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

The section on military products describes process and screening requirements for JAN, JAN-processed, /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 Tl field sales office or authorized
distributor and from: Marketing and Information Services, Texas Instruments Incorporated, P.O. Box 225012, MS 308,
Dallas, Texas 75265.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265






General Information






TABLE OF CONTENTS

PAGE

Section 1, General Information . . ... ... ... . e 7
Alphanumeric INdeX . . ...t e e 10
Functional Index . ... . i e e e e e e 1
Interchangeability GUIE . .. . ... it e e e e 22
Section 2, Thermal Information .. .. .. .. . it et e e e e e e 27
Thermal Considerations . . . .. ... .. ittt et it e ettt et e e e e 28
Thermal Resistance of Integrated Circuit Packages .. .. .. ... ... .. ittt 29
Power Dissipation Derating Curves for Integrated Circuit Packages .. ... .... .. .. ... .. .. nun.. 30
Section 3, Ordering Instructions and Mechanical Data . ........ ... ... ... 0.t 35
Ordering INStrUCTIONS . . . o . it it e e et et e e e e e e e e e e e 37
Mechanical Data and Package Outline .. .. ... ... . ... . i e e e e 38
Section 4, Operational AmPlifiers . .. .ot e e e 47
Selection GUIdE . . v ittt e 48
Glossary of Terms and Definitions . . ... .. ...ttt e e e e e e e 55
Individual Data Sheets .. .. ... e e e e 59
Section 5, Differential Comparators . . .. ... v ittt ittt e e e e e 189
Selection GUIde . . . .. . .t e e 190
Glossary of Terms and Definitions . .. .. ... . ittt et e e e e e e 192
Individual Data Sheets .. .. ... ... e e e e 195
Section 6, Special FUNCHIONS . . .. .. i e 267
Selection GUILE . . .. o it it e e e e e e e 268
Individual Data Sheets . . . ... L. e e 270



10

ALPHANUMERIC INDEX

PAGE PAGE PAGE PAGE
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LM188 .. ... ... 7 NES533 ........ 97 TLOB1A .. ...... 139 TL02 . ........ 357
LmM193 ... 211 NEB533A . ...... 97 TLOBIB . ....... 139 TLS03 ......... 357
LM201A ... .. .. 59 NESS34 ........ 105 TLO82 ......... 139 TLSOS . ........ 369
LM206 ........ 195 NES534A ... .... 105 TLOB2A . ....... 139 TL506 . ........ 227
LM207 . .... ... 62 RC4136 ........ 101 TLO82B . ....... 139 TLS07 . ........ 377
LM211 L 201 RC46568 . .. .. ... 103 TLO83 .. ... ... 139 TLB10 ... ... ... 233
LM218 ... ... 73 RM4136 ........ 101 TLO83A ........ 139 TL514 ... ...... 237
LM224 ... L. 65 RM4558 . ... .... 103 TLOB4 ... ...... 139 TLS6O0 . ........ 381
LmM239 ... ... 209 SEB55 . ........ 281 TLOB4A . ....... 139 TLEOT . ........ 387
LM248 ... ... L. 67 SEBS56 . ........ 291 TLOB4B . ....... 139 TLE04 .. ....... 387
LM258 ... ... n SEB534 ........ 105 TLOBS . ........ 139 TL6O7 . ........ 387
LM293 ... ... 211 SEB534A . ... ... 105 TLO87 . ........ 147 TL610 . ........ 387
LM301A . ... ... 59 TLO22 . ........ 109 TLOB8 . ........ 147 TL702 ... ... ... 157
LmM306 ........ 195 TLO44 . . ....... 112 LS I 219 TL710 . ........ 239
LM307  ........ 62 TLOGO . ........ 115 TL170 . ..., ... 293 TL720 . ........ 243
LM311 ... 201 TLO6OA . ....... 115 TL172 ... 295 TL810O .. ....... 245
LM318 ... ... .. 73 TLOBT . ........ 115 TL173 ... ... 297 TL811T . ... .. 249
LmM324 ... .. ... 65 TLOB1A . ....... 115 TL176 ... .. ... 299 TL820 ......... 255
LM339 ........ 209 TLOB1B . ....... 115 TL176 .. ....... 301 uA702 . ........ 163
LM348 ... ... .. 67 TLO62 . ........ 115 TL182 . ........ 303 uA709 . ........ 167
Lm3sg ..., ..., M TLO62A . ....... 115 TL18 . ........ 306 uA709A .. ... ... 167
LM393 ... ... 211 TLO62B . ....... 115 TL188 . ........ 309 uA710 .. ....... 259
LM1900 ........ 77 TLOB4 . ........ 115 TLI9T ... ... ... 312 uA711 L 263
LM2900 . ....... 77 TLOB4A . ....... 115 TL287 ... ... ... 147 uA733 ......... 393
LM2901 ........ 213 TLOB4B . ....... 115 TL288 .. ....... 147 uA741 ... ... 173
LM2902 ........ 81 TLOGE . ........ 123 TL311 ... 219 uA747 ... ..., 177
LM2903 . ....... 215 TLO66A . ....... 123 TLINMA . ....... 219 uA748 . ........ 181
LM2904 ........ 83 TLOG6B . ....... 123 TL321 ... ... 151 uA777 ... 185
LM3302 ........ 217 TLO70 . ........ 131 TL322 ... 153 uA2240 ........ 401
LM3900 ........ 77 TLO70A . ....... 131 TL331 ......... 223
MC1445 . .. .. ... 277 TLO71 . ... ... 131 TL336 .. ....... 225
MC1458 . ....... 85 TLO71A . ....... 131 TL376 ......... 315

For information on other linear and interface integrated circuits manufactured by Texas Instruments, see the “‘Linear and Interface Circuits
Master Selection Guide,” “’The Interface Circuits Data Book,” and ‘“The Voltage Regulator Handbook."



FUNCTIONAL INDEX

SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS

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

B | Vio | lo | Avb | 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
02| 6 0.1 4 1 3.5 | 0.25 +1.5 +18 |BIFET, Low Power TLO60OM 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 TLO8OM 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 1.7 | 6.7 —7, +14| General Purpose uA702M J,JG,u,w 163
200 2 50 25 1 0.3 | 3.6 +18 | General Purpose uA709AM | J,JG,U 167
500 5 200 25 1 03 | 55 +18 | General Purpose uA70SM J, JG 167
500 5 200 50 1 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
02| 6 0.1 4 1 3.5 | 0.25 +1.5 +18 |BIFET, Low Power TLO60I JG, P 115
02| 6 0.05 | 50 3 13 25 +3.5 +18 |BIFET, Low Noise TLO70!I JG, P 131
02| 6 0.1 50 3 13 2.8 +3.6 +18 |BIFET, General Purpose TLO8O!I JG, P 115

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

250 7.5 50 25 1 0513 +5 +18 High Performance LM301A J,JG,N,P 59
041 15 0.2 3 1 3.6 |0.26 +1.,5 +18 |[BIFET, Low Power TLO60C JG,P 115
0.2 6 0.1 4 1 3.5 | 0.25 +1.5 18 |BIFET, Low Power TLOBOAC | JG,P 115
04| 15 0.05 | 25 3 13 2.5 +3.5 +18 |BIFET, Low Noise TLO70C JG, P 131
02| 6 0.05 | 50 3 13 25 +3.5 +18 |BIFET, Low Noise TLO70AC | JG,P 131
0.2 6 0.1 50 3 13 2.8 +3.5 +18 BIFET, General Purpose TLOBOAC | 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 | 6.5 +18 General Purpose uA709C J,JG,N, P 167
500 6 200 20 1 05 | 28 +2 +18 | General Purpose uA748C J,JG,N,P 181
| 100 5 20 25 1 05 |33 +5 +22 | High Performance uA777C J,JG,N,P 185
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FUNCTIONAL INDEX

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

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

B | Vio| ho | Avp | B1 | SR | Icc Vee
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, G, u,wW 62
800 2 200 50 | 10 |13 6.5 3 +22 | Low Noise
Vp =4 nV/\/HAz Typ SE5534 JG 105
800 2 200 50 | 10 | 13 6.5 3 +22 | Low Noise
Vp=45nV/A\/HZMax | SES534A | JG
02| 6 0.1 4 1 35| 02 5 +18 | BIFET, Low Power TLO6IM | JG,U 105
02| 6 0.05| 50 3 |13 25 +35 18 | BIFET, Low Noise
Vp = 18 nV/A/Hz Typ TLO71M | JG 131
0.2 6 0.1 50 3 |13 2.8 +3.5 18 BIFET, General Purpose TLO81M JG 139
02| 2 0.1 50 3 {13 2.8 +4 +18 | BIFET, Low V| TLO88M | JG,U
150 5 30 50 1 05| 1.0 +3 +32 | General Purpose, TL321M | JG 151
500 5 200 50 1 0.5 28 2 +22 General Purpose uA741M J,JG, U, W 173
Industrial Temperature Range (—25°C to 85°C)
75 2 10 50 1 05[] 3 +2 +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 TLO61! JG, P 115
02| 6 0.1 4 1 35| 025| +15 +18 | BIFET, Low Power TLO66! JG,P 123
02| 6 005| 50 3 |13 2.5 +35 18 | BIFET, Low Noise TLO711 JG,P 131
0.2 6 0.1 50 3 13 2.8 +3.5 +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 |13 238 4 +18 | BIFET, Low Offset TLO8S8I JG, P 147
150 5 30 50 1 05| 1 +3 +32 | General Purpose TL3211 JG, P 151

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




FUNCTIONAL INDEX

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

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

h8 |[Vio | ho | 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 | 7.8 50 25 1 [os]| 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
1500 | 4 |300 25 | 10 [13 8 +3 +22 | Low Noise
Vn =4 nV/\/Hz Typ NES5534 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 TLOG1AC | JG,P 115
02| 3 0.1 4 1 [ 35| 025| 15 :18 | BIFET, Low Power TLO61BC | JG,P 115
04185 0.2 3 1 | 35| 025| 15 :18 | BIFET, Low Power TLOB1C 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 1 4 1 | 35| 025| :15 :18 | BIFET, Low Power
with Power Control TLO66BC | JG,P 123
04|15 2 3 1] 35| 025| 15 :18 | BIFET, Low Power
with Power Control TLO66C JG, P 123
02| 6 005| 50 3 {13 25 35 18 | BIFET, Low Noise
Vp =18 nV/A/Hz Typ TLO71AC | JG,P 131
02| 3 0.05| 50 3 [13 25 +35 18 | BIFET, Low Noise
Vp, = 18 nV/\/Hz Typ TLO71BC | JG,P 131
0.2/ 10 005 25 3 {13 25 +35 18 | BIFET, Low Noise
Vn =18 nV/\/RAz Typ TLO71C | JG,P 131
02| 6 0.1 50 3 |13 2.8 +35 18 | BIFET, General Purpose TLOB1AC | JG,P 139
02| 3 0.1 50 3 (13 28 +3.5 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 Vo TLOS8C | JG,P 147
260 | 7 50 25 1 {05 10 +3 +32 | General Purpose, TL321C | JG,P 151
500 6 200 20 1 0.5 28 +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 03| 06 +3 +32 | General Purpose LM158 JG n
500 5 200 50 1 06| 28 +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 12 +22 | Low Power TLO22M JG, U 109
0.2 6 0.1 4 1 3.5 0.2 +15 +18 | BIFET, Low Power TLO62M JG, U 116
02 | 6 0.05)f 50 3 13 25 +3.6 18 | BIFET, Low Noise
Vp, =18 nV/\/Hz Typ TLO72M | JG 131
0.2 6 0.1 50 3 13 28 +3.56 +18 | BIFET, General Purpose TLO82M JG 139
0.2 6 0.1 50 3 13 28 +35 +18 | BIFET, General Purpose TLO83M J 139
500 5 50 50 1 0.6 4 +3 +36 | General Purpose TL322M JG 163
500 5 200 50 1 0.5 28 +2 +22 | General Purpose uA747M J,W 177
Automotive Temperature Range (—40°C to 85°C)
[500 Tio [ so J1oo [ 1 Jo3] o6 [ :3 +26 | General Purpose LM2904 | JG,P,U | 83
Industrial Temperature Range (—25°C to 85°C)
150 5 30 50 1 0.3 0.6 +3 +32 | General Purpose, LM258 JG,P, U 71
500 8 75 20 1 06| 4 +3 +36 | General Purpose TL322I JG,P 183
02| 6 0.1 1 35| 0.25 +15 +18 | BIFET, Low Power TLO62I JG, P 115
02| 6 0.05 50 3 13 25 +35 +18 | BIFET, Low Noise TLO72I JG, P 131
0.2 6 0.1 50 3 13 28 +35 +18 | BIFET, General Purpose TLO82I JG,P 139
02| 6 0.1 50 3 13 28 +35 +18 | BIFET, General Purpose TLO83! J,N 139
04 0.5 0.1 50 3 13 28 3.6 18 | BIFET, Low Offset TL2871 JG,P 147
04 3 0.1 50 3 13 28 +35 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| ho | Avp | Bq | 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 7 50 25 1 0.3 0.6 +3 +32 | General Purpose LM358 JG, P 7
500 6 | 200 20 |1 06 | 28 +2 +18 | General Purpose MC1458 JG,P 85
800 4 150 25 |10 9 8 +22 | Low Noise
Vp =5 nV/A/HzZ Typ NEB532 | JG,P 93
800 4 |150 25 |10 9 8 +22 | Low Noise
Vi, =5 nVA/HzZ 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
V= 3.5nV/\/Hz Typ NES533A | J,N 97
500 6 | 200 2 | 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 4 |1 35 | 025 | %15 18 | BIFET, Low Power TLO62AC | JG,P 115
02| 3 0.1 4 |1 35 | 025 | 1.5 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| 50 |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
Vp =18 nV/\/Hz Typ TLO72BC | JG,P 131
0.2| 10 005| 25 |3 [13 25 +35 :18 | BIFET, Low Noise
Vp =18 nV/A/Hz Typ TLO72C | JG,P 131
0.2 6 0.1 50 3 13 28 356 £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 +3.56 *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 +3.6 +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
04 3 0.1 25 3 13 2.8 +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
TEXAS INSTRUMENTS 15
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FUNCTIONAL INDEX

QUADRUPLE OPERATIONAL AMPLIFIERS

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

8 | 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 05 0.5 +3 +32 | General Purpose LM124 J,u 65
500 5 200 50 35 1.5 28 +4 +22 High Performance RM4136 J, U 101
100 5 40 4 0.5 0.5 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 TLO64M J,W 115
0.2 9 0.05 50 3 13 25 +35 *18 BIFET, Low Noise
Vp = 18 nV/\/Hz Typ TLO74M | J, W 131
0.2 9 0.1 50 3 13 2.8 +35 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 +4.5 +36 General Purpose LM1900 J 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 1.2 25 05|10 +45 +32 General Purpose LM2900 , N 77
500 10 50 100 5 1 +3 +26 General Purpose LM2902 J, N 81
500 8 75 20 1 06 7 +3 +36 | General Purpose MC3303 , N 89
Industrial Temperature Range (—25°C to 85°C)
250 7 50 25 1 0.5 3 +3 +32 General Purpose, LM224 J,N 65
200 6 50 25 1 0.5 45 +18 | General Purpose LMm248 J,N 67
0.2 6 0.1 4 1 3.5 0.25 156 18 BIFET, Low Power TLO64!1 J,N 115
0.2 6 0.05 50 3 13 25 +35 =18 BIFET, Low Noise TLO741 J,N 131
0.2 6 0.1 50 3 13 28 +35 18 | BIFET, General Purpose TLO84! J,N 139
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FUNCTIONAL INDEX

QUADRUPLE 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 v 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 JN 65
200 6 50 25 1 05 | 45 +18 | General Purpose LM348 J,N 67
200 1.2 | 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 28 +4 +18 | High Performance RC4136 | J,N 101
250 5 80 1 05 | 05 | 0.128 :2 +18 | Low Power TLO044C J,N 112
02| 6 0.1 4 1 35 | 025 | 1.5 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 TLO64C J, N 115
02| 6 0.05| 50 3 |13 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
Vp =18 nV/\/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 J N 131
0.2] 10 0.05| 25 3 13 25 +3.56 +18 | BIFET, Low Noise
Vp, = 18 nV/\/Hz Typ TLO75C N 131
02| 6 0.1 | 50 3 (13 2.8 +3.5 18 | BIFET, General Purpose TLOB4AC | J,N 139
02| 3 0.1 | 50 3 |13 28 +35 +18 | BIFET, General Purpose TLO84BC | J,N 139
0.4| 15 02 | 25 3 |13 2.8 +35 +18 | BIFET, General Purpose TLO84C J,N 139
0.4| 15 02 | 25 3 |13 28 +35 +18 | BIFET, General Purpose TLO85C N 139

TEXAS INSTRUMENTS
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FUNCTIONAL INDEX

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

VOLTAGE COMPARATORS

e | Vio o 'oL | pesponsE TIME
A mV uA Avp mA o POWER SUPPLIES |DEVICE |PACKAGE |PAGE
MAX |MAX | mAX MIN

45 3 7 40,000 TYP | 16 20 MAX 12V, 3Vt -12V| LM106 | J,JG,W | 195

015] 4 | 0.02 |200000TYP | 8 140 TYP 15V, —15V LM111 J, 4G 201

005| 4 | 002 |200000TYP | 8 210 TYP 15V, —15V LI J,3G,N,P| 219

Single 0.1 5 | 0.025|200000TYP | & | 1300TYP 2V 1036V TL33IM | JG 223
25 3 7 10,000MIN | 05| 80MAX 12V, -6V TLs1OM | 4,4G,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 | J,4G,U | 245

20 2 | 3 1250 MIN | 2 40 TYP 12V, -6V uA710M | 4,06,U | 259

01 5 | 0025|200,000TYP | 6 | 1300TYP 2V 1036V Lm193t | UG, U 211

oo 45 3 7 40,000 TYP | 16 40 MAX 12V, -3Vt —12V| TLSOBM | J,W 227
25 3 7 10,000MIN | 05| 80MAX 12V, -6V TLS14M | W 237

25 3 7 10,000MIN | 05| 80MAX 12V, -6V TLg20M | J 255

Dual- 30 6 5 8000 MIN | 05| 80 MAX 12V, 6V TB1M | J,U 249
Channel| 150 6 | 20 500MIN | 05| 80MAX 12V, -6V uwA71IM | 4, U 263
Quad 0.1 5 | 0.025|200,000TYP | 6 | 1300TYP 2V1036V Lvi3et | LW 209
Hex 0.1 5 | 0.025|200,000TYP | 6 | 1300TYP 2V1036V TL33eMT| 3 225

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

Dual 025] 7 | 0.05 |100,000TYP| 6 | 1300TYP 2V 1036V Lm2903t| UG, P 215
025| 7 | 0.5 |100,000TYP | 6 | 1300TYP 2V1036V IM2901T| 4, N 213

Quad 05| 20 | 01 | 30000TYP| & | 1300TYP 2Vt028V Lm3302t| U, 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)
"B | Vio | ho 'OL | pesponse TIME
uA mV A Avp mA ns POWER SUPPLIES | DEVICE PACKAGE |PAGE
mMax | Max | max MIN

a5 | 3 7 40,000 TYP | 16 40 MAX 12V, -3Vt —12V| LM206 | J,JG,N,P| 195

Single 0.15] 4 02 |200000TYP| 8 140 TYP 15V, —15V 211t | 4,0G,P | 201
01 |5 0.025[200,000TYP | 6 | 1300TYP 2V 1036V Tt | JG,P 223

01 |5 0.025|200,000TYP | & | 1300 TYP 2V1036V TNt | Jg,p 223

Dual 0.25] 5 0.005 200,000 TYP | 6 | 1300 TYP 2V 1036V LmM203T | JG,P 211
Quad 0.25] 5 0.05 1200,000TYP | 6 | 1300 TYP 2V1036V LmM239T | U N 209
Hex 01 | 5 0.025 200,000 TYP | 6 | 1300 TYP 2V1036V TL336IT | 4N 225

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

20 |es 75 | 40,000TYP | 16 28 TYP 12V, -3Vto—12V| LM306 | J,JG,N,P| 195

03 |10 0.07 |200,000TYP | 8 165 TYP 15V, —15V wm311t | 5,06, N, P| 201

0.01/13 0.004 | 200,000 TYP | 8 210 TYP 15V, 15V Tt | NP 219

0.0110 0.004 | 200,000 TYP | 8 210 TYP 15V, —15V TL311At] NP 219

Single 0.25| 5 0.05 |200,000TYP | & | 1300TYP 2V1t036V TL331Ct| 4G, P 223
30 |45 75 8000 MIN | 0.5 80 MAX 12V, -6V TLS10C | J,JG,N,P| 233

150 |10 25 500 MIN 40 MAX 12V, -6V TL710C | J4,4G,N,P| 239

30 |45 75 8000MIN | 05| 80 MAX 12V, -6V TL810C | J4,JG,N,P| 245

25 |5 5 1000MIN | 16| 40TYP 12V, -6V uA710C | J,JG,N,P| 259

0.25]| 5 0.05 |200,000TYP | 6 | 1300 TYP 2V 1036V Lm393T | JG,P 211

20 |e6s 75 | 40000TYP | 16 28 TYP 12V, -3Vto—12V | TL506C | J,N 227

Dual 30 |45 7.5 8000 MIN | 05| 80 MAX 12V, -6V TLs14C | 4N 237
30 |45 7.5 8000 MIN | 05| 80MmAX 12V, -6V TL820C | J,N 255

Dual 50 |10 10 5000MIN | 05|  33TYP 12V, 6V TL810C | J4,JG,N,P| 245
Channel | 150 |10 25 500MIN | 05| 40TYP 12V, -6V uA711C | I N 263
Quad 0.25| 5 0.05 |200,000TYP | 6 | 1300 TYP 2V 1036 V LmM339 | N 209
Hex 0.25] 5 0.05 |200,000TYP | 6 | 1300 TYP 2V 1036V TL336CT| N 225

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

SPECIAL FUNCTIONS

PAGE

Timers

SE565 : General-purpose timers adjustable from 1 microsecondto 1second . ... ... ... . e 281

NES55 : Commercial-temperature version of SEB55 . . . . . . .. . oo oo e 281

SES56 : Dualversion 0f SEBB5 . . . . . . ... 291

NE556 : Commercial-temperature version 0f SEB56 . . . . . . . oo ittt e s 291

uA2240 : Programmable timer and 8-bit counter specially designed for delays greater than 1second ... ............ 401
Amplifiers

MC1445 : 2-channel-multiplexed video amplifier . . . . . . . .. ...t i i e e e e 277

TL441 : Logarithmic amplifier with 80-dB inputrange . .. ... ... ...ttt e 3286

uA733 : Differential video amplifier with 200-MHz bandwidth . . .. ... ... ... ... v 393
Voltage-Level Detectors

TL480 : 10-level logarithmic converterinthe Jor Npackage . . ... ... ... ... 339

TL481 :  10-level logarithmic converterinthe Jor N package . . .. ... ... ...ttt 341

TL487 : S-level linear converter inthe PorJG package . . . .. . ...« .ottt 343

TL489 : S-level logarithmic converterinthe PorJG package . . . ... ... ... ...t 345

TL490 : 10-level linearconverterintheJor N package . .. .. ... ... oot i ity 349

TL491 . 10-level linear converterintheJor N package . . . . . . . . . .. ottt i i it ittt it ettt 353
Analog-to-Digital Converter Components

ADCOS808: Successive-approXimation CONVEITEI . . . . . o v v v v o v o o v o v o o i m s ot v oo e oo s oo st n s s be s s 270

ADCO809: SuCCessive-apProXimation CONVEITEI . . . . . v . v v s s o v s o s o s o s oo oot e s e s e e st soeee s 270

ADCO816: Successive-appProXimation CONVEITEr . . . . . v v v v v v o v v o o b s o et st st e s e e e e s s s s s st e e 272

ADCO817: Successive-approximation converter with 8-bit resolution . . .. .. .. ... o e 272

TL500 : Dual-slope-converter analog processor with 14-bitresolution . .. .. .. .. .. ... 357

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

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

TLS03 : Dual-slope-converter digital processor with 4%-digit capability, BCD outputs . . . .. .. ... v oo 357

TL505 : Dual-slope-converter analog processor with 10-bitresolution . . . . ... ... ... .o n e 369

TLS07 : Pulse-width modulator with 7-bit resolution . . . . . . . o ittt e 377
Zero-Crossing Detector

TLAA0 . . o ot e e e e e e e e e e e e e e e e e e e s e e 319
Doubly-Balanced Mixer

A4 . . o e e e e e e e e e e e e e e e e e e e e e 333
Precision Level Detector

TLBB0  + v v v e e e e e e e e e e e e e e e e e e e e e e s 381
Overvoltage Sensing Circuits

L o 7 1 T T I I R 279

Y Lo 132 1 I 279
3-Channel Stepper-Motor Controller

B < 3 7~ AR 315
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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, 45 303
TL185 Twin DPST 150 10V 15, +5 306
TL188 Dual Complementary SPST 100 +10V +15, 45 309
TL191 Twin Dual Complementary 150 Q 10V +15, +5 312
SPST
Analog Switches With 10-mA Capability (P-MOS)
Zow ANALOG
DEVICE FUNCTION (TYP) RANGE SUPPLIES PAGE
TL601 SPDT 200 & +10V +10, —20 387
TL604 Complementary SPST 200 Q +10V +10, —20 387
TL607 SPDT 200 Q 10V +10, —20 387
TL610 SPST 100 10V +10, —20 387
Hall-Effect Devices
DEVICE DESCRIPTION ON OFF HYSTERESIS PAGE
TL170 General purpose switch >+360 G <-350 G 200G 293
TL172 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
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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 c
[Device Type]  [Package Type]
]
D = C-DIP C = Commercial/Industrial Consumer M = Military
F = FLAT PACK 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
pA101A LM101A nAT710 uA710
uA107 LM107 RAT1 uA711
pA111 LM111 uA733 uA733
#A139 LM139 uA734 LM111
pA201A LM201A pA741 uA741
nA207 LM207 uA742 TL440
2A301A LM301A uA747 uA747
©A304 LM304 uAT748 uA748
©A307 LM307 uA776 uA777
uA311 LM311 pATT7 uA777
1AB55 SE555 pA2240C uA2240C
BAB56C NE556 ©A3302C LM3302
LABE6M SE556 ©A3403 MC3403
uA702 uA702 uA4136C RC4136
uA709 uA709 uA4136M RM4136
pAT09A uA709A



