-level (on-state) output voltage OH m cc2 ccz Vv
loH = —25mA Vcez—1.5 Vee—0.9
loL Low-level (off-state) output current Vee2 =35V 0.5 200 kA
1] Input current Analog input V=2V 10 20 kA
All outputs high 15 25
I S ly current f \% Vv =12V, No load A
ce Hpply. current rom Vet All outputs low o 9 15 i
All outputs high | Vec1 =12V, Vge2=35V, 15 27 mA
| Si | t f \
e HRRlY curtent frem VN 62 = AT outputs low | No:foad 1 200 WA

T Al typical values are at Vcgq = 12 V, Voep = 25 V, and T = 25°C.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




LINEAR TYPE TL487C

INTEGRATED 3
CIRCUITS 5-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

BULLETIN NO. DL-S 12675, FEBRUARY 1979

® 5 Comparators to Digitize Logarithmic JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW)
Analog Input Signals in 3-dB Step
Increments ANALOG DIGITAL OUTPUTS
e High Input Impedance . .. 100 kQ Typ o Ve e e
e Open-Collector Outputs Capable of 8 6 5
Sinking up to 40 mA and Withstanding —
upto 18V
e Supply Voltage Range of 10 to 18 V
e Economical 8-Pin Dual-in-Line Plastic
Package and Ceramic Package b 4 4
FUNCTION TABLE PR SYVD-E PN g
INPUT A OUTPUTS t V4 v 4
(NOM) Q1 Q2 a3 04 05 4 > >
0—~206mV | H H H H H L( L(
~266—~375mV| L H H H H - — |
~375—~530mV| L L H H H 1 2 3 4
~530-~749mV| L L L H H
~749 -~1058mV| L L L L H i B ot
>~1058 mV L L L i L DIGITAL OUTPUTS

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

The TL487C is especially designed to detect and indicate analog signal levels. The device may be used in various n
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 Q1 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, VCC (see Note 1) . .. i i i e e e e e e e e 20V
NVoltage:at aRAIOG TAPUEIA.  « oo v oo v mo e imow com o ses o om0 ot s #0790 0 b 0 0 700 o 7 o T e o K ke e S 8V
Off-state OULPUL VOITAgE . . . . . ittt it e ittt e et e e e e e e e e 20V
Currentithrough analogiNPut A s ssmses smsms smsmscafes@s s w5 oo swams sasms 58 amsms —10 mA
Low-level output current (each outpUt) . .. .. .. i e e e 80 mA
Total low-level OUtPUL CUITENT . . . . i it e e et e e e et et et e e e e e 200 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): JG package’ . seswens 825 mW

P package ........ 1000 mW
Operating free-air temperature raNge . . . . v v vttt et et e e e e e e e e 0°C to 70°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds . .. .. ..o i ittt it eie e 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 DERATING ABOVE
FAORAGE RATING FACTOR TA
JG (Glass-Mounted Chip) 825 mW 6.6 mW/°C 25°C
P 1000 mW 8.0 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, VGG« + « v v v e e e e e e e e e e e e e e e 10 12 18 Vv
Qutputvoltage; Vg & s © 5 = ¢ & & 5 @ 5 & % 8 5 % & 6 5 5 & & w £ » 18 Y,
Low-level outputcurrent . . . . . . . . . . . .. e e e e e e e 40 mA
Operating free-air temperature, TA . . . . + + v v v v e e e 0 70 °C

electrical characteristics over recommended operating ranges of Vo and T a (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYPT  MAX UNIT
Switching Q1 237 266 298
Switching Q2 335 375 421
Positive-going threshold o 5
VT+ i Switching Q3 TA=26°C 473 530 595 mV
voltage at input A¥ e
Switching Q4 668 749 840
Switching Q5 943 1058 1187
Switching interval § 3 dB
VT —VT_ Input hysteresis 10 mV
loH High-level output current VoH =18V 0.5 20 MA
loL =16 mA 0.15 0.3
VoL Low-level output voltage Vv
loL =40 mA 0.25 05
N Input current V=1V 53 10 KA
All outputs high All outputs open, 8 12
lcc Supply current mA
All outputs low Vee=12V 18 21

TAll typical values are at Vee = 12 V, T4 = 25°C.
These thresholds increase with temperature at the approximate rate of 1 mV/°C.
8Switching interval is the ratio of (1) V4 for switching output Qp4q to (2) V4 for switching output Q.

107¢
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LINEAR TYPE TL489C

INTEGRATED .
CIRCUITS 5-STEP ANALOG LEVEL DETECTOR

BULLETIN NO. DL-S 12584, JANUARY 1978 — REVISED OCTOBER'1979

e 5 Comparators to Digitize Analog P DUAL-IN-LINE PACKAGE (TOP VIEW)
Input Signals in 200 mV Increments
e High Input Impedance . .. 100 kQ Typ ANALOG DIGITAL OUTPUTS
INPU
e Open-Collector Outputs Capable of By i, L
Sinking up to 40 mA and Withstanding 8 7 6 5
up to 18 V — ,J
° | 1 R f1
Supply Voltage Range of 10 to 18 V P ]
e Economical 8-Pin Dual-in-Line Plastic L"ffo“g
Package
4
» L ] £
FUNCTION TABLE
% 4
INPUT A OUTPUTS $
(NOMm) Q1 Q2 03 Q4 05
0—~200mvV | H H H H H
~200-~400mV| L H H H H
—
~400-~600mV | L L H H H ) 2 3 4
~600-~800mV| L L L H H
~800-~1000mv | L L L L H O e -
>~1000 mV L L L L L DIGITAL OUTPUTS

H = high level, L = low level

description

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 Q1 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, Vec (seeNote) . & s % s 5 5 5 » 8 8 w @ 5 ® « 505 & 5 © w e v ow s ow v e s OV
VoltaeratBnRIOGINPULA + & % & & 5 &5 &% & § B 5 5 §Ea @ @ 0w & s et b o s m e s s BV
OFff StateoutPbutVONAgR)] + = & &« « & 7 & % & 9 ® & G/ W FH 5 % & B W w W B E g e e wn e ow s LOV
Currentthroughanalog input A . . . . . v v ¢ & + o 5 o o o = ¢ s & 5 2 o o o v 50 s s s —=10mMA
Low-level output current (eachoutput) . . . . . . . . . . . . . . 4 v v e e e i e . . BOMA
Total low-level output current v . e e e e 4w . . . . 200mA
Continuous total dissipation at (or below) 25 C free -air temperature (see Note 2) s v @ o os a8 ow e 1000 MW
Operating free-air temperature range . . ot el B SN DEEE sy DCL0T0E
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds o vt ) e e i e el B T @ I260TC

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

MIN NOM MAX UNIT

SUpEYVOage:NGE: o' w & & 5 ' @ i m d B R B 4 @ e s s m i e 10 12 18 \Y
OQutputvoltagei Vo, s + s » # o 5 & & & @ 8 @ & & § @ & 8 & § W 5 3 18 \"
Low-level oUtpUtCUTIENt & & 5 5 5 & & 3 & 8 6 @ § @ ¥ W ¥ % & & W 8 @ 40 mA
Operating free-air temperature, Ta & lal e TR w e e Bk B R E F 0 70 e

electrical characteristics over recommended range of V¢ and operating free-air temperature range
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Switching Q1 160 200 240
. . Switching Q2 350 400 450
Positive-going threshold e 5
VT4 i Switching Q3 Ta=25C 540 600 660 mV
voltage at input A e
Switching Q4 730 800 870
Switching Q5 920 1000 1080
Vg = V= Input hysteresis 10 mV
10H High-level output current VoH =18V 0.5 20 uA
loL =16 mA 0.15
VoL Lowdevel output voltage oL Y
loL =40 mA 0.25 05
I Input current V=1V 0.5 HA
All outputs high Vee =12V 8 12
| S | t
ee el All outputs low All outputs open 15 25 A

T All typical values are at Vee =12V, Ta = 287,
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TYPE TL489C
5-STEP ANALOG LEVEL DETECTOR

TYPICAL APPLICATIONS DATA

ANALOG
INPUT Vee
100k S 8 7 6 5
: A vee a5 Q4
|
|
10001
-~ wm L TL489C
| 10w
|
|
| GND Q1 Q2
I 1 2 3 4
é

1
Rt Rt Rt n'{l:@n{f@
L Il i & i it i

TKeep-aIive resistors to avoid high switching current.
FIGURE 1-INTERFACING WITH INCANDESCENT LAMPS

ANALOG
INPUT

Vee

100 ke

TL489C

BuF AN

uEH 153 //""ED"

—Pr

v+

Lamps L1 through L5 illuminate as the input voltage increases in nominally 200-mV steps.

Additionally, lamp L1 will flash periodically when the input voltage at point P is below 200 mV.
FIGURE 2—LEVEL INDICATION WITH FLASHING FEATURE

ANALOG
INPUT Vee
3o
e 1 TL489C
)

‘=[ &Y ¥ 4 £ ¥ T K/) LED's

1k < 1k 1k

v+
Lamp L1 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

TYPICAL APPLICATION DATA

INPUT

OUTPUT Q1

i

I
I
I
|
|
|
|
|
|

OUTPUT Q2 |

I
|
|
|
|
I
I
|
I
|
I
|
|

OUTPUT Q3

OUTPUT 04

INPUT

TL4B9C

Pulse shaping
resistor
network

* v+

= ;OUTPUT

INPUT

The delay times are

determined by the rate
of change of the input

signal.

= 1036 mV (at Input A)

/

OUTPUT

FIGURE 5—PULSE-SHAPE CONVERTER

Vee
1051t 15V

Y|
Al

TEMPERATURE
SENSOR &

-5V

o—

POWER

o
s1

4

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

v+
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LINEAR TYPE TL490C
INTEGRATED 10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

CIRCUITS BULLETIN NO.DL-S 12677, JUNE 1979 — REVISED OCTOBER 1979
e 10 Comparators to Digitize Analog JOR N DUAL-IN-LINE PACKAGE
Input Signals (TOP VIEW)

e Cascade Feature Allows Stacking
Output Display Strings Q9

L

e Threshold Intervals Adjustable from
200 mV to 100 mV

Q1o

e Open-Collector Outputs Capable of Vee
Sinking up to 40 mA and Withstanding

up to 32V ANNROT

e Supply Voltage Range of 10 to 18 V CASCADE

INPUT

description

THRESHOLD
ADJUST
The TL490C consists of ten comparators and a
reference voltage network to detect the level of
a signal at the analog input. Output Q1 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
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.

NC

Q1

NC—No internal connection

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. m

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, 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 TL490C is characterized for operation from 0°C to 70°cC.

functional block diagram

@ VOLTAGE AAR @ i
Vee REGULATOR Pine b4 ]
b3 I
]
1t— I
| i
CASCADE _(5) 2 i
INPUT = L3 ey
(4) + WO
ANALDS + i OF TEN
= OUTPUTS
: SHOWN
VWA I
THRESHOLD (6) 22400 1
ADJUST ! '
b3 ® |
7000
anp 2 2 a1
77
4
Vesd

Resistor values shown are nominal,
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TEXAS INSTRUMENTS 349

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPE TL490C
10-STEP LOGARITHMIC ANALOG LEVEL DETECTOR

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

Supply voltage, VO ($88 NOTE)  cvivwws v vneim s iia o e s smes o sis s 5 8 s 6 60w o s s s s s s 6o me 20V
Input voltage: Analog iNPUL . .. .. ...ttt e e e 8V
CHSCAHGIIIDIIE o o lusmsaniins miires) v i 5iel) 3 008 T s 600 ) s B 00 i) 0 BRSNS o vt Ve 8V

Off-state outputvoltage ...... s et i e AN B B AR R A B R L B B B S 40V
On-state output current (aCh OUTPUL) . . . . .. ittt et et e e e s 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 FANGE . . . . ... v e ot v ettt e et e e et e e 0°C to 70°C
Storage teMPErature FANGE . . . . v v v v vt e e e e et e e e e e s —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package . ...........c.ovvuuenne.n 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package . ... ... ... ..c.uuuuunnnn 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.
ge, ]

DISSIPATION DERATING TABLE

POWER D
BRBRAGE ERATING ABOVE
RATING FACTOR TA
J (Glass-Mounted Chip) 1025 mW 8.2 mW/°C 25°C
N 1150 mW 9.2 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

recommended operating conditions

MIN NOM MAX UNIT
SUPPlY Voltage; VBB s ws v mvim s sie s me s sm @ s &5 Mames 6 sme sms o s gos @ s 10 12 18 \%
QUIDULVOITAGE, VIO 55 5 505 5060 5 5 % 66, 5 5 550591 5 o 8lm oo im0 2 o0 0 1o ot 1 ot S o o 32 Vv
Cascade input voltage (Pin 5) (when not grounded) . ...................... 1 8 \%
OUIPLECUTTONG 1O ox 5§ msimiw s o to o 58 50 58 1 5 15 8 5 6 & 761 SL@Li8) & 80 & 450 58 5/ 5 60 5 15 %5 ot & 40 mA
Operating free-air temperature, TA . .. ..o v oot e e 0 70 °C
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 TYPt MAX UNIT
Switching Q1 125 200 275
Switching Q2 325 400 475
Switching Q3 525 600 675
Switching Q4 725 800 875
Positive-going threshold Switching Q5 " 925 1000 1075
VT+ ) —— Ta=25°C mV
voltage at input A Switching Q6 1125 1200 1275
Switching Q7 1325 1400 1475
Switching Q8 1525 1600 1675
Switching Q9 1725 1800 1875
Switching Q10 1925 2000 2075
VT+— VT— Input hysteresis 10 mV
loH High-level output current VoH =32V 0.5 200 HA
loL = 10 mA 0.12 0.3
VoL Low-level output voltage loL = 40 mA — 03 06 Vv
Analog input 260 400
h SRR Cascade input bt 000 1700 | A
. P — All outputs high Vee=12V, 10 15 -
All outputs low All outputs open 30 45

TAIl typical values are at Ve =12V and Tp = 25°C
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TYPE TL490C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

Threshold Voltage Interval—-mV

TYPICAL CHARACTERISTICS

THRESHOLD VOLTAGE INTERVAL LOW-LEVEL OUTPUT VOLTAGE

Vs Vs
THRESHOLD-ADJUST RESISTANCE OUTPUT CURRENT
200 T TT17 0.4 T
180 fvCCT12Y il | Vee=12V
TA=25°C // > Ta=25°C i
160 o 0.2
Vi g
140 7 S b
/ 5 P
120 }l' 2 01 =
100 3 0.07 /,"
° v
80 3 G
_él 0.04
60 3
[ L~
40 61
S 0.02
20
0 0.01
100 400 1k 4k 10k 40k 100k 1 2 4 7 10 20 40
Radj—Threshold-Adjust Resistance—2 |0—Output Current—mA
FIGURE 1 FIGURE 2

ANALOG
INPUT

TYPICAL APPLICATION DATA

L1 10
¥ T4 T4 Y% T4 Y4 T4 % T4
Vee < ﬂ
Q1
THRES
(opeN) o—— THRE Q2
Q3
Q4
TL490C a5
Q6
ANALOG 7
INPUT
a8
CASCADE
INPUT 8
Q10
GND

—

Lamps L1 through L10 sequentially illuminate as the input voltage increases in nominally 200-millivolt steps.