MOTOROLA ORDER INFORMATION

EXAMPLE OF ORDER CODE:

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

23



NATIONAL ORDER INFORMATION

EXAMPLE OF ORDER CODE:

LM 1 XXXX N
rPrefixJ Temperature Range l Type Number ] Package
10or7=55"Cto 125°C D =CDIP
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

ADCO0809 ADC0809 LM358 LM358

ADC0816 ADCO0816 LM393 LM393

ADCO0817 ADC0817 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:

RAYTHEON

R M XXX L
Prefix—l Temperature Range IType Numbezl Package
M = Military DC =C-DIP

C = Consumer

DP, ND = Plastic DIP
Q, J = Flat Pack
TO = Metal Can

T1 DIRECT TI CLOSEST RAYTHEON TiI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

LM101A LM101A RC556 NES56

LM106 LM106 RC702 uA702C
LM107 LM107 RC709 uA709C
LM111 LM111 RC710 uA710C
LM118 LM218 RC711 uA711C
LM124 LM124 RC733 uA733C
LM139 LM139 RC741 uA741C
LM158 LM158 RC747 uA747C
LM201A LM201A RC748 uA748C
LM206 LM206 RC1458 MC1458
LM207 LM207 RC3302 LM3302
LM211 LM211 RC3403 MC3403
LM218 LM218 RC4136 RC4136
LM224 LM224 RC4558 RC4558
LM239 LM239 RM555 SEB55

LM258 LM258 RM556 SE556

LM301A LM301A RM702 uA702M
LM306 LM306 RM709 uA709M
LM307 LM307 RM710 uA710M
LM311 LM311 RM711 uA711M
LM318 LM318 RM733 uA733M
LM324 LM324 RM741 uA741M
LM339 LM339 RM747 uA747M
LM358 LM358 RM748 uA748M
LM1900 LM1900 RM1514 TL514M
LM2900 LM2900 RM1558 MC1558
LM3900 LM3900 RM4136 RM4136
RC555 NE555 RM4558 RM4558

25
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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
NES532
NEB532A

TI CLOSEST
REPLACEMENT

NE XXXX B

[ Temperature Range |

NE = 0°C to 70°C or 75°C F,1 =C-DIP

SE = —55°C to 125°C A, B, N, V = Plastic DIP

Q, W = Flat Pack

TI DIRECT TICLOSEST SIGNETICS TI DIRECT

REPLACEMENT REPLACEMENT REPLACEMENT
LM101A NES533 NE5533
LM107 NE5S533A NES533A
LM111 NE5534 NE5534
LM124 NE5534A NES534A
LM139 SE532 LM158
LM201A SEB55 SE555
LM207 SE556 SE556
LM211 SE5534 SE5534
LMm224 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
NEb555 uA741C uA741C
NE556 uA747C uA747C
NES5532 uA748 uA748M
NEBS532A 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
Ty—TA=PD RgJA (1)

where T = virtual junction temperature, °c

TA = ambient temperature, °c

Pp = power dissipated in the device, W

RgJA = thermal resistance, junction to ambient, °c/w

Solving for T,

Ty=Ta +Pp RguA (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 = RgJc + Rogca (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)

Ty—TA
RgJc *+ RoCA
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THERMAL INFORMATION

THERMAL RESISTANCE

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT
PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE
Rgyc (°C/W) Rgya (°C/W)
J ceramic duai-ln-l.me 14 thru 20 60 122
(glass-mounted chips)
J ceramic dual-in~|i.ne1’ 14 thru 20 20t 91t
(alloy-mounted chips)
JG ceramic dual-in-line 8 58 151
(glass-mounted chips)
N Lindi 1'

JG ceramic dual-in-line 8 26t 119t
(alloy-mounted chips)
LP plastic plug-in 3 35 160
N plastic dual-in-li 14 thru 20 44 108

plastic dual-in-line 20 3% 76
NE plastic dual-in-line 14 10 60
NG plastic dual-in-line 14 125 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

NE
PACKAGE

14-PIN 18-PIN 20-PIN 40-PIN
NG P U PACKAGES W PACKAGES
PACKAGE PACKAGE
10-PIN 14-PIN 14-PIN 16-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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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
L—J (Alloy-Mounted Chip)

1100

/-‘r—-JG (Alloy-Mounted Chip)t

1000 \\ K

900 N

800 \

700

~

600
JG (Glass-Mounted Chip) —] N

500

J (Glass-Mounted Chip) =
400

300

Maximum Continuous Dissipation—mW

200

100

25 50 75 100 125

Ta—Free-Air Temperature—°C

T In addition to those products so designated on their data sheets, all devices having a type number prefix of “SNC’’ or “SNM"’, or a suffix of

**1883B’’ have alloy-mounted chips.
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THERMAL INFORMATION

FLAT PACKAGES

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

ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline
drawing shown in this section.

Factory orders for circuits described should include a four-part type number as explained in the following example.
EXAMPLE: TL 022M JG /883B

f

1. Prefix

MUST CONTAIN TWO OR THREE LETTERS

TL T1 Linear Control Products
SN T1 Interface Products
SNM Mach 1V, Level 1
JM38510 JAN Productt

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 78LOBAC

(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)

(2. MIL-STD-8838, 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)
0.765 (19,1)
OO
A WAWANANA WA
0.025 (0,63) R NOM A\
¢
0.310 (7,88) IPAYAYAYAYAYAY]
0.290 (7,36)
0280 7.00) 0]026J0J6]0)G]
0.245 (6,22)
Q_‘ l._ 0050 0.020 (0,51) MIN —»| |- 0.070 (1,78) MAX 14 PLACES
| (1,27) NOM I y aLass
0.200 (5,08) —L 4" SEALANT
MAX
, | SEATINGPLANE [) 0.030 (0,76) MIN
1 14 PLACES
74 PLACES
e - %g—%‘l—; 14 PLACES
0.014 (0.356) a0 Lo 015 (0,
008 (0,203 MIN 0.100 (2,64)
0‘:0:,_(::25’ 0.070(1.77) PIN SPACING 0.100 (2,64) T.P.
4 PLACES (See Note b)
Falls within JEDEC TO-116 and MO-001AA Dimensions
16-PIN J CERAMIC
0.785 (20,0)
0765 (19,1)
@G @O ® O O
1) (9 W (1Y @ W ©
AN
@ ¢ 0.025 (0,63) R NOM ~|
0.310(7,88)
0.290 (7,36)
0,280 (7.11) RATATATATATAT]
s cJeJolc¥e¥ote)
_.* ‘__ | 0,050 (1.27) NoMm ‘.‘ [-0.070 (1,78) MAX 16 PLACES
zoo‘(s 08) —  SEALAN
0.200 (5, SEALANT
kL M
4 - SEATING PLANE
.'.gg., 0.020 (0,51). -I [ls 0.030 (0,76) MIN
16 PLACES MIN I [ 12 pLaces
0.014(0356)  0430'(3.30)
_o\e-G0 0203 TN 0.023(0584) 16 p aces
16 PLACES 0.015 (0,381)
0.012 (0,304) MIN
4PLACES 0050 (127) 4 by sces
PIN SPACING 0.100 (2,54) T.P. 0.015 (0,38) C
(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)

SIOICIOIOICICIOICIO)]
NA A A AN

0.025 (0,63) R NOM

0.310 (7.88)
0.290 (7,36)

0.300 (7,62) A AV AT AT AT AT AT AT
0.245 (6,22) 01636101610 10]0)010)
-1 l‘w-— 0.050 (1,27) NOM l °'°zc"ﬁ‘%~5” -—‘ r—-o,omn,m) MAX 20 PLACES

T GLASS

1
0.200 (5,08) SEALANT
MAX

——SEATING PLANE

105°
o 0.130 (3 30) _,‘ | 0.030 (0,76) MIN
20 PLACES MIN 16 PLACES
0.014 (0,356)
A 0.008 (0,203) 0.012 (0,304) MIN -] 0.023(0584) , py pces
20 PLACES 4PLACES 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}
0385801 |
(@JOXO;
ANAND
0.025 (0,63) R NOM\
& € 0310098 VRvRYRY.
| amocan PEOG
0.280 (7,11)
0245 (6,22)
—» &0
—b‘ l‘—" 0.050 (1,27) NOM 0.070 (1,78) MAX 8 PLACES
[} GLASS
0.200 (5,08) - SEALANT
MAX
- SEATING PLANE U
losc X . 0.030 (0,76) MIN
x 8 PLACES
8 PLACES 0.014 (0,356)
>\~ 5508 (0,203) . _.{ %%’:':;(l%:’)
8 PLACES 015038
0.065 (1,65)
0.015 (0,38)
4PLACES
PIN SPACING
0.100 (2,54) TP,
(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 Ml L-STD-202C, Method 106B requirements.

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) —, | 0.080 (2,03)
0.205 (5,21) 0135 ¥ )
0.175 (4,42) DIA. M|ﬁ'43)"_ - = = = -
} ! ]
0.100 + 0.005 f
0.210 (5,34) _| 254:0,13) " § |
0.170 (3,32)
0.500 (12,7) MIN 0.050 + 0.005 | 3 LEADS
1.27£013) 0.017 +0.005, —0.001 WIDE
0.015 + 0.001 THICK I
(0,43 + 0,13, —0.03 WIDE ”u

0,38 + 0,03 THICK)
(see Note c)

$Trade 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 §szdering 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

0.770 (19,6)
0.710 (18,0)

2288900

0.093 (2,36} R NOM —+
| 03000010 0.110 (2,79) NOM —|a—]
(7,62 0,26) Y YaYevd

e SO30683

L
tﬂ e 0.080 (2,03) NOM

©
@

*1 'c—o.om (1,78) MAX 14 PLACES

1]
_E [ XY
010 (0,25) NOM MIN
0.200(508) MAX "y
— SEATING PLANE L
108° ' 0.033 (0,83) MIN
“90° J 14 PLACES
14 PLACES {a— 0.011 £ 0,003
(0,279 2 0,076) 0125 (3,17) MIN |- 0018+ 0.003
14 PLACES 0.075 ¢ 0.020 0457+ 0076)
- 020 | 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 P

| 0.300 2 0.010
(7,62 0,26)

- 0.250 + 0.010

16,35 0,26)

- 0.080 (2,03) NOM

1
[o

-——SEATING PLANE:

ﬂ

108"
o
16 PLACES || 001120003
(0,279 £ 0,076)
16 PLACES

T

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

|—— 0870 (22,1) MAX

OEOEEOOE

0.093 (2,36) R NOM —
0.160 (4,06) NOM

QOOO®OOO®

~*{ [®-0.070(178) MAX 16 PLACES

0.020(051f) 7
IN

.010 (0,251 NOM 200 (6 06 max ™

0.033 (0,83) MIN
| 16 PLACES
0.018 £ 0.003
0.125 (3,17) MIN ﬂ H (0,457 £ 0,076)
0.005 (241 | 16 PLACES
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

020 057

Mi
0.200 (5,08) MAX ‘"
’I -0.033 (0,83) MIN
B 12 PLACES
0.125(3,17) MIN —}}e- 0018 20003
(0,457 2 0,076)

0085 (2.41) 16 PLACES

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

4PLACES (See Note b)
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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 ——————»

OlOIOIOIOIOOIOIC)

ANAANAAANANN
€ € 0.093 (2,36) R NOM—
=)

0.300£0.010 0.160 (4,06) NOM —— .
\WAVAVAVAVAVAVAY

™ (1,62 0,26) NV,
[ 0.275 (6,99) MAX @@@@@@@@

o
—-1 r Y 0.080 (2,03) NOM _.' g:g;g ((;‘;:)! MAX 18 PLACES

0.020 (0,51)
MIN

- LN 0.010 (0,25) NOM
0.200 (5,08) MAX

I | |- 0.035 (0.76) Min
18 PLACES

——SEATING PLANE

105°

18 PLACES N
,\\. 0.011 £ 0,003 0.125 (3,17) MIN —| j+— 0018 0.003
(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) (Sse Note b)
4PLACES

20-PIN N PLASTIC

1.070 (27,2)
0.920 (23,3)
OEEG®EO®
AVANAYAYATATAVTATAYA
¢ ¢ 0.093 (2,36) R NOM ——
r ‘:'73,22 i g::;? 0.160 (4,06) NOM —-—-3

\YAYAVAVAVAWS

T e 4
[ .275 (6,99) MAX @@@@@@@

"1 l"‘- 0.080 (2,03) NOM —»{ |—0.070 (1,78) MAX 20 PLACES

0.020 (0,51) |
MIN

[ 0.010 (0,26) NOM
0.200 (5,08) MAX

——SEATING PLANE
% * = |'vo33 (0.83) MIN
20 PLACES

20 PLACES - —
"\ 0.011£0.003 0.156 (3,94) - f— %213223.%236’
0,279+ 0,076) 0125 3,17) (0,457 + 0,
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) ]
MIN
0200508 wax MY
Package configuration of | — 0.033 (0,83) MIN
20-pin N packege (see ! M-i 16 PLACES
ideviews) is 4
at the option of TI. 185 (3,94 je— o0.018+ 0.003
CRETE - (0457 £ 0,076)
S 20 PLACES
0.075 (1,01
o000 022 PIN SPACING 0.100 (2,54) T.P.
4PLACES (See Note b)
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ORDERING INSTRUCTIONS AND MECHANICAL DATA

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

} 2,000 (63,1) uu——————ﬂ
o Vo Vo ¥ o ¥ o ¥ o ¥ e o ¥ s ¥ ¥ e Vo W ¥ e Ve T Ve
EITHER——o )
INDEX
SN ) SN ) WU J N S S ) S S OGNS ) SN ) SN ) D ) S ) SN ) S ) SO ) G ) ) S_— -
® @
€ oen0:000_ &
(15,24 1 0,26)
0.020 (0,51)
MIN [ ¥
0.200 (5,08) MAX
— SEATING PLANE ___L:_
0125 (3,17) MIN
90" 0,011+ 0.003 0018+ 0.003 o i 2
0279+ o,om"\r (0457 0076 1" 1-0.033 (0,84) MIN
PIN SPACING 0.100 (2,54) T.P. 0.096 (2.42)
0.085 (1,39)

(Ses Note b) 0.060 (1,52) NOM

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

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

P plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on an 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 le—— 0.400 (10,2) MAX ——]
(ONONO]

ArArim

INDEX DOT
1)
¢ € L LI0T
0.300 (7,62) T.P.
(Sea Note b} ® ® 6

0.250 + 0.010
(6,35 + 0,026)

8PLACES

0.070 (1,78) MAX

0.200 (5,08)
"
J—sznmc PLANE
GAUGE PLANE o 020’(0,5“ _.4 0.033 (0,84) MIN
-fo.n:o (0.76) gy 8PLACES
0,000 (0,00)
0125 (3.17) 0018  0.003
,X\.—- o1 0003 MIN 'I i' (0,457  0,076)
(0,279 + 0,076) ‘8 PLACES
8 PLACES 0.100 (2,54) T.P.

6 PLACES
(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

e 0.006 (0,163) 0.019 (0,483) 0000 O PIN SPACING

"1 0.003 (0,076) 0.016 (0,381) | r‘ 0.050 {1,27) T.P. @®®®®® PIN SPACING
10 LEADS 10 LEADS (Ses Note b) %_m_:_:g‘% 18 LEADS }-—-l— 0.060 (1.27) T.P.
'“' m (Ses Note b)
0.200 (5.08) 0.360 (8.89)
0200 (5,08)
0.300 (7,62) LLE
1,000 254) (Sea Note:) s Wopse 0300 = ozes 67
0.7580 (19,0) - 0.760 (19,0) (Ses Note c) :E 0.235 (5,97)
ALTERNATE
L <7‘ INDEX POINTS INDEX POINTS ﬂ 1
] e e +- somaen | [L0f 7 Hlulnisininln
0.080 (1.27) | oamo 1]
0.350 (8,89)
0.350 (8.89)
S ion 0.200 (5,08)|
y U U
0.080 (1
omouzn | = : amse | SRR - $510i048% e enos
0006 012 fo——0.250 635" 200 00) 0/0]0/0/0CONN
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.

14-PIN W CERAMIC 16-PIN W CERAMIC
9.006 (0,162) 9.006 (0,152) 0,080 (1,27) TP
0.003 (0,076) ™| 0.050(1,27) TYP 0.003 (0,076) e 14 PLACES
14 LEADS 12 PLACES 16 LEADS (See Note b)
(Ses Note b)
0,315 (8.00)
0.270 (6,85) 0.350 (8,89)
0.310 (7,87)
EaTNG
([ 0019 (0.483)
PLANE | I PRI, A _ 0.015 (0,381) o 0:019 (0483)
r1 o 14 LEADS BASE AND F— — 4 — — _ - —| - 21 0.01510,381)
SEATING PLANE \H 16 LEADS
0.275 (7.0)
0.300 (7,62)
(See (See 2
0.860 (21.9)
0.860 219) o, 4 (See Note CI (See
0.840121,3) ‘:;_m ";‘;‘ 'Y 0.960 (24,4) Nowa ~p
04-‘—,5 &o71 0940(238) (0285 (7,24
) . 0.247 (6,27)
» =
P — = L i
0,050 (1.27) | 1 —T "= " (17
0.080(2,09) |
0315 (8,00) 0.050(1.27)
0270 (6,85)
0.350 (8,89)
0.310(7,87)
. 0.025 (0,64)
:T‘;%‘:—ﬂ ~ - oo "1 [* Goior0zs
it I o337 858 ) 0025 (0.64)
CECLEEE | mma sy L[ 900
Sozo(0sn T [+ 0.400 (10,16) £ G
0.0200.57) e Yot —=f  spiaces

0/0[6/0/0(0/0/0]

Falls Within JEDEC MO-004AA Dimensions 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.
¢. This dimension determines a zone within which all body and lead irregularities lie.
d. Index point is provided on cap for terminal identification only
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48

SELECTION GUIDE

SINGLE UNCOMPENSATED OPERATIONAL AMPLIFIERS

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

B |[Vio| o | Avp | B | 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 0513 +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 TLO6OM JG 115
0.2 6 0.05 50 3 13 25 +3.5 +18 BIFET, Low Noise TLO70M JG 131
0.2 6 1 50 3 13 2.8 +356 18 BIFET, General Purpose TLOBOM JG 139
10,000 5 2,000 1.4 0.5 1.7 | 6.7 —7, +14 | General Purpose TL702M J,uw 157
5,000 2 500 25 0.5 1.7 | 6.7 —7,+14| General Purpose uA702M J,JG, U, wW 163
200 2 50 25 1 0.3 | 36 +18 | General Purpose uA709AM | J,JG, U 167
500 5 200 25 1 0.3 | 55 +18 General Purpose uA709M J, JG 167
500 5 200 50 1 0.5 {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 +18 BIFET, Low Power TLOGO! JG,P 115
0.2 6 0.05 50 3 13 25 5 18 BIFET, Low Noise TLO70I JG, P 131
0.2 6 0.1 50 3 13 2.8 + +18 BIFET, General Purpose TLO8O! JG, P 115
Commercial Temperature Range (0°C to 70°C)
250 7.5 50 25 1 05 |3 +5 +18 High Performance LM301A J,JG,N, P 59
041 15 0.2 -3 1 3.5 10.25 +1.5 18 BIFET, Low Power TLO60C JG, P 115
0.2 6 0.1 1 3.5 | 0.25 +156 =218 BIFET, Low Power TLO60OAC | JG,P 116
04| 15 0.05 25 3 13 25 +35 18 BIFET, Low Noise TLO70C JG,P 131
0.2 6 0.05 50 3 13 25 +35 18 BIFET, Low Noise TLO70AC | JG,P 131
0.2 6 0.1 50 3 13 2.8 +3.5 #18 BIFET, General Purpose TLOBOAC | JG,P 139
04| 15 0.2 25 3 13 2.8 +35 18 BIFET, General Purpose TLO8OC JG, P 139
15,000 | 10 5,000 1 0.5 1.7 17 —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 |28 +2 +18 | General Purpose uA748C J,JG,N, P 181
100 5 20 25 1 05 {33 +5 +22 High Performance uA777C J,JG,N, P 185
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SELECTION GUIDE

SINGLE INTERNALLY COMPENSATED OPERATIONAL AMPLIFIERS

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

8 | Viol ho | Avbp | B1 | SR | Icc Vee
nA | mv nA | V/mV | MHz| V/ius| 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
Vp = 4 nV/\/Hz Typ SE5534 JG 105
800 2 200 50 | 10 | 13 6.5 +3 22 | Low Noise
Vn=45nV/\/HzMax | SE5534A | JG
02 |6 0.1 4 1 35| 0.2 +1.6  +18 | BIFET, Low Power TLO6TM | JG, U 105
02| 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 3 113 2.8 +3.5 18 BIFET, General Purpose TLO8TM JG 139
02| 2 0.1 50 3 |13 28 +4 +18 | BIFET, Low V|0 TLO8BM | JG;U
150 5 30 50 1 05| 1.0 +3 +32 | General Purpose, TL321M | JG 151
500 5 200 50 1 0.5 28 +2 +22 General Purpose uA741M J,JG, U, w 173
Industrial Temperature Range (—25°C to 85°C)
75 2 10 50 1 05| 3 +2 +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| 0.25| :15 18 | BIFET, Low Power TLO61! JG,P 115
02| 6 0.1 4 1 35| 025| +1.5 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
0.2 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 |13 2.8 +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 | Avb| 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 7.5 50 25 1 0.5 3 +2 +18 High Performance LM307 J,JG,N, P 62
500 10 200 25 15 |70 10 +20 | High Performance LM318 JG,N,P 73
1,500 4 300 25 10 (13 8 +3 +22 Low Noise
Vp =4nV/\/Hz Typ NES5534 JG,P 105
1,500 4 300 25 10 |13 8 +3 22 Low Noise
Vq = 4.5 nV//Hz Max NES5534A | JG,P 106
02]| 6 0.1 4 1 3.5 0.25 +15 +18 BIFET, Low Power TLO61AC | JG,P 118
02| 3 0.1 4 1 3.5 0.25 +1.6 *18 BIFET, Low Power TLO61BC | JG,P 115
04115 0.2 3 1 35 0.25 +1.56 18 BIFET, Low Power TLO61C JG, P 1156
02| 6 0.1 4 1 3.5 0.25 +15 *18 BIFET, Low Power
with Power Control TLO66AC | JG,P 123
02| 3 1 4 1 35 |. 025 +1.5 +18 BIFET, Low Power
with Power Controi TLOBBBC | JG, P 123
04| 15 2 3 1 3.5 0.25 +15 +18 BIFET, Low Power
with Power Control TLO66C JG,P 123
0.2| 6 0.05 50 3 |13 25 +35 18 BIFET, Low Noise
Vh=18 nV/\/H—z'Typ TLO71AC | JG,P 131
0.2 3 0.05 50 3 |13 25 #3656 +18 BIFET, Low Noise
Vp = 18 nV/\/Hz Typ TLO71BC | JG,P 131
0.2{ 10 0.05, 25 3 |13 25 +35 +18 | BIFET, Low Noise
Vq = 18 nV//HZ Typ TLO71C JG,P 131
0.2/ 6 0.1 50 3 |13 28 +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 28 +3.5 18 BIFET, General Purpose TLO81C JG,P 139
04| 05 0.2 25 3 |13 28 4 +18 BIFET, Low Vo TLOB7C JG,P 147
04| 2 0.2 25 3 |13 28 +4 +18 | BIFET, Low V|g TLO88C JG, P 147
250 7 50 25 1 0.5 1.0 +3 +32 | General Purpose, TL321C JG, P 151
500 6 200 20 1 05 2.8 +2 +18 | General Purpose uA741C J,JG,N, P 173

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265




SELECTION GUIDE

DUAL OPERATIONAL AMPLIFIERS

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

B | Vio| ho | Avp| By | 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 71
500 5 200 50 1 0.6 2.8 +2 +22 | General Purpose MC1558 JG, U 85
500 5 200 50 3 1.5 28 +22 | High Performance RM4558 JG 103
100 5 40 4 0.5 0.5 0.1 +2 122 Low Power TLO22M JG, U 109
0.2 6 0.1 4 1 35 0.2 +15 18 | BIFET, Low Power TLO62M JG, U 15
0.2 6 0.05 50 3 13 25 +36 +18 | BIFET, Low Noise
Vq, = 18 nV/\/Az Typ TLO72M JG 131
02 | 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 0.6 4 +3 +36 | General Purpose TL322M JG 153
500 5 200 50 1 0.5 28 +2 +22 General Purpose uA747M J,wW 177
Automotive Temperature Range (—40°C to 85°C)
[500 J10 [ s0 J100 [ 1 [o3] o6 [ =3 +26 | General Purpose [ tm2904 [ JG,Pp,Uu [ 83 ]
Industrial Temperature Range (—25°C to 85°C)
150 5 30 50 1 0.3 0.6 +3 +32 | General Purpose, LM2568 JG,P, U 71
500 8 75 20 1 0.6 4 +3 +36 | General Purpose TL3221 -JG,P 153
0.2 6 0.1 4 1 35 0.25 15 +18 | BIFET, Low Power TLO621 JG, P 115
0.2 6 0.05 50 3 13 25 +35 18 BIFET, Low Noise TLO721 JG, P 131
0.2 6 0.1 50 3 13 2.8 +356 18 BIFET, General Purpose TLO82I JG,P 139
0.2 6 0.1 50 3 13 28 +3.56 18 | BIFET, General Purpose TLO83I J,N 139
0.4 0.5 0.1 50 3 13 28 35 18 BIFET, Low Offset TL2871 JG,P 147
04 3 0.1 50 3 13 28 35 18 BIFET, General Purpose TL288I JG, P 147
TExAs INSTRUMENTS 51
INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



52

SELECTION GUIDE

Commercial Temperature

DUAL OPERATIONAL AMPLIFIERS

Range (0°C to 70°C)

B |Vio| ho | Avp | 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 7 50 25 1 0.3 0.6 +3 +32 | General Purpose LM358 JG, P 7
500 6 200 20 1 0.6 2.8 +2 +18 | General Purpose MC1458 JG, P 85
800 4 |[150 25 (10 9 8 +22 | Low Noise
Vn =5 nV/\/Hz Typ NE5532 JG,P 93
800 4 |150 25 |10 9 8 +22 | Low Noise
V=6 nV/A/Hz Typ NEBS532A | JG,P 93
1500 4 {300 25 [10 |13 8 +22 | Low Noise
Vp =4 nV/\/Rz 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 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| +1.5 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 | 0.256| +15 18 | BIFET, Low Power TLO62C JG,P 115
02| 6 005 50 |3 [13 25 +35 +18 | BIFET, Low Noise
V=18 nV/A/Hz Typ TLO72AC | JG,P 131
02| 3 005 50 |3 (13 25 +365 +18 | BIFET, Low Noise
Vp = 18 nV/\/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
0.2 6 0.1 50 3 13 28 +35 %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 +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 28 +3.5 18 BIFET, General Purpose TLO83C J,N 139
04| 05 0.1 25 |3 113 2.8 +4 +18 | BIFET, Low Offset TL287C JG, P 147
04| 3 0.1 25 |3 |13 2.8 +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 05 | 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)

8 |Vio| ho | Avb| By | 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 05 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 0.5 0.5 0.1 +2 +22 Low Power TLO44M J, U 112
0.2 9 0.1 4 1 3.5 0.2 5 18 BIFET, Low Power TLO64M J W 115
0.2 9 0.05| 50 3 13 25 +3.5 +18 | BIFET, Low Noise
Vp = 18 nV/A/Hz Typ TLO74M | J, W 131
0.2 9 01 50 3 13 2.8 35 *18 BIFET, General Purpose TLO84M JW 139
100 5 25 50 1 05 3.6 +22 | General Purpose LM148 J 67
100 2 25 05|12 +45 +36 | General Purpose LM1900 J 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 1.2] 25 05| 10 +45 +32 | General Purpose LM23900 J.N 77
500 10 50 100 5 1 5 +3 +26 | General Purpose LM2902 J, N 81
500 8 75 20 1 0.6 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 0.5 45 +18 | General Purpose LM248 J.N 67
0.2 6 0.1 4 1 3.5 0.256 5 :18 BIFET, Low Power TLO641 J,N 115
0.2 6 0.05 50 3 13 25 +3.56 18 BIFET, Low Noise TLO741 J,N 131
0.2 6 0.1 50 3 13 2.8 +3.5 +18 | BIFET, General Purpose TLO84l J, N 139
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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 (B1)

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 (rjg)

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

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 (z¢)

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

Common-Mode Rejection Ratio (kcMR, CMRR)

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

Supply Voltage Sensitivity (kgyvs, 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 (ksvR, AVcc/AV)o)
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, T, 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 (10g)

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 V¢ or Vec+ 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: Atno load: Pp =Vce+* Icc+ + Vee—* Icc—-

Channel Separation (Vg1/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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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)

LM101A, LM201A LM301A
PARAMETER TEST CONDITIONSt 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
avio erage temp Full range 3 15 6 30 | uvrc
of input offset voltage
25°C 1.5 10 3 50
ho Input offset current nA
Full range 20 70
Ta =—55°C to 25°C 0.02 0.2
Average temperature coefficient Ta =25°C to MAX 0.01 0.1
@110 ) 5 5 nA/°C
of input offset current TA=0Cto25°C 0.02 0.6
Ta =25°Cto70°C 0.01 0.3
. 25°C 30 75 70 250
hB Input bias current nA
Full range 100 300
Common-mod
VICR ommon-mode See Note 7 Full range 15 +12 v
input voltage range
Vees =15V, [25°C 24 28 24 28
v Maximum peak-to-peak R =10kQ Full range 24 24 v
opp output voltage swing Vees = 15V, (25°C 20 26 20 26
RL=2k& Full range 20 20
\" =15V, °
Large-signal differential ccx 25°C 50 200 25 200
AvD - Vo=*10V, V/mV
voltage amplification RL > 2ka Full range 25 15
r Input resistance 25°C 1.5 4 0.5 2 M
25°C 80 98 70 90
CMRR Common-mode rejection ratio | Rg = 50 k2 dB
Full range 80 70
Supply voltage rejection ratio °
kSVR pply ge rej Rs = 50 k&2 25°C 80 98 70 96 B
(AVcc/avip) Full range 80 70
No load, 25°C 18 3 18 3
lce Supply current No signal, mA
See Note 7 MAX 1.2 2.5

tAll 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, Vcct = 6 V to £20 V for LM101A and LM201A, and Vcg: = £5 V to 156 V for LM301A. All typical
values are at Vpoc+ = ¥15 V.
7. For LM101A and LM201A, Vcc: = #20 V. For LM301A, Veg: = $15 V.
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICS
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TYPICAL APPLICATION DATA
Vo R2
V) R1
R1-30 pF
AL > Cgc = —m
2k R1+R2
R1-R2
R3 =
R1+R2

FIGURE 7—-INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICS
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TData 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.
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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 ...3V to 30V Input Offset Voltage .. .2 mV Typ
or Dual Supplies Input Offset Current .. . 3 nA 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 . .. +32V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification ... 100 V/mV Typ
schematic (each amplifier) ¢ Internal Frequency Compensation
n R
noin RRENT RENT
AecuATon o] J OR N DUAL-IN-LINE OR
1 W FLAT PACKAGE (TOP VIEW)
AMPLIFIER NO. 4 AMPLIFIER NO. 3
/ lNV?RT- NONIN- *  NONIN. INVERT-
i ING VERTING VERTING ING
= OUTPUT INPUT INPUT GND INPUT  INPUT OUTPUT
"‘Y'.‘Eg‘:} ;la Wil ju13f j12] {n| |10 9 8

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 7
split supplies is also possible so long as the difference OUTPUT INVERT- NONIN-  Vcc  NONIN- INVERT- OUTPUT
between the two supplies is 3 volts to 30 volts and . INPOT INRUT , \VIENRPU'?.G NPT p
Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NOL 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 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, Ve (see Note 1) . . ... .o e e e e 32v
Differential input voltage (see NOte 2) .. .. ... ittt it it et et et e, 32V
Input voltage range (either input) . .. .. .. . i i e -0.3Vto32V
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C
free-air temperature (VeC <15 V) (see Note 3) .. ... ... ... . it unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) ... ............. 900 mW
Operating free-air temperature range: LM124 ... .. ... ... ... ... 0. —55°C to 125°C
LM224 ... —25°C to 85°C
LM324 ... 0°C to 70°C
Storage tempPerature Fange . . . .o v vt it it 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: J or 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.

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 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, Vcc = 5 V (unless otherwise noted)

LM124, LM224 LM324
PARAMETE NDITIONST - UNIT
R TEST CO! o MIN TYP MAX MIN TYP MAX
v | o It Vo=14YV, 25°C 2 5 2 7 v
10 nput offset voltage Vec =5V 1o 30V | Full range 7 9 m
I I t offset V, 14V 25°¢ 3 30 5 50 A
n =1. n
10 put offset current 0 Full range 100 150
| Input bi . Vo=14V, 25°C —45 —150 —45 —250 A
n n
I8 put bias curren See Note 5 Full range —300 ~500
25°C Oto Oto
v Common-mode input Ve =30 V Vee—1.6 Vee—1.5 v
ICR voltage range cc Oto Oto
Full range
Vce—2 Vce-2
= \
::CC_ 2?((;1 ’ Full range 26 26
VOoH High-level output voltage L v
Vee =30V,
Ri =10kQ Full range 27 28 27 28
L
VoL Low-level output voltage RL<10kQ Full range 5 20 5 20| mV
Large-signal differential Vec=15V, 25°C 50 100 25 100
Avp Vo=1Vto 11V, V/mV
voltage amplification RL > 2kQ Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 kQ 25°C 70 85 65 85 dB
ksVR* Supply voltage rejection ratio Rg <10k 25°C 65 100 65 100 dB
Vo1 / Vo2  Channel separation f=1kHz to 20 kHz 25°C 120 120 dB
Vec=15V, 25°C —20  -40 -20 40
Vip=1V,
Full range -10 -20 -10 —-20
Vo=0V
mA
Vee =15V,
o Output current VCC v 25°C 10 20 10 20
ID=—-1V,
Vo=5V Full range 5 8 5 8
Vip=-1V
v‘D 200 mv 25°C 12 50 12 50 uA
o= m
| Supply current No load, 25°C 0.8 0.8 mA
cc (four amplifiers) No signal Fuli 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 LM124, —25°C to 85°C for LM224, and 0°C to
70°C for LM324.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines. "

TYPICAL APPLICATION DATA

1MQ

AUDIO "(

INPUT
100 k23

>
100 uF AR $100ka 1
T3

+Vee

OUTPUT A

L—O OUTPUT B

—O OUTPUT C

AUDIO DISTRIBUTION AMPLIFIER

THERMAL INFORMATION

DISSIPATION DERATING TABLE

POWER DERATING  ABOVE
PACKAGE RATING FACTOR TA
J (Alloy-Mounted Chip) 900mW  11.0mW/°C 68°C
J (Glass-Mounted Chip) 900 mwW 8.2mw/°C 40°C
N 900 mW 9.2mwW/°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

TYPES LM148, LM248, LM348

QUADRUPLE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12723, OCTOBER 1979

uA741 Operating Characteristics

Low Supply Current Drain. .. 0.6 mA Typ
Low Input Offset Voltage

Low Input Offset Current

Class AB Output Stage

Input/Output Overload Protection

description

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

The 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

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

AMPLIFIER NO. 4 AMPLIFIER NO. 3

INVERT- NONIN- NONIN- INVERT-

ING_ VERTING VERTING ING

OUTPUT INPUT INPUT Vcc- INPUT  INPUT OUTPUT
“ 13 12 " 10 9 8

l 1 l ' 2 3 4 5 ) 7

OUTPUT INVERT- NONIN- Ve, NONIN. INVERT- OUTPUT

ING VERTING

N INPUT INPUT

VERTING ING
\ INPUT INPUT

/

-
AMPLIFIER NO. 1

V
AMPLIFIER NO. 2

from 0°C to 70°C.

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 \
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 -
25°C free-air temperature (see Note 5) N package 1150 1150
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 package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds N package 260 260 °C

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

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. 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, LM148 chips are alloy-
mounted; LM248 and LLM348 chips are glass-mounted.

5,

DISSIPATION DERATING TABLE

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

Also see Dissipation Derating Curves, Section 2.

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

electrical characteristics, Vgc+ =+15V

PARAMETER TEST CONDITIONST Lmas Lw248 LM348 UNIT
MIN TYP MAX [MIN TYP MAX [MIN TYP MAX
v Input offset volt Rg<1oka |JAZZC LI LI L. Ry
nput offset voltage m
10 P 9 S Ta = full range 6 7.5 7.5
Ta=25C 4 25 4 50 4 50
lio Input offset current A nA
Ta = full range 75 125 100
. Ta=25C 30 100 30 200 30 200
hB Input bias current nA
Ta = full range 325 500 400
v Common-made TA = full £12 £12 £12 v
ICR input voltage range A = Tull range -
R =10k2, Tp=25C 24 26 24 26 24 26
v Maximum peak-to-peak R >10k$2, Ta =full range 24 24 24 v
OPP  Gutput voltage swing RL=-2k2,  Ta-25C 20 24 20 24 20 24
R =2k, TA = full range 20 20 20
Large-signal differential R =2k, TA= 25°C 50 160 25 160 25 160
AvD . V/mv
. voltage amplification Vo=+10V | Ta = full range 25 15 15
ri Input resistance Ta=25°C 08 25 08 25 0.8 25 MQ
Bq 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 o - Rg < 10 kQ dB
rejection ratio TA = full range 70 70 70
Supply voltage rejection Ta=25°C 77 96 77 96 77 96
ksVR PRl vottage rel Rg < 10 kQ A B
ratio (A Vggo+/A Vo) Ta = full range 77 77 77
los Short-circuit output current Tp = 25°C +26 +25 +25 mA
Supply current No load, No signal,
Ice PPy curren " 9 24 36 24 45 24 45| mA
(four amplifiers) Ta25°C
f=1 Hzto 20 kHz,
Vo1/Vo2 Channel separation Ta=25°C § 120 120 120 dB

TAll characteristics are specified under open-loop conditions unless otherwise noted. Full range for Tp 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, Vcc+ =+ 15V, TA = 256°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

10 kQ

M|
1L
S RL=
2 2kn
= Ayp = —100
FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—INVERTING AMPLIFIER
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TYPES LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

T T
Veee =$15V
N
40
<
€
|
™
£ 30
o
@
52
g
|
-]
- 10
0
~-75 -50 =26 0 25 50 75 100 125

TA—Free-Air Temperature—°"C

FIGURE 3

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
7% T
& Veee =15V,
2 RL = 10 k@2
g 25 4 n—v—T =2 °c
2
3
g
R
}
S
% 15
A
i
&
T 10
£ \
£,
b
g
1k 10k 100 k 1™ 10M

f—Frequency—Hz

FIGURE 6

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs

FREQUENCY

108 T v
< Veer =215V
S L RL=10kQ .
g 105 \ Ta=25°C —0
=
s
LRl AN } 45°
F) \ \ PHASE SHIFT
= (right scale)
S 108 I %°
§ 102|— DIFFERENTIALIN 138°
£ VOLTAGE
9 AMPLIFICATION N
o 10— (eft scale) 180
>
5

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

f—Frequency—Hz

FIGURE 9

Phase Shift

TYPICAL CHARACTERISTICS'

COMMON-MODE INPUT VOLTAGE LIMITS MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

vs
SUPPLY VOLTAGE SUPPLY VOLTAGE

8

T T
RL=10kQ
Ta=25°C

T
Rg < 10kQ

&
\\

>
1
> 3
£ 10 K
£ 0 >
-.-El /,,?: © 5
- / At 3
$ 5 32
=2
[ 3
z é
g o e /I
£ x
s =~ S
E s S \55\,‘: Z 10
I3 7259 2%°C g A
£ c %
§~10 N 25
\ |
&
a
-15 = So
4 6 8 10 12 14 16 4 6 8 10 12 14 16

Veet -Supply Voltage—v NVec HSupply Voltage—V

FIGURE 4 FIGURE 5

MAXIMUM POSITIVE PEAK OUTPUT VOLTAGE SWING MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE SWING

> vs > vs

T OUTPUT CURRENT > OUTPUT CURRENT

- T 515 T

& Veee =15V @ Vees =£15V
£ g -

$ \ 3 N\

- 5

210 \ 210 A

3

I o

§ o\ 25°C ~55°C n‘;’ o o

£ Ta=125°C K] Ta=125°C 25°C| _gs°c

-]

&5 ‘ \ £ -5

€ €

£ £

io0 L o

S5 0 -5 -10 —-15 -20 -25 -30 -35 3 0 5 10 15 20 25 30 35
> >

10—Output Current—mA 10—Output Current—mA

FIGURE 7 FIGURE 8

UNITY-GAIN BANDWIDTH COMMON-MODE REJECTION RATIO
vs vs
FREE-AIR TEMPERATURE FREQUENCY

1 ey
b o TN T e
AN AT A WA
Ny ¢ SRORHI) IS AR A
5ol 1T & o TR T
. o T T
~ e TR
& 2 I T T T
: ¢ T T T

. & " LI T
-75 -50 -25 O 25 50 75 100 125 10 100 1k 10k 100k 1™

Ta—Free-Air Temperature—°C f—Frequency—Hz

FIGURE 10 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

Icct—Supply Current—mA

Input and Qutput Voltages—V

2o—Output Impedance—Q

SUPPLY CURRENT

vs
SUPPLY VOLTAGE
3
No signal
No load
TA=25°C =
2 /
//
1
0
4 6 8 10 12 14 16
Voot HSupply Voltage—V
FIGURE 12
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
Vee: = 15 V
RL = 2kQ
10 INPUT CL = 100 pF
TA=25"C
PUT
5 QUTPU \
° N\
-5
-10 \ 2
0 20 40 60 80 100 120
t—Time—us
FIGURE 15
OUTPUT IMPEDANCE
vs
FREQUENCY
Tk g
Vccg=t15V T seuii
Ta = 25°C T
2
100 Z
T AL H
S\ AT i}
N
10 of\
== =i S =
Evai A
v ZaiLSYal
1
T 11 T
1T
o1 i i
100 1k 10k 100 k 1™

f—Frequency—Hz

FIGURE 18

TYPICAL CHARACTERISTICST

SLEW RATE
vs
FREE-AIR TEMPERATURE
08 Vees =£15V
RL=2kQ
07 CL =100 pF
06 ~£:gurs1
2 —
3 05
£ T
2 04
3
2
? 03
@
%
0.2
0.1
0
-75 -50 —25 0* 25 50 75 125
Ta—Free-Air Temperature—°"C
FIGURE 13
INVERTER
LARGE-SIGNAL PULSE RESPONSE
Vees =15V RL=2kQ
Ta =25°C CL =100 pF
10 +
t
INPUT

Input and Output Voltages—V
=)

. \

0 20 40 60 80 100
t—Time—us

FIGURE 16

schematic (each amplifier)

EQUIVALENT INPUT NOISE VOLTAGE

vs
FREQUENCY
140
N
g
| |l Vcer =215V
? 120 Rg =100 2
Ayp =10
;’“’ Ta=25°C
S
>
2 80
z \\
3 60
£
£
2
£
g 20
E
>
10 100 1k 10k 100 k
f—Frequency—Hz
FIGURE 14
OUTPUT VOLTAGE
vs
ELAPSED TIME
VCee = £15 V
Ayp=1
100 RL=2k2
4 CL =100 pF
Ta=25°C

50

| |

| |

Vo—Output Voltage—mV
o

L
8

\

0 05 1 15 2 25 3
t—Time—us

FIGURE 17

lj Vees

INVERTING b
INPUT %0
NONINVERTING o—
INPUT
OUTPUT
]
5 pF
AY! 250
r
N
A
1 v
75
ka
¢ Vee-

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.

INCORPORATED

TEXAs INSTRUMENTS

PQST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



LINEAR TYPES LM158, LM258, LM358
INTEGRATED DUAL OPERATIONAL AMPLIFIERS

CIRCUITS BULLETIN NO. DL-S 12413, JUNE 1976 — REVISED OCTOBER 1979
e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply ...3V to 30V 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 . .. +32 V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ
e Internal Frequency Compensation
schematic (each amplifier) 4G OR P u
DUAL-IN-LINE FLAT PACKAGE
veer PACKAGE (TOP VIEW) (TOP VIEW)
-"“A CURRENT

Nov- our W v
vees oo —r "::‘XT NC  Vecs PUT  INPUT INPUT
S| 7[{6[]S O O
[ S S
INVERTING %’L‘ l‘¢
INPUT 1 »
—~
NON-
INVER oaout
INPUT re
—f & 1
GND
ORI (ONONONONO)
TO OTHER 1123 ]]4 ! NC  OUT NV NON GND
” AMPLIFIERS OUT- INV_ NON- GND T meuT e
PUT INPUT INV
INPUT
AMPLIFIER NO. 1
H 1 AMPLIFIER NO. 1 . .
descrlptlon 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, VEC (se NOte 1) ..ottt et ettt e e e e e 32v
Differential input voltage (see Note 2) . .. .. .. ...ttt ittt it ettt et e 32V
Input voltage range (either input) . oL .o oottt e e —-03Vto32V
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C

free-air temperature (Vo <15V) (seeNote 3) ... ... .. i, 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 . ... .. .. ...\ttt et —55°C to 125°C

LM2B8 ... e —25°C to 85°C

LM3B8 .. e e 0°C to 70°C

Storage teMPErature FaNGE . v v v v o v v 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: JGorUpackage .................. 300°C

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package . ..........couvuuur.... 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 Vg 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)

PARAMETER TEST CONDITIONSt LM158, LM258 LM358 UNIT
MIN TYP MAX MIN TYP MAX
v Input offset volta Vo=14V, 25°C 2 5 2 7| v
offse
o Py voltage Vee =5V to 30 V | Full range 7 9
avIo Average temperature coefficient Full range 7 7 wVrC
of input offset voltage
| I t off t Vo=14V 25°C 3 30 5 50 A
10 nput offset curren o= Full range 100 150] "
fficient
1o Average temperature coefficien Full range 10 10 PAC
of input offset current
| \nout bi . Vo=14V, 25°C —45 —150 —45 —250 A
n en n
18 put bias curr See Note 5 Full range —300 —500
o 0to 0to
Ci de i t ®cC V 1.5 Vv 15
ommon-mode inpu —1. —1.
ViCcR P Vec=30V cc cc \
voltage range 0 to 0to
Full range
Vee—2 Veec—2
Vee =30V,
cc Full range 26 26
V High-level output voltage RLZ2ka \%
OH 9 Vec=30V,
Full range 27 28 27 28
RL = 10 kQ
VoL Low-level output voltage RL <10k Full range 5 20 5 20| mv
v Maximum peak-to peak RL =2k 2%°C  |Vee-156 Vee—15 v
oPP output voltage swing L cel cc—l
Vee=15YV,
Large-signal differential cc 25°C 50 100 25 100
Avp . Vo=1VtollV, V/imV
voltage amplification RL>2ka Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k§2 25°C 70 85 70 85 dB
ksvRr" Supply voltage rejection ratio | Rg < 10 kQ 25°C 65 100 65 100 dB
Vo1/Vo2 Channel separation f=1 kHz to 20 kHz 25°C 120 120 dB
Vec=15V, 25°C —20 —40 —20 —40
Vip=1V,
Vo=0V Fullrange | —10 —20 -10 -20
- — mA
' Vee =15V,
lo Output current cc 25°C 10 20 10 20
Vip=-1V,
Vo=5V Full range 5 8 5 8
Vip=-1V,
1D 25°C, 12 50 12 50 uA
) Vg =200 mV
Supply current No load, 25°C 0.7 0.7
lcc . ) 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 856°C for LM258, and 0°C to
70°C for LM358.
NOTE 6: 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

PACKAGE POWER DERATING ABOVE
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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TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

LINEAR
INTEGRATED
CIRCUITS

e Small-Signal Bandwidth . .. 15 MHz Typ e Internal Frequency Compensation
e Slew Rate...50 V/us Min o Input and Output Overload Protection
e Bias Current ... 250 nA Max (LM218) e Same Pin Assignments as General Purpose

e Supply Voltage Range ...+5V to 20V 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.

- P mala amimm s e -~ - -~ b wmdiimn alea cmaali L at ~ -
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

JG ORP
DUAL-IN-LINE PACKAGE N DUAL-IN-LINE
(TOP VIEW) PACKAGE (TOP VIEW)
comp OuT- BAL/ comp ouT- BAL/
2 Vcc+ PUT COMP3 NC  NC 2 Vcce PUT COMP3 NC
s{{71/6(]5 wilti(juiinjjw|jsfs
1 2113(]¢ 1 2013 (|4[]S5[]6]]7
BAL/ INV NON- Vcc- NC NC BAL/ NV NON- Vec- 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 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,

L
: 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, Voc— (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 °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 JG package 300 300 °C
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 otheMise noted, are ‘with respect to the midpoint between Vg4 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 uniess 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 termperature 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)

LM Lm3
PARAMETER TEST CONDITIONST 218 18 UNIT
MIN TYP MAX MIN TYP MAX
v . £ | 25°C 2 4 4 10 mv
t
10 neut offset voltage Full range 6 15
' | it 25°C 6 50 30 200 nA
t
10 nput offset current Full range 100 300
| | bi 25°C 120 250 150 500 nA
18 neutbias current Full range 500 750
Common-mode
\" \ =415V |Fullrange {+11.5 +11.5 \
ICR input voltage range CCs
Maxi k-t k V =+15V,
Vopp aximum peak-to-pea CCx Fullrange | 24 26 24 2 v
output voltage swing RL=2kQ
\ =115V,
Large-signal differential CCx 25°C 50 200 25 200
Avp e Vo=1t10V, v/mv
voltage amplification Full range 25 20
RL =2k
B4 Unity-gain bandwidth Vees =15V | 25°C 15 15 MHz
ri Input resistance 25°C 1 3 0.5 3 mMQ
CMRR Common-mode rejection ratio Full range 80 100 70 100 dB
« Supply voltage rejection ratio
SVR (AVee/AaVio) Full range 70 80 65 80 dB
25°C 5 8 5 10
Icc Supply current No load mA
MAX 4.5 7

tAll 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, Voot = *5 V to 20 V. All typical values are at Vet = £15 V. Throughout this data sheet, supply voltages
are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied
to Vcc+. and an equal negative voltage is applied to Vee-—-
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TYPES LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ =15V, Vee—=—-15V, TaA = 25°C

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

parameter measurement information

2k
v
INPUT
2k
INPUT —Wv——— L ——ov
p——O0 OUTPUT
== 100 pF
1k T
TEST CIRCUIT .
VOLTAGE WAVEFORMS
FIGURE 1-SLEW RATE
schematic
BALANCE
COMPENSATION-3
BALANCE
COMPENSATION-1 COMPENSATION-2
}‘I Veer
2kQ i 150KQ 2 k| !
5k
13e
W . v
250
'k T _E—‘ AW O QUTPUT
- 1
INVERTING 1'{ 35
INPUT iy LN 2 330
o n{
289F 5k 3 A bj
NONINVERTING
INPUT
l H 300
5009
% P ¥ )
Al ha
I 312k
g 5.6k 20kQ )}ﬂan S 12kq 1 00
. , ! | Veo.
‘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

) ] J OR N DUAL-IN-LINE PACKAGE
o Wide Range of Supply Voltages, Single or (TOP VIEW)

Dual Supplies

o Wide Bandwidth v M T T
e |Large Output Voltage Swing wl {ol el In] o]l Js] s
e Output Short-Circuit Protection b
e Internal Frequency Compensation "
e Low Input Bias Current #
e Designed to be Interchangeable with

National Semiconductor LM1900, LM2900,

and LM3900, Respectively

1 2 3 4 § (] 7

NON- NON- INV OuT-  OUuT- INV GND
INV INV  INPUT  PUT PUT INPUT
INPUT  INPUT

description

These devices consist of four independent, high-gain,
frequency-compensated Norton operational amplifiers

. e . schematic (each amplifier) vee
that were designed specifically to operate from asingle
supply over a wide range of voltages. Operation from CONBTANT- | 20,a
split supplies is also possible. The low supply current GENERATOR

drain is essentially independent of the magnitude of
the supply voltage. These devices provide wide
bandwidth and large output voltage swing.