FIGURE 3—LEVEL INDICATION WITH LIGHT-EMITTING DIODES
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TYPE TL490C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

TYPICAL APPLICATION DATA

12V
Vee V,
Q1) CC g1k
(opeN) o—f THRES — (open)o—{ THRES - qaf—
Q3= Q3 F.
Q4— Q4l—
ol =
> OUTPUTS TLagoc 2 OUTPUTS
Q6}— Q6}—
5V
Q7}— Q7t— B
ANALOG ANALOG o=l ANALOG asl— <200
INPUT INPUT as INPUT 1 NEXT STAGE:
Q9— Qot— :—"_’CASCADE INPUT
CASCADE CASCADE s
iNpUT Q10— oGy 210 40003
L {
= 400 @ %;
1

—a» 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 10 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 O- 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.

T FIGURE 4—CASCADING ANALOG LEVEL DETECTORS
il Sl GRS el (el o e Yy el e | o
UIELIES 8 o 1{1 r YW YW WY W)
> L > L q
500 0 S S S S < < < <
< < < < > > > >
Vv EACH > > > ‘) (, () 1, (,
¢ o 9 1 9 9 9 5
<‘ Q2
8200 <
v TL490C
= :
TL173C OUT Almb‘T’G as
| Q6
GND < CASCADE
1ka e e @
a8
THRESHOLD
L o ADuUsT L
56003 3s60a GND

The appropriate value of Hadi' the external resistance between the threshold-adjust terminal and ground, may be calculated from:

0.84 (Radj + 700 2) @ 2240 Q 533 V1
—_— +1; 0r Ragj =
VT 700 © @ Rygj 0.2—-VT
where: VT = threshold voltage interval, V

Alternatively, Radj can be estimated using Figure 1.

In the circuit shown with Raq; = 500 £2, V1 ~ 100 mV.,

FIGURE 5—LINEAR HALL-EFFECT SENSOR WITH 10-STEP ANALOG LEVEL INDICATOR
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LINEAR TYPE TL491C

INTEGRATED X
CIRCUITS 10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

BULLETIN NO. DL-S 12730, DECEMBER 1979

e 10 Comparators to Digitize Analog NG DUAL-IN-LINE PACKAGE
Input Signals (TOP VIEW)

e (Cascade Feature Allows Stacking ]
Output Display Strings @ a8
e Threshold Intervals Adjustable from ato .
200 mV to 100 mV
e Open-Emitter Outputs Capable of Veer a6
Sourcing up to 25 mA and Withstanding
upto35V G Veez
e Supply Voltage Range of 10 to 35 V (Vcc2) CASCADE -
INPUT
description THRESHOLD o4
ADJUST
The TL491C consists of ten comparators and a
reference voltage network to detect the level of GND Q3
a signal at the analog input. Output Q1 is switched to
a low logic level at a typical input voltage of 200 a1 Q2
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
terminal allows the user to decrease the input voltage steps from 200-millivolt to 100-millivolt 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 TL491C is characterized for operation from 0°C to 70°C.

functional block diagram

V, 3 VOLTAGE AAA b (13)
car REGULATOR VvV

|
CASCADE LW_—EM_ |
INPUT =
- j

ANALOG (4)
INPUT

THRESHOLD (6) 2240 @
ADJUST

(7) 700 @

)¢
S

GND 3
77

Resistor values shown are nominal.

Copyright © 1979 by Texas Instruments Incorporated
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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: Vccy (seeNote 1) ... ovviiiin e o g : o S +5 20V
VEE2 & v ssinsinis AE SE AR & BRI AR Do o) o okt aar - A0V

Input voltage: Analoginput ....... B LR s s ok A A ST SR STl e s M e s 8V
Cascade input .. ..........0.00n.. T SR SIE S ENE SR B g vges 18V
OUtPULVOITBEE TANGE. o v aivie o wn v nio wi am o s din 5 360 W03 6081 88 e Sl 8@ o 6wl avim w00 i wtd 0V toVce2
On=stato output currant (GHCH GURDUEY o iorsis s wme slim s w6 6w wwe: 815 i e &0 a0k o larsia e s o oieis o S0 —-30 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . ...... o oot Rl 73 2075 mW
Operating free-air temperature range . . ... .......oeooueennn I TR N - 0°C to 70°C

Storage temperature range

—65°C to 150°C

Lead temperature 1/16 inch (1,6 mm) from case for 10seconds ............ T iy spmpa— T 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 at 70°C at the rate of 16.6 mW/°C.
recommended operating conditions
MIN NOM MAX UNIT
SUPPLY VOITAGEE NIBET i w5 2w i wiim w amsion o0 5191 3 8 2008 B0 8 350 5 16 0 6000 3K B0 3806 Sl 38 10.8 12 132 \Y
VER vl pam e e i e e ie 0 seaeb s BT e 4 i § [ PR 10 25 35 Vv
Cascade input voltage (When notatground) . ..............cuvuvuunnennn 1 8 \
OUIPULCUETBIG IO om 5 50,06 v o 55 s 0 7 o5 06 50 5 080 5 08 Bk 0 58 8 0 3 S T4 3,0 25 mA
Operating free-air temperature, TA . .. oot it it e it e i e e 0 70 °C
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 | UNIT
Switching Q1 125 200 275
Switching Q2 325 400 475
Switching Q3 525 600 675
Switching Q4 725 800 875
Positive-going threshold | Switching Q5 925 1000 1075
VT4 .. 3 Ta=26°C mv
voltage at input A Switching Q6 1125 1200 1275
Switching Q7 1325 1400 1475
Switching Q8 1525 1600 1675
Switching Q9 1725 1800 1875
Switching Q10 1925 2000 2075
VT+— VT_ Input hysteresis 10 mV
I =—10mA \" —-13 V —0.8
VOH High-level (on-state) output voltage OH 10 CC2 CC2 \
IoH = —25 mA Veez—-1.5 Vee2-0.9
loL Low-level (off-state) output current Vee2=35V 0.5 200 | MmA
Analog input 260 400
I Input current V=2V A
! il Cascade input ! 1000 1700 | *
| Supply current All outputs high | Veg1 =12V, 15 25 A
m,
ce from Vceq All outputs low | No load 9 15
| Supply current All outputs high | Vg1 =12V, Vee2=35V, 15 27 | mA
ce from Ve All outputs low | No load 1 200 | uA

TAll typical values are at Vocq = 12 V, Voga = 25 V, and Tp = 25°C.
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TYPE TL491C
10-STEP ADJUSTABLE ANALOG LEVEL DETECTOR

TYPICAL CHARACTERISTICS
THRESHOLD VOLTAGE INTERVAL

Vs
THRESHOLD-ADJUST RESISTANCE
2 ek ThN W
CE= LA
180 Py = 25°C v
2 160 /
< 140 Vi
= 14
[
z 120 y
§ 100
S 80
D
2 60
3
£ 40
20
0
100 400 1k 4k 10k 40 k 100 k
Radj—Threshold-Adjust Resistance—£2
FIGURE 1
TYPICAL APPLICATION DATA
0V 12v
BAR GRAPH )
DISPLAY* 5 kQ Outputs Q1 through Q10 turn on LED’s
to represent the input voltage level in
Veet Veez EACH multiples of the 200-millivolt threshold
s Q1 voltage. The threshold interval can be
THRE! reduced for greater accuracy by adding
(OPEN) ADJ Q2 N a shunt resistor between Threshold
N Adjust and ground. The appropriate
a3 value of shunt resistance, Radj- can be
TL491C Q4 approximated from
Q5 B
6 N 0.84 - (Ragj + 700 £2) ® 2240
—— +1 or
ANALOG ANALOG . e VT 100K RS}
INPUT INPUT
Qs Bi- " 533 V1
CASCADE . 2 g
INPUT a8
Q10 ﬂ where: VT = threshold voltage interval.
GND Alternatively R,qj can be estimated using

Figure 1,

Lamps L1 tnrough L10 sequentially illuminate as the input voltage increases in nominally 200-millivolt steps.
'Genaral 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

(OPEN) O—

ANALOG

INPUT

12v
[ 1
Veer g 1~ Veer o s
THRES  @2f— (e o—{ THRES  gaf—
DJ
Q3f— Q3}—
Q4 p— Q44—
Qs|— asf—
TL491C %OUTPUTS TL49IC S OUTPUTS
o | asi— 5V
a7f— a7—
ANALOS  as|— ANALOG  qg|— $209  NexTSTAGE:
v 00 b= : - lt—’CASCADE INPUT
CASCADE 1 CASCADE | $
iNeuT Q10— NFOT Q0 40003
A

400 0§
<

"Wy

& ANALOG INPUT

To cascade three TL491C detectors, parallel all analog inputs, connect cascade input 1 to ground, bias cascade input 2 to 2 volts (or 10 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 TYPES TL500C THRU TL503C
INTEGRATED ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

cl RculTs BULLETIN NO. DL-S 12740, DECEMBER 1979

TL500C/TL501C
ANALOG PROCESSORS

e True Differential Inputs

e Automatic Zero

e Automatic Polarity

e High Input Impedance . .. 1090hms Typically

TL500C CAPABILITIES TL501C CAPABILITIES
e Resolution ... 14 Bits (with TL502C) e Resolution . .. 10-13 Bits (with TL502C)
e Linearity Error ... 0.001% e Linearity Error...0.01%
e 4 1/2-Digit Readout Accuracy with e 3 1/2-Digit Readout Accuracy
External Precision Reference
TL502C/TL503C
DIGITAL PROCESSORS
e Fast Display Scan Rates
e Internal Oscillator May Be Driven
or Free-Running
e Interdigit Blanking
e Over-Range Blanking
e Display Test
e 4 1/2-Digit Display Circuitry
e High-Sink-Current Digit Driver for
Large Displays
TL502C CAPABILITIES TL503C CAPABILITIES
e Compatible with Popular Seven-Segment e Multiplexed BCD Outputs
Common-Anode Displays
e High-Sink-Current Segment Driver For e High-Sink-Current BCD Outputs

Large Displays

description of converter system

The TL500C and TL501C analog processors and TL502C and TL503C digital processors provide the basic functions for
adual-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

TEXAS INSTRUMENTS 357

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



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 VT 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 VT where the discharge time
is measured precisely. The relationship of the charge and discharge values are shown below (see Figure 1).

Vit
Vex = VeT — Rx Cx Charge (1)
VCT' = Vex = \;r;f;i Discharge (2)
Combining equations 1and 2 results in:
Vi t2
m = ; (3)

where:

VT = Comparator (offset) threshold voltage

Ve = Voltage change across Cx during t1 and during t2 (equal in magnitude)
V)| = 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:
a. Accuracy is not dependent on absolute values of t{ and t2, but is dependent on their ratios. Long-term clock
frequency variations will not affect the accuracy.
b. Offset values, VCT, are not important.