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

OUTPUT

|NVNE%'4-ING
Weor e © Y | 13ma

operating characteristics »
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, Vcc (see Note 1) 36 32 32 v
Input current 20 20 20 mA
Duration of output short circuit (one amplifier) to ground Unlimited Unlimited Unlimited
at (or below) 25°C free-air temperature (see Note 2)
Continuous total dissipation at (or below) 25°C J Package 1375 1025 1025 W
free-air temperature (see Note 3) N Package 1150 1150
Operating free-air temperature range —55 to 125 —40 to 85 0to 70 °cC
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 °c

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Short circuits from outputs to V¢ 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
MIN TYP MAX| MIN TYP MAX |MIN TYP MAX
: Input bias current , 0 Ta =25°C 25 100 30 200 30 200 A
= n
18 (inverting input) = Ta = full range 150
LT
i i .95 1.05| 09 1.1] 09 1.1 |wA/LA
| Mirror gain 11+ = 20 uA to 200 UA, 0.9 BA/p
I+
T = full range, Note 4
Change in mirror gain A 9e, See No 1 2 2 5 2 5 %
Vi+=V|_, Ta = full range,
Mirror current sH . : Y A 9 10 500 10 500 10 500| wA
ee Note
A Large-signal differential Vo=10V, R =10k, 2 3 12 28 12 28 V/mv
vD voltage amplification f=100 Hz ’ : . :
Input resistance 1 1 1 me
"
! (inverting input)
o Output resistance 8 8 8 k2
Unity-gain bandwidth
gy nity-gain bandwid 25 25 25 MHz

(inverting input)

K Supply voltage rejection 50 70 70 70 dB
SVR L atio (AVee/avig)

i o R =2k 13,56 14.2 13.56 13.5
. 1+=0,
\" High-level output volt Vec =30V, \"
OH Hligh-level output voltage —=0 cc 28 295 295 295
No load
h+=0, - =10 A,
VoL Low-level output voltage 0.09 0.2 0.09 0.2 0.09 0.2 \
R =2kQ
IoHs Short-cir.cuit output current h+=0, h—=0, 10 -15 6 -18 -6 —10 mA
(output internally high) Vo=0
Pull-down current 1 13 05 13 05 1.3 mA
loL Low-level output current? h—=5uA, VoL=1V 4 5 5 5 mA
Icc  Supply current (four amplifiers) | No Load 62 12 6.2 10 6.2 10| mA

tAIl characteristics are specified under open-loop conditions. Full range for Ta is —55°C to 125°C for LM1900, —40°C to 85°C for LM2900,
and 0°C to 70°C for LM3900.

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

NOTE 4: These parameters are measured with the output balanced midway between Vg 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 —55 125 —40 85 0 70 °c

NOTE 5: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximately —0.3 volt. The
negative input currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values
of approximately —1 mA. Negative input currents in excess of —4 mA will cause the output voltage to drop to a low voltage. These
values apply for any one of the input terminals. If more than one of the input terminals are simultaneously driven negative, maximum
currents are reduced. Common-mode current biasing can be used to prevent negative input voltages.

'operating characteristics, Vgc: =15V, Ta = 26°C

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

SR Slew rate at unity gain (_)w 9 id 0 L P V/us
High-to-low output R =2k&2 20

TYPICAL CHARACTERISTICS?

INPUT BIAS CURRENT (INVERTING INPUT) MIRROR GAIN SUPPLY VOLTAGE REJECTION RATIO
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE FREQUENCY
80 i 1.20 - 100 v'c'c'—”:?v
Vee=15V Vee=16V S g} eon
70 V=75V 7] L TN & Taz25°C ]
< N 1+=0 % 80 H
T 60 1.10 o
L \ § 10
g 50 £ 105 £ e T
3 \\ LM2900, LM3900 © s
& 40 N H ! & S50
H 7 g b
3 3 L oss S 40
£ LM1900 < 2 3
o 20 [~ 2 o090 g
= ] @ 20
10 0.85 S
2
[¢] 0.80 0
-75 -850 -25 0 25 50 75 100 125 -75 -50 =25 0 25 50 75 100 125 100 400 1k 4k 10k 40k 100k 400k 1M
TA~Free-Air Temperature—"C Ta—Free-Air Temperature—°C f—Frequency—Hz
FIGURE 1 FIGURE 2 FIGURE 3
LM2900, LM3900
LARGE-SIGNAL LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION
vs vs
FREQUENCY SUPPLY VOLTAGE FREE-AIR TEMPERATURE
104 104
£ 5 5
3 5 —
£ g $
= £ 108 £ 103
€ o a
< E £
N < <
= 2 =
: 2 10 S 102
3 2 2 =
g 2 k]
5 $ H
E & k3
8 =10 £ 10
o E
& 5 RL=10kQ C.; Evce=15v
z S Ta=25°C S Fvo=10v
< | I < - RL=10kS2
I 1 1 Il Il
100 1k 10k 100k 1M 10M 0 5 0 15 20 25 30 ~75 -50 -25 0 25 50 76 100 125
f—Frequency—Hz Vec—Supply Voltage—V TA—Free-Air Temperature—°"C
FIGURE 4 FIGURE 5 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

PEAK-TO-PEAK OUTPUT VOLTAGE

5 vs

FREQUENCY
16
Vec=18V
> 14 R =2k
5 I+=0
£ Ta=25°C
S
= 10
3
3
o 8
_,,
&
s 6
1
‘? 4
% 2 ™~
= I
o e
1k 10k 100k ™ 10M
f—Frequency—Hz
FIGURE 7
PULL-DOWN CURRENT
SUPPLY VOLTAGE
20 J
18 i
16 Ta=-55C
<
€ ] -25°
§ e Ta=25"C
§ 12
H Ta=85°C
S 1o :
H Ta=125°C
8 os
2 o8
0.4
0.2
0
0 5 10 15 20 25 30

Vee—Supply Voltage—V

FIGURE 10

TYPICAL CHARACTERISTICST

LM2900
SHORT-CIRCUIT OUTPUT CURRENT
(OUTPUT INTERNALLY HIGH)

LOW-LEVEL OUTPUT CURRENT

vs vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
30 T 60 T
< Vo=0 voL=1V
£ 25 f—I=0 oc— € sof-!#=0
€ =0 ‘”\,,, 1 pl TA=25C |
e c
£ Ta=0°C g \
3 20 A 1 5 % 1j— = 100 uA
= 3 v
2 Ta=25%C 3z /
& 15 + t g » /
S 10 y/ Ta=125°¢ e
§ _I‘c == 10 pA
|
b s 3 " I = BuA
o Ve [
0 0
] 5 0 15 20 25 30 0 5 0 15 20 25 30
Vcc—Supply Voltage—V Vce—Supply Voltage—V
FIGURE 8 FIGURE 9
PULL-DOWN CURRENT TOTAL SUPPLY CURRENT
hid ¥s
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 T 8 I T
+
1.8}Vec=15Vv 7 l Ta=-55C
1.6 <
1] £ 5 —r
< 14 = Ta=26°C
£ - | |
£
s 1] T
£ A > 3
3 10 ~ 3 4 14 Ta=125°C
s A
H 0.8 5 3
Z 06 .IE )
IS
04 3
1 }— No signal
0.2 No load
0 o 1
-75 -50 —26 0 25 50 75 100 125 0 5 10 15 20 25 30

Ta—Free-Air Temperature—"C Vee—Supply Voltage—V

FIGURE 11 FIGURE 12

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

TYPICAL APPLICATION DATA

v+ v+
Q
1ma
p:
ima ke 3 *a 1Mo S
ouTPUT
1Mo
INPUT O—AW\r & - 30ke Q

100 ka2

[ 91ka

1o~ 1 mA per input volt

FIGURE 13—VOLTAGE-CONTROLLED CURRENT SOURCE

100 k:
INPUT O~V

1o~ 1 mA per input volt

DISSIPATION DERATING TABLE

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

FIGURE 14—VOLTAGE-CONTROLLED CURRENT SINK
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LINEAR
INTEGRATED
CIRCUITS

e Wide Range of Supply Voltages .

TYPE LM2902
QUADRUPLE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 12291, MARCH 1976—-REVISED OCTOBER 1979

Low Input Bias and Offset Parameters

Single Supply ... 3V to 26 V Input Offset Voltage ... 2 mV Typ
or Dual Supplies Input Offset Current .. . 5nA Typ
e Low Supply Current Drain Input Bias Current . . . 45 nA Typ

Independent of Supply Voltage .
...0.8mA Typ

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

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—15V Typ

e Internal Frequency Compensation

schematic (each amplifier) s

Vee

=1003A
CURRENT
REGULATOR

<64A TEA
CURRENT CURRENT
REGULATOR REGULATOR

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

AMPLIFIER NO. 4 AMPLIFIER NO. 3
-\ e\

il

4 INVERT- NONIN- /NONIN- INVERT- \
o ING VERTING VERTING ING
== * OUTPUT INPUT INPUT GND INPUT  INPUT OUTPUT
NON- j)’
INVER' conatt “ 13 12 1 10 9 8
INPUT REGULATOR

4

This device consists of four independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply as in automotive systems. Operation from split
supplies is also possible so long as the difference
between the two supplies is 3 volts to 26 volts and -
Pin 4 is at least 1.5 volts more positive than the input
common-mode voltage. The low supply current drain
is independent of the magnitude of the supply
voltage.

>

-rTQ GND
TO OTHER
moh

AMPLIFIERS

description

:<F—
Sl

1 2 3 4 5 ] 7

OUTPUT INVERT- NONIN-  Vcc  NONIN- INVERT OUTPUT
ING VERTING VERTIN

INPUT INPUT INPUT lNPUT

J

A\ Vv
AMPLIFIER NO. 1 AMPLIFIER NO. 2

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM2902 can be
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required
interface electronics without requiring additional £ 15-volt supplies.

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

Supply voltage, VG (see Note 1) . BV
Differential input voltage (see Note 2) . 26V
Input voltage range (either input) . —-03Vto26V
Duration of output short-circuit (one amphf:er) to ground at (or below) 25 C

free-air temperature (Vgg < 15 V) (see Note 3) . .. unlimited
Continuous total dissipation at (or below) 256°C free-air temperature (see Note 4) .. . 900mwW
Operating free-air temperature range . —40°C to 85°C
Storage temperature range . . —65°C to 150°C
Lead temperature 1/16 inch (1, 6 mm) from case for 60 seconds J or w package 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: N package 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground mrmmal
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 CONDITIONS? MIN TYP MAX| UNIT
Vio Input offset voltage Vo=14V 2 10 mv
fio Input offset current Vo=14V 5 50| nA
[T Input bias current Vo=14V See Note 5 —45 -500| nA
Vicr Common-mode input Vee =24V Oto v
voltage range Vee—-15
VOH High-level output voltage Vec=24V, RL=2ka 20 \
Vcc =24V, RL > 10 kQ 21
VoL Low-level output voltage RL <10k 5 20 mv
Avp Largesignal differential Vee =15V, RL>2kR, Vo=1Vto11V 100 V/mV
voltage amplification
CMRR Common-mode rejection ratio | Rg < 10 k2 85 dB
ksvr* Supply voltage rejection ratio Rg < 10kQ 100 dB
Vo1/ Vo2  Channel separation f=1 kHz to 20 kHz 120 dB
Vee =15V, Vip=1V, Vo=0V —20 —40
o 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

*ksvR = AVcc/AVio
t Al 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

LO QUTPUT B

AUDIO ¢ R
INPUT A |
100k 100ka
3

D—O OUTPUT C

100 uF ;"Lj
4

+Vce

AUDIO DISTRIBUTION AMPLIFIER

THERMAL INFORMATION

DISSIPATION DERATING TABLE

82

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
J (Glass-Mounted Chip) 900 mW 11.0mW/°C 68°C
N 900 mW 9.2mW/C 52°C
w 900 mW 8.0 mW/°C 37°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR TYPE LM2904
INTEGRATED DUAL OPERATIONAL AMPLIFIER

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

e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply ... 3V to 26V Input Offset Voltage ...2 mV Typ
or Dual Supplies Input Offset Current ... 5nA Typ

e Low Supply Current Drain Input Bias Current . .. 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...0.5mA 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) ¢ Maximum Peak-to-Peak Output

Voltage Swing...V¢cc—15V Typ
e Internal Frequency Compensation

Veer

~T00uA.
CURRENT
REGULATOR

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

A

INVERTING TPUT AMPLIFIER NO. 2
INPUT
; NON-
504, UT- INV  INV

NON-
INVERTING
INPUT

(o]
Vce+ PUT INPUT INPUT

on Ve Bl]7T]f{6|]5

TO OTHER
AMPLIFIERS

description b

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 l

supplies is also possible so long as the difference ! 2(]3]|4
between the two supplies is 3 volts to 26 volts and OUT- INV_ NON- GND
- - s . PUT INPUT INV
Pin 8 is at least 1.5 volts more positive than the input INPUT

common-mode voltage. The low supply current drain
is independent of the magnitude of the supply
voltage.

AMPLIFIER NO. 1

L . . . U FLAT PACKAGE
Applications include transducer amplifiers, d-c ampli- -

fication blocks, and all the conventional operational (TOP VIEW)
amplifier circuits that now can be more easily AMPLIFIER NO. 2
implemented in single-supply-voltage systems. For NON
example, the LM2904 can be operated directly off of Nc Voo SUT mWRUT iNeUT
the standard five-volt supply that is used in digital @ @

systems and will easily provide the required interface i 4 §
electronics without requiring additional *15-volt j:]

supplies.

DISSIPATION DERATING TABLE E

POWER DERATING ABOVE

PACKAGE RATING FACTOR TA ® @ (;) @
NC

- 0
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 41°C our NV .E'E’ﬁ',' Vee-

4 680mwW  8.0mW/°C 65°C
u 675 mW 5.4 mW/C 25°C AMPLIFIER NO. 1
Also see Dissipation Derating Curves, Section 2. NC—No internal connection
Copyright © 1979 by Texas Instruments Incorporated
TEXAS INSTRUMENTS 83
INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



84

TYPE LM2904

OPERATIONAL AMPLIFIER

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) .
Duration of output short-circuit (one amphﬂer) to ground at (or below) 25 C
free-air temperature (Voc < 15V) (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 .

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

NOTES:

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

V] package

JG or U package
P package

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, the LM2904 chips are
glass-mounted.

26V

426V

—03Vto26V

unlimited

680 mW
675 mW

"—40°C 10 85°C

. 300°C
. 260°C

PARAMETER TEST CONDITIONSt MIN TYP MAX| UNIT

Vio Input offset voltage Vo=14V 2 10| mv

o Input offset current Vo=14V 5 50| nA

hB Input bias current Vo=14V See Note 5 —45 -500| nA

Vicr Common-mode input Vee =24V Oto v

voltage range Vee—-1.5

VOH High-level output voltage Vec=24V, RL=2ka 20 v
Vee=24V, R =>10kQ 21

VoL Low-level output voltage RL<10kQ 5 20| mV

Avp "I‘;r:’a:':"ma;l?f':::::)":'al Vee =15V, RL>2k2, Vg=1Vto11V 100 V/mv

CMRR Common-mode rejection ratio | Rg < 10 k& 85 dB

ksvRr* Supply voltage rejection ratio Rg<10kQ 100 dB

Vo1/ Vo2 Channel separation f =1 kHz to 20 kHz 120 dB
Vee =15V, Vip=1V, Vo=0V —20 —40

lo Output current Vee =15V, Vip=-1V, Vg=25V 12 30 mA
Vip=-1V, Vo=5V 8 20

lcc Supply current (both amplifiers) | No load, No signal 0.5 1.2 | mA

*kgvR = 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

Vees
o

R6

W

TAVANS;

i a

OUTPUT

T o

5

o wWA—e
HH
c2
INPUT |
R2Q
o

TYPICAL APPLICATION DATA

SELECT VALUES FOR:

Q
C1 and C2
where C1 = C2
wq = 27nfg

K

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

MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER

CALCULATE:
Q
R1 =R3=R5 = ——
woC
R1
R2 = 3
Q—-1——+ —
K K-Q
R1-K-Q
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

o Short-Circuit Protection o Low Power Consumption
o Wide Common-Mode and e No Latch-up
Differential Voltage Ranges e Designed to be Interchangeable with
e No Frequency Compensation Required Motorola MC1558/MC 1458 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 nuii 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 internai 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
NON-" NON
veer (i INPUT INPUT Ne Voo PUT meUT iNeUT

®
rQ

v L Ll
ONONONO)

. - _ NC  OUT INV. NON GND
gﬁ; ":#57 '73\7 vee PUT  INPUT  INV
INPUT INPUT

AMPLIFIER NO. 1

AMPLIFIER NO. 1

NC—No internal connection

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

MC1558 MC1458 UNIT
Supply voltage Vcc+ (see Note 1) 22 18 \Y
Supply voltage Vcc— (see Note 1) -22 -18 \
Differential input voltage (see Note 2) +30 +30 \Y
Input voltage (any input, see Notes 1 and 3) +15 +15 \%
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C Each amplifier 500 500
free-air temperature (see Note 5) Total package JG or P package 680 680 mW
U Package 675 675
Operating free-air temperature range —55 to 125 O0to 75 °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 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 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 MC1558 only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 76°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, Vcc—-=-15V
MC1558 MC1458
PARAMETER TEST CONDITIONS YT v MAX N v MAX UNIT
Vio Input offset volitage Rg < 10k 2c ! 5 L & mV
Full range 6 7.5
ho input offset current 25°C 20 200 20 200 nA
Full range 500 300
] 25°C 80 500 80 500
T} Input bias current Full range 1500 300 nA
Common-mode 25°C +12 +13 +12 13
Vicr . v
input voltage range Full range +12 +12
RL=10kQ | 25°C 24 28 24 28
Vopp Maximum peak-to-peak RL > 10k | Full range 24 24 v
output voltage swing RL=2kQ | 25°C 20 26 20 26
RL > 2k$2 | Full range 20 20
Large-signal differential RL>2kQ, | 25°C 50 200 20 200
AvD . _ V/mV
voltage amplification Vo =+10V | Full range 25 15
RL = 2kQ,
Bom Maximum-output-swing Vg=>:10V, 25°C 12 14 KH2
bandwidth (closed-loop) Ayp =1,
THD < 5%
B4 Unity-gain bandwidth 25°C 1 1 MHz
Om Phase margin Ayp =1 25°C 65° 65°
Am Gain margin 25°C 1 11 dB
ri Input resistance 25°C 0.3 2 0.3 2 mMQ
. Vo =0, o
fo Output resistance See Note 6 25°C 75 75 Q
C; Input capacitance 25°C 14 1.4 pF
Common-mode o
Zjc ) ) f=20Hz 25°C 200 200 M
input impedance
CMRR Common-mode rejection ratio | Rg < 10kQ2 25°¢ 70 90 70 90 dB
Full range 70 70
X Supply voltage sensitivity Re < 10KS 25°C 30 150 30 150 IV
Svs (AV|p/AVee) S Full range 150 150 s
Equivalent input Avp=100,
Vn noise voltage Rs = 0. 25°C 45 45 nV/I/Az
f=1kHz,
(closed-loop) BW.= 1 Hz
| 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 ) mA
(Both amplifiers) No signal Full range 6.6 6.6
P Total power dissipation No load, 25°C 100 150 100 170 W
o (Both amplifiers) No signal | Full range 200 200
Vo1/Vo2 Channel separation 25°C 120 120 d8

1Al 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, Vocc+ = 15V, Vec—=-15V, Ta = 25°C

MC1558 MC1458
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX

t, Rise time V| =20mV, Ry =2k, 0.3 0.3 us

Overshoot factor Cp = 100 pF, See Figure 1 5% 5%
SR Slew rate at unity gai Vi=iov,  RL=2ka, 05 05 v

w ¥ amn 3 3
V9 Ci = 100 pF, See Figure 1 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 mMW/°C 47°C
P 680 mW 8.0mwW/C 65°C
u 675 mW 54 mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

schematic (each amplifier)

TO OTHER
> AMPLIFIER
INVERTING
INPUT
ISP o e
IR >
NON- ha
INVERTING 1
INPUT
25 Q

p——o OUTPUT

50 @

’% 1
1k 50kRE 3, 5k0 50k 350
. . _ —o0 Vce—

TO OTHER
COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER

I T

PARAMETER MEASUREMENT INFORMATION

_? ouTPUT

INPUT VOLTAGE CL=100pF RL=2ka
WAVEFORM
R

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 INPUT BIAS CURRENT

vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 R — 400 l
Vee+ =18V | Veg+= 15V
w0 I Vee-= -5V vﬁﬁi‘- 15V
;i 3 l !
- ]
§ § _X
S 60 £ u 1 J’
3 3 [+ MC1458 rol
8 — 8
5 |+ mCt458 o H e !
R - N 1
T L 3§ ! i |
e oL IN LY i = 100 1
N ! N
— —
o | 0
—60 —40 —20 O 20 40 60 B0 100 120 140 60 —40 —20 O 20 40 60 80 100 120 140
Ta-Free-Air Temperature—'C Ta—Free-Air Temperature~'C
FIGURE 2 FIGURE 3
OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
vs vs
FREQUENCY SUPPLY VOLTAGE
L0 . 400
Ve 15V €
1}-35 H“ vgg:=-|5v S E:L’ﬂf,n
H | || R =10k L AZ25°C 4
3 32 T#TAK?SQC § 200 P
5 3
828 £
s = ol
3 24 £
s 2 5
3 3
E 16 s 40
g 2 ”J g
S 4 3
>
0 AT
100 e D 100k ™ 2 4 6 10 12 14 16 18 20
{—Frequency—Hz lvece | =Supply Voitage~v
FIGURE 5 FIGURE 6
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs
FREQUENCY ELAPSED TIME
b v I —1.rlv | *
g % vgg_‘-tsv 24
2 g Rg- 10k _| l
é \\ Ta=25°C 2
g7 \ ? 90%
§ 60 \ 3 16 r
[3 -] '
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FIGURE 8 FIGURE 9

Ayp—Differential Voltage Amplification

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

Input and Output Voltages—V
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FIGURE 7

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
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LINEAR TYPES MC3503, MC3303, MC3403
mgg‘l‘{‘g ED QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12676, FEBRUARY 1979—REVISED OCTOBER 1979

e Wide Range of Supply Voltages
Single Supply ...3Vto36V

; J OR N DUAL-IN-LINE PACKAGE
or Dual Supplies

(TOP VIEW)
e Class AB Output Stage
e True Differential Input Stage , AMPLIFIER NO. 4 AMPLIFIER NO. 3
e Low Input Bias Current 'NYNEET'v“é%ﬁmé‘ :/NE%NTT:[G'NYNES v

OUTPUT INPUT INPUT Vcc— INPUT  INPUT OUTPUT

¢ Internal Frequency Compensation 1wl [l Tl Tul [w] e 8

e Short-Circuit Protection

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

description .