The BCD counter in the digital processor (see Figure 2) and the control logic divide each measurement cycle into three
phases. The BCD counter changes at a rate equal to one-half the oscillator frequency.

auto-zero phase

The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels to inputs A
and B of the analog processor. If the trigger input is at a high level, a free-running condition exists and continuous
conversions are made. However, if the trigger input is low, the digital processor stops the counter at 20,000, entering a
hold mode. In this mode, the processor samples the trigger input every 4000 oscillator pulses until a high level is detected.
When this occurs, the counter is started again and is carried to completion at 30,000. The reference voltage is stored on
reference capacitor Cref, comparator offset voltage is stored on integration capacitor Cx, and the sum of the buffer and
integrator offset voltages is stored on zero capacitor Cz. During the auto-zero phase, the comparator output is

characterized by an oscillation (limit cycle) of indeterminate waveform and frequency that is filtered and d-c shifted by
the level 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 afixed 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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TYPES TL500C THRU TL503C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

integrate-reference phase

At a BCD count of 39,999+ 1 = 40,000 or 0, the integrate-input phase is terminated and the integrate-reference phase is
begun by sampling the comparator output. If the comparator output is low corresponding to a negative average analog
input voltage, the digital processor applies a low and a high to inputs A and B, respectively, to apply the reference
voltage stored on Cref to the buffer. If the comparator output is high corresponding to a positive input, inputs A
and B are made high and low, respectively, and the negative of the stored reference voltage is applied to the buffer. In
either case, the processor automatically selects the proper logic state to cause the integrator to ramp back toward zero
at a rate proportional to the reference voltage. The time required to return to zero is measured by the counter in the
digital processor. The phase is terminated when the integrator output crosses zero and the counter contents are
transferred to the register, or when the BCD counter reaches 20,000 and the over-range indication is activated. When
activated, the over-range indication blands all but the most significant digit and sign.

Seventeen parallel bits (4 1/2 digits) of information are strobed into the buffer register at the end of the 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 20,000 30,000 0 20,000

]
AUTO ZERO | INTEGRATE| INTEGRATE

1 | |
' AUTO ZERO | INTEGRATE| INTEGRATE
| INPUT REFERENCE

| | INPUT REFERENCE |
: |
i |
| |
| |

INTEGRATOR "
OUTPUT

Vipin 1)> Vi(pin 2)
(POSITIVE ANALOG VOLTAGE)

|
|
|
|
I
!

V\(})in 1) < V(pin 2)
(NEGATIVE ANALO VOLTAGE)
|

COMPARATOR

! I [

| |

i P

I I

CONTROL A | I

-

! |
[

, .

|

|

|

CONTROL B :
e

| | |

|

|

|

: |

TRIGGER | |
N'T CARE | DON'T CARE |

< ————V

*This step is the voltage at pin 2 with respect to analog ground.

FIGURE 1-VOLTAGE WAVEFORMS AND TIMING DIAGRAM
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ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

TYPES TL500C THRU TL503C
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TYPES TL500C, TL501C
ANALOG PROCESSORS

-
description of analog processors N BUALINLINEPAEKARE

The TL500C and TL501C analog processors are
designed to automatically compensate for internal
zero offsets, integrate a differential voltage at the ANALOG '
analog inputs, integrate a voltage at the reference INEUT =
input in the opposite direction, and provide an ANALTUZG
indication of zero-voltage crossing. The external con- s
trol mechanism may be a microcomputer and soft- L Vee+
ware routine, discrete logic, or a TL502C or TL503C
controller. The TL500C and TL501C are designed L i
primarily for simple, cost-effective, dual-slope analog-
to-digital converters. Both devices feature true GROUND T
differential analog inputs, high input impedance, el
and an internal reference-voltage source. The TL500C Cret+ UTPUT
provides 4 1/2-digit readout accuracy when used with
. . Vee-
a precision external reference voltage. The TL501C Cost -
provides 100-ppm linearity error and 3 1/2-digit CONTROLE DIGITAL
accuracy capability. These devices are manufactured INPUT COMMON
using Tl’s advanced technology to produce JFET, CONTROL A COMPARATOR
MOSFET, and bipolar devices on the same chip. The e el
TL500C and TL501C are intended for operation over
the temperature range of 0°C to 70°C.
schematics of inputs and outputs
CONTROL A AND CONTROL B INPUTS COMPARATOR OUTPUT
200 uA 100 A
L - OUTPUT
INPUT -
DIGITAL
COMMON
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Positive supply voltage, VCC+(seeNote 1) . . . . . . . . . « . v « v v v v v v v v v v o .. . H18YV
Negative:supply voltage, Ve~ s w s w 5 o 6 5 5 5 ® ¢ © & o % 5 ® § 8 § s/, @ 5 @ s w s 5 s —19V
Inputvoltage, V1 « = w 5 5% so6 5 m & = & 5 8 §F 8 & ® 8 & s sow s owm v omw s NVNEC
Comparator output voltage range (see Note2) . . . . . . . . . e omow owow wowm 3= 5 ON 1O VEGE
Comparator output sink current (see Note2) . . . . . . . . . . 8 s e o S e e e e Z0IA
Buffer, reference, or integrator output source current (see Note 2) ook s wmoF W R @ mom s w3 w10 mMA
Operating free-air temperaturerange . . . . . . + +« « « « + + + + «+ + 4+ « +« « . . . . —40°Cto85°C

Storage temperature range . ... .—65Cto125°C

NOTES: 1. Voltage values, except differential voitages, 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

MIN NOM MAX UNIT
Positive supply voltage, Vcoc+ 7 12 15 \Y
Negative supply voltage, Vocc— -9 —-12 -15 \Y
Reference input voltage, Vreg(l) 0.1 5 v
Analog input voltage, V| 5 \
Differential analog input voltage, V|p 10 Vv
Peak positive integrator output voltage, Vom+ +9 \Y
Peak negative integrator output voltage, Vom— -5 \"
Full scale input voltage 2 Vyef
Autozero and reference capacitors, Cz and Cyef 0.2 uF
Integrator capacitor, Cx 0.2 uF
Integrator resistor, R 15 100 k2
Integrator time constant, RxCx See Note 3
Free-air operating temperature, TA 0 70 e
Maximum conversion rate (see Figure 2) % 12 Diite L conv/sec
3 1/2 Digits 150
system electrical characteristics at Vgc = 12 V, TA = 25°C (unless otherwise noted) see Figure 3
PARAMETER TEST CONDITIONS L pae UNITS
MIN TYP MAX | MIN TYP MAX

Zero error 50 300 10 30 uV
Linearity error relative to full scale 0.005 0.05 0.001 0.005 %
Full scale temperature coefficient TA=0"Cto 70°C 6 6 ppm/°C
Temperature coefficient of zero error Ta=0°Cto70°C 4 1 uv/eC
Rollover error 200 500 30 100 uV
Equivalent peak-to-peak input noise voltage 20 20 nvY
Analog input resistance Pin1or2 109 109 Q
Common-mode rejection ratio Vic=—-1Vto+1V 86 90 dB
Current into analog input V=5V 50 50 pA
“Supply voltage rejection ratio 90 90 dB

NOTE 3. The minimum integrator time constant may be found by use of the following formula:

V| p(full scale) tq
Minimum Ry Cy = ———m———
Vom— — Vi(pin 2)
where
V|p = 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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TYPES TL500C, TL501C
ANALOG PROCESSORS

electrical characteristics at VcC = +12 V, Vyef = 1V, TA = 25°C, see Figure 3

integrator and buffer operational amplifiers

PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Vio Input offset voltage 15 mV
B Input bias current 50 pA
Vom+ Positive output voltage swing 9 1 \
Vom-—  Negative output voltage swing -5 -7 \%
AvD Voltage amplification 110 dB
B1q Unity-gain bandwidth 3 MHZ
CMRR Common mode rejection Vic=—-1Vto+1V 100 dB
SR Output slew rate 5 V/us
comparator
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Vio Input offset voltage 15 mV
B Input bias current 50 pA
AvD Voltage amplification 100 dB
VoL Low-evel output voltage loL=1.6mA 200 400 mV
I0H High-level output current VoH =3V 5 20 nA
voltage reference output
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Vief(0) Reference voltage 112 122 132 \'
Reference-voltage temperature
- o P Ta =0°Cto 70°C 80 ppm/°C
coefficient
o Reference output resistance 3 Q
logic control section
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
ViH High-level input voltage 2 \
ViL Low-evel input voltage 0.8 \
IH High-level input current ViH=2V 1 KA
i Low-level input current ViL=08V —40 300 uA
total device
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
lce+ Positive supply current 15 20 mA
lec= Negative supply current 12 18 mA
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TYPES TL500C, TL501C
ANALOG PROCESSORS

PARAMETER MEASUREMENT INFORMATION

Ry  Cx 5V
[wvﬁel 2kQ
COMPARATOR
15 14 13 )
10 SHETPUT B Cx = 1 uF polypropylene capacitor
1 2 CONTROL A MPU TRW X363UW
100 kQ CONTROL B LOGIC
ANALOG INPUTS 8 CONTROLLER Ry = 27 kQ
—AAN 2 " Vee=%12V
100k |17 187 qu_ ec
- — t1= 100 ms
|9|.J Lle.l n | C, = Cref= 1uF film-dielectric capacitor
Cz Cref
Vief = 1.000 V
PRECISION
VOLTAGE e | el
SOURCE Tests are started approximately
- 5 seconds after power on.

FIGURE 3—TEST CIRCUIT CONFIGURATION

external-component selection guide

The autozero capacitor Cz and reference capacitor Cref should be within the recommended range of operating
conditions and should have low leakage characteristics. Most film-dielectric capacitors and some tantalum capacitors
provide acceptable results. Ceramic and aluminum capacitors are not recommended because of their relatively high
leakage characteristics.

The integrator capacitor Cx should also be within the recommended range and must have good voltage linearity and
low dielectric absorbtion. A polypropylene-dielectric capacitor similar to TRW’s X363UW is recommended for
4 1/2-digit accuracy. For 3 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:

V|p (full scale) tq

Minimum RxCx =
-~ Vom- — Vi(pin 2)

where:

Vip(full scale) = Voltage on pin 1 with respect to pin 2
t1 = Input integration time in seconds

Vi(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

TL502C
The TL502C and TL503C are control logic devices CoNTRaLE 20| vee
designed to complement the TL500C and TL501C - CONTROL A
analog processors. They feature interdigit blanking, s8) L

over-range blanking, an internal oscillator, and a fast DIGIT2 20400
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 bl
frequency is 240 kHz with a 470-picofarad capacitor

connected between the oscillator input and ground.

OSCILLATOR
INPUT
DIGIT 4 TRIGGER

COMPARATOR
INPUT

SEGMENT A SEGMENT G

SEGMENT B SEGMENT F

The TL502C provides seven-segment-display output SEGMENT C
drivers capable of sinking 100 milliamperes and
compatible with popular common-anode displays.
The TL503C has four BCD output drivers capable of

SEGMENT E

COMMON SEGMENT D

100-milliampere sink currents. The code (see next TL503C

page and Figure 4) for each digit is multiplexed to the —'——T

output drivers in phase with a pulse on the appropriate oLy vee
digit-enable line at a digit rate equal to fogc divided S —_—
by 400. Each digit-enable output is capable of sinking (Ls8) ouTPUT

20 milliamperes. OSCILLATOR

DIGIT 2 INPUT

The comparator input of each device, in addition to DIGIT3 TRIGGER
monitoring the output of the zero-crossing detector ot
in the analog processor, may be used in the display DIt INPUT
test mode to check for wiring and display faults. A DIGITS o

high logic level at the trigger input starts the integrate- R ADION)

input phase and, in combination with the comparator Qo Q2

input, can provide a system clear function to reset

the display output to zero and restart the conversion comMon o

cycle at the auto-zero phase.

These devices are manufactured using 121 and bipolar
techniques. The TL502C and TL503C are intended
for operation from 0°C to 70°C.

TABLE OF SPECIAL FUNCTIONS
Vee =5V £10%

TRIGGER COMPARATOR
FUNCTION
INPUT INPUT
V<08V V| <65V Hold at auto-zero cycle after completion of conversion
2V<V| <65V V| <65V Normal operation (continuous conversion)
V<65V V=279V Display Test: All segment or BCD outputs high
V=279V V<65V Internal Test
Both inputs go high (V| > 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.
279
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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 Q3 Q2 Q1 Qo
A B C D E F G 8 4 2 1
+ H H H L L L H L H L,
+1 H L L H L L L H H H 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 Q3 Q2 Q1 Qo
A B Cc D E F G 8 a 2 1
0 L L L L L L H L L L L
1 H L L H H H H L S L H
2 3 L H L L H L L B H L
3 L L [ L. H H L L L H H
4 H L L H H L. L Ls H L. L
5 L H A L H L L L H ks H
6 L H L. L L L, L by H H L
7 L L L H H H H L H H H
8 L L L L L L L H L L L
9 L L L L H I B H L L H
H = high level, L = low level
schematics of inputs and outputs
COMPARATOR AND TRIGGER INPUT SEGMENT DRIVERS-TL502C
BCD DRIVERS-TL503C
-=Vee
25ka Vo™=
~-=DISPLAY 750 0
SSTEM
25k 5k __CLEAR L —K_——_—:‘L S
INPOU—T_
k:) 5kn 1kQ
/L ~—COMMON
COMMON — — }

CONTROL A AND B OUTPUTS

16.8kq

44k

m——r

10k

OUTPUT

s

COMMON

DIGIT-ENABLE OUTPUTS

1ka

1k

OUTPUT

100*

— P

“Shorted on TL503C
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TYPES TL502C, TL503C
DIGITAL PROCESSORS

absolute maximum ratings

Supply voltage, Ve (see Note 4) 7 Vv
Oscillator 6.5

Input voltage, V) \"
Comparator or Trigger 9
BCD or Segment drivers 120

Output current Digit-enable outputs 40 mA
Pin 18 (TL502C only) 20

Total power dissipation at (or below) 30°C free-air temperature (see Note 5) 1100 mW

Operating free-air temperature range 0to 70 °c

Storage temperature range —65 to 150 °C

NOTES: 4. Voltage values are with respect to the network ground terminal.
5. For operation above 30°C free-air temperature, derate linearly at the rate of 9.2 mW/°C.

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Voo 45 5 55 \4
High-level input voltage, Vi Comparator and trigger inputs 2 \
Low-level input voltage, V| Comparator and trigger inputs 0.8 v
Operating free-air temperature 0 70 °c

electrical characteristics at 25°C free-air temperature

TL502C TL503C
PARAMETER TERMINAL TEST CONDITIONS UNIT
MIN TYP MAX | MIN NOM MAX
Vik Input clamp voltage All inputs Vee=45V, I|=—-12mA -0.8 -1.5 —0.8 -1.5 \4
VT4 Positive-going input threshold voltage |Oscillator Vee=5V 1.5 1.6 \
\"2 Negative-going input threshold voltage| Oscillator Vee=5V 0.9 0.9 \
VT4+—VT—- Hysteresis Oscillator Vee=5V 04 06 08 04 06 08 \4
i Input current at positive-going Osdilla v 5V 40 94 100 a5 o =160 A
i input threshold voltage g ce . - - - - =
Input current at negative-going
I p Oscillator Vee=5V —40 117 170 —-40 117 170 | WA
input threshold voltage
Digit enable 415 44 415 44
VoH High-level output voltage Pin 18 (TL502C only) | Vcc=4.5V, Igy=0 4.25 44 v
Control A and B 425 44 425 44
Digit enable loL =20 mA 02 05
Pin 18 (TL502C only) loL =10 mA 0.15 04
VoL Low-level output voltage Control A and B Vee=45V |lgL=2mA 0.088 0.4 0.088 04 Vv
Segment drivers loL = 100 mA 0.17 0.3
BCD drivers loL = 100 mA| 0.17 03
Iy Input current All inputs Vec=55V, V=55V 65 100 65 100 | pA
_ . Oscillator, Comparator,
IiH High-level input current i Vee=5.5V, V=24V -06 -1 -06 -1 mA
Trigger
| Low-level input volta Oscillator Vec =55V, V| =04V —0:1 —07 =04 00T | o
ow-level i =55V, =0. m
i P 9 Comparator, Trigger cc ! -1 -16 -1 -16
Digit enable Vp=05V -25 -4 -25 -4
. Pin 18 (TL502C only) Vp =05V —0.5 -0.9
High-level output current
10H e Control A and B Vec=45V |(Vp=05V |-0.26 —-04 —0.25 -0.4 mA
(Output transistor off)
Segment drivers Vpo=55V 0.25
BCD drivers Vg=55V 0.25
Low-level output current P = = A
‘oL (Output transistor on) Digit enable Vecc=4.5 Vo =355V 8 28 m
lcc Supply current Vee Vec=556V 73 110 73 110 mA
: . " e o .
special functions§ operating characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
| Input current into Vecc=5.5V, V| =8.55V 12 1.8 | mA
! comparator or trigger inputs Vec =55V, V| =6.25V 0.5 mA

§Th. 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

D1

D2

—
——316.7 ys—o»

TYPICAL APPLICATION DATA

16.7 us

-=p--

D3

D4

D5

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 TL500C internal reference and the

[

FIGURE 4—-TL502C, TL503C DIGIT TIMING WITH 240-kHz CLOCK SIGNAL AT OSCILLATOR INPUT

TL502C internal oscillator are sufficient.

2370
Q

TO STABLE
OSCILLATOR 5V
4 Q
Rx Gk T
68k  0.33uF |
Vee
REF a7kQ G
1 S SIS SR S ————e ety
14
| | vee osc D1
SN7475
I REF IN ! NPUT o2 &
[2 comp piIGIT Jp3 & |
3 ANALOG 1 i O ki —>— COMP  ENABLE(5
1k | D5
# ANALOG 2 ! = i A
PUT
9 _— | ANPUT O— < 9 SEGMENTS §
TsP102| TLS00C (=
3 p i DRIVERS | €
BINPUT & — E
1uF | G 7 BOUTPUT &
i $ Veer *— +12v Iean
= T '! Cref Vee- —12v TLS02C = r
]
1 ) i
! GND !
e R e e (55 4 L___.i. ______ - | L
= = TIL330A

1 (a) For °C set 10 0.153 V¢
(b) For °F set to 0.085 V,¢f

2 (a) For °C set to 0.258 V gf
(b) For °F set to 0.231 V,ef

5

A5T4028 e
TRANSISTORS J

FIGURE 5—-4 1/2-DIGIT THERMISTOR THERMOMETER

Oy

/
TIL321A(4)
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CIRCUITS

TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

BULLETIN NO. DL-S 12580, OCTOBER 1977

e 3-Digit Accuracy (0.1%)

e Automatic Zero

e Internal Reference Voltage
e Single-Supply Operation

e High-Impedance MOS Input

e Designed for use with TMS 1000 Type
Microprocessors for Cost-Effective
High-Volume Applications

e BI-MOS Technology
e Only 40 mW Typical Power Consumption
description

Vee
ANALOG INPUT

REF OUTPUT

REF INPUT
GND

B INPUT

QOOOOEO

A INPUT

N DUAL-IN-LINE
(TOP VIEW)

J

e ) o 0 e ) sy 00 oo ) s I o
| GO (i M ) VORI [ (SN [ U fi) (OO (i} ORI |

@OEREEEG

ZERO CAP 2

ZERO CAP 1

INTEGRATOR RES

INTEGRATOR IN

INTEGRATOR OUT

GND

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 BI-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

Rz

AAA

ANALOG
INPUT

VOLTAGE
REFERENCE

LOGIC DECODE

SWITCH DRIVERS

-
FULL-SCALE
ADJUST

i

e s

COMP
ouT

.

S

>
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TYPE TL505C

ANALOG-TO-DIGITAL CONVERTER

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

Supply voltage, VcC (see Note 1) .
Input voltage, pins 2, 4, 6, and 7

Continuous total dissipation at (or below) 25 C free-alr 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.
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

18V

. Vce
900 mW

s 056 16 70°C
. —65°C to 150°C

MIN NOM MAX UNIT
Supply voltage, Vo 7 9 15 v
Analog input voltage, V| 0 4 v
Reference input voltage, V ef(l) 0.5 3 4
Integrator capacitor, Cx See "‘component selection’’
Integrator resistor, Rx 0.5 2 Mo
Integration time, t1 16.6 500 ms
Operating free-air temperature, T A 0 70 e
electrical characteristics, VCC =9 V, Vyef(l) =1V, TA = 25°C, connected as shown in figure 1
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ViH High-level input voltage at A or B 3.6 Veett A
ViL Low-level input voltage at A or B 0.2 1.8 \
VOH High-level output voltage at pin 8 IoH =0 7.5 8.5 \
loH High-level output current at pin 8 VoH=75V —100 MA
VoL Low-level output voltage at pin 8 loL =~-100 uA 120 mV
Maximum peak output voltage
Vom swing at integrator output Py 500 k3 Vee-2 Vee—! o
Vref(0) Reference output voltage 1.15 1.22 1.35 v
Temperature coefficient of TA =0°C to 70°C £100 spmie
reference output voltage
hH High-level input current into A or B =9V 1 10 uA
he Low-level input current into A or B Vi=1V 10 200 nA
I Current into analog input Vi=0to4V, A inputat0V +10 +200 pA
Total integrator input bias current +10 pA
Icc Supply current No load 4.5 8 mA
system electrical characteristics, Vcc = 9 V, Vref(1) = 1V, TA = 25°C, connected as shown in figure 1
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Zero error Vi=0 0.1 0.4 mV
Linearity error =0to4V 0.02 0.1 %
Ratiometric reading Vi=Vyef() =1V, 0.998 1.000 1.002
Ter.nperat'ure coe'afficient of Vref(naconstan': and =1V, 10 ppm/°C
ratiometric reading TaA=0Cto70°C
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

DEFINITION OF TERMS
Zero Error

The intercept (b) of the analog-to-digital converter-system transfer function y = mx + b, where vy 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 (t1).

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.

MPU
CONTROLLER

A
VOLTAGE LOGIC DECODE
REFERENCE

SWITCH DRIVERS |B 4 ]

INTEGRATOR
OUTPUT

COMPARATOR
oureur (ICHINATTTIONRNTNOL

V1=V2-V3=V]+VQ(ofs)

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 tg 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 Cz. The closed
loop of A1 and A2 will seek a null condition where the offsets of the integrator and comparator are stored in Cz and
Cx, respectively. This null condition is characterized by a high-frequency oscillation at the output of the comparator.
The purpose of Spg is to shorten the amount of time required to reach the null condition.

At the conclusion of tg, the MPU takes the A and B inputs both high. This closes S3 and turns all other switches off.
The input signal V| is applied to the noninverting input of A1 through Cz. V| is then positively integrated by A1. Since
the offset of A1 is stored in Cz,the change in voltage across Cx will be due to only the input voltage. It should be
noted that since the input is integrated in a positive integration during t1, the output of A1 will be the sum of the input
voltage, the integral of the input voltage, and the comparator offset, as shown in Figure 2. The change in voltage across
capacitor Cx (Vcx) during t1 is given by

Vit
Ry Cx

(1)

B i) ™
where R1 = Rx + Rg3B and
Rs3B is the resistance of switch S3B.

At the end of tq the MPU takes the A input low and the B input high. This turns on S1 and Sg4; all other switches are
turned off. In this state the reference is integrated by A1 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 Cx is given by

Vief 12 @)
Ry Cx

AViexim =
where R2 = Rx + Rgg + Rref and

Rref is the equivalent resistance of the reference divider.

Since AVCX1 =— AVCXZ' equations (1) and (2) can be combined to give

Ryt
V= Vi o2 (3)
Ry * tq
This equation is a variation on the ideal dual-slope equation, which is
= t
V=V ef t_2 (4)
1

Ideally then, the ratio of Rq/R2 would be exactly equal to one. In a typical TL505C system where Rx = 1 MS, the
scaling error introduced by the difference in Rq 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 tyRe 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.

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.

SET AB = HH
DELAY t;

SETAB=LL

SET AB = LH
SET t COUNTER
T0 000

DELAY 1/2 COUNT

SET OVER-
RANGE FLAG

DELAY
1COUNT

1

INCREMENT
t2 COUNTER

FIGURE 3—TL505C LOGIC CONTROL FLOW CHART

c
Rx-: X gy o
- *
——0—C
ANALOG AL
INPUT SIGNAL OUT COMP/LAMP ot
2.2 ka
— e DIGIT s
2.2 kQ
TL505C TL502 =lillis ’
cz L3 3 LOGIC P
- - CONTRO‘-L'NESN B SEGMENT DRIVE
EF 68 Q
I out (R
GND 0SC

FULL SCALE
= ADJUST =

Sl

FIGURE 4-TL505C AND TL502 INPUT TO A 3-DIGIT DISPLAY APPLICATION
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

TYPICAL APPLICATION DATA

9V

Frh

-

ANALOG SIGNAL OUT
INPUT — COMP K(X)
SEE NOTE 3
c _L_ TL505 | TMS 1000
24 P 10 kQ2 3 SERIES
<
LOGIC SEGMENT
A e fg DRIVE
IN g CONTROL
l REF R9
out LINES g::I'JE
FULL-SCALE _L _J_
<~  ADJUST = =

/N
LIl

TIL312 LED
DISPLAYS

NOTE 3: Connect to either +9 V or 0 V depending on which device in the TMS 1000 series is used and how it is programmed.

FROM
AUDIO
SYSTEM

FIGURE 5—TL505C IN CONJUNCTION WITH A TMS 1000 SERIES MICROPROCESSOR
FOR A 3-DIGIT DIGITAL PANEL METER APPLICATION

56 2 1N914

BSFr
R

12v 5V
9 TIS91
T 2.2k
Dz AV v
Vee 1N914 Vee %
ANALOG COMP COMP/ Tiso1
INPUT = LAMP TEST D1 il €
g 5
out Al—p—a
REF
IN B }—p—18 f
osc °
TL505 | INERLT TL502 d
470 pF o
I b
GND Ry2 —— L
a
5 > > L
c 33kQ 80S S S5 9% 2
21 ane & 2 e >1> >
Rx1/Cx1
o 0.22 aib c id.e g D1 D2
:]\ F
Cx2 i SEGMENT
GND GND TiL807

I J

FIGURE 6—AUDIO POWER METER
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TYPE TL505C
ANALOG-TO-DIGITAL CONVERTER

TYPICAL APPLICATION DATA

ROM RAM
ANALOG
INPUT
AT s A} 5 5
ADDRE L
= PORT
TMS 8080
] I J [ A TL505
DATA TMS 5501 B
EF
COMP
| OUT IN
CONTROL L|€J I i
CZ =

FIGURE 7—TL505C WITH INTERFACE AND CONTROL OF A TMS 8080 MICROPROCESSOR

component selection n

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 uF. 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 Cx should
be consistent with the equation

Vlmax ‘Y

Cy =
(Vee—V max =2 V) Ry

where V| 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 R) 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

design example

TYPICAL APPLICATION DATA

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:

The output of the potentiometer is connected directly to the input of the TL505C. Since the TL505C
input impedance is so high (1011  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 * Vyef for V|, we have

t t
N'V =V 2 o N= 2
ref ref 3 t
1 1
Thus the absolute value of Vyef is not critical as long as it is stable during a conversion cycle. Long-term

changes in Vyef 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 K8 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 N or 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 k2

-]
POSITION
INPUT

15V
SEE NOTE 4
20 k2 20 kQ
R2 R3
R9 -
R8
| 21 DIGITS
REF Vce A B R§ 4-DIGIT
out comp LED
REF DISPLAY
N 20
RX TMS1000 |
|
MENT!
ANALOG S oL | SEG g
INPUT TL505C ;
K(X) 07
Cx
“ToosuF
":; === CONTROL
Cz2 o INPUTS
e T