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 1 2 3 4 5 6 7
over a range of voltages from 3 volts to 36 volts. OUTPUT INVERT- NONIN- Vgo+ NONIN- INVERT- OUTPUT
Operation from split supplies is also possible provided e "m},{,‘.’;“i \‘@TJ?G NG ,
the difference between the two supplies is 3 volts to vV —V

. . 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 Vg — 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 Vcc+ (see Note 1) 18 18 18 v
Supply voltage Voo (see Note 1) —-18 —18 —18 \4
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 \
Continuous total dissipation at (or below) 25°C J Package 1375 1025 1025 "
free-air temperature (see Note 4) N Package 1150 1150

Operating free-air temperature range —55t0 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 °c

NOTES: 1. These voltage values are with respect to the midpoint between Voo 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 V¢4 or more negative than Vogo_.
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

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 1375 mW  11.0mW/°C 25°C
J (Glass-Mounted Chip) 10256mW 8.2 mW/°C 25°C
N 1150mW  9.2mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

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

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

PARAMETER TEST CONDITIONS? MEE508 Mc33o3 MC3403 UNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
v Input offset volt Ta=25°C, See Note 5 2 5 2 8 2 10 mV
se a
10 nput o votege Ta = full range, See Note 5 6 10 12
Temperature coefficient o
Ta=25°C 10 10 10 v/rc
avio of input offset voltage A H
| inout offeet . Ta=25°C, SeeNote 5 30 50 30 75 30 50 nA
npu set curren
o puto i T A = full range, See Note 5 200 250 200
fici
1o Tetnperature coefficient Ta=25°C 50 50 50 bAPC
of input offset current
. Ta =25°C -0.2 -05 -0.2 —-0.5 -0.2 -0.5
B Input bias current WA
TA = full range -1.5 -1 —-0.8
Vce- Vee— Vee—- Vee— Vee- Vee—
Common-mode input ° cc cc cc cc cc cc
VICR oltage ranget TA=25C to to to to to to v
Vi
ge range 13135 12125 13135
RL=10kQ, Ta=25°C +12 +13.5 12 125 +12 £13.6
Peak output - >
Vom X RL=2kQ, Ta=25C £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 50 200 20 200 20 200
AvD - V/mV
voltage amplification Vo=%10V TA = full range 25 15 15
A\ =20V, R =2kQ,
8 Maximum-output- AOPP 1 TL 25°C 9 9 9 KH
= = z
oM swing bandwidth vD =1 A '
THD < 5%
L ) RL=10kf, Vgo=50mV,
Bq Unity-gain bandwidth o 1 1 1 MHz
Ta=25C
CpL=200pF, R =2kQ,
om Phase margin L o P 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=25C 75 75 75 Q
Common-mode o
CMRR ) Rs< 10k, Ta=25°C 70 90 70 90 70 90 dB
rejection ratio
Supply voltage sensitivity| °
k TA=25°C 30 150 30 150 30 150{uV/V
SVS {AV]0/AVee) A M
log Short<ircuitoutput o _ 5gec £10  +30 45| £10 30 45| 10 +30 +45| mA
current §
| Vo=0V
lcc  Total supply current | N0 '°2d 0=0V, 28 4 28 7 28 7| mA
Ta=25"C

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for T4 is —55°C to 125°C for MC3503; —-40°C
to 85°C for MC3303; and 0°C to 70°C for MC3403.

iThe V|cR limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than V4.
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 Vg = 7 V for MC3303.
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TYPES MC3503, MC3303, MC3403
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS

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

MC3503 MC3303 MC3403

PARAMETE TEST CONDITIONSt UNIT
R MIN TYP MAX MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Vp=25V 2 5 10 2 10| mVv
o Input offset current Vpo=25V 30 50 75 30 50| nA
UT:} Input bias current —0.2 —0.5 —0.5 —0.2 -05| uA
RpL =10k 3.3 35 3.3 3.5 3.3 35
v Peak output AT =70kn Vv
oM voltage swing § L ’ Vees+ — 1.7 Voot — 1.7 Vees — 1.7

Vee+=5V o030V

Large-signal diff tial
AVD arge-sign. i er.en ia RL=2kQ,AVg=2V 20 200 20 200 20 200 V/mV
voltage amplification

Power supply sensitivity

k. 150 150 150 |uV/V
Svs (AVipo/AVccs)

icc Supply current No Load, Vo =25V 25 4 25 7 25 71 mA

V1/V o2 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, Vgc— = 0 V for MC3303; Vet = £15 V for MC3403 and
MC3503; TA = 25°C, AvD = 1 (unless otherwise noted)

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

PARAMETER MEASUREMENT INFORMATION

4 O
Vi +
Cp= ‘L
R
100 pF i: L

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

INPUT BIAS CURRENT
vs

TEMPERATURE
250y cce =216V
p——T—
< 200
I
&
€
£ 150 ™
o
8
2
5 100
a
£
1
o
= 50
0
—75 -50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 2
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREQUENCY
3 3 T TTTITT
3 Vee: =318V,
= N CL=0
L 25 RL = 10kQ
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g 2 \ [See Figure 1
x
s
&
s 15
ot
*
=
& 10
E
£ \
3 5
= 2
1
L
1k 4k 10k 40k 100k 400k 1M
f—Frequency—Hz
FIGURE 5

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT
vs
SUPPLY VOLTAGE

Ta=25°C

g

g

]
5

11g—Input Bias Current—nA

g

0 2 4 6 8 10 12 14 16
Ve *1-Supply Voltage—V

FIGURE 3

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREQUENCY

106

104

103

AvD-~Differential Voltage Amplification
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f—Frequency—Hz

FIGURE 6

100k 1M

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

Input and Output Voltages—V
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FIGURE 4

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

T T T
10 Veet =115 A\
y RL=2kQ
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OUTPUT \See Figure 1
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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)
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LINEAR TYPES NE5532, NE5532A

INTEGRATED ]
CIROUITS DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12733, NOVEMBER 1979

e Equivalent Input Noise Voltage . . . NE5532, NES532A ... JGOR P
5 nV/y/Hz Typ at 1 kHz DUAL-IN-LINE PACKAGE
e Unity-Gain Bandwidth . . . 10 MHz Typ
NON-
e Common-Mode Rejection Ratio . .. veos SuT I v
100 dB Typ NIEInIn
e High DC Voltage Gain ... 100 V/mV Typ
o Peak-to-Peak Output Voltage Swing. . .
32V Typ with Vcc+ = +18 V and
RL =600 Q
e High Slew Rate...9 V/us Typ |
e Wide Supply Voltage Range . . . t3 V to t20 V 1203
e Designed to be Interchangeable with Signetics U nbuT .E’S‘Zx Vee-
NE5532 and NE5532A

description

The NE5532 and NEB532A 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)

T

* 1 T Vee+

AA
wW

NONINVERTING

INPUT
37 pF
]
|
INVERTING 14 pF
INPUT

1550

OUTPUT

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, VCC+ (se8 NOte 1) . . oo ittt e 2V
Supply voltage, VoC— (see Note 1) .. ..o oo e -22V
Input voltage, either input (see Notes Tand 2) ... ..... .. .. i Veet
Input current (see NOTE 3) . . . .ttt ittt e e e e 10 mA
Duration of output short-circuit (see Note 4) . . . . . . o i it e unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5):

JG PACKage . .ttt e e 825 mW

PPackage . ...t e 1000 mW
Operating free-air temperature range: NE56532, NEBG632A . ... ... ... ... .. ... ... 0°C to 70°C
Storage tEMPErature FANGE . . . .o v v e v v e et e e e et 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 package ..................... 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package ...................... 260°C

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

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

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

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

POWE
PACKAGE OWER DERATING ABOVE
RATING FACTOR TA
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.
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TYPES NE5532, NE5532A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

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

NE5532, NES532A

PARAMET TEST CONDITIONS UNIT
ER MIN TYP MAX
Ta=25°C 0.5 4
Vio Input offset voltage Ta- 0°C 10 70°C 5 mV
Ta=25°C 10 150
| Input offset current nA
10 P urr Ta=0°Cto70°C 200
| | bi Tp=25°C 200 800 A
nput bias current 5 n
'8 TA-0Cto70°C 1000
VicR Common-mode input £12 +13 v
voltage range
Maximum peak-to-peak \ =+15V 24 26
Vopp fmum peak-top RL > 600 ce: v
output voltage swing Voo =18V 30 32
R > 600 2, Ta=25°C 15 50
Large-signal differential Vo=t10V Ta=0°Cto 70°C 10
AVD arge-signal di er-en ia 0 A - V/mV
voltage amplification RL > 2k, Ta=25C 25 100
Vo =1t10V Ta =0°Cto70°C 15
Small-signal differential
Avg gnal ditter f=10 kHz 2.2 V/mv
voltage amplification
Maximum-output-swi R =600 2 Vo =10V 140
Bom u output-swing L , fo) KHz
bandwidth R =600 2, Ve =18V, Vo =14V 100
B4 Unity-gain bandwidth R =600 2, Cp =100 pF 10 MHz
ri Input resistance 30 300 k$2
Z5 Output impedance Ayp =30dB, R =600 2, f=10 kHz 0.3 2
CMRR Comm-mode rejection ratio 70 100 dB
Supply voltage rejection
ksvR i o e 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 = 10 V peak, f=1kHz 110 dB

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

NE5532 NE5532A
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
SR Slew rate at unity gain 9 9 V/us
Vy=100mV, Ayp=1, 109
o,
Overshoot factor R = 600 2, CL = 100 pF 10% %
v Equivalent i ) | f=30Hz 8 8 10 VI
uivalent t noise tage n z
n a fnPut noise voltag f=1KHz 5 5 6 M
f=30Hz 2.7 2.7
| Equivalent i t noise current A/\/Hz
n q input noise curl = 1KkHs 07 07 PA/N/
TEXAsS INSTRUMENTS
INCORPORATED 95

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



96



LINEAR TYPES NE5533, NE5533A
INTEGRATED DUAL LOW-NOISE OPERATIONAL AMPLIFIERS
CIRCUITS BULLETIN NO. DL-S 12734, NOVEMBER 1979
e Equivalent Input Noise Voltage . . .

3.5 nV/\/Hz Typ (NE5533A at 1 kHz) NE5533, NESS33A .. .J OR N
e Unity-Gain Bandwidth . .. 10 MHz Typ DUAL-IN-LINE PACKAGE

(TOP VIEW)
e Common-Mode Rejection Ratio . . . —_— _——
100 dB Typ ’ A r A \
ngh DC Voltage Gain... 100 V/mV Typ AL comp outeuT Vec: OUTPUT come BAL.

o Peak-to-Peak Output Voltage Swing. ..
32 V Typ with Vgc+ = £18 V and
RL =600

r\L—H_I,‘
>

e High Slew Rate ... 13 V/us Typ
e Wide Supply Voltage Range . .. +3 V to 20 V | l
* Low Harmonic Distortion o S e i ot
e Designed to be Interchangeable with Signetics o vfffl:"ﬁ o V'E"%TG'*"':SV
NE5533 and NE5533A o
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

OVeee
| 38pF { L
S12k $12ka
; 37pF j-i

1€
LAY
INVERTING 12pF
INPUT ¢ 150
b- LA
p—oouTPUT
7pF — ¢
[4
0—{ ly . $ 150

v
o

All component values shown are nominal.

NONINVERTING
INPUT o=

F\

—OVce-
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TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS -

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

NOTES:

Supply voltage, VOC+ (588 NOTE 1) . . . oottt i ittt e 22V
Supply voltage, Vog— (see Note 1) . ..ot e -22V
Input voltage either input (see Notes 1and 2) ... ... ... it ittt ittt i vVeet
Input current (58 NOtE 3) . . . it ittt e e e e e e e e e e e *10 mA
Duration of output short-circuit (see Note 4) . .. . . ... ittt i it e e e unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5):

JPACKAGE . .t e e et e 1025 mW

N PACKAGE . v vt i ottt et et e e e 1150 mW
Operating free-air temperature range: NE5533, NEG533A .. .. ... .. ... ... ... ... .. ....... 0°Cto 70°C
StOrage teMPErature FANGE . . . . o oo v e e e e e e et e e e e et e et et e e —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: N package ...................... 260°C

1. Al voltage values, except differential voltages, are with respect to the midpoint between Vcc+ and Vee—.
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage.

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

4. The output may be shorted to ground or either power 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 J package, these chips are glass-
mounted.

DISSIPATION DERATING TABLE

POWER DERATING AB!
PACKAGE OVE
RATING FACTOR TA
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 NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

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

PARAM CONDITIONS NEDS33, NESSISA UNIT
ETER TEST MIN TYP MAX
v I ffset vol Ta=25°C 95 41 v
10 nput offset voltage Ta- 0°C to 70°C 5
Ta=25°C 20 300
lio Input offset current TA=0°Ct070°C 200 nA
| I . Ta=25°C 500 1500 nA
IB nput bias current Ta- 0°C 10 70°C 2000
VicR Common-mode input £12 £13 v
voltage range
Vopp Maximum peak-to-peak RL > 600 2 Vee: =#15 V 24 26 v
output voltage swing Vee: =#18V 30 32
AVD Large-signal cfji.f-fer‘ential Ry > 600 2 Ta= 2§°C . 25 100 VimV
voltage amplification Vo=z10V TA=0"Cto70°C 15
H-si i ffi ial Cc=0 6
Avg Small-signal d..f erfzntna f=10 kHz C V/mV
voltage amplification Cc =22pF 2.2
Vo=2$10V, Cc=0 200
Maximum-output-swing Vo=2x10V, Cc=22pF 95
Bom . kHz
bandwidth Vees: =18V, Vpo=114V, R =600 %2, 70
Cc=22pF
B Unity-gain bandwidth Cc=22pF CL =100 pF 10 MHz
T Input resistance 30 100 k2
A =30dB, R =600 2 Cc =22 pF,
Zq Output impedance vD L C P 0.3 Q
f=10 kHz
CMRR Common-mode rejection ratio 70 100 dB
| It jecti
KSVR Su?p y voltage rejection 80 100 a8
ratio (AVgg+/AV)0)
los Output short-circuit current 38 mA
lcec Total supply current No load 8 16 mA
Vo1/Vo2 Channel Separation Rg =5k, f=1kHz, Ayp =100 110 dB
operating characteristics, Vcc+ =15V, TA = 25°C
PARAMETER TEST CONDITIONS NESS33 NESS533A UNIT
MIN TYP MAX | MIN TYP MAX
SR SI te at uni i Cc-0 L 13 \Z/
e e t n s
w rate at unity gai Cc=22pF 6 6 i
V| =50mV, Ayp=1,
t Rise ti 20 20
r fse time RL=6008, Cg=22pF, ns
Overshoot factor CL = 100 pF 20% 20%
V;=50mV, A =1,
1 Rise time ! VD 50 50 ns
R_=6009, Cgc=47pF,
Overshoot factor CL = 500 pF 35% 35%
f =230 Hz 7 5.5 7 )
Vn Equivalent input noise voltage f=1KkH2 2 35 45 nV/\/Hz
f=230Hz 2.5 1.5
In Equivalent input noise current =1 KHz 06 04 pA/\/Hz
F Average noise figure Rg =5k, =10 Hz to 20 kHz 0.9 dB
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TYPES NE5533, NE5533A
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS

Normalized Input Bias Current and Input Offset Current

Normalized Slew Rate and Unity-Gain Bandwidth

Vn—Equivalent Input Noise Voltage—nV/\/Hz

NORMALIZED INPUT BIAS CURRENT

and INPUT OFFSET CURRENT

vs

FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

16 T T
Vec=%15V
14
1.2
OF,
ey
1 —"As
— .
-
\\
0.8
0.6
0.4
0 10 20 30 40 50 60 70 80
TA—Free-Air Temperature—"C
FIGURE 1
NORMALIZED SLEW RATE and
UNITY-GAIN BANDWIDTH
vs
12 FREE-AIR TEMPERATURE
b T T
Vec=$15V
1.1
JTE
SLEW BAI==T—]
1 =]
— UNITY-GAIN BANDWIDTY
0.9
0.8
0 10 20 30 40 50 60 70 80
Ta—Free-Air Temperature—"C
FIGURE 4
EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY
10 T
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FIGURE 7
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EQUIVALENT INPUT NOISE CURRENT
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FIGURE 8

Ayp-Differential Voltage Amplification

THD-Total Harmonic Distortion—%

Total Equivalent Input Noise Voltage—uV

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
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FIGURE 3
TOTAL HARMONIC DISTORTION
vs
FREQUENCY
0.0 77T
[Vece =215V
Ayp=1
0.007 —
| Vitrms) =2V
Ta=25°C
0.004 A I:H
ﬂ’
LA
0.002
0.001 m
100 400 1k 4k 10k 40k 100 k

f—Frequency—Hz

FIGURE 6
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LINEAR
INTEGRATED
CIRCUITS

TYPES RM4136, RC4136

QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12368, MARCH 1976 — REVISED OCTOBER 1979

Continuous-Short-Circuit Protection

Wide Common-Mode and
Differential Voltage Ranges

No Frequency Compensation Required
Low Power Consumption

No Latch-up

Unity Gain Bandwidth 3 MHz Typicai
Gain and Phase Match Between Amplifiers

Designed to be Interchangeable with
Raytheon RM4136 and RC4136

description

The RM4136 and RC4136 are quad high-performance
operational amplifiers with each amplifier electrically
similar to uA741 except that offset null capability
is not provided.

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

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.

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

AMPLIFIER NO. 4 AMPLIFIER NO. 3

INV  NON-INV OUT- OUT- NON-INV  INV
INPUT INPUT PUT VCC+ PUT  INPUT INPUT

[ L]
<3l

,c?w

INV  NON-INV OUT-
JNPUT  INPUT

OUT- NON-INV INV  Vgo—
PUT , PUT INPUT INPUT,

Vv v
AMPLIFIER NO. 1 AMPLIFIER NO. 2

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

RM4136 RC4136 UNIT

Supply voltage Vg o+ (see Note 1) 22 18 \Y
Supply voltage Vcc— (see Note 1) —-22 —-18 v
Differential input voltage (see Note 2) +30 +30 \Y
Input voltage (any input, see Notes 1 and 3) +15 +15 \"
Duration of output short-ircuit 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 mwW
Operating free-air temperature range —55 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 °C

NOTES:

. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc4 and Vego—.

. 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.

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 Table. In the J package, RM4136 chips are alloy-

mounted; RC4136 chips are glasss-mounted.

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 mwW 8.2mW/°C 52°C
N 800 mW 9.2 mW/C 63°C
w 800 mW 8.0 mwW/°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, Vge—-=-15V
RM4136 RC4136
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
v Input offset vol Rg <10k 25°¢ 95 5 = d \Y
10 nput otfset voltage S Full range 6 75 m
| Input offset . 25°C 5 200 5 200 A
10 neut ofiset curren Full range 500 300
| | bi 25°C 40 500 40 500 A
1B nput bias current Full range 1500 300 n
Common-mode o
Vicr . 25°C 12 14 12 14 v
input voltage range
Maxi et B RL=10kQ | 25°C 24 28 24 28
Vopp . at""'t'”mlt""a “to-pea RL-2ke | 25°C 20 26 20 26 v
utput voftage swing RLS 2k | Full range 20 20
Large-signal differential RL >2kQ, 25°C 50 350 20 300
AvD - V/imv
voltage amplification Vo =+10V | Full range 25 15
B Unity-gain bandwidth 25°C 2 3.5 3 MHz
T Input resistance 25°C 0.3 5 0.3 5 mMQ
CMRR Common-mode rejection ratio | Rg <10k | 25°C 70 920 70 920 dB
ksvs* Supply voltage sensitivity Rg<10kQ |25°C 30 150 30 150 uv/iv
Ayp =100,
Equivalent input VD .
] Rg =1 kQ, o
Vn noise voltage §=1KHz 25°C 10 10 nV/\/Hz
losed-| ’
(closed-loop) BW =1 Hz
Suppl . No load 25°C 5 113 5 113
upply curren o load,
| MIN T . 6 13.7 mA
cc (All four amplifiers) No signal A 6 133
MAX Ta 4.5 10 45 10
_ 25°C 150 340 150 340
Total power dissipation No load,
Po (All four amplifiers) Nosignal N TA 180 400 180 400 | mW
P 9 MAX Ta 135 300 135 300
Open loop | Rg=1kQ |25°C 105 105
Vo1/V Ch | til dB
017¥02 e e VD = 100] f=10kHz | 25°C 105 105
*ksvs =AV|0/aVcee
TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is —55°C to 125°C and for
RC4136 is 0°C to 70°C.
operating characteristics, Vcc+ =15V, Vgc—=-15V, Tao =25°C
PARAMETER TEST CONDITIONS Ra13e RC4136 UNIT
MIN TYP MAX MIN TYP MAX
V| =20mV, R =2k,
ise ti 0.13 0.13 s
tr Rise time CL = 100 pF M
Vi=10V, R =2kQ,
i i 15 1.0 V/us
SR Slew rate at unity gain CL =100 pF M

schematic (each amplifier)

NONINVERTING
INPUT

INVERTING
INPUT

ouTPUT

vce- o—4 T
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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

Continuous-Short-Circuit Protection DUAL-INfIgg :ACKAGE
e Wide Common-Mode and (TOP VIEW)

Differential Voltage Ranges o
e No Frequency Compensation Required vees SUT My i
e 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 RM4558 and RC4558

PoT et v Ve
description

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

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage-follower
applications. The devices are short-circuit protected and the internal frequency compensation ensures stability without
external components. -
The RM4558 is characterized for operation over the full military temperature range of —55°C to 125°C;the 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 Vcc+ (see Note 1) 22 18 \
Supply voltage Vcc— (see Note 1) -22 -18 \Y
Differential input voltage (see Note 2) +30 +30 v
Input voltage (any input, see Notes 1 and 3) +15 +15 \"
Duration of output short-circuit to ground, one ampilifier at a time {see Note 4) uniimited uniimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 689 mW
Operating free-air temperature range —55 to 125 0 to 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 °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 Vog—.

oNON

mounted; RC4558 chips are glass-mounted.

DISSIPATION DERATING TABLE

. 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,
. Temperature and/or supply voitages 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 JG packages, RM4558 chips are alloy-

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

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, Vcc+ =15V, Vec—-=-15V
PARAMETER TEST CONDITIONST RMA558 RC4558 UNIT
MIN TYP MAX MIN TYP MAX
25°C 05 5 0.5 6
Vio Input offset voltage Rg < 10kQ Full range 5 75 mV
25°C 5 200 5 200
lio Input offset current Full rangs 500 300 nA
25°C 40 500 40 500
Iig Input bias current Full range 1500 300 nA
Vicr Common-mode 25°C 12 +14 12 :14 v
input voltage range
Maximum peak-to-peak RL =10 kQ2 25:c 24 28 24 28
Vopp output voltage swing RL =2k§2 25°C 20 26 20 26 v
R >2k& Full range 20 20
Large-signal differential RL =>2kQ, 25°C 50 350 20 300
Avp e V/mv
voltage amplification Vo =+10V | Full range 25 15
B4 Unity-gain bandwidth 25°C 2 3.5 3 MHz
T 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
ksvs* Supply voltage sensitivity Rg<10kQ |25°C 30 150 30 150 uvIv
Equivalent input Avp =100,
i Rg =1k, °
Vn noise voltage f=1KkHz, 25°C 10 10 nVv/\/Hz
(closed-loop) BW =1 Hz
Supply current No load, 25°C 25 5.6 25 56
lec (Both amplifiers) No signal MINTA 30 66 3.0 66 mA
MAX Ta 2.0 5 2.3 5
Total power dissipation No load, 25°C 75 170 s 170
FD (Both amplifiers) No signal MIN TA % 200 % 200 mw
MAX Ta 60 150 70 150
Vo1/Vo2 Channel separation Open loop | Rs =1 k&, 25°C 108 105 dB
. Ayp =100( f =10 kHz 25°C 105 105

*ksvs = AV|o/AVce
tAll characteristics are specified under open-loop operation, uniess 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, Vcc—-=-15V, Ta = 25°C

RM4558 RC4558
PARAMETER TEST CONDITIONS uNIT
MIN TYP MAX | MIN TYP MAX
tr Rise time Vy=20mV, R =2k, 0.13 0.13 us
Overshoot Cp =100 pF 5% 5%

SR Slew rate at unity gai VIZ10V, Ry =2k, 15 10 v/

ew rate at uni in o o MS
Ve CL = 100 pF

schematic (each amplifier)

NONINVERTING
INPUT

INVERTING
INPUT

Jbe- }_‘
——ﬁ %
vee- . T » ®
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LINEAR TYPES SE5534, SE5534A, NE5534, NE5534A
INTEGRATED LOW-NOISE OPERATIONAL AMPLIFIERS

C'RCUITS BULLETIN NO. DL-S 12680, JULY 1979—REVISED OCTOBER 1979

e Equivalent Input Noise Voltage. . .

SE5534, SE5534A . . . JG SE5534, SE5534A
3.5 nV/A/Hz Typ NE5534, NES634A . . . JG OR P U FLAT PACKAGE
Unity-Gain Bandwidth . . . 10 MHz Typ DUAL-IN-LINE PACKAGE (TOP VIEW)

(TOP VIEW)
e Common-Mode Rejection Ratio . . .
100 dB Typ
e High DC Voltage Gain ... 100 V/mV Typ AL Voor T comp e BAL  Vecs outeut com
e Peak-to-Peak Output Voltage Swing. . . C:) C? @ @
32V Typ with Vce+ = +18 V and
RL =600 Q
e High Siew Rate ... 13 V/us Typ -I:D—‘
e Wide Supply Voltage Range ... 3V to+20 V ;l:_l
e Low Harmonic Distortion LS .
e Designed to be Interchangeable with Signetics JBAL Ny NON- Voo @ g)& E;DVT g’:)\'? VC:c)_
SEbG534, SE5534A, NES534, and NES534A NFUT v T Seur
description NC — No connection

The SE5534, SE5534A, NE5534, and NE5534A are monolithic high-performance operational amplifiers combining
excellent dc and ac characteristics. Some of the features include very low noise, high output drive capability, high
unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate.

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization of
the frequency response for various applications can be obtained by use of an external compensation capacitor between
pins 5 and 8. The devices feature input-protection diodes, output short-circuit protection, and offset-voltage nulling
capability.

The SE56534A 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
a (8) (5) (1)
Vees
{100 pF
;: 12ka S 12k 3
@)
Gy
INPUT v
“0pF LN
Y4
LAY
INVERTING, 12pF
INPUT @ b'IS a2
LAY
@—OOUTPUT
70F — p (6)
J( o %0
}j

All component values shown are nominal.
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TYPES SE5534, SE5534A, NE5534, NES534A
LOW-NOISE OPERATIONAL AMPLIFIERS

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

Supply voltage, VoC+ (see NOte 1) .. oo oo e 2V

Supply voltage, VCC— (see NOte 1) . . .o o e -22V

Input voltage either input (see Notes Tand2) . ... ... ... .. .. ... it Vce:

Input current (see NOte 3) . . . . o ittt e e e +10 mA

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

SE5534,SEB534A inJG package . ... ... 1050 mW

NES534, NES534A inJGpackage .. ... ..o vvu vt in i 825 mW

PPaCKagE . . it e e 1000 mW

UPaCKage ..o vi et it i e e e e 675 mW

Operating free-air temperature range: SE55634, SEB534A ... .. .. ... ... .. .. .. .. ... ... —55°C to 125°C

NEB534, NEB534A ... ..ot iieie i 0°C to 70°C

Storage temMpPErature FaNGE . . . o v v v v v v e e e ot i e e e e e e —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: Ppackage ...................... 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc+ 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 NES534A chips are glass-mounted.