022uF  'OPTIONAL VALUE 20kQto50k2 =

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 TYPE TL507C

INTEGRATED S
CIRCUITS ANALOG-TO-DIGITAL CONVERTER

BULLETIN NO. DL-S 12741, OCTOBER 1979

P DUAL-IN-LINE PACKAGE

e Low Cost (TOP VIEW)
e 7-Bit Resolution
e Guaranteed Monotonicity ENABLE | 1 8 | REsET
e Ratiometric Conversion T
e Conversion Speed . . . approximately 1 ms cLock | 2 7 | Veer
e Single-Supply Operation . . . Either 1
Unregulated 8-V to 18-V V2 Input, or GROUND | 3 6 | Vcer
Regulated 3.5-V to 6-V V1 Input
e 12 Technolo
8y ouTPUT | 4 8 e
e Power Consumptionat5V ...25 mW Typ
description FUNCTION TABLE
The TLS07C is a singleslope analog-to-digital . ENABLE ouTPUT
: 4 INPUT CONDITION
converter designed for use with TMS 1000 type T -
. : ) X L
microprocessors. It contains a 7-bit synchronous
: i . V| < 200 mV H L
counter, a binary weighted resistor ladder network,
: s Viamp > V| > 200 mV H H
an operational amplifier, two comparators, a buffer
e : : V1> Viamp H L
amplifier, an internal regulator, and necessary logic
circuitry. Integrated-injection logic (12L) technology TLow level on enable also inhibits the reset function.
makes it possible to offer this complex circuit at low H = high level, L = low level, X = irrelevant
cost in a small dual-in-line 8-pin package.
In continuous operation, it is possible to obtain
conversion speeds up to 1000 per second. The TL507
requires external signals for clock, reset, and enable.
Versatility and simplicity of operation coupled with
low cost, makes this converter especially useful for a
wide variety of applications.
The TL507C is characterized for operation from 0°C
to 70°C.
functional block diagram
COMPARATOR 2
ANALOG
INPUT
ouTPUT
R
SB[\
HViVRV_‘ COMPARATOR 1
COUNTER 1%5*
—AAA—
RESETtD— RESET —w\,—{az: N\I\
ENABLE—¥ Kk LS8 64 REGULATOR
Veez
CLOCK— b o 0.25 Ve —

Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL507C
ANALOG-TO-DIGITAL CONVERTER

schematics of inputs and outputs

EQUIVALENT OF ENABLE EQUIVALENT OF CLOCK EQUIVALENT OF ANALOG
AND RESET INPUTS INPUT INPUT
Veer ———
75 k2 .k 100 o
NOM NOM
75 kQ ———
NOM INPUT INPUT
INPUT
CONSTANT
CURRENT
~ 10 A

OUTPUT

Veer

OUTPUT

240
NOM

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

Supply'voltage, VEC1 (seeNOtET) . . i o o 55 5 m © @ 5 % 5 @ ¢ w0 wds w6 b om0 w08V
SUPDIVVOIAgE, VIEED « o v m v » = o w0 moom w o w8 b s E 8@ m s b B s aE el mediee 200V
Input voltage at analog input . . . . o o i T e e e R e e R L B e e R e
Input voltage at enable, clock, and reset mputs o e e e e S e e Bl s e weE B 50 IS oV Tl o 1200V
ONStAtaoUtPELVOItENE' & v 5 © @ i @ © 5 @ o oo s W e e w E e e e A% @ B w8 e BV
Off-state output voltage . . . oo oaew oo s woa 2OV
Continuous total dissipation at (or below) 25 C free -air temperature (see Note 2) Wl ald e B 4 LY000'mW
Operating free-air temperature range . . . . . . « « « « + « « e s e s e e . . ... .. 0°Cto70°C
Storage temperature range . . . . B R s s W e s W =05 Cta TE0NC
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds T S T e @ Iy B e ) T e PODREC

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 mw/°C.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vo 3.5 5 6 \
Supply voltage, Vo2 8 15 18 \
Input voltage at analog input 0 5.5 \%
Input voltage at chip enable, clock, and reset inputs +18 v
On-state output voltage 5.5 \%
Off-state output voltage 18 \%
Clock frequency, foiock 125 150 | kHz
378 TEXAS INSTRUMENTS
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TYPE TL507C
ANALOG-TO-DIGITAL CONVERTER

electrical characteristics over recommended operating free-air temperature range, Vcc1 = Vee2 =5V
(unless otherwise noted)

regulator section

PARAMETER TEST CONDITIONS MIN TYPE MAX |UNIT
Veer Supply voltage (output) Vece2=12V 1018V, Iggy =0to—1mA 5 5.6 6 \
Icc Supply current Vee1 =5V, Vce2 open 5 8 | mA
lccz Supply current Vee2=15V, Vee1 open 7 10 | mA
inputs
PARAMETER TEST CONDITIONS MIN TYPf MAX |UNIT
ViH High-level input voltage Reset and 2 \"
ViL Low-level input voltage Enable 0.8 \%
Positive-going
VT+ 25 35 4.5 v
threshold voltage
Negative-going ek
\'2 Input 0.4 0.9 1.2 \Y
threshold voltage
VT+— VT_ Hysteresis 2 2.6 4 \
IIH High-level input current fio, e i = kA
Enable,and | V| =18V 130 220 320
he Low-level input current Clock V=0 +10 | A
I Analog input current V=4V 10 300 | nA
output section
PARAMETER TEST CONDITIONS MIN TYPf MAX |UNIT
IoH High-level output current VoH =18V 0.1 100 | uA
loL Low-level output current VoL=565V 5 10 15 | mA
VoL Low-level output voltage loL=16mA 80 400 [ mV
operating characteristics over recommended operating free-air temperature range, Vcc1 = Vec2=5V
PARAMETER TEST CONDITIONS MIN TYPf MAX | UNIT
Resolution 7 Bits
Overall error +80 | mV
Differential nonlinearity See Figure 1 +1 | LSB
Zero error Binary count =0 +80 | mV
Scale error Binary count = 127 +80 mV
Propagation delay time from reset or enable 2 us

YAl typical values are at Ta =25°C.
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TYPE TL507C
ANALOG-TO-DIGITAL CONVERTER

PARAMETER MEASUREMENT INFORMATION

SN74191

0ocK

TPUTS b4

ANALOG
DEVICES
SN74191 AD562
RIPPLE or equivalent Ska TEST
cLOCK POINT
oo 4 128 TLO81 I JL5u7
/A =
CONVERTER
—
+

SN74191
RIPPLE
cLock

100 kHz
cLock ———> cLock

T outeuts |4

FIGURE 1-MONOTONICITY AND NONLINEARITY TEST CIRCUIT

PRINCIPLES OF OPERATION

The TL507 is a single-slope analog-to-digital converter. All single-slope converters are basically voltage-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 * Vg1 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 * V1, 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 Vgcq =5.12 V,

0.25- Voep = 1.28V

(0.75 — 0.25) V
1 binary count = —Héﬂ =20 mV

0.75 - Vceq — 1 count=3.82V

The output is an open-collector n-p-n transistor ———382V

capable of withstanding up to 18 volts in the off amm——— e S,
. . . COMPARATOR 1

state. The output is current limited to the 8- to

12-milliampere range; however, care must be taken to

ensure that the output does not exceed 5.5 volts in

the on state. _‘
OUTPUT FOR
INPUT LEVEL 1

The voltage regulator section allows operation from -

either an unregulated 8- to 18-volt V2 source or a
regulated 3.5-to 6-volt Vgg1 source. Regardless of
which external power source is used, the internal OUTPUT FOR

circuitry operates at Vgc1. When operating from a e L L |-
Vce1 source, Voc2 may be connected to Vg1 or -

left open. When operating from a Vg2 source,
Ve can be used as a reference voltage output. FIGURE 2

ANALOG INPUT
LEVEL1

= ANALOG INPUT
LEVEL2

N -——128V
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LINEAR TYPE TL560C

INTEGRATED
CIRCUITS PRECISION LEVEL DETECTOR

BULLETIN NO. DL-S 12400, MAY 1976—REVISED OCTOBER 1979

e Stable Threshold Level e Threshold Hysteresis

e Low Input Current e Wide Supply Voltage Range
e High Output Sink Current Capability

escription
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 JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)
Vee
03k Vcc NC INPUT NC
17k
25k
INPUT %
J 02k OUTPUT
3k
13k
S5k 3k
GND.
REFERENCE

GND REF NC OUTPUT

Resistor values shown are nominal and in ohms.

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

Supply voltage, Vcc (see Note 1)
Input voltage (see Note 1)

Output voltage (see Note 1)
Output sink current

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) .. ............... 800 mW
Operating free-air teMpPerature raNGE . . . ..o vttt i et et ettt e et e 0°C to 70°C
Storage WMPErature fane’ v ivve vivs vmem sowmine i o s o s 5 sl o Ta b e sssd s 88 —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package . ..............cuuu.. 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . ..............oouu... 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

bicikidi POWER DERATING ABOVE
RATING FACTOR Ta
JG (Glass-Mounted Chip) 800 mW 6.6 mW/°C 29°C
P 800 mW 8.0 mW/°C 50°C

Also see Dissipation Derating Curves, Section 2,

Copyright © 1979 by Texas Instruments Incorporated
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TYPE TL560C
PRECISION LEVEL DETECTOR

recommended operating conditions
MIN NOM MAX UNIT

SUpPlY VOIAGE, VIEE « « o = o « o o o o o o B 5 EE @ Ec® s § g o LD 5 7 \Y

Low-level output current, IQ I T B e ol b 48 mA
o

Operating free-air temperature, TA . . . . . . . . « « « « o e e e .. 0 70 (o]

electrical characteristics over recommended operating free-air temperature range, Vcc = 5V
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
VT+ Positive-going threshold voltaget 2.8 3 3.2 \%
VeV Ratio of positive-going threshold v 56V t07V 06
=2, o i
TH+YEC voltage to supply voltage cc
Ve Negative-going threshold voltage 0.4 0.6 0.8 v
Input current below
IT+ o - V=275V, Output on 2 30 | nA
positive-going threshold voltage
Input current above
R 4 g Vi=1'V; Output off 1.2 HA
negative-going threshold voltage
10(off) Off-state output current V=4V, Vo=25V 10 | WA
Vo(on)  On-state output voltage V=0, Io =48 mA 0.2 0.4 )
IcC(off) Supply current, output off (each detector) V=4V 4.8 6.5 | mA
IcClon)  Supply current, output on (each detector) Vi=0 10 15 | mA

TPc:)sitiw-going threshold voltage, VT4, is the input voltage level at which the output changes state as the input voltage is increased.
Negative-going threshold voitage, V1 _, is the input voltage level at which the output changes state as the input voltage is decreased.

TYPICAL CHARACTERISTICS

POSITIVE-GOING THRESHOLD VOLTAGE ON-STATE OUTPUT VOLTAGE
v vs
SUPPLY VOLTAGE ON-STATE OUTPUT CURRENT
5

Ta=25°C a8 Vee =6V
= > il .¥I-025°c
é 4 - § i
g s 06
s : #
% 3 g 05 /

3
o] A
£ o /r . 0.4
2 > % 03
$ 1
5 5%
:1. ;’ 0.1
a
>0 0
2 3 4 5 6 7 0 25 50 75 100 125 150
Vec—Supply Voltage—V 10(on)—On-State Output Current—mA
FIGURE 1 FIGURE 2

TYPICAL APPLICATION DATA

The TL560C 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 TL560C is specified at a V¢ of 5 V, although 2.5-V to 7-V supply operation is possible. The device
can be used with popular logic systems (such as Series 54/74 TTL) and standard battery voltages.

Figure 4 isused to illustrate operation of the TL560C circuit. The input stage is a differential amplifier composed of Q1,
Q2, Q3, and Q4. The input signal is applied at the base of Q1 while the base of Q2 is connected to an internal reference
voltage determined by resistors R4 and R5 and V(; Vref = VcC * R5/(R4+R5).
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TYPE TL560C
PRECISION LEVEL DETECTOR

TYPICAL APPLICATION DATA

6 [Vec=5V
v TA=25°C
v+ 1——1,— cc . A
INPUT
! I V- < RL =
Y ! b3 %
| HYSTERESIS 5-
s
' 1 — [ OUTPUT S
| NPUT : 3 b
| a VT+
= Vee 3 5 l—— HYSTERESIS —
o
J_ REFT >
po— 1
OUTPUT ==V0(on) s —
OPEN 0
0 05 1 15 2 25 3 35 4

V|—Input Voltage—V
FIGURE 3—INPUT-OUTPUT TRANSFER FUNCTION

REFERENCE
| | |
- .
cc i i T |
| | |
R6
] f=Fe. 2 I
| | |
| $ra | 8 |
| | |
R3
INPUT 1 T | | |
| | I | R7 OUTPUT
| | | | |
| T I I ol
Vi Q6 $ RS
I 3R ' R2 I3 I R8 ¢ |
| | | | |
N T T T |
; DIFFERENTIAL | HYSTERESIS | THRESHOLD OUTPUT I
INPUT (POSITIVE FEEDBACK) REFERENCE | DRIVER
| AMPLIFIER | CIRCUIT | CIRCUIT | CIRCUIT |

FIGURE 4—-FUNCTIONAL CIRCUIT DIAGRAM

If the base of Q1 is less positive than the base of Q2, Q2 conducts and causes Q4, Q5, Q7, Q8, and the output
transistor, Q9, to conduct. Transistors Q2 and Q5 share the current in emitter resistor R1. Since Q1 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 Q1) approaches the base
voltage of Q2. Current is then switched from the emitters of Q2 and Q5 to the emitter of Q1. Conduction in Q1 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, 08, 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 Q1 increases to a somewhat higher value than just below threshold because
of higher Q1 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 Vg of 5 V. It is also
approximately 60% of the supply voltage over the supply voltage range of 2.5V to 7 V. With a resistor-capacitor
network as illustrated in Figure 6, a VT+/VC( ratio of 60% results in a timed interval of approximately RC seconds,
independent of the Vg 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 hpg 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~ 2k to 5 V), a fan-out of approximately 30 Series 74 TTL loads can be accomodated.

In addition to applications interfacing with TTL systems, the TL560C finds application in driving relays, lamps,
solenoids, thyristors (SCRs and triacs), and other peripheral devices.

Vee Vee
R1 RL
¥, vo vo
R2 Vi
REF
~ OPEN ~ OPEN
~Vep
Output turns off when V| > V14
Output turns on when V) < Vp_ OUTPUT
here V| = R2 A | P
where V| VCCR1+R2 ) Vo(on)
| et t~ RyCT
FIGURE 5-BASIC SENSOR CIRCUIT FIGURE 6 —BASIC TIMED-INTERVAL CIRCUIT
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TYPE TL560C
PRECISION LEVEL DETECTOR

TYPICAL APPLICATION DATA

. o
Vee Vee Vee
s
SINK CURRENT
3L - Vo TIP30
1 AL RELAY
i— O — w— O . vi— 0T '[:
F——
SOURCE CURRENT
REF l REF _L REF
= OPEN
OPEN OPEN

FIGURE 7-EXTERNAL N-P-N TRANSISTOR
FOR INCREASING SINK CURRENT

FIGURE 8-EXTERNAL P-N-P TRANSISTOR FIGURE 9—RELAY DRIVER

FOR INCREASING SOURCE CURRENT

]r Vige & Vee
! [
Rt 3 3 RL RT RL
2N5447
o e r=3 I0 vo
- .
t=0 m—Cr
A~ CT EET REF
= OPEN

FIGURE 10—LONG-TIMED-INTERVAL CIRCUIT

OPEN

FIGURE 11-BOUNCELESS SWITCH

l—T_'— Ve LS400 —Vce T Vee
gh S i F g
IT vo I Vo ET Vo
LEVEL (
ADJUSTMENT A&

L REF ‘——_i REF REF

L = L | = OPEN

A OPEN CONDUCTIVE

Rfeed:)ack LJ_ £1aup
OPEN

NOTE A: This circu

it can be used as a touch-

control switch with Rfgedpack ~ 10 MQ.

FIGURE 12—-SWITCH WITH TWO

STA

FIGURE 13—LIGHT-LEVEL SENSOR FIGURE 14—-LIQUID-LEVEL SENSOR

BLE STATES
T Vvee
Naas U
) o
] REF
= open

L

OPEN

FIGURE 16-SINE-WAVE-TO-SQUARE-

FIGURE 15—THYRISTOR DRIVER CIRCUIT
WAVE CONVERTER
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LINEAR TYPES TL601, TL604, TL607, TL610
INTEGRATED P-MOS ANALOG SWITCHES

cIRcUITs BULLETIN NO. DL-S 12401, JUNE 1976—REVISED OCTOBER 1977

. gy .
e Switches 10-V Analog Signals JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW)

e TTL/DTL Logic Capability TL6O01

e 5 to 30-V Supply Ranges V‘;C* Al
1 6 5

° Low (100 ©2) On-State Resistance

e High (10"" Q) Off-State Resistance

] 8-Pin Functions

description
The TL601, TL604, TL607, and TL610 are a family
of monolithic P-MOS analog switches that provide TH

fast switching speeds with high roff/ron ratio and no
offset voltage. The p-channel enhancement-type MOS R B 5
switches will accept analog signals up to £10 volts and

. TL604
are controlled by TTL-compatible logic inputs. The
monolithic structure is made possible by BI-MOS Vece ST sz Vec-
technology, which combines p-channel MOS with 8 17 6 5

standard bipolar transistors.

These switches are particularly suited for use in
military, industrial, and commercial applications such
as data acquisition, multiplexers, A/D and D/A
converters, MODEMS, sample-and-hold systems, sig-
nal multiplexing, integrators, programmable oper-
ational amplifiers, programmable voltage regulators, 1 2 3 4
crosspoint switching networks, logic interface, and
many other analog systems.

The TL601 is an SPDT switch with two logic control
inputs. The TL604 is a dual complementary SPST
switch with a single control input. The TL607 is an
SPDT switch with one logic control input and one
enable input. The TL610 is an SPST switch with
three logic control inputs. The TL610 features a
higher roff/ron 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 TL601I,
TL6041, TL6071, and TL610I are characterized for
operation from —25°C to 85°C, and the TL601C,
TL604C, TL607C, and TL610C are characterized for TL610
operation from 0°C to 70°C.

TYPICAL OF TYPICAL OF
ALL INPUTS ALL SWITCHES
Viee-
S
] e-veer
= Vee—

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

NOTE 1: AIll voltage values are with respect to network ground terminal.

TL601 TL604
S1 31 O S1
N N
s : |
I
)
| A——s2 s2 <>|/L s2
! |
e I
A e = --' A - J
Bt
FUNCTION TABLE FUNCTION TABLE
LOGIC INPUTS ANALOG SWITCH LOGIC INPUT ANALOG SWITCH
A B s1 s2 A $1 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
5 e e e O ] ; O S
TL607 1
S I
A |
1 | G
|
e : FUNCTION TABLE
: | INPUTS ANALOG SWITCH
- A B [ S
A ' E X X OFF (OPEN)
| X L X OFF (OPEN)
Rl el X X L OFF (OPEN)
ENABLE H H H ON (CLOSED)
FUNCTION TABLE
INPUTS ANALOG SWITCH H = high logic level
A ENABLE S1 52 L = low logic level
X L OFF (OPEN)  OFF (OPEN) Fimitralovaiit
L H OFF (OPEN) ON (CLOSED) Switch positions shown are for
H H ON (CLOSED) OFF (OPEN) all inputs high.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vcc+ (see Note 1) 30V
Supply voltage, Vee- .. . =30V
Vee+to Voe— supply voltage d|fferent|a| 3BV
Control input voltage - Vce+
Switch off-state voltage 30V
Switch on-state current . . .. .10mA
Operating free-air temperature range: TL601M TL604M TL607M TL610M . —55 Cto 125°C
TL6011, TL604I, TL607I, TL610I —25°C t0 85°C
TL601C, TL604C, TL607C, TLE10C . 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 g . 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . 260°C
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TYPES TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

recommended operating conditions

TL601M, TL604M TL6011, TL6E04I TL601C, TL604C
TL607M, TL610M TL6071, TL610I TL607C, TL610C UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX

Supply voltage, Vcc+ (see Figure 1) 5 10 25 5 10 25 5 10 25 Vv
Supply voltage, Vo — (see Figure 1) -5 20 —25 -5 -20 —25 -5 -20 —25 Vv
Vee+ to Voe— supply voltage differential (see Figure 1) 15 30 15 30 15 30 \
Control input voltage 0 55 0 5.5 0 5.5 \
Switch on-state current 10 10 10 mA
Operating free-air temperature, T —55 125 —25 85 0 70 %¢

Figure 1 shows power supply boundary conditions for proper operation of the TL601 Series. The range of operation for
supply Vcc+ from +6V to +25 V is shown on the vertical axis. The range of supply Vgc— from =5V to =25V is
shown on the horizontal axis. A recommended 30-volt maximum voltage differential from Vcc+ to VcC— governs the
maximum Vcc+ for a chosen Voc— (or vice versa). A minimum recommended difference of 15 volts from Vgc+ to
Vce— and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies.

RECOMMENDED COMBINATIONS
OF SUPPLY VOLTAGES

30

25

20

10

Vec+ —Supply Voltage—V
o

-30 -26 -20 -15 -10 -5 0
Vce— —Supply Voltage—V
FIGURE 1
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TYPES TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

electrical characteristics over recommended operating free-air temperature range,

Vvee+ = 10V, Voe— = —20 V, analog switch test current = 1 mA (unless otherwise noted)
ey TL6——C
PARAMETER TEST CONDITIONS TL6—I UNIT
MIN TYPE MAX|MIN TYPf MAX
V|4 High-level input voltage 2 2 \
" - Enable input of TL607M 0.6 v
ow-level input current
i " All other inputs 0.8 0.8
liH  High-level input current V=55V 0.5 10 0.5 10| uA
TN Low-level input current V=04V —50 —250 —50 —250| uA
g Vi(sw) =—10V, Ta=25°C —400 —800 —500 —1000| pA
loff  Switch off-state current
See Note 2 Ta = MAX —50 —100 —10 —20| nA
TL601
Vi(sw) =10V, TL604 55 100 75 200
10(sw) = —1 mA TL607
Switich it - TL610 40 80 40 100 9
ch o sistance
fon wi n-state resista TL601
Vi(sw) =—10V, TL604 220 400 220 600
10(sw) = —1 mA TL607
TL610 120 300 120 400
roff Switch off-state resistance 1Xx1011 5X 1010 Q
Con Switch on-state input capacitance | Vi(sw) =0V, f=1MHz 16 16 pF
Coff Switch off-state input capacitance| V(sw) =0V, f=1MHz 8 8 pF
TL601
o 5 10 5 10
Logic input(s) TL604
t5.5V, Enabl
. e 5 10 5 10
lcc+ Supply current from Vec+ All switch input high TLE07 mA
terminals Enabl
ermin : nable 3 5 3 5
open input low
TL610 5 10 5 10
TLE01
- -1.2 -25 -1.2 =25
Logic input(s) TL604
at55V, Enable
-25 -5 -2.5 -5
lcc— Supply current from Voo— All switch input high TLEOT mA
terminals Enable
) —-0.05 -0.5 -0.06 -0.5
open input low
TL610 -1.2 -25 -1.2 =25
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fAIll typical values areat Tp = 25°C.
NOTE 2: The other terminal of the switch under test isat Vgc+ = 10 V.
switching characteristics, Voo = 10V, Voe_ = —20 V, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
toff  Switch turn-off time 400 500
RL =1k&2 = i
ton  Switch turn-on time L . ] Sk, e 100 150 N
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TYPES TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

PARAMETER MEASUREMENT INFORMATION

24V +10V

| on_o—l/ OUTPUT - ———5V
10V N INPUT 50% 50%
PuLse | | WOV___ JRL= CL=35pF J:Lov

1
GENERATOR 1k& ﬂ_\ (See Note B) ton— ! toff —jm—gpi

(See Note A) 4=V
==V
OUTPUT 90% ' 0%

TEST CIRCUIT VOLTAGE WAVEFORMS

Vo= (10V) s
9= 1K + ron

NOTES: A. The pulse generator has the following characteristics: Zgyr = 50 £, t, = 16 ns, t = 15 ns, t,, = 500 ns.
B. C includes probe and jig capacitance.

FIGURE 2

TYPICAL CHARACTERISTCS

SWITCH ON-STATE RESISTANCE
Vs
SWITCH ANALOG VOLTAGE

SWITCH ON-STATE RESISTANCE
Vs
FREE-AIR TEMPERATURE

1000 \\ T 1000
700 —— Tp=25°C 700
o Vi(sw) = —12V
T 400 10(sw) —|—10 mA S 400 ]
Q @
'o(sw) = —1 mA T [em =]
§ 200 % 200 |
n; o« ‘ - 5V /_//
= ! \V
g 100|O(sw)=_100#A-\ g 100 = ~oV I
c 70 P — 2 70 ”/M
© \- 5 4 V\\S_\N‘/ﬂ/‘/
5 1 L =
£ 40 = 40 -
2 S
T
§ 20 20
10(sw) =1 mA
10 10
-156 -10 =5 0 5 10 -75 =50 -25 0 25 50 75 100 125
V| (sw)—Switch Analog Voltage—V Ta—Free-Air Temperature—°C
FIGURE 3 FIGURE 4
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LINEAR
INTEGRATED
CIRCUITS

TYPES uA733M, uA733C

DIFFERENTIAL VIDEO AMPLIFIERS

BULLETIN NO. DL-S 11415, NOVEMBER 1970—REVISED OCTOBER 1979

200 MHz Bandwidth
250 k2 Input Resistance

Selectable Nominal Amplification of
10, 100, or 400

No Frequency Compensation Required

Designed to be Interchangeable with
Fairchild utA733M and uA733C

description

The uA733 is a monolithic two-stage video amplifier
with differential inputs and differential outputs.

Internal series-shunt feedback provides wide band-
width, low phase distortion, and excellent gain
stability. Emitter-follower outputs enable the device
to drive capacitive loads and all stages are current-
source biased to obtain high common-mode and
supply-voltage rejection ratios.

Fixed differential amplification of 10, 100, or 400
may be selected without external components, or
amplification may be adjusted from 10 to 400 by the
use of a single external resistor connected between
G1A and G1B. No external frequency-compensating
components are required for any gain option.

The device is particularly useful in magnetic-tape or
disc-file systems using phase or NRZ encoding and in
high-speed thin-film or plated-wire memories. Other
applications include general purpose video and pulse
amplifiers where wide bandwidth, low phase shift,
and excellent gain stability are required.