DISSIPATION DERATING TABLE

PACKAGE POWER DERATING  ABOVE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 1050 mW 8.4 mW/°C 25°C
JG (Glass-Mounted Chip) 825mW 6.6 mW/°C 25°C
P 1000 MW 8.0 mW/°C 25°C
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+=+15V, TA = 25°C (unless otherwise noted)

SE5534, SE5534A NES534, NES534A

PARAMETER TEST CONDITIONSt UNIT
MIN TYP MAX MIN TYP MAX
Ta=25C 0.5 2 0.5 4
Vio Input offset voltage mV
Ta = full range 3 5
| Inbut offset . Ta=25°C 10 200 20 300 oA
nput offset curren
10 Py eurr TA = full range 500 200
Ta=25°C 400 800 500 1500
I Input bias current nA
Ta = full range 1500 2000
Common-mode input
VicR on-mode npu £12 213 12 13 v
voltage range
Maximum peak-to-peak V =+15V 24 26 24 26
Voprp I pea ..p 2 R =600 & o \%
output voltage swing Vce: =*18V 30 32 30 32
Large-signal differential R =600 92, Ta=25°C 50 100 25 100
AvD e V/mV
voltage amplification Vo =+10V Ta = full range 25 15
Small-signal diffi ial Cc=0 6 *
Avd mall-signa t-jl. er'entla £=10 KHz C 6 VimV
voltage amplification Cc=22pF 2.2 2.2
Vo =10V, Cc=0 200 200
Maximum-output-swing Vo=+10V, Cc=22pF 95 95
Bom . kHz
bandwidth Vee: =18V, Vo =:14V, 70 70
RL =600 2, Cc=22pF
Bq Unity-gain bandwidth Cc =22 pF, CL =100 pF 10 10 MHz
i Input resistance 50 100 30 100 kQ
Outout i d Ayp =30dB, R =600 2, 0.3 03 a
z utput impedance . .
o put impeda Cc = 22 pF, f=10 kHz
CMRR  Comm-mode rejection ratio 80 100 70 100 dB
Supply voltage rejection
kSVR pply voltage rel 86 100 80 100 dB
ratio (AVcc+/AV0)
los Output short-circuit current 38 38 mA
1 Suppl t No load Ta=25°C 4 6.5 4 8 mA
cc UPPlY curren @ TA = full range 9

tFun range for T p is —55°C to 125°C for SE5534 and SE5534A; and 0°C to 70°C for NE5534 and NE5534A,

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

SE5534, NE5534 SE5534A, NE5534A

PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
SR Slew rate at unity gai Cc-0 13 13 v/
e ain
w rate at unity gai Co=22pF P 5 us
tr Rise Time Vi =50mv, Avp=1, 20 20 ns
R =600 £, Cc =22pF,
Overshoot factor CL = 100 pF 20% 20%
1 Rise time Vi=50mV, Ayp=1, 50 50 ns
R =600 £2, Cc =47pF,
Overshoot factor Cp =500 pF 35% 35%
f=30Hz 7 5.5
\ Equival i t noi It V/V/H
n quivalent input noise voltage F= 1 KHz a 35 a5 nV/y/Hz
f =30 Hz 2.5 E
In Equivalent input noise current ry 06 ;i pA/A/Hz
F Average noise figure Rg =5k, f=10 Hz to 20 kHz 0.9 dB
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TYPES SE5534, SE5534A, NE5534, NE56534A
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
g FREE-AIR TEMPERATURE FREQUENCY FREQUENCY
5 1.6 3 30 106 -
3 T T ) Vce: =215V Vees =15V
- = - = 22 pF| ccx
5 L Vet = $15V é‘ Ta=25°C e Wit s TA=25°C
14 > 25 H 8 105
S 1 \o. 5 £ AN
2 \ ‘:s? g 5 k
3 12 ' 3 2 < 104
° N = N
§ o,},h 3 Wi £ \
° & =
g 1 15 3 103
5 3 2
3 [~ 2 ]
] ™~ £ Cem e 5§ 102
o 0.8 \ ~J E 10 § 10°
2 £ \ P
£ H A 1
S 06 s s \ & 10
K N | N >
N a N <
® 8 \
£ o4 2o 1
2 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
s vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE FREQUENCY
£ 12 £ 12 - 0.01 TTTTII
3 2 Ta=25°C| = Vcce=$15V H
H Voot =15V $ 14 ¢ 0007 _AvD=1
a @ 2 [ viems) 22V
£ 11 £ 1 Y ] Ta=25"C
< £ T S
g W 2 ety 5 f 4
z of 2z 09 f——u oo 2 “|
K RIS £ S 4 § 0004
g . Nt Wit o ] A" £ l
— oW e 08 r &
5 apN 3 ¥ T .
g 1 ™~ & Gl g by
K / N & o v z »
3 y H y 1 0.002
@ 09 @ 06 =
b / b / [=
N s
= s 05
13 3
2 o8 2 04 0.001
—75 -50 —25 O 25 50 75 100 125 0 5 10 15 20 100 400 1k 4k 10k 40k 100k
; ° f—Frequency—H:
Ta—Free-Air Temperature— C Vs -Supply Voltage—V requency—Hz
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
N 10 | y 10 : 100 T
% + kS ¥ T — 70 H i
2 H Vees =15V 2 H Vece =215V 3 4o flecE=215V
> 7 1 Ta=25°C < _,Tfﬁ25 c ,1',’ TA=25°C i
é é 4 £ 2 7
N H S
5 ~J SE5534, NE5534 < \ 3 1
>, M YT 3 2 &
2 N H 2 z i
2 A NEE 2 B4 5 4 il
2 S| 34A, NES! A < | S—— + E5534, NE5S53 2 .
2 2 07 1 : 2
£ £ . § i
2 £ 0a H HH 2 o7
H E SE5534A, NE5534A & on
g g 02 - —
4 9 o 02
= = - 1l
1 0.1 0.1
10 100 1% 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

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

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

description

Low Input Offset Voltage

Internal Frequency Compensation
Latch-Up-Free Operation

Popular Dual Op Amp Pin-Out

The TLO22 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 inciuding 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

NON-

OUT- INV_ INV

Vcc+ PUT INPUT INPUT

81{7(|6][]5

|
o

V[12]]3([]4

OUT- INV_ NON- Vce-
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

AMPLIFIER NO. 2

NON
v oUT  INV_INV
NC  Vcc+  PUT INPUT INPUT

®OOOO

B

L L L i T
NC  OUT INV. NON Vgoo
PUT INPUT  INV
INPUT

AMPLIFIER NO. 1

NC—No internal connection

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

TLO22M TLO22C UNIT

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

i L ° Each amplifier 500 500
Contlrwuous total dissipation at (or below) 25°C G or P package 680 680 W
free-air temperature range (see Note 5) Total package U package 675 575
Operating free-air temperature range —55 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 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:

. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc4+ and Voo
. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

1
2
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; TL0O22C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vgc—-=-15V
PARAMETER TEST CONDITIONS? TLO22M TLO022C UNIT
MIN TYP MAX | MIN TYP MAX
v | t offset volt: Rg < 10k& 25°C ! 5 ! 5 \
nput offsi
10 P et voltage S Full range 6 7.5 m
| Input offset ent 2C 5 40 s 80 A
10 i setcurren Full range 100 200 "
| Input bia . 25°C 50 100 100 250 A
s curren
18 P tas curre Full range 250 400 "
Common-mode 25°C £12 13 £12 13
Vicr ) Y
input voltage range Full range +12 +12
v Maximum peak-to-peak RL=10kQ | 25°C 20 26 20 26 v
OPP output voltage swing RL> 10k | Full range 20 20
A Large-signal differential R > 10k, 25°C 72 86 60 80 4B
VD voltage amplification Vo=+10V Full range 72 60
B4 Unity-gain bandwidth 25°C 0.5 0.5 MHz
L . 25°C 60 72 60 72
CMRR Common-mode rejection ratio Rg < 10kQ dB
Full range 60 60
Supply voltage sensitivi 25°C 30 150 30 200
ksvs PRl ¢ v Rg < 10 k2 uvV/IV
(aVio/AavVee) Full range 150 200
Ayp =20dB,
Vn Equivalent input noise voltage B =1 Hz, 25°C 50 50 nV/\/Hz
f=1kHz
los Short-circuit output current 25°C +6 +6 mA
| Supply current No load, 25°C 130 200 130 250 A
cc (Both amplifiers) No signal Full range 200 250 ®
Total dissipation No load, 25°C 3.9 6 3.9 7.5
Pp e . mW
(Both amplifiers) No signal Full range 6 7.5

tAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TL022M is —55°C to 125°C and for
TLO22C is 0°C to 70°C.

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

PARAMETER TEST CONDITIONS TLO22M TL.022C UNIT
MIN TYP MAX | MIN TYP MAX
t, Rise time Vi=20mV, R =10k, 0.3 0.3 us
Overshoot factor CpL =100pF, SeeFigure 1 5% 5%
vVi=10V, RL =10k,
SR | i i .5 .5 \Y
Slew rate at unity gain CL=100pF, Ses Figure 1 0 0 Jus
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
U 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 T T
7 E No load
" No signal
I— v _ . 41 Ta=25°C
QUTPUT E
INPUT ?— + i lc P
—— v T = § 2 7
®
1 g= /
INPUT VOLTAGE Cp = 100 pF ZRL=10ka g
WAVEFORM . o y4
1 s 07 7
= E s
| 04
TEST CIRCUIT o /
0.2 f
ol
0 2 4 6 8 10 12 14 16 18
IVcct|—Supply Voltage—V
FIGURE 1—-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic
QUTPUT
_____________ ] —— — —— —
:_ EACH AMPLIFIER -3 i— COMMON o o —]L ~ vee
I L] T a
| J ! LL’ TO OTHER
I T T AMPLIFIER
! |
| I, |
I ol |
[ WL ,
| I |
| |1 |
l SN 1.1
inverTing | i |1 I
INPUT ] > | | L
NON- | |
INVERTING 1»——————{ | |
NPUT |
I 1 I I
I :l I I
| t |1 |
| ! 1 |
' | :
! *— A o+ Vee
o e e ) | -
TO OTHER

SECTION
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'ln'#'ée“ TYPES TL0O44M, TL044C
RATED QUAD LOW-POWER OPERATIONAL AMPLIFIERS

cchulTs 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 TLO44 is a quad low-power operational amplifier
designed to replace higher-power devices in many Vees OUT- NV b:g{", Vee— ":gc NV OUT-
applications without sacrificing system performance. SECTA PUT INPUT INPUT SECTB INPUT INPUT PUT
High input impedance, low supply currents, and low 13 1 10 9

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

[ProR alavas o Py g

PO T T P S R T ey .
iatcn-up, nign Siew rate, and Ooutput Snoirt-Ci

12 1

it
protection assure ease of use. Power may be applied
separately to Section A (amplifiers 1 and 4) or _
Section B (amplifiers 2 and 3) while the other pair i _]
remains unpowered. 1 2 3 'y 5 6 7 8

I |

The TL0O44M is characterized for operation over the OUT-  INV_ NON- Vgc— NON-  INV - OUT-  Vcc+
full military temperature range of —55°C to 125°C; PUTINeuT ..\'.'.32;’7 SEcTA u:n%T NPT PUT SECTS
the TLO44C is characterized for operation from 0°C

t0 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)

TLO44M TLO44C | UNIT
Supply voltage Vgc+ (see Note 1) 22 18 Vv
Supply voltage Vcc— (see Note 1) —-22 —-18 Vv
Differential input voltage (see Note 2) +30 +30 Vv
Input voltage (any input, see Notes 1 and 3) +15 +15 \%
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C Each amplifier 500 500
free-air temperature range (see Note 5) Total package 680 680 mw
Operating free-air temperature range —55 to 125 0to 70 °c
Storage temperature range —651t0 150 | —65to 150| °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds J or W Package 300 300 °Cc
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 Vcc4 and Voo —.

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 TL0O44M only, the unlimited duration of the short-circuit

applies at (or below) 125°(; 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, TL0O44M chips are alloy-
mounted; TL0O44C chips are glass-mounted.
Copyright © 1979 by Texa{s Instruments Incorporated
12 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TYPES TL0O44M, TLO44C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+= 15V, Vec—=—-15V
PARAMETER TEST CONDITIONST TLO44M TLO44C UNIT
MIN TYP MAX | MIN TYP MAX
. 25°C 1 5 1 5
Vio Input offset voltage Rg < 10 kQ Full rangs 5 75 mV
25°C 5 40 15 80
ho Input offset current Full range 100 200 nA
_ 25°C 50 100 100 250
IT:) Input bias current Full range 250 200 nA
Common-mode 25°C +12 $13 +12  #13
VicR ) v
input voltage range Full range +*12 +12
Vorp Maximum peak-to-peak RL=10kQ 25°C 20 26 20 26 v
output voltage swing R =10k Full range 20 20
AvD Large-signal differential RL > 10kQ, | 25°C 72 86 60 80 dB
voltage amplification Vo =10V Full range 72 60
Bq Unity-gain bandwidth 25°C 0.5 0.5 MHz
CMRR Common-mode rejection ratio Rg < 10kQ 25°C 60 72 60 72 dB
Full range 60 60
Ksvs - Supply voltage sensitivity Rg < 10kQ2 25°C 30 150 30 200 WV
(avip/avee) 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
lcc Supply current No load, 25°C 250 400 250 500 A
(Four amplifiers) No signal Full range 400 500
Total dissipation No load, 25°C 7.5 12 7.5 15
Pp - . mwW
(Four amplifiers) No signal Full range 12 15

tAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO044M is —55°C to 125° and for
TLO44C is 0°C to 70°C.

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

TLO44M TLO44C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX |MIN TYP MAX
tr Rise time Vi=20mV, RL=10k&, 0.3 0.3 us
Overshoot factor Cp=100pF, SeeFigure 1 5% 5%
SR si t unity gai Viz1ov, - RL=10ke, 05 05 v/
te a n . .
ew rate at unity gai CL=100pF, SeeFigure 1 ps

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip) 680 mW  11.0mW/°C  88°C
J (Glass-Mounted Chip) 680 mW 8.2 mW/°C 67°C
N 680 mw 9.2mwW/°C 76°C
w 680 mw 8.0mW/°C  65°C

PACKAGE

Also see Dissipation Derating Curves, Section 2.
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TYPES TL044M, TLO44AC

QUAD LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

10 T T
7 E No l?ad —
| No signal »
Ta=25°C A
2 41£Ta v
vi
|
»—?ouwur g 2 /
mpuv?———— + L K]
—_———-0vV = a
Z 7
INPUT VOLTAGE CL =100 pF < AL=10ka = 0.7 ,’
WAVEFORM é 7
< | 04—
o f
a
TEST CIRCUIT 0.2
0.1

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

TYPICAL CHARACTERISTICS

TOTAL POWER DISSIPATED
vs
SUPPLY VOLTAGE

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

FIGURE 2

20

schematic (each section)

T e 5 .
| +—t i 'cc+
Y H et
| (| B
| + | "‘L l
I N |
| I I
| Il I
| } : |
! ¢ I
wverTing | |’ I : l |
INPUT ' = I s '
E%:Tmcl | | :
i Il l
| ] |
| j 1 |
| [ |
' i |
| } _
b e 1 vee
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LINCAN

INTEGRATED
CIRCUITS

1TrEd ILUDU, ILUDUA, 1LUDI, ILUBIA, TLUGIB,
TLO62, TLO62A, TLO62B, TL0O64, TLOG4A, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

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

19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY
TEMPERATURE RANGES

e High Input Impedance . . . JFET-Input
Stage

o Internal Frequency Compensation
e Latch-Up-Free Operation
e High Slew Rate ... 3.5 V/us Typ

e Very Low Power Consumption
e Typical Supply Current. .. 200 uA

¢ Wide Common-Mode and Differential
Voltage Ranges

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

description

The JFET-input operational amplifiers of the TLO61 series are designed as iow-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 “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.

TLO60, TLO60A 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 INV NON- Voo
OFFSET INV  NON- Vog
NULL/ INPUT INV

comp INPUT

NT)

OFFSET

OUT- NULL OUT- NULL 3

COMP VcC+ PUT  (N2) NC_ Vecs PUT  (N2) N N Veor AT NE

slrlelfs (ONONONOXNO)
3 3 3 M i
] ¥ ¥ | |

1[]12]13]]4

(ONONONONO,

NC OFFSET INV._ NON- Voo
NULL INPUT  INV
(N1) INPUT

TLO62, TLO62A, TL062B 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-

Ol
OUT- INV_ INV
Vcc+ PUT  INPUT INPUT

GUT- INV_ NON- Vgc
PUT INPUT INV
INPUT

NON-
ouT- INV INV
Vece  PUT INPUT INPUT

8 7 6 5 @@ C:) @ @ “ 3 '] n » 9 [ ]
y . - : @ @ é (:) é 1 2 3 4 1] (] 7

OUT-  INV  NON- Vo
PUT  INPUT IV
INPUT

ING_ VERTING VERTING ING
OUTPUT INPUT INPUT Vcc—  INPUT  INPUT OUTPUT

OUTPUT INVERT- NONIN- Vccy NONIN- INVERT. OUTPUT
1 VERTING VERTING ING
INPUT  INPUT INPUT  INPUT

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL060, TLOGOA, TLO61, TLO61A, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLOG4A, TLO64B

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier) g Veer
|
NON-INVERTING
INPUT
INVERTING
INPUT 500
100 0
COMP O-~ —
OFFSET NULL/
TLO60 ONLY COMP (N1) O= ==
OFFSET NULL (N2) O~ =~
r 1
! ;
13 3
OFFSET OFFSET ouTPUT Vee-
NULL NULL
(S wj’/ C1 =10 pF ON TLOB1, TLO62, AND TLO84 ONLY
n / VALL ARE NOMINAL
TLOB1 ONLY

absoiute maximum ratings over operating free-air temperature range (uniess other wise noted}

TLO6_C
TLO6_M TLOG6_1 TLO6_AC | UNIT

TLO6_BC
Supply voltage, Vcc+ (see Note 1) 18 18 18 \%
Supply voltage, Vcc— (see Note 1) —18 —18 —18 \'/
Differential input voltage (see Note 2) +30 +30 +30 \"
Input voltage (see Notes 1 and 3) +15 +15 +15 \"
Duration of output short circuit (see Note 4) Unlimited | Unlimited | Unlimited
Continuous total dissipation at (or below) 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 —55to 125 | —25 to 85 0to 70 °C
Storage temperature range —65 to 150 [ —65t0 150 | —65t0 150 | °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds | J, JG, U, or W package 300 300 300 °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 Vo4 and Voo —.

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 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, TLO6_M chips are
alloy-mounted; TLO6_1, TLO6_C, TLO6_AC, and TLO6_BC chips are glass-mounted.
DISSIPATION DERATING TABLE
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 mwW 8.2 mW/°C 67°C TLO6_M IG G.U JG,U IW
JG (Alloy-Mounted Chip) 680 mW 8.4 mW/C 69°C TLO6!  JG.P G P 1G. P N
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C a7°c TLO6.C  JG. P G P 16 P N
R — , . , 3
N 680 mW 9.2mwW/°C 76°C TLO6_AC JG,P 56, P G, P IN
P 680 mW 8.0 mW/°C 65°C TLO6_BC JG. P JG. P N
v 675 mW 5.4 mW/°C 25°C - - -
w 680 mW 8.0 mW/°C 65°C

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

116



TYPES TLOG6O, TLOGOA, TLOG1, TLOG1A, TLOG1B,
TL0O62, TLO62A, TLO62B, TL0O64, TLO64A, TLOG4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VCC+ = *15 V

TLO6_C
PARAMETER TEST CONDITIONST TLo8-M TLO8 TLO8-AC UNIT
TLO6_BC
MIN TYP MAX |MIN TYP MAX|MIN TYP MAX
'60, ‘61, '62 3 6 3 6 3 15
Rg =50 2, ‘64 3 9 3 6 3 15
Ta=25°C ‘60A, '61A, '62A, '64A 3 6
Vio Input offset voltage 618,628, 648 2 3 v
‘60, ‘61, '62 9 9 20
Rg =50 Q, ‘64 15 9 20
Ta = full range {'60A, '61A, '62A, '64A 75
'61B, '62B, '64B 5
avio Tetnperature coefficient Rs =50 £, TA = full range 10 10 10 uVv/°C
of input offset voltage
'60, ‘61, ‘62, '64 5 100 5 100 5 200
Ta =25°C ‘60A, '61A, '62A, '64A 5 100 pA
o Input offset current® 618, '628, 648 5 100
‘60, ‘61, '62, '64 20 10 5
TAa = full range |'60A, '61A, ‘62A, ‘64A 3| nA
'61B, '62B, '64B 3
‘60, ‘61, '62, '64 30 200 30 200 30 400
Ta =25°C ‘60A, '61A, '62A, '64A 30 200| pA
lig Input bias currentt 18, 628, ‘648 30 200
‘60, '61, '62, '64 50 20 10
Ta = full range ['60A, '61A, '62A, '64A 7| nA
'618B, '628B, '64B 7
. ‘60, ‘61, '62, '64 11 +12 +11.5 £12 +10 11
Common-mode input o
VicR Ta=25°C "60A, '61A, '62A, ‘64A £11.5 +12 \
voltage range
'618B, '62B, '64B +11.5 £12
Vopp Maximum peak-to-peak [T =25°C, RL = 10 kQ 20 27 20 27 20 27 v
output voltage swing Ta = full range, R > 10 k2 20 20 20
R > 10k, |'60,'61,'62, ‘64 4 6 4 6 3 6
Vo=%10V, ‘60A, '61A, '62A, ‘64A 4 6
A Large-signal differential |Tp =25°C '61B, '62B, '64B 4 6
“VD Voltage amplification  |R_ > 10 k2, |60, ‘61, ‘62, '64 4 4 3 Vimv
Vo=%10V, '60A, ‘61A, '62A, '64A 4
TA = full range |'61B, ‘62B, '64B 4
B4 Unity-gain bandwidth Ta =25°C, RL=10kQ 1 1 1 MHz
ri Input resistance Ta=25°C 1012 1012 1012 Q
Common-mode rejection |Rg < 10 k2, 60. 61, ‘62, ‘64 8 86 e & 0 76
CMRR i o '60A, ‘61A, '62A, '64A 80 86 dB
ratio TaA=25"C
'61B, ‘628, '64B 80 86
Supply voltage rejection |Rg < 10 k€2, 0. 61, '62, ‘64 80 95 80 95 70 95
ksVR ratio (A Veea/A Vi) [Ta = 25°C '60A, '61A, '62A, '64A 80 95 dB
= '61B, ‘628, '64B 80 95
Pb Total power dissipation |No load, No signal, 6 75 6 75 6 25 | mw
(each amplifier) TA=25°C i ) )
icc Supply current No load, No signal, 200 250 200 250 200 250 A
(each amplifier) Ta=25°C s
V©1/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 Tais —55°C to 125°C for TLO6_M; —25°C

to 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 TL060, TLO60OA, TLO61, TLOGIA, TLOG61B,
TL0O62, TLO62A, TLO62B, TL064, TLOG4A, TLOG4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONS TLOE_M ALL OTHERS UNIT
. MIN TYP MAX | MIN TYP MAX
. . Vvi=10V, RL=10kQ,
SR Slew rate at unity gain CL = 100 pF, See Figure 1 2 3.5 3.5 V/us
ty Rise time Vi=20mV, R =10k, 0.2 0.2 us
Overshoot factor Cp =100 pF, See Figure 1 10% 10%
Vp,  Equivalent input noise voltage Rs>= 100 2, f=1kHz 42 42 nV/\/m

PARAMETER MEASUREMENT INFORMATION

100 k2

10kQ
AN

1k

Vi O—anw—4
i : CL= RL=
el 100 pF Lioke
- 3 AL
Cc=10pF 1 =
for TLO6O -
and TLO60A ..

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

INPUT OFFSET VOLTAGE NULL CIRCUITS

TLO60

*For best results use R = 20 M for
Vees =215V toR = 5 MQ for
Veee =23 V.

FIGURE 4 FIGURE 5
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TYPES TLOG6O, TLO6OA, TLO61, TLOG1A, TLOG61B,
TL0O62, TLO62A, TL0O62B, TLO64, TLO64A, 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 vs vs
> SUPPLY VOLTAGE > FREE-AIR TEMPERATURE S LOAD RESISTANCE
30— 1, 30 g 30 T 111
g RL=10kD -4 4 Veee = £15V
K Ta=25C 3 5 Ta=25°C
> - ! S 25—
= 25 [ see Figure 2 s 2 [ see Figure 2
2 g g
S 20 A 32 320
5 7 $ % y
s /| & &
R 4 R ERT
3 : /
< & & )
E 10 g 10 E 10 <
§ £ Vece =315V £ /
k- A £ gpRL=10ka 2 54
L J / T | seeFigure2 1
-4 & o
S
2o S o $o
0 2 4 6 8 10 12 14 16 ~75 50 —26 0 25 50 75 100 125 100 200 400 700 1k 2k 4k 7ki0k
IVces -Supply Voltage—V Ta—Free-Air Temperature—°C RL—Load Resistance—Q
FIGURE 6 FIGURE 7 FIGURE 8
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION nd PHASE SHIET
vs vs s
FREQUENCY FREE-AIR TEMPERATURE FREQUENCY
o[ TrTIm T T T T 77T >10
T Plvice=t15v nL=1omm] & [vecs=ssv 109 T 1
g | Ta=25°C 3 _pRL=10ka Yecs - s1sv
£ 25 Fi 2 c 7 ext =
> | —:uv‘ i T - ~] RL=10kQ —0°
] cer™ g 1 _— Ta=26°C
2 N £ 3
g 2 = 1 3
<
° Ea S 103 } 45°
i . o £ \ PHASE SHIFT
e B 8 S {right scale) £
g 3 > / &
M > 3 102 90° g
> ] -
i 101-yieey = 25 v g, s IFFERENTIAL £
5 ] 4 S VOLTAGE
% 5 £ Q 10 AMPLIFICATION 138°
S Vees =$2V N Q ) (left scale)
& N g < .
5 o0 E 1 180
> 1k 10k 100k ™ oM -75 =60 =25 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
FIGURE 9 FIGURE 10 FIGURE 11
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT PER AMPLIFIER TOTAL POWER DISSIPATED
vs vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
0
250 — 250 Vem ey 3
LA s 25 |C No Signal
0 Signal No Load TL 06.
200 |- No Load 200 1 % » _—
kY — < T~ ] I~
3 | A4 3 I~ ] Voot =£15V ™~
L | s 8 20 ~No Signal
£ 150 g 150 a2 No Load
3 3 a
> > g, 15
Q Q
g 2 H i TLo62
2 100 2 100 & T
I ‘f‘ E 10
8 s 5 TLOGO, T
ke K | . TLOB1
50 50 E 5 S
[} 0 0
0 2 4 6 8 10 12 14 16 75 50 —25 0 25 50 75 100 125 —76 —50 -25 0 25 50 75 100 125

Vet -Supply Voltage—V T A—Free-Air Temperature—°C T A—Free-Air Temperature—°C

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 10-pF
compensation capacitor is used with TLO60 and TLO60A.
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TYPES TLO60, TLO60A, TLO61, TLO61A, TLOG1B,
TL0O62, TLO62A, TL0O62B, TLO64, TLO64A, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

ALL EXCEPT TL06_C
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE

87 T

T T
Veee=$15V

RL=10
86 L kS

85

83

82

CMRR—Common-Mode Rejection Ratio—dB

81
—75 60 —26 0 256 50 75
TA—Free-Air Temperature—"C

100 125

FIGURE 15

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

INPUT

. [

>
‘L \
)
o
2 \
5
g 0 OUTPUT
o
2 -2
5 Vet = 15V
3 RL=10kQ
-4 CL = 100 pF ¥
[ Ta=25°C .
-6
[} 2 4 6 8 10
t—-Time—us
FIGURE 18

TYPICAL CHARACTERISTICST

NORMALIZED UNITY-GAIN BANDWIDTH,
SLEW RATE, and PHASE SHIFT
vs

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

N TEMPERATURE "
RS 1. 100 F===
s 40
& 1.2 [UNITY-GAIN BANDWIDTH_PHASE SHIFT{ 1.02
2 t scal
2 B (left scale) (right scale) £ ‘Tt 10
£ \K 0 a8 e g
H — % ] 3 E
2 ™ SLEW RATE £3
“: 1 (leftscale) 1 T 8
£ N o
K] Q 55 o4 7
£ 09 099 : 2 V4
z s =
5 ™~ b 01
° -
] Vece =15V o
2 08 g Thoka 98 0.04 ~
E =B for Phase Shift
2osl—L 1L 1 097 001 =
~75 -50 —25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C TA~Free-Air Temperature—"C
FIGURE 16 FIGURE 17
OUTPUT VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
vs vs
ELAPSED TIME FREQUENCY
28 ~ 100
£ [T T 1T
E 90 | ;Vce: =15V,
24 OVERSHOOT > N Rs = 100 2
_ T 80 HTA=25°C
22 - % N A
I -}lsw z 70 v
ge / % 60 N
S °
; 12 E 50 NG
g / 3 h
38 =
F §
10%4 Vees = £15V S 20
0 RL=10kQ | W
bt~ Ta=25°C =
_a 1 0 il
0 02 04 06 08 1 12 14 10 40 100 400 1k 4k 10k 40k100k
t=Time—ps f—Frequency —Hz
FIGURE 19 FIGURE 20

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 TL0O60 and TLO60A.

vee+
O
INPUT 100 ke
A O
o
VvVee-
Vce+
INPUT R
B 100 ko
TLO64
Vee-

TYPICAL APPLICATION DATA

10 kQ,

10 kQ

100 @

Vee-

FIGURE 21-INSTRUMENTATION AMPLIFIER
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TYPES TL0O60, TLO60A, TLO61, TLOG1A, TLOG61B,
TLO62, TLO62A, TLO62B, TLO64, TLO64A, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

RF = 100 k
OUTPUT INPUT R1 R2 OUTPUT
@
O Vce-
c3
1kQ
R1=R2=2R3=15MQ
R3 c3
C1=0C2=—-=110pF
1 c1 c2
fom—
2 RECr 9.1kQ

1
f =———-=‘|kH
6— ° 2 Ri1CI z

OUTPUT A

OUTPUT B

OUTPUT C

FIGURE 24—-AUDIO DISTRIBUTION AMPLIFIER

+5V

O vee+
S 10k S0ka __L
0.14F
T fow
10 ke R L
TIL6O1 o l ° 10 ko 1Mo
~ 100pF | TLOBT OuTPUT
A 0Kkad 1‘13 rsl I 350 L———o OuTPUT
o °

<
5ka $ioke l 10k

-5V

FIGURE 25— LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER FIGURE 26—AC AMPLIFIER
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TYPES TL0O60, TLO6OA, TLOG61, TLOG1A, TLOG1B,
TL0O62, TLO62A, TL0O62B, TLO64, TLOG64A, TLO64B,
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

0.1uF

TYPICAL APPLICATION DATA

+

4
\
a7ke
<

TLO61

il
!