The 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
2 NC G2B G1B Vcc+ NC

Wi (3 fu2fjnpjwofj9s

OUTPUT
2

N

. -

L~

V(2|3 (|4]||5]|6]]|7

INPUT NC _GAIN GAIN Vee- NC OUTPUT
SELECT SELECT 1
G2A  G1A

NC—No internal connection

U FLAT PACKAGE
(TOP VIEW)

GAIN  GAIN
INPUT SELECT SELECT OUTPUT
G2B GiB  Vce+ 2

®0O0O®

ON

lhe

s

\

@O0 O

©
29

INPUT  GAIN Vcec— OUTPUT
1 SELECT SELECT 1
G2A G1A

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

NOTES:

uA733M uA733C UNIT
Supply voltage Vcc+ (See Note 1) 8 8 \%
Supply voltage Vcc— (See Note 1) -8 -8 \Y
Differential input voltage +5 -] Vv
Common-mode input voltage +6 +6 \Y
Output current 10 10 mA
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 500 500 mw
Operating free-air temperature range —55 to 125 0 to 70 €
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J or U package 300 300 c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N package 260 °C

1. All voltage values, except differential input voltages, are with respect to the midpoint between V¢4 and Veogo—.

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. Iin 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

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 500 mW 11.0 mW/°C 105°C
J (Glass-Mounted Chip) 500 mW 8.2 mW/C 89°C
N 500 mW 9.2 mW/°C 96°C
V] 500 mW 54 mW/°C 57°C
Also see Dissipation Derating Curves, Section 2,
electrical characteristics, Voo =6V, Voo =—6V, Ty =25°C
PARAMETER TEST TEST CONDITIONS BAIN UAFEA AT UNIT
FIGURE SELECT [MIN TYP MAX|MIN TYP MAX
i T i 1 300 400 500 |250 400 600
- 1 nti
Avp alrtge Hone = et'f’ ®1 1 |vop=1Vv 2 90 100 110 | 80 100 120
voltage amplification 3 5 0 11 S 10 15
1 50 50
BW Bandwidth 2 Rg =50 2 2 90 90 MHz
3 200 200
o Input offset current Any 0.4 3 0.4 5 HA
Iig Input bias current Any 9 20 9 30 A
Common-mode
VicR 2 1 Any +1 +1 Vv
input voltage range
Common-mode
Voc 1 Any 24 29 34|24 29 34 v
output voltage
v U BTG ; 1 06 1.5 06 1.5 W
utpu voltage
90 P : 283 035 1 035 15
Maximum peak-to-peak
Vopp : 1 Any 3 47 3 47 Y
output voltage swing
1 4 &
T Input resistance 3 Vop<1V 2 20 24 10 24 k2
3 250 250
o Output resistance 20 20 Q
C; Input capacitance 3 Vop<1V 2 2 2 pF
CMRR Comn‘\on-m?de 4 Vic=#1V, f< 100 kHz 2 60 86 60 86 a8
rejection ratio Vic=%1V, f=5MHz 2 70 70
Supply voltage
k re‘z:t:)n rat:) Ay =+ A5,
SVR ) 1 AVee_ =405V 2 50 70 50 70 dB
(AVce/aVip)
Broadband equivalent
Vn i X 5 BW = 1kHz to 10 MHz Any 12 12 ny
input noise voltage
t P ion delay ti g [TEmR0R ; ;.ch 10 ;'3 10
pd ropagation.celay time Output voltage step = 1 V 2 - ne
3 3.6 3.6
1 10.5 10.5
. sty Rs =50 2, 0 9
tr Rise time 2 Ditputvoitsaestapmiil) 2 45 10 4512 ns
v =
ipr o 3 25 25
. Maximum output A 25 36 25 36 A
sinklmax) gy current Y ) i ) g m
Icc Supply current No load, no signal Any 16 24 16 24 mA
TThe gain selection is made as follows:
Gain 1 ... Gain Select pin G1A is connected to pin G1B, and pins G2A and G2B are open.

Gain 2. .. Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B.
Gain 3. .. All four gain-select pins are open.
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

electrical characteristics (continued), Vcc+ =6V, Vge—==—-6V
TA = —55°C to 125°C for uA733M, 0°C to 70°C for uA733C

TEST GAINT | uA733Mm uA733C
PARAMETER TEST CONDITIONS UNIT
FIGURE SELECT| MIN MAX | MIN MAX
L e — 1 200 600 | 250 600
arge-signal differenti
AvD Itge 4 o :," 2 1 |vop=1V 2 80 120 | 80 120
voltage amplific
ge amplification 3 3 = 3 2
o Input offset current Any 5 6| MA
B Input bias current Any 40 40 | pA

Common-mode
Vicr - 1 Any +1 £1 %
input voltage range

\ Output offset volt 1 ! = i Vv
et voltage
e i = 283 12 15
Maximum peak-to-peak
Vopp peatsioD 1 Any | 25 2.8 v
output voltage swing
ri Input resistance 3 Vop<1V 2 8 8 kQ
Common-mod Vic=%1V, <100 kHz 2 50 50
CMRR . 4 1 dB
rejection ratio Vic=%1V, f=5MHz 2
Supply voltage G
A =0,
KsVR rejection ratio 1 AVCC" (;E;‘\’/' 2 50 50 dB
=+
(AVec/avi) e
Maximum output
Isi An 2.2 2.5 mA
sink{max) sink current .
Icc Supply current No load, No signal Any 27 27| mA
tThe gain selection is made as follows:
Gain 1 ... Gain Select pin G1A is connected to pin G1B, and pins G2A and G2B are open.
Gain 2 ... Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B.
Gain 3 ... All four gain-select pins are open.
schematic
Py P % o o —oVce+
2.4kQ % 2.4k §>10 kQ 1.1kQ <>1.1 kQ
< < <
[
INPUT 1 INPUT 2 7kQ
AAA- O OUTPUT 1
A\ O OUTPUT 2
sef@(‘# e o GAIN 7k
G28 SELECT
>
1.4k 300 2 400 2 % 400 2
4 2 4 -@- —OVce-
Component values shown are nominal.
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

DEFINITION OF TERMS
Large-Signal Differential Voltage Amplification (Ayp) 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 (1)) The difference between the currents into the two input terminals with the inputs grounded.
Input Bias Current (I|g) The average of the currents into the two input terminals with the inputs grounded.

Input Voltage Range (V|) The range of voltage that if exceeded at either input terminal will cause the amplifier to cease
functioning properly.

Common-Mode Output Voltage (Vo) The average of the d-c voltages at the two output terminals.

Output Offset Voltage (Vo) 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 (Vopp) 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 (rj) The resistance between the input terminals with either input grounded.
Output Resistance (rg) The resistance between either output terminal and ground.
Input Capacitance (Cj) 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 (AVcc/AV Q) 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) The voltage of an ideal voltage source (having an internal impedance equal to
zero) in series with the input terminals of the device that represents the part of the internally generated noise that can
properly be represented by a voltage source.

Propagation Delay Time (tpq) 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 (t;) The time required for an output voltage step to change from 10% to 90% of its final value.

Maximum Output Sink Current (lgink(max)) The maximum available current into either output terminal when that
output is at its most negative potential.

Supply Current (Icc) The average of the magnitudes of the two supply currents icc1 and Icc2.
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

test circuits

PARAMETER MEASUREMENT INFORMATION

0.2 uF
N L
[ [
* * ] 1 3 C
Vip Vop  $2kQ Vip 0.2 uF
N ‘ . .
5003 %.509 500 % gson 1k2 310
L i + % i I
FIGURE 1 FIGURE 2
. 50 Q 0.2 4F
s AAA
S
VoD :»2 kQ ?—0 50 0.2 uF
V_'; 1kQ $1kQ
FIGURE 3 FIGURE 4
G2B G1B
i I 0.2 uF
14
o 1€ 2]
NG 0.2 uF
> o IC pe,
Vob  $2k9 o 1€ @
b3 P ¢ b3
35023500 ® Radj 1kQ $1kQ
4+ = i 4
= &
G2A G1A
VOLTAGE AMPLIFICATION ADJUSTMENT
FIGURE 5 FIGURE 6
TYPICAL CHARACTERISTICS
PHASE SHIFT PHASE SHIFT
Vs Vs
FREQUENCY FREQUENCY
@ 50° T
5 T T T 1 [ Vide 28V
; Vepr=eY o —t e | T vggi =6V ]
o | Vee- =°—G V_ _50° | \}\ |Ta=25°C
0 Ta=25:C [ Ganz | N
| —100°—| ||
£ -5° ™ l £ —-150°
& |
s N GAIN 2 [ | \\ ‘
£ —10° & -250° \ |
—300° Y
: ™ X
-15 ~350
| -400°
-20° -450° |
01 2 3 4 5 6 7 8 9 10 1 4 10 40 100 400
f—Frequency—MHz f—Frequency—MHz
FIGURE 7 FIGURE 8
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS

VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
(SINGLE-ENDED OR DIFFERENTIAL) (SINGLE-ENDED OR DIFFERENTIAL)
Vs Vs
o TEMPERATURE 2 SUPPLY VOLTAGE
& 1.2 T T 12 T
" vee+ =6V % | a~25%
& Jeami Vee—= -6V 8 A
8 Z 92
5 N 1 5 N
s L - 7
2 e 2 1.0[GAIN3 =]
o o
2 ol GAIN2 i| can3 s o=
g = [GAINZ
2 ! z
5 L] ;':jb € 08 =
2 GAIN 3 \ s
5 } 2 |GAIN1
£ 09 : g
E \ El0.6
Py GAIN 1 <
£ o8 ' o4
> -75 -50 -2 0 25 50 75 100 125 5 3 4 5 6 7 8
Ta—Free-Air Temperature—°"C 2 IVoct | —Supply Voltage—V
FIGURE 9 FIGURE 10
DIFFERENTIAL VOLTAGE AMPLIFICATION SINGLE-ENDED VOLTAGE AMPLIFICATION
vs vs
RESISTANCE BETWEEN G1A AND G1B FREQUENCY
1000 e = o 90 T
< 700 Vees =6V 7 T Feaint e
% Vee-=-6V 5 |
£ 400 Vop=1V g 9 [ |
[=8 o -
5 TaA = 25°C B =
< 200 ™ See Figure 6 E GAIN Z \
& ™ < 30
S N n«?’ \\
S 100 \ 2
= = 2 \
R g 20 sy
i? ? 10-Vee+=6V
o n e
z 20 N0 8 FVcc, _;GV
N > TA=25°C
10 < 0 L
10 40 100 400 1k 4k 10k 1 4 10 40 100 400
Radj—Resistance Between G1A and G1B—$2 f—Frequency—MHz
FIGURE 11 FIGURE 12
SUPPLY CURRENT SUPPLY CURRENT
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
f: 7
No Load
e 20 |— No Signal //
T TA=25°C
T i - uAnacj\ € 1
& % 18
§ 12 H
s 5 ]
S 10 Q12
B B //
@ Vee+=6V a3 8
é 61— Vee_=-6V [
= 4 }— NoLoad 2
No Signal 4
2
oL | | | o
-75 -50 —25 0 26 50 75 100 125 3 a 5 6 7 8
TA—Free-Air Temperature—"C VGG I-Supply Voltage—V
FIGURE 13 FIGURE 14
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

Vopp—Maximum Peak-to-Peak Output Voltage—V

Vopp—Maximum Peak-to-Peak Output Voltage—V

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

Vs Vs
LOAD RESISTANCE SUPPLY VOLTAGE
=T LI = ¢
Vee+ =6V ) 1 Ta=25°C
™ Vcc-=-6V 27
Ta =25°C £
Z0
- l|
2 L~
/ 3 B
y & L~
3
/ < ,
o
2 7
‘/ % /
< 5 ,/
E
/
/ 3
/ a1
o
H1 >
0
10 40 100 400 1k 4k 10k 3 4 5 6 7 8
R|_—Load Resistance—$2 Vees Hsupply Voltage—v
FIGURE 15 FIGURE 16
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE INPUT RESISTANCE
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
T T T L e e
‘\\;CC‘*:—GZV Vec+=6V g
TEC;ZSQC ] 35 |— Vec—=—-6V //
™ 30 /
\ Sf‘ //r
\ 8 25 .
\ § GAIN 2/ |
2 |
e % /’/-— A733C 1=
g5
L
\ ’
5
0
A 2 4 710 20 40 70100 200 400 -60-40 —20 O 20 40 60 80 100 120 140
f—Frequency—MHz Ta—Free-Air Temperature—°C
FIGURE 17 FIGURE 18

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

399



TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO DIFFERENTIAL INPUT OVERLOAD RECOVERY TIME
Vs Vs
FREQUENCY DIFFERENTIAL INPUT VOLTAGE
100 T L, 40 e
Vec+=6V i Vece =6V
1 Toa = iy
2 8 ™~ Ta=25°C - Ta=abe /
& caiN 2|l N § 30 -
5 70 8
g N 8 GAIN 2
© N T o5 A
2 60 N
: 3 Z
I3 \ i
2 50 § 2 /
£ N o) e
T N =
£ 40 | 2 1 /
E =
E 30 s /
Q £ 10 L~
x 20 &
= £
S 10 e s
2
0 2 0
0.01 0:1 L 10 100 0 20 40 60 80 100 120 140 160 180 200
f—Frequency—MHz V|p—Differential Input Voltage—mV
FIGURE 19 FIGURE 20
PULSE RESPONSE
AS A FUNCTION OF PULSE RESPONSE
SUPPLY VOLTAGE AS A FUNCTION OF GAIN
1.4
1.4 e
o
TA=25C
1.2
> 12 \% +8V > \
cC:=*%
¢ L\.r . & GaNz—H )
1.0 =\ L 2 1.0 /
g = i 1
g Vocs = 26 V 5 GAIN 2 —|
) | | >
-~ 08 s 08
2 /// Vees =3V g // \_ GAIN 1
>
Q o6 2 o6
© -
s GAIN 2 €
< ®
3 0.4 S 04
E ?- Vee+ =6V
|8 0.2 8 0.2 Vee—=—6V —
> = Ta=25°C
0 0
—-0.2 —0.2
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
t—Time—ns )
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LINEAR