12M23 100ka
27ka ]

10 ke 1kQ

100 kQ

0.06 uF 0.06 uF =

il

50 kQ

FIGURE 27—-MICROPHONE PREAMPLIFIER WITH TONE CONTROL

O— +
+
TLo62 0 IC PREAMPLIFIER RESPONSE CHARACTERISTICS
_ 25 T
$ 100ke w e [T MAX _ |
E: L e
NJ Vecs =315V /
o 15 tH——TA = 25°C
T 10 N\ See Figure 30 Ul
$ 1k 5 N
b: H |/
g s %
1k 3 N
AAA E ° A
< pa N
g 5 N
100 ke g o / N
> 74 N
- -15
20 gl M
TLO62 - MIN BASS TRFBL{E
- —25 i WhTill
o + 20 40 701002004007001 k 2k 4 k7 k10k20 k
f—Frequency—Hz
FIGURE 28— INSTRUMENTATION AMPLIFIER FIGURE 29
220 ka °
0,00375 uF
\ |/ b
1 AN 10k $ S 0.0034F
0.03uF
Y. T -
om\ . veos MIN MIN
y el o 190k0 b . AMA AMADS 100kD
“ VWA~ WA
] 10k 33ka | TREBLE
10003 MAX MAX
b3 | 0—'
0.034F
INPUT
0k 3 N 0.0034F
p
S 3 Lo, 3
S 1000 s é:.‘l.?I‘—K 6Bk 3
BALANCE 10pF
b 47 uF
N/
LT
L

FIGURE 30—1C PREAMPLIFIER

——O
OuTPUT
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LINEAR TYPES TLOG66I, TLOG6C, TLOGGAC, TLOGGBC
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, TLOGGA, TLOG6B

e Very Low, Adjustable (“Programmable’) ' ‘:fig: : GDEU::;;':',E""'V')E
Power Consumption
e Adjustable Supply Current . . . 5 to 200 uA WA our. HoteT

V,
e Very Low Input Bias and Offset Currents g e AuT, ()

8 7 6 5

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

e Wide Common-Mode and Differential
Voltage Ranges

e Output Short-Circuit Protection -
e High Input Impedance . . . JFET-Input
Stage T
e Typ Unity-Gain Bandwidth ... 1 MHz 1 2 3 4
(100 kHz at 25 W) T e
e High Slew Rate ... 3.5 V/us Typ come INPUT
e Internal Frequency Compensation
e Latch-Up-Free Operation u
description

The TLO66, TLO66A, and TLO66B 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 TLO66I is characterized for operation from —25°C to 85°C, and the TLO66C, TLO66AC, and TLO66BC are
characterized for operation from 0°C to 70°C.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLOG6I, TLO66C, TLOG6AC, TLO66BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic 9 Veer

25

NON-INVERTING
INPUT
INVERTING
INPUT 50

3

4

3100 2

S
lcc~ 25 lccio)

2.85+ Ryt
where Ryt is in k2
and Icc(o) = lcc With Rexe = 0
POWER
CONTROL
R.ll
Vee-
[}
OFFSET OFFSET OUTPUT
NULL NULL
(N1) (N2) COMPONENT VALUES SHOWN ARE NOMINAL

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

TLO66C
TLO66! TLOG66AC UNIT
TLO66BC
Supply voltage, Vce+ (see Note 1) 18 18 \
Supply voltage, Voc— (see Note 1) —-18 —-18 \Y
Differential input voltage {see Note 2) +30 +30 \
Input voltage (see Notes 1 and 3) +15 +15 \Y/
Voltage between power-control terminal and Voo— +0.5 +0.5 \4
Duration of output short circuit (see Note 4) Unlimited Unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 680 680 mW
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 °cC
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds P Package 260 260 °C
NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vce+ 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 JG package, the TLO661, TLO66C,
TLO66AC, and TLO66BC chips are glass-mounted.
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
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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TYPES TL0G661, TLOG6C, TLOGGAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+ =+15V

TLO66C
PARAMETER TEST CONDITIONST TLos8! TLOGBAC UNIT
TLO66BC
MIN TYP MAX | MIN TYP MAX
Re =50 2 TLO66 3 6 3 15
TS . TLOGBA 3 6
A=
TLO66B 2 3
Vio Input offset voltage mv
Re =50 2 TLO66 9 20
TS A TLOBBA 75
= n
A=l Tane Mo o668 5
T ffici
av|o fer.npel;atl.;:e Zoe Ithlent Rg=50%, TA = full range 10 10 wv/ee
of input offset voltage
TLO66 5 100 5 200
Ta=25°C TLOG6A 5 100 pA
TLO66B 5 100
1 ! fset ¥
10 nput offset current TL06G 0 5
TA = full range TLO66A 3 nA
TLO66B 3
TLO66 30 200 30 400
Ta=25°C TLO66A 30 200 pPA
TLO66B 30 200
[ Input bi t¥
1] nput bias curren ‘ TLo66 20 10
TAa = full range TLO66A 7 nA
TLO66B 7
TLO66 +12 +10
Common-mode input o
VICR voltage range Ta=25"C TLO66A 12 \")
g8 rang TLO66B £12
v Maximum peak-to-peak Ta = 25°C, R =10k 20 27 20 27 v
OPP  ,utput voltage swing TA = full range, R > 10 ka2 20 20
R > 10kQ, TLO66 4 6 3 6
Vo=%10V, TLO66A 4 6
A Large-signal differential Ta =25°C TLO66B 4 6 V/mv
VD \oltage amplification RL> 10 k2, | TLOB6 a 3
Vo =%10V, TLOB6A 4
Ta = full range | TLO66B 4
Bq Unity-gain bandwidth TaA =25°C, RL=10kQ 1 1 MHz
ri Input resistance Ta=25°C 1012 1012 Q
ro Output resistance Ta=25°C, f=1kHz 220 220 Q
TLO66 80 86 70 76
Common-mode rejection | Rg < 10 k2,
CMRR ) R TLO66A 80 86 dB
ratio Ta=25"C
TLO66B 80 86
TLO66 80 25 70 95
Supply voltage rejection Rg < 10k&,
KSVR  atio (a Veee/a Vio) | Ta=25°C JLOG8A 8 % a8
ces/2 V10 A TLO66B 80 95
p Total er dissipati No load, No signal, 6 76 6 75 W
al power dissipation . )
o otalpow s Ta=25°C m
No load, No signal,
lce Supply current o 200 250 200 250 BA
T =25°C

t Al characterlstics are specified under open-loop conditions unless otherwise noted. Full range for Tp is —25°C to 85°C for TLO66! 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—.

-tlnput 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 TLOGGI, TLOG6C, TLOGG6AC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, Vgc+ =215V, Ta = 25°C, Rext =0

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate at unity gai Viziov, AL =10k, 35 Vius
w rate at un ain .
"ve Cy = 100 pF, See Figure 1 K
tr Rise time Vi=20mV, R =10kQ 0.2 MS
Overshoot factor Cp =100 pF, See Figure 1 10%
Vn Equivalent input noise voltage Rg =100 Q, f=1kHz 42 nV/\/Hz
PARAMETER MEASUREMENT INFORMATION
I 10k
\ 1kQ
O Vi
\7] + CL= AL -
100 pF | Lioka
: RL CL=

FIGURE 1-UNITY-GAIN AMPLIFIER

FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER

INPUT OFFSET VOLTAGE NULL CIRCUIT

Vee—-

FIGURE 3
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TYPES TL0G66I, TLO66C, TLOG6AC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT

> MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAKTOPEAK OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE . SUPPLY VOLTAGE EXTERNAL-CONTROL RESISTANCE
100 | A >
40 F Vcce =215V 8, E‘
F Rext=0 8 RL=10kQ s
S 25|-Ta=25°C 3
10 3 See Figure 2 3
5 e
] — 1 T S \GS‘J 3
=
— 1 T—7 3 Y / -~
1 ¥ 15 & L S &
] o', s
] 5% 3
04 7 g e N H
VA 10 ! While |
E v - b 400 2 €
0.1 £ | =5 g
04 35 Vi = H
0. i = 3
4
o a
001 =T | So 5 LI 1]
—50 —25 0 26 80 75 100 125 0 4 8 10 12 14 16 > 10 100 1k 10k 100k
TaA—Free-Air Temperature—"C IVces HSupply Voltage—V Rext—External-Control Resistance—2
FIGURE 4 FIGURE S FIGURE 6
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs vs vs
S FREE-AIR TEMPERATURE - LOAD RESISTANCE FREQUENCY
&30 1 30 T T TT > 3o TTTIIIT T T T
-+ -3 Vees =15V 1 Vees = £15V Rext =0
3 3 Roi=0 - RL=10kQ
> 25 > 25| _ext £ 25 Ta=25°C
< - Ta=25C K :
g 2 | seeFigure2 % |vece=si2v See Figure 2
320 320 g 2
k] * <]
£ : f 3
R S5 g 15
k- -
: E / z
E 10 £ 10 & 10 L
Vees =15V,
2 | vece=ti5V 2 % £ ccs ]
s Rext=0 3 /] E
35T kQ 35 I
i RL=10 1 7 s Vecs =2V
& See Figure 2 & 1 N
9 ol 1 S & oI Bis
76 50 -26 0 25 50 75 100 125 100 200 400 700 1k 2k 4k 7ki0k 2 1k 10k 100 k ™ 0M
TA—Free-Air Temperature—°C R —Load Resistance— f—Frequency—Hz
FIGURE 7 FIGURE 8 FIGURE 9
LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION and PHASE SHIFT
vs vs
FREE-AIR TEMPERATURE EREQUENCY
2 >10 ——e—=— 105
E E = T I
> £ [Vece=215v Veee =215V
. I r Rext 7 § Rext=0
- o
‘sg; m‘ L RL= 10k § 104 RL=10k2
g ] — 3 Ta = 25°C
= Il 7 Z i
E 1 4 103 PHASESHIFT]___ | 45° o
< "h g (right scale) 1/ H
2 1 § 2 /| 3
s "H‘ s 3 102 I~ %0 £
H "n 2 § DIFFERENTIAL
8 2 VOLTAGE \
& Vees =216V 3 & 10 AMPLIFICATION 135°
2 1R =10kQ e e (left scale)
] Ta=25C 3 < o
g oL I <1 1 180
h 10 —76 —50 25 0 25 50 75 100 125 110 100 1k 10k 100k 1M 10M
) o
Rext—E 1-Control 4 Q TA—Free-Air Temperature— C f—Frequency—Hz
FIGURE 10 FIGURE 11 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 TLOGG6I, TLO66C, TLOG66AC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

P
SUPPLY CURRENT SUPPLY CURRENT SUPPLY Ssunnsm
vs
vs
X FREE-AIR TEMPER
SUPPLY VOLTAGE EXTERNAL-CONTROL RESISTANCE ERATURE
250 ———— 400 250
Rext =0 . ~
Tas28°C Vee =15V
200 }— No Signal — Veer =16V 200
< Noload | AT < Veer =$2V < \,\
L —"1 L 100—1 o ) I~
g | — g 7O:E: i § 150
5 5 o H ] 3
> > 171 Il >
Q Q 1 + Q
Qo Q =y
100 S 100
2 ] Ta=25°C g Veet = $15V
~ 50 = 10 See Figure 1 5 = 50 |— Rext =0
; E No signal H No Signal
—T No load I No Load
0 . Am i 0
0 2 4 6 8 10 12 14 16 1 10 100 1k 10k 100k _75-50 -25 0 25 50 75 100 125
Vees -Supply Voltage—V Rext—External-Control Resistance—$2 TA—Free-Air Temperature~°"C
FIGURE 13 FIGURE 14 FIGURE 15
ALL EXCEPT TLO66C ALL EXCEPT TLO66C
TOTAL POWER DISSIPATION COMMON-MODE REJECTION RATIO COMMON-MODE REJECTION RATIO
vs vs vs
EXTERNAL-CONTROL RESISTANCE EXTERNAL-CONTROL RESISTANCE FREE-AIR TEMPERATURE
10000 w 87 T T T T 87 —
. M o 7 [
4000 $ ) Rext=0
z k R TITII T 2 86 [ RL=10kQ —
] | N < —
§ veos 2oV TTHIN]] £ h 5 /
% 1000 EHEHE— g HH 1 1 2 85
& = = 8
2 z N 5
5 400 3 i B n g 84
H =
g & =
a S _J s
s 100 £ 1 T g 83
;I’ 3 Vees =15V 3
o 40 & go| L RL=10K2 | L 3 e
« Ta=25°C 3
& 3
10 g1l L L] L LI 81
1 10 100 1k 10k 100k 1 10 100 1k 10k 100k —75 —60 —25 0 25 50 75 100 125
Rext—External-Control Resistance—§2 Rext—External-Control Resistance~2 TA~—Free-Air Temperature~°C
FIGURE 16 FIGURE 17 FIGURE 18
EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY SOURCE RESISTANCE
l% 120 TTITT T 1717 5 )
Vece =15V ¥
< N Rg= 1009 > Rext=0 ]
100 L o 4 HH
Ta=25°C | a
Y Rext = 100 k2 s, )
3 L1l E 5kQ L
> 80 >
2 N :Li % 3 50 k2 Y
S ™ 2 1
2 60 N Rext = 10 k1 z 700 KQ
32 3
é N Rext =0 £ 2 H
a0 [
E Veee =15V
1—RL=10kQ T
20
“ TA=25°C
d > i
= oL LI
10 40 100 400 1k 4k 10k 40k 100k 10 40 100 400 1k 4k 10k 40k100k
f—Frequency—Hz Rg—Source Resistance—S2
FIGURE 19 FIGURE 20

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 TLO0G66I, TLO66C, TLOGGAC, TLO66BC
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
4 n n AT M T $ 13 1.03
- i Vees = £15 "; I
2 o I gL: :gomF & 1.2 LUNITY-GAIN BANDWIDTHL_pHASE SHIFTY 1.02
§l lm AN 1 | T; _ 25°g E . (left scale) (rtht scale) €
g — I S See Figure 1 -‘é 1.1 101 &
é = i i i >\ % T / I z
& 0.7 i 2 5 ™ SLEW RATE &
@ =T < 2T T I @ 1 (left scale) 1 3
s T TTIm s £ 2
8 o.a LI T I L 2 S N H
z u \ Z o9 < 099 £
5 M & L LL ] i s N~ 2
-
= 0.2 ] Veet =£15V
@ Ry = 10kQ 208 ke 0.98
Ta=25°C 3 =By for Phase Shift
o1 i L 1l oL 11 L1l L1 20 1 1 0.97
] 10 100 1k 10k 100 k 1 10 100 1k 10k 100k -75 -50 —25 0 25 50 75 100 125
Rext—External-Control Resistance—$2 Rext—External-Control Resistance—§2 TA—Free-Air Temperature—"C
FIGURE 21 FIGURE 22 FIGURE 23
OUTPUT VOLTAGE
VOLTAGE-FOLLOWER vs
LARGE-SIGNAL PULSE RESPONSE ELAPSED TIME
28
INPUT
4 / 2 OVERSHOOT
7 2 20 ~1z o
] 22—y
s ! + 90%
. \ » “
s g
3 z /
< >
g ° OUTPUT 512 /
] g
= 3 8
s -2 Vees =15V s /
H / Rext=0 > 4 Vee: = 15 V|
=3
= 4 R = 10kQ 10%1 Rext=0
CL =100 pF \ 0 RL=10kQ -
— Ta =25°C - Fotp=] Ta=25"C
-6 ! L —4 ! L
0 2 4 6 8 10 0 02 04 06 08 1 12 14
t—Time—us t—Time—us
FIGURE 24 FIGURE 25
TData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.
10 k2,
0.1%
INPUT
A
Vee—
j o OUTPUT
1M $
INPUT
B
100 ©
FIGURE 26—INSTRUMENTATION AMPLIFIER
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TYPES TLOGGI, TLOG66C, TLO66AC, TLO66BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

10 kQ 100 kQ 1kQ

1uF

A
0.002 uF

0.003yF 0.001uF

FIGURE 27-MICROPHONE PREAMPLIFIER WITH TONE CONTROL

0.1,F
Vees IC PREAMPLIFIER RESPONSE CHARACTERISTICS
25— T
68ke MAX BASS [ l 1 HHH MAX
20 bt REBLE]
L N Veer =215V | |TRER
= @ 15 v Ta=25°C
1 I\__See Figure 30 7/
© s 10 AV "
50 8 5 A
N : o S
< e ™NUL
g 7
£ 0 N
Vee- 3 74 |
18 af 1
20 af MiN
Rext PWR CONT MIN BASS TREBLE
25 10 LU
20 40 100 200400 1k 2k 4k 10k 20k
= f—Frequency—Hz
FIGURE 28—-AC AMPLIFIER FIGURE 29
220 kQ
M ®
0,00375 uF
[4 >
b {\ 10k 3 =< 0.0034F
0.03 uF
27ka
i
1 . Vees win MIN
0.01
< . 1:25“551 Se ° ANA AA—PS 100ka
S VWA 4
’ 1 10k 33k | 'HEBLE
10003 MAX MAX
< >—|
o 0.034F
INPUT b3
10ka $ N1’ 0.003uF
Vee- i
S S 5k2 94 3
nee S 1000 a7k 3 GAINS ( 68k 3
BALA | a7,F
L
75uF TI— T 50 pF
he
FIGURE 30—-1C PREAMPLIFIER
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IYPES ILU/U, TLUJOUA, TLUZ1, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12640, SEPTEMBER 1978—REVISED OCTOBER 1979

LINEAR
INTEGRATED
CIRCUITS

20 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

High Input Impedance . . . JFET-Input
Stage

e Internal Frequency Compensation

e Low Noise...Vn=18nV/A/Hz Typ °
e Low Harmonic Distortion . .. 0.01% Typ
e Wide Common-Mode and Differential

Voltage Ranges ¢ Low Power Consumption
e Low Input Bias and Offset Currents e Latch-Up-Free Operation
e Output Short-Circuit Protection e High Slew Rate ... 13 V/us Typ

description

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 OFFSET

our
vcu PUT IWY m'uY

T. NULL OUT NULL
COMP Vces PUT  (N2) NC_Vcee PUT (N2
8 T 65

DT TETCI e
OFFSET INV_ NON- Vcec— OFFSET INV NON  veea NON
NULL/ INPUT INV NULL INPUT INV v

OMP INPUT N1y INPUT
(N1)

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

TLO75
N DUAL-IN-LINE
PACKAGE (TOP VIEW)

NONIN- INVERT-
VERTING ING
INPUT  INPUT OUTPUT

OUT- NON-INV  INV

INVENY NONIN-
PUT  INPUT INPUT

G VERTING
ouTPUT INVUT INPUT Voo

“ 3] 112 n 0 9 )

INV_NON-INV OUT-
INPUT INPUT  PUT

\_E’D;nrunm
NO.4
AMPLIFIER
AMPLIFIER NO.3
NO. 1
AMPLIFIER
NO.2

OUT. NON-INV INV
PUT  INPUT  INPUT

vees

AMPLIFIER NO. 4 AMPLIFIER NO. 3

AMPLIFIER NO. 1 AMPLIFIER NO. 2

4

1 2 3 4 5 [} 7

ouTPUT INVERT NDMIN Veew NONIN mvEnr oUTPUT
ING  VERTING ERTING ING
INPUT INPUT

vee-

INV. NON-INV OUT-
INPUT  INPUT  PUT

INPUT lNPUY

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier) Veer {‘ ] r

NONINVERTING -—(
INPUT

INVERTING 840
INPUT 1282
ouTPUT
a0
OFFSET NULL/COMP (N1) O | e e e e — —
i *
¢ 1
TLO70 ONLY OFFSET NULL (N2) O-———@ c i
-
COMP O | e e e e e e ——

= —
| !
1} 1080 0 1080 @
H 1

veo. o] !

ce- o .
oFFer OFFSET
LL
i “("";:- C1= 18 pF ON TL071, 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_1 TLO7_AC | UNIT

TLO7_BC
Supply voltage, Vcc+ (see Note 1) 18 18 18 \"
Supply voltage, Voo (see Note 1) -18 -18 -18 \"
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (see Notes 1 and 3) +15 +15 £15 \
Duration of output short circuit (see Note 4) Unlimited | Unlimited | Unlimited
Co:\tinuous total dissipation at (or below) 680 680 680 mw
25°C free-air temperature (see Note 5)
Operating free-air temperature range —55t0 125 [ —25 to 85 0to 70 °
Storage temperature range —65t0 150 |—65t0 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 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | N or P package 260 260 °c

NOTES: 1. All voitage values, except differential voltages, are with respect to the midpoint between Vcc4 and Vee—-

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 voitage 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_1, TLO7_C, TLO7_AC, and TLO7_BC chips are glass-mounted.