INTEGRATED
CIRCUITS

TYPE uA2240C
PROGRAMMABLE TIMER/COUNTER

BULLETIN NO. DL-S 12610, JUNE 1978—REVISED DECEMBER 1979

uA2240C...JORN
DUAL-IN-LINE PACKAGE

(TOP VIEW)
OUTPUTS ISU\TS

e Accurate Timing from Microseconds tou. Tive / MODU- TRIG. \

to Days Vcc  LATOR BASE R/C_ LATION GER RESET GND

) 1B |15] |14 (13| |12 (1| Jwo| |8

e Programmable Delays from 1 Time Constant | I l ]

to 255 Time Constants
e Outputs Compatible with TTL, DTL, CMOS e CONTROL
e Wide Supply-Voltage Range 2} ‘ ]
e External Sync and Modulation Capability

I BINARY COUNTER —I
| [ 1 1 | I e
1 2 3 4 5 6 1 8
Qo a Q2 3 Q4 05 a6 a7
\ v /
OUTPUTS

description

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 time-base pin may be
used to monitor the frequency of the oscillator, to provide an output pulse to other circuitry, or (with the time-base
section disabled) to drive the counter input from an external source. The counter input is activated on a negative-going
transition. The reset input stops the time-base oscillator and sets each binary output, Q0 through Q7, and the time-base
output to a TTL high level. After resetting, the trigger input starts the oscillator and all Q 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
PROGRAMMABLE TIMER/COUNTER

functional block diagram

REGULATOR
Vee QUTPUT

+(1s) (15)

[ : - {

TRIGGER=HL] s S—_—
I VOLTAGE
REGULATOR
reseT<10) &R
P B !
TIME BASE :
7k OSCILLATOR s
MODULATION (12)
INPUT 4
12ka
R/C S S S
T _jo—0DT T
P D> o o— —op &
Lol m 2 (8)
Q ...open-collector outputs
TBO Qo a1 a7
absolute maximum ratings
Supply:voltage, VCE (566 NOTE: T . '« .« wiviwu v wis w v w oom e s oo s omios oes siies s ‘wrfe’ o s o 460 @ (o0 om0 o cwsis 1ot 01 o i o o i o 8V
Buiput voltages @0 THEIAT 5w o vws i n g o @ e s w5 @ (@SS 008 & e o % 68 L ¥ E e § W el e e v W & e 18V
Output current; QOIthrd QF & i sy s w0 sus bos 50 isr o 08 60 5 505 508 06 )% 68 8 65, ) 81508 18 80 8 ) & 50 % % ) £ 18 606 @ & 1508 B 0 5 10 mA
Regulator'outputiCutent :..ssesimsmase i miaasmims G5 aEs @ o i85 3 HeR s @0 a R s ms BasEs @ -5 mA
Continuous dissipation at (or below) 25°C free-air temperature (see Note 2): J package . ........... 750 mW
N package ............ 650 mW

Operating freezair-temperature FANGE v v wiom s i w8 o 16 w08 s e @ i 5 i s sy 0§ 55 3 600 e 0 5 5 B 0°Cto70°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JPackage .................c0oo... 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°C, see the Dissipation Derating Table. In the J package uA2240C chips are glass-mounted.

recommended operating conditions

uA2240C

MIN NOM MAX i
Supply voltage, Ve (see Note 3) 4 15 \
Timing resistor 0.001 10 MQ
Timing capacitor 0.01 1000 uF
Counter input frequency (Pin 14) 1.5 MHz
Pull-up resistor, time-base output 20 kQ
Trigger and reset input pulse voltage 2 3 \
Trigger and reset input pulse width 2 us
External clock input pulse voltage 3 \%
External clock input pulse width 1 us

NOTE 3: For operation with Voo < 4.5 V, short regulator output to VCC-
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TYPE uA2240C

PROGRAMMABLE TIMER/COUNTER
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TYPE uA2240C
PROGRAMMABLE TIMER/COUNTER

PARAMETER MEASUREMENT INFORMATION

Vce
R =10k
(UNLESS OTHERWISE 0.014F
SPECIFIED) CONNECTED FOR OPERATING
CHARACTERISTICS TESTSONLY =
JCHARACTERISTIC
C=0.1,F R/C MOD V,
(UNLESS OTHERWISE 7= TRIG ce
SPECIFIED)
= REG
RESET out
TIME
BASE Q0Q1Q2 03 Q4 Q5 Q6 Q7 |
20kﬂi£%§i§§i¥i -

EACH Q0 THRU Q7 OUTPUT LOAD = 10 k2

FIGURE 1-GENERAL TEST CIRCUIT

Vce V=4V
A A a (OPEN)
1kQ .
(DISABLES R/C MOD  Vce RIC MOD Ve
OSCILLATOR) A TRIG
= REG| (OPEN) REG
ouT = RESET ouT
TIME
102Q3 Q4 Q5 Q6 Q7 1__ ASEQ0Q1Q2 Q3 Q4 Q5 Q6 Q7 _l
3V=m 3 b e bt R 2 3 3 3
it | | I | EACH Q0 THRU Q7 OUTPUT LOAD =R EACH Q0 THRU Q7 OUTPUT LOAD = 10 k&2

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
RATING FACTOR Ta

PACKAGE

J (Glass-Mounted Chips) 760 mW 8.2 mW/°C 58°C
N 650 mW 9.2mW/°C 79°C

Also see Dissipation Derating Curves, Section 2.

AThese 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

25
. ,
V+=5V /
2 20
E
-
B 15
N
: /
E Vi
|
«fa /]
x05 -
0
1 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 TR|GGER——-!——‘-—A$__{—‘_SS

high and the oscillator stopped. In this state, a high s ﬂ I_g(, + % £
level on the trigger input starts the time-base oscillator. RESET —1 ] ! l_l o
The initial negative-going pulse from the oscillator TBO —i ] ! E S
sets the Q outputs to low logic levels at the beginning ” U U " " “ ”ﬁ !

]

of the first time-base period. The uA2240 will ignore }

]
Qo ] ] 3'— | S
any further signals at the trigger input until after

a reset signal is applied to the reset input. With the 1 !

Q1 [ (S
trigger i t low, a high level at the reset input will | I | I l K
rigger input low g the r np | : L

set Q outputs high and stop the time-base oscillator. ! ! !

If the reset signal occurs while the trigger input is 07—L J_”_l | $
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 Q5 (25 = 32) only is connected to the reset input, every trigger pulse will generate a 32-period active-low output.
Similarly, if Q0, Q4, and Q5 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 (Vcc > 7 V) and low value of timing capacitor (C < 0.1 uF), 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-kS2 pull-up resistor to Pin 15 for proper operation. The time-base pin may also be used as an
input to the counters for an external time-base or as an active-low inhibit input to interrupt counting without resetting.

The modulation input varies the ratio of the time-base period to the RC time constant as a function of the dc bias
voltage (see Figure 4). It can also be used to synchronize the timer/counter to an external clock or sync signal.

The regulator output is used internally to drive the binary counters and the control logic. This terminal can also be used
to supply voltage to additional 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¢ 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.

(15)

VREG

220 k&2

R
(13) RC TBO (14)

I I w220 2
“F Q1

IMODULATOR Q2
Q3
TRIGGER Q4
Q5

RESET a6
a7
47 ke GND
(9)
s1
o o

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 MIL-M-38510 and MIL-STD-883 programs offer a variety of options designed to meet
contractual, reliability, and cost goals. MIL-M-38510 and MIL-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 T1/883 or MIL-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, mQ, for Texas
Instruments Linear Circuits processed to the options outlined in Table 1V.

TABLE |
STANDARD-PROCESS PROGRAM QUALITY LEVELS
OPTION ma
JAN MIL-M-38510 CLASS B 2
JAN-PROCESSED (SNJ) CLASS B 3
JAN-PROCESSED(/883) CLASS B <]
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.

MIL-M-38510/X XX, Microcircuits, Digital, Linear

Monolithic Silicon (Slash Sheets)
MIL-M-38510, Microcircuits, General Specification for
MIL-STD-883, Test Methods and Procedure for Microelectronics
QPL-38510, Qualified Products List for MIL-M-38510

NOTE 1: Copies of these documents may be requested from the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, Pa.
19120.

TEXAS INSTRUMENTS 409

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



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 TI ORDER ENTRY CODE (14-DIGITS MAXIMUM)

JAN M38510/XXXXXBYZ JANBXXXXXXT\_Q_(_
v
SLASH SHEET MIL-STD-883 PACKAGE LEAD FINISH DEVICE TEMPERATURE PACKAGE
AND DEVICE  (CLASS B (SEE TABLE Il) (SEE TABLE I11) 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
TI Symbol (Trade Mark)
4-Digit Date Code

TABLE Il
JAN AND T1 PACKAGE CODE DESIGNATIONS AND LEAD-FINISH AVAILABILITY

TABLE 1l
LEAD-FINISH CODE DESIGNATIONS

JAN TI DESCRIPTION JAN CODE 38510 JAN DESCRIPTION
PACKAGE PACKAGE AVAILABLE APP.C A SOLDER DIP
CODE CODE LEAD FINISH B TIN-PLATE
A NOT AVAIL. 14-PINF/P1/4" X 1/4" F-1 c/ot GOLD-PLATE
B/TT T 14-PIN F/P 3/16" X 1/4" c/pt F-3 X OPTIONAL¥
Cc 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 F4
| NOT AVAIL. 10-PIN CAN (TO-100) A-2
J J 24-PIN C DIP B D-3
K w 24-PIN F/P 3/8" X 5/8" B F6
M NOT AVAIL. 12-PIN CAN (TO-101) A-3
P JG 8-PIN CDIP B D-4
Q NOT AVAIL. 40-PIN C DIP D-5
R J 20-PIN C DIP B D-8
A" JR 18-PIN C DIP Cc D-6
W JR 22-PIN C DIP (o] D-7

TPer MIL-M-00385108, Class S.
Fooxe denotes lead finish A, B, or C at 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 C as a last character.
3. The package code may include one or two characters.
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MILITARY PRODUCTS

1. JAN-PROCESSED (SNJ OR /883B) 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 1V.

A.  Ordering Information:

SNJ DEVICES /883B DEVICES
ORDER ENTRY CODE ORDER ENTRY CODE
SNJXXXXXXYY XX XTYY/883B
PREFIX DEVICE PACKAGE DEVICE TEMPERATURE PACKAGE  SUFFIX
FOR JAN DESIGNATOR (NOTE 3) DESIGNATOR RANGE CODE (NOTE 3) FOR JAN
PROCESSING (NOTE 2) (NOTE 2) (IF APPROPRIATE) PROCESSING
Examples: SNJ55107AJ TL022MJG/883B
SNJ55107BJ TL497AMJ/883B
SNJ55325W RM4558JG/883B
B. Symbolization:
SNIXXXXXXYY XXXXXXTYY/883B

Tl Symbol (Trade Mark)

Tl Symbol (Trade Mark)
4-Digit Date Code

4-Digit Date Code

I1l.  STANDARD PRODUCTS

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:

ORDER ENTRY
CODE

XXXXXXTYY

DEVICE TEMPERATURE PACKAGE
DESIGNATOR RANGE CODE (NOTE 3)
(NOTE 2) (IF REQUIRED)
Example: TL494MJ
SN55325J
o SN55107AJ
B. Symbolization-

XXXXXXTYY
Tl Symbol (Trade Mark)
4-Digit Date Code

NOTES: 2, The device designator may include a letter A, B, or C as a last character,
3. The package code may include one or two characters,

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

mn



MILITARY PRODUCTS

TABLE IV

SCREENING AND LOT CONFORMANCE—CLASS B

JAN QUALIFIED SNJ AND /883B STANDARD HERMETIC
SCREEN METHOD ROMT METHOD ROMT METHOD ROMT |
Internal Visual (Precap) éO;nOd(;oar;l(t)lon 100% gOa‘andCS&;nsc?ll(t)ton 100% g:)an:g:rdcf(')x 100%
1008 1008 1008
Stabilization Bake 24 hours minimum 24 hours minimum 24 hours minimum
test Condition C 190% test Condition C 100% test Condition C 100%
Temperature Cycling 1010 Condition C 100% 1010 Condition C 100%
Constant Acceleration (2[(:(])':) (II: r:;jf;:ns 100% (Zr?'n?r;l ) Cli: r\1{d1lt;?:n5 100%
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
1015 " 1015 (Note 4)
Burn-In Test 125°C minimum$ 100% 125°C minimum® 100%
Final Electrical Tests JAN slash-sheet Tl data sheet TI 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% 100% 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)
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
(Subgroup 8) 10% e
Group B 5005 Class B Insp. 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 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* SEB55
10902* SE556
11004 RM4156

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
SES55 10901*
SE556 10902*
uA710 10301
uA711 10302
uA723 10201
uA733 10501*
uA741 10101
uA747 10102
*Slash sheets not released as of date of this publication.
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