DISSIPATION DERATING TABLE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
PACKAGE :::"iz D::é:(;’:G A$°VE TLO70 TLO71 TLO72 TLO74 TLO75
J (Alloy-Mounted Chip) 680 mW 11.0 mW/°C saﬁc TLo7-M ue. ’6. %6 W X
J (Glass-Mounted Chip) 680 mW 8.2mwW/C 67°C TLo7 J6.p 6P JG P N §
JG (Alloy-Mounted Chip) 680 mwW 8.4 mW/ C 69°C To7-¢ 6P JGP o JG.P N
JG (Glass-Mounted Chip) 680 mW 6.6 mW/°C 47°C TLO7-AC JG.P JG.P o JG.P N ;
TLO7_BC * JG,P  JG,P J,N -
N 680 mW 9.2mW/°C 76°C
P 680 mW 8.0 mW/°C 65°C *These combinations are not defined by this data sheet.
w . 680 mwW 8.0 mw/°C 65°C

Also see Dissipation Derating Curves, Section 2.
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO728B, TLO74, TLO74A, TL0O74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vgc+ =+15V

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 =50 £, 74 3 9 3 6 3 10
Ta=25C '70A, '71A, '72A, '74A 3 6
v Input offset vol ‘718, '728B, '74B 2 ]
nput o
o P set voltage '70,°71,'72, "75% 9 9 13
Rg =50 Q, ‘74 15 9 13
Ta = full range|"70A, '71A, '72A, '74A i 7.5
'71B, ‘728, '74B 5
Te t ffici
avio TﬂDera ure coefficient Rs =50 2, T = full range 10 10 10 WVPC
of input offset voltage
'70,°71,°72,'74, '75% 5 50 5 50 5 50
Ta=25°C '70A,'71A,'72A, '74A 5 50| pA
| Input offset 8 '718B, '72B, '74B 5 50
ut o! urren
t0 putoffset ¢ 70,711, 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=25C "70A,'71A,'72A, "T4A 30 200| pA
) ‘718, '72B, '74B 30 200
g Input bias current8 - —
70,'71,'72, 74, '75% 50 20 7
Ta =full range|'70A, '71A, '72A, '74A 7| nA
'71B, '72B, '74B 7
. '70,°71,°72,'74,'75% | 11 212 £11 12 +10 11
Common-mode input o - . - "
VicR Ta=25°C 70A,'71A,'72A, '74A 11 12 \%
voltage range
'71B, '72B, '74B 11 £12
] Ta=25°C, RL =10k 24 27 24 27 24 27
Maximum peak-to-peak
Vopp output voltage swin T full range RL>10ka 24 24 24 v
u { =
P 9e swing A “IR >2kn 20 24 20 24 20 24
RL>2k&%, |['70,'71,'72,'74,'75% | 35 200 50 200 25 200
Vo =310V, ['70A,'71A,'72A, '74A 50 200
Large-signal differential |[Tp =25°C ‘71B, '728B, '74B 50 200
AvD V/mv
voltage amplification Ry =2k, ['70,'71,'72,'74,'75% | 20 25 15
Vo =10V, |'70A,'71A, '72A, '74A 25
Ta = full range|'718B, '728, '74B 25
Bq Unitygain bandwidth [T =25°C, RL =10 kQ 3 3 3 MHz
ri Input resistance Ta=25C 1012 1012 1012 Q
o '70,'71,'72,'74,'75% | 80 86 80 86 70 76
Common-mode rejection |Rg < 10 k2,
CMRR " Ta=25°C ‘70A,'71A, '72A, '74A 80 86 dB
ratio A "718B, '72B, '74B 80 86
Supoly vol ection |Re < 10 K '70,°71,'72,'74,'75% | 80  86. 80 86 70 76
ksVR u:,’p (VAVS tage/:'fft";" Ts t25°c " [70A,718, 728, 728 80 86 dB
ratiofaVees/2Viol | 1A "71B, '72B, '748B 80 86
Supply current No load, No signal,
Ice pely curr a 9 14 25 14 25 14 25| mA
(per amplifier) Tao=256C
Vo1/Vo2 Channel separation Ayp =100, Tp=25°C 120 120 120 dB

AN characteristics are specified under open-iloop conditions unless otherwise noted. Full range for Tals —55°C to 125°C for TLO7_M; —25°C
to 85°C for TLO7_.I; and 0°C to 70° C for TLO7_C, TLO7_AC, and TLO7 _BC.
Types TLO75! and TLO75M are not defined by this data sheet,
Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 18, Pulse techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible.
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCCt =15V, Tp = 25°C

TLO7_M ALL OTHERS
PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT
VvVi=10Vv, RL=2kQ,
| i i 10 13 13 V/us
SR Slew rate at unit gain CL = 100 pF, See Figure 1
t Rise time Vi=20mV, RL=2kQ, 0.1 0.1 us
Overshoot factor Cp =100 pF, See Figure 1 10 10 %
v Equivalent input noise Re = 100 & f=1kHz 18 18 nV/\/Hz
n voltage S f=10 Hz to 10 kHz 4 4 uv
Equivalent input noise
| Rg =100 2, f=1kHz 0.01 0.01 N/
n current S PA//Hz
i = <1k
THD Total harmonic VO(rms) =10V, Rg <1k, 0.01 0.01 %
distortion RL > 2kQ, f=1kHz

PARAMETER MEASUREMENT INFORMATION

10 kQ

V) O—A—4
viO—i+ D= AL -
:__+(_Jl 100 pF ‘LZKQ
3 RL CL=
Cc=18pF 1 = Tmo pF
for TLO70 % = =
and TLO70A -

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

FIGURE 3—-FEED-FORWARD
COMPENSATION

INPUT OFFSET VOLTAGE NULL CIRCUITS

Vee
1M

1.5 k2

Vee-

FIGURE 4 FIGURES
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO748B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

f—Frequency—Hz

FIGURE 6

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

f—Frequency—Hz

FIGURE 7

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

Ta—Free-Air Temperature-"C

FIGURE 12

TA—Free-Air Temperature—"C

FIGURE 13

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

> FREQUENCY FREQUENCY FREQUENCY

L 30 TN 7T T T T 2 7 30 LSRR AL

& Vees =15V RL=10kQ & 8 Vee: = $15V

2 —H a2 Ta=25°C 8 g RL =2k

> 251 H See Figure 2 S S BppTAZC See Figure 2{]

2 2 H

5 4 e

M T S 20 3 2 3

H x x TA=-55C

i £ i |

5 ot |11 2 15 . é 15

H] § % I

& $ 3 Ta=125°C

€ L g 10 t 10

3 3 5 5

E E €

] R H

I il Nl g s R

£ i L

] N a L & ™N

> 0 || LU | N S o h S o = =8
100 1k 10k 100k 1M  10M 100 1k 10k 100k 1M 10M > 10k 40k 100k 400k 1M  4M 10M

f—Frequency—Hz

FIGURE 8

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

S LOAD RESISTANCE SUPPLY VOLTAGE
> 30 — 7 30 T 30—
I8 RL= 10kQ 3 vees =118V I RL= 10k
2 RL= 2 KO £ Ta=25°C 1T g Ta=25°C
S 2 L S 251-see Figure 2 S S 2
5 4 — 5 ’/ 5
e H
5 20 g 2 ] g 2 Vi
S x /] %
8 é /] 8 /]
T 5 s 5 T s 7
o % / <
& & /| &
> 10 e 10 e 10
3 2 3
£ £ £
% ] 5 % 4
H Vee: =15V i = 5
& See Figure 2 & &
S 1 1 >o 0 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 Ry —Load Resistance—k$2 IVcctl—Supply Vaitage—V
FIGURE 9 FIGURE 10 FIGURE 11
TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
3 vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 20
250 Vegs =#15V Veg: =15V TAL 25°C
225 No signal B 1.8 No signal 4 181 o signal
z No load 16'\ No load No load
E 200 < M < 1.6 |~ No loa
3 175 ~ l l Ioa ™ F i
B . .
B [~~_TL074, TLO75 € I~ 13 A
g § g
7 150 12 2 12
2 3 5
S s > 10 FIRT)
H g s
3 g
& 100 3 o8] S 08
& 1 vlon2 i T
g 5 Pt & o & 06
- 1 | E— o 8 ’
5 50 TLO70, TLO71 0.4 = 04
£ 3
25 0.2 0.2
0 0 0
75 50 -26 0 25 50 75 100 125 -75 -65 —25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16

|Vcetl—Supply Voitage—V

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 TL.O70 and TLO70A.
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TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TL074, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

LARGE-SIGNAL LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION DIFFERENTIAL VOLTAGE AMPLIFICATION TLO70
vs and PHASE SHIFT DIFFERENTIAL VOLTAGE AMPLIFICATION
FREE-AIR TEMPERATURE v ve
2 1000 FREQUENCY FREQUENCY WITH FEED-FORWARD COMPENSATION
6 6, T T T
> 700 L Vec: = %5V to 15 V e Vee= 15V
§ 40 H ~. Q < C2=3pF
200 8 108 N 1 2 109 TA=25°C
g — =] H \ g See Figure 3
100 E o )
g E 0 DIFFERENTIAL —{ o g o8
7 M VOLTAGE e <
§ g \ \AMPLIFICAT!ON : 8
5 S el (leftscale) —145° g 5 103
S 2 3 8 >
3 H \ & 3
v === g 102 90° § 102
5 8
Y= £ N 2
£ 4FVce-i5V 8 PHASE SHIFT N . =
9 Fvo=t10V o 10! (right scale) N 135 Lo
S 2rRL=2:Q < S
< L1 1 180° <
-76-50 =26 0 26 50 75 100 126 110 100 1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M
TA—Free-Air Temperature—°"C f—Frequency—Hz f—Frequency—Hz
FIGURE 15 FIGURE 16 FIGURE 17
NORMALIZED UNITY-GAIN BANDWIDTH
INPUT BIAS CURRENT and PHASE SHIFT NORMALIZED SLEW RATE
vs vs vs
FREE-AIR TEMPERATURE TEMPERATURE TEMPERATURE
100 13 ] I 1.03 1.15 T
EVce: =16V Vecs =+ 16V
T ] UNITY-GAIN-BANDWIDTH Re, k—IZ‘E
e Z £12 lleft scale) — 102 110 —RL=
< 3 CL = 100 pF
H 10 2 £ @
- c P ®
£ Z S 11 N 1.01 ‘; < 1.05
£ 7 £ ™~ 2 3 T
3 4 3 st — £ @
8 1 > 1 1 2 ° 1 b
s £ SHIFT ] ]
3 7 ; 5 (right scale) - ™~
'T E 0.9 i i \ 0.99 g g 0.95 \
2 o £ Veee =15V
S 08 [—RL=2kR 0.98 0.90
f = B1 for Phase Shift
) 0. l 0.97 0.85
-0 -25 0 25 50 75 100 125 75 -50 —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 T A—Free-Air Temperature—°C
FIGURE 18 FIGURE 19 FIGURE 20
ALL EXCEPT TLO7—C
COMMON-MODE REJECTION RATIO EQUIVALENT |NPLVJST NOISE VOLTAGE TOTAL HARMONIC DISTORTION
vs
FREE-AIR TEMPERATURE FREQUENCY FREQL’)‘ENCY
- 8 n ~ 50 TIT 1 TR =
3 vee: = #15V 3 Veee =£15V E Vee: =415V oo ik
3 RL =10kQ H Ayp = 10 04 [~ Avp=1 1 I
a‘:u‘,' I 40 N Rs=10l352 B‘e %VI(RMSAZSV I I
< -4 TA=25"C H F—Ta=25C —
o = K H !
g 87 S £ o1 i
e 3y 30 =2 H—— H
< 3 o T 1
§ 86 z | o 004 +
2 B 5 \ i H T
‘ g —TR i I [
£ £ o
g 85 = T 0.01}— .
& ] 3 = /
> o
I 3 10 " 0.004
« w | =}
« ] I ] Il
= c =
© 8 > o I 0.001 {
76 50 —26 0 25 50 75 100 125 10 40 100 400 1k 4k 10k 40k100k 100 400 1k 4k 10k 40k 100k
TA—Free-Air Temperature—"C f—Frequency—Hz f—Frequency—Hz
FIGURE 21 FIGURE 22 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 TL0O70 and TLO70A.
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TYPES TLO070, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TL072B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

OUTPUT VOLTAGE
VOLTAGE-FOLLOWER ELAPS:D TIME
LARGE-SIGNAL PULSE RESPONSE 28
Vee: = 215 V] l
i i RL=2kQ
24
>4 / CL =100 pF f OVERSHOOT
A o OVER
g Ta = 25°C > 2 Vs
& OUTPUT E
32 8 f°0%
s \ - '
5 s /:
g > i
So 2 12 /
o g
i, 3 s
5 1
a (=]
= INPUT > 4
- 10% Vees =215V
0 RL=2kQ2
— Pt Ta=25C
-6 -4 i i
05 1 15 2 25 3 35 0 01 02 03 04 05 06 07
t—Time—us 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 TL0O70 and TLO70A.

TYPICAL APPLICATION DATA
0.5-Hz SQUARE-WAVE OSCILLATOR

e -

OUTPUT
INPUT OUTPUT
) O O
>
2 1k
| R1=R2=2R3=15MQ
p: c3
PR So1ka shs C1=C2=—==110pF
2n RF CF T c1 c2 L2
— =1
= l—K—‘L—ie— 0= Rici 'z
FIGURE 26—0.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 27—HIGH-Q NOTCH FILTER
1M0
M )——O OUTPUT A
1.r 9
INPUT

OUTPUT B

e
>
100 ko $

OUTPUT C

<
100 uF T

FIGURE 28—-AUDIO DISTRIBUTION AMPLIFIER

tor TLO75
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TYPES TLO70, TLO70A, TLO71, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TL074B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

in wt
65 1N4148 18 kQ (See Note A)
-15V
18 pF $ 1k
0———1%0
o vee+
12 - 6 cos wt
88.4 kQ TLO72 O
18 pF Vee-  S1ke
! =
l P} +15V
1N4148 18 k2 (See Note A)
88.4 kQ
AAA
WA—
Note A: These resistor values may be adjusted for a symmetrical output.
FIGURE 29-100-KHz QUADRATURE OSCILLATOR
Q Veer IC PREAMPLIFIER RESPONSE CHARACTERISTICS
25 ——rrm T —
i o [preate LTI T wx
OF N N[l Vees=21sv TREBLE
= 10 k2 @ 15 3 Ta=25°C T
3 T J/(
L 10 See Fi 30 |
o 10 kQ \ 1M s y 7T i
g ° J AT
50 TLO71 OuTPUT a 0 N |
H 1 N
o ' + g -5 NH
E /] AV
N1Q O s —-10 74 t
10 k2 > i
0.1uF _15 H o A
0 LA M N
B ASS TREBLE
_os LMWENT Bt
L 20 40 100 200400 1k 2k 4k 10k 20k
f—~Frequency—Hz
FIGURE 30—AC AMPLIFIER FIGURE 31
220 ko
AvAvAv -
0,00375 uF
S
\ 10ka S X 0.003 uF
” 0.03 uF
ke
) P I S WiN
0.01uF Vee+ 00k < |
q o AMA AMA—pS 100ka
‘ Bass S¢ oo 3ang S TREBLE
10002 MAX MAX
$ \ —]
0.03 uF
INPUT L
10ka 3 L 0.0034F
p:
< 2+ >
I‘—l 4 68ka <
BaLANCE[ | \ b
) 10 pF 47 4F 10 pF
75uF 22 50 pF
T T
pd

FIGURE 32—I1C PREAMPLIFIER
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INTEGRATED
CIRCUITS

TEE MW T RVUVY TIIW I BUUY, TRVUUIT 1511V I RVUTTMN,

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

® High Input Impedance . . . JFET-Input

o Wide Common-Mode and Differential Stage
Voltage Ranges

e Low Input Bias and Offset Currents

e Output Short-Circuit Protection

¢ Internal Frequency Compensation (Except
TLO80, TLO8B0A)

e Latch-Up-Free Operation
e High Slew Rate ... 13 V/us Typ

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 “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.

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

TLO81, TLOB1A, TLO81B
JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

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

8 T1H6Lf5

123 Ha
LJL JL JLJ
OFFSET INV. NON  Vco—
NULL/ INPUT INV

OFFSET
ouT NULL
NC  Vcch PUT (N2

8l71j65

1H2Hs3sHa
Sl Wl Bl il |

OFFSET INV. NON  Vge—
NULL INPUT INV

NON-

OUT- INV_INV
Veee PUT INPUT INPUT
8 (|7 6 5

|
!

T, H:H.F
{0 Wl Ul W |

OUT- INV_ NON- Vce-—

PUT INPUT INV
COmP . INPUT INYY INPUT INPUT
N1}

TLO84, TLO84A, TLO84B
TLO83, TLO83A J OR N DUAL-IN-LINE TLO85

J OR N DUAL-IN-LINE

OR W FLAT PACKAGE

N DUAL-IN-LINE

PACKAGE (TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW)
OFFSET OFFSET mvm NONIN- NONIN- INVERT- INVERT- NONIN- NONIN- INVERT-
NULL NULL NG VERTING VERTING ING ING_ VERTING OUT- OUT. VERTING ING
N1 Vecs OUTPUT NC OUTPUT Vec+  2N1 OUTPUT INPUY INPUT Ve INPUT - INPUT OUTPUT INPUT INPUT  pUT  Vee+  PUT  INPUT INPUT
w| ol {u] [n] [w] [s] s n
AMPLIFIER NO, 1 AMPLIFIER NO. 2 AMPLIFIER NO. 4 AMPLIFIER NO. 3 &:LR mﬂl;:ﬁlj—_\

1 2 3 4 § L] 7
INVERT- NONIN- orrsn Vec— OFFSET NONIN- INVERT-
ING_ VERTING NULL v:nnua ING
weoT ViR Nz N2 INPUT

PINS 9 AND 13 ARE INTERNALLY Ih‘l’ERCOHlECTED

AMPLIFIER NO. 1 AMPLIFIER NO. 2

][

OUTPUT mvzav NONIN- Vces NONIN INVERT- OUTPUT
v ING

ERTING
INPUY INPUT mpm INPUT

AMPLIFIER AMTLIPIER

Ealintll

INVERT- NONIN- QUT-  OUT- NONIN- mvzar Vee—
ING_ VERTING PUT  PUT VERTING
INPUT  INPUT INPUT mrur

NC—No internal connection

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO80 THRU TL085, TLOS8OA THRU TLO84A,
TLO81B, TLO82B, TLO84B

JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

Veer
NONINVERTING r )
INPUT
INVERTING g o
meuT ouTPUT
s4n
OFFSET NULL/COMP (N1) Omre | — e — 4 p
» 1L

TLOBO ONLY OFFSET NULL (N2) 0-———4 ¢
LAY

COMP O-——|—~—— — —— ]

[: x

= !
! !

1 1080 0 1080 0
! i
v ! L
cC- & hd I

OFFSET OFFSET
v NNz~ C1= 18 pF ON TLOSY, TLO2, TLOB3, TLOS4, 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 v
Supply voltage, Voc— (see Note 1) -18 -18 —18 \
Differential input voltage (see Note 2) +30 +30 +30 v
Input voltage (see Notes 1 and 3) +15 +15 +15 Vv
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 mwW
Operating free-air temperature range —55 t0 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, 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: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc+ 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 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 T,
A DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
J (Alloy-Mounted Chip) 680 mw 11.0 mW/°C 88°C
J (Glass-Mounted Chip) 680 mW 8.2mwW/°C 67°C TLOSO  TLOB1  TLO82 TLOS83 TLO84 = TLOSS
JG (Alloy-Mounted Chip) 680 mwW 8.4 mW/°C 69°C TLO8_M JG JG JG J JwW *
JG (Glass-Mounted Chip) 680 mwW 6.6 mW/°C 47°C TLO8_I JG, P JGg, P JG, P J, N J N *
N 680 mW 9.2 mW/°C 76°C TLO8._C 4G, P JG, P JG, P N N N
P 680 mW 8.0 mW/°C 65°C TLO8_AC JG, P JG,P JG,P J,N J N *
w 680 mwW 8.0mw/C 65°C TLO8_BC * JG, P JG, P . N .
Also see Dissipation Derating Curves, Section 2. *These combinations are not defined by this data sheet.
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IYPES 1LUBU THRU TLO8S, TLOBOA THRU TLOB4A,
TLO81B, TLO82B, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VCcCc+ =15 V

TLO8_C
TLOB_M TLO8_I TLO8_AC
PARAMETER TEST CONDITIONST 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 Q, TL084 3 9 3 6 5 15
Ta=25°C TLOS_A 3 6
‘81B,'82B,'848B 2 3
s s v
Vio Input offset voltage "80.:81,:82,°83,851 ) ) 20 m
Rg=50¢%, TLO84 15 9 20
T A = full range | TLO8_A 7.5
'81B,'82B,'84B 5
Temperature coefficient
= = full 10 10 10 vrc
VIO of input offset voltage Rs =50 2, Ta = full range ®
TLO8_ 5 100 5 100 5 200
TaA= 25°C TLO8S_A 5 100 PA
| | £ § ‘81B,'828B,'84B 5 100
10 nput offset current TLOS_ 20 10 5
Ta = full range | TLOS_A 3 nA
‘81B,’828,'84B 3
TLO8_ i 30 200 30 200 30 400
Ta=25°C TLOS_A 30 200 PA
| | bi 8 ‘81B,'82B,'84B 30 200
IB nput bias current TLOS_I 50 20 10
Ta = full range | TLO8_A 7 nA
‘81B,'82B,'84B 7
Com mode i t TLO8 11 +12 11 12 +10 *11
VIR pormeommoce IPUt ITp=26°C  [TLOB_A 11 212 v
voltage range "818,'828,84B 11 212
) Ta=26C R =10kQ 24 27 24 27 2427
Vopp Ma"‘"’:”m:eak'“’.'peak At R, > 10 k2 24 24 24 v
output voitage swing AT TulTange re S 7ka 20 24 20 24 20 24
RL>2kQ, TLO8_f 25 200 50 200 25 200
Vo =10V, TLO8_A 50 200
Large-signal differential |Ta =25°C ‘818B,'82B,'84B 50 200
AVD  \oitage amplification Ry > 2 k&3, | TLOB_F 15 25 15 Vimv
Vo=:10V, TLO8_A 25
Tpa = full range | ‘81B,'82B,'848 ) 25
Bq Unity-gain bandwidth [T = 25°C 3 3 3 MHz
i Input resistance Ta=25C 1012 10'? 1012 2
Lo TLO8_ i 80 86 80 86 70 76
CMRR i:;:ni:mon-mode rejection _':S z;goién, TLO8_ A 80 86 dB
A 818,828, 848 80 86
Supply voltage rejection |Rg > 10 k€2, TLOB_1 80 86 80 86 70_ 76
KSVR  ratio (aVecs/aVig)  |Ta = 25°C TLO8_A 80 86 a8
cc«/2Vi0 A ‘81B,'828,'848 80 86
Supply current No load, No signal,
Ice (per amplifier) Tp=25°C 14 28 1.4 28 14 28 mA
V1/Vo2 Channel separation Ayp=100, Tp=25°C 120 120 120 dB

t Al characteristics are specified under open-loop conditions unless otherwise noted. Full range for Tals —55°C to 125°C for TLO8_M;
—25°C t0 85°C for TLO8_I; and 0°C to 70°C for TLO8_C, TLOB_AC, and TLO8_BC.

F 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 TL0O80 THRU TL085, TLOSBOA THRU TLO84A,
TLO81B, TLO82B, TLO84B

JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, Voc: =+15V, To = 25°C

TLOS_M ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX | MIN TYP MAX
V=10V, R =2k,
SR Slew rate at unity gain 8 13 13 V/us
wr v gai CL =100 pF, See Figure 1 In
t, Rise time Vi=20mV, R =2k, 0.1 0.1 us
Overshoot factor Cp =100 pF, See Figure 1 10% 10%

Vn Equivalent input noise voltage Rg =100 2, =1 kHz 25 25 nV/\/Hz

PARAMETER MEASUREMENT INFORMATION

10k

> ° v 1kQ h
Vi + 1 CL= =
! 100 pF A=
L{¢ all $2
Cc=12pF T
for TLOSO ,
and TLOSOA A
FIGURE 1—-UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER
INPUT OFFSET VOLTAGE NULL CIRCUITS
100 k2
N2

TLOBO

FIGURE 3

OVee-

FEED-FORWARD COMPENSATION
FIGURE 4 FIGURE 5
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TYPES TLO80 THRU TLO85, TLOSBOA THRU TLO84A,

TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

> 4 FREQUENCY

0 T TTT T T
& Voes = £15 V RL=10kS |
£ —t B Ta=25°C |f
2 B M 1 See Figure 2
g
5
S 20 }4H u B H .
= A
¥ L1 VC(‘._t‘ 10V I
&
e sl | ] || L
x
¥
&
€ 10| Jliveee=25v U s L
2 ——t — “— 3
E
é [
s sl H ! H i
S N
£ oLl Ll L Ll

100 1k 10k 100k 1M  10M

f—~Frequency—Hz

FIGURE 6

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

> 30 T T
{§, RL= 10k
= RL -2 kQ
5 25 L

z 1 ]
H

5 2

[S]

=

3

a.

3 15

M

3

&

T 0

5

E

3

= Vees =15V

a See Figure 2

S n L

> _76 60 -25 0 25 50 75 100 125

Ta—Free-Air Temperature—"C

FIGURE 9

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE

[ vo=t10v
[ RL=2kQ
A
-75 -50 -26 0 25 50 75

0
7
afFvec:i=+15v
2

Z 1000

;‘ 700

1 400

F 200 —1—F—
£ P~
T 100

£

®

5 40

S 2

=

g 1

g

a

1

[=]

>

<

100 125

TA—Free-Air Temperature—°C

FIGURE 12

TYPICAL CHARACTERISTICST

MAXIMUM PEAK-TO-PEAK OUTPUT-VOLTAGE
vs
FREQUENCY
30

25

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

10k
f—Frequency—Hz

FIGURE 7

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE

vs
LOAD RESISTANCE

30
Vees =418V
Ta=25°C

251 See Figure 2

/

20

¥

15 /

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

01 02 04 07 1 2 4 7 10

RL—Load Resistance—kQ

FIGURE 10

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs
FREQUENCY

6 r - e
10 Vees =5V o t15 V.

RL =10k
Ta=25C B

108
N

10 \ DIFFERENTIAL ] o
N VOLTAGE

. N\ \AMPLIFICATION
\ Y (left scale) —1 45
102 \ 90°

Avp-Ditferential Voltage Amplification
c

PHASE SHIFT \ .

10! (right scale) ) 135

1 | ‘ \ 180°
110 100 1k 10k 100k 1M 10M

f—Frequency—Hz

FIGURE 13

Phase Shift

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

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

Ayp-Differential Voltage Amplification

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
30 T T T 11T

H Vee: =$15V

i RL=2kQ
25—t TA=25 C See Figure 21
20

Ta=-56°C
15
TA=125°C
10 \
5 N
\\

0 by D llll
10k 40k 100k 400k 1M aM 10M

f—Frequency—Hz

FIGURE 8

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
SUPPLY VOLTAGE
30

RL =10k
Ta=26°C

25

20 A

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

FIGURE 11

TLO8O, TLOBOA
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREQUENCY WITH FEED-FORWARD COMPENSATION
6

10
Vee= 15V
C2=3pF

108 TA=25C —
See Figure 3

104

103

102

10

100 1k 10k 100k 1M 10M

f—Frequency—Hz

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 TLO80 and TLOS0A.
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TYPES TLO80 THRU TLO085, TLOBOA THRU TLOB4A,
TLO81B, TLO82B, TL084B
JFET-INPUT OPERATIONAL AMPLIFIERS

Pp-Total Power Dissipated—mW

I1g—Input Bias Current—nA

CMRR—Common-Mode Rejection Ratio—dB

TOTAL POWER DISSIPATED

vs
FREE-AIR TEMPERATURE

20 vee: =15V
225 No signal =
200 |3 No load
175 [~ l l
I™~~_TLO084, TLO8S
150
125
100
[———]__TLO082, TLO8:
75  —
I —
50 TL080, TLOB1
Tt
25
0
-75 -50 -26 O 25 50 75 100 125
Ta~Free-Air Temperature— 'C
FIGURE 15
INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE
100¢
Evces = 15V f :
T T T
1 I 1 7
10
t 7T
T 7T
] [
1B
=
0.1
0.01
-50 -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 T T
Vees = 16V
RL =10 kS
88
87
86
-
85
84 1
83

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

TA—Free-Air Temperature—"C

FIGURE 21

TYPICAL CHARACTERISTICSt

SUPPLY CURRENT PER AMPLIFIER
vs
FREE-AIR TEMPERATURE

2.0
1.8 No signal J
I~ No load
< 16
§ 14 ™
g I~
£ 12
5
o
> 10
3
S o8
3 o
4 o
2
0.4
0.2
0
—75 —55 25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 16
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
Vee: = £15 V]
r---t- RL=2kQ
> a CL=100pF
g Ta=25°C
s ouTPUT
g2 \
5
3
5 0
: /
°
s
572 f
2
£ INPUT \
4 \
—
6
G o5 1 15 2 25 3 35
t—Time—us
FIGURE 19
EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY
~ 70 UL SRR AL
|§ Vee: =%15 V|
S 60\ Avp = 10
T Rg =100
|- Ta=25°C
: I
>
2 a0
S
z
3 30
£ ~
§ 2
s
3
& 10
£
0
10 40 100 400 1k 4k 10k 40k 100k

f—Frequency—Hz

FIGURE 22

SUPPLY CURRENT
vs
SUPPLY VOLTAGE
20 r
Ta=25°C
181 No signal
}— No load
s 1.6 No
T 14
3 4
£ 12
3
> 1.0
a
S 08
]
! os
°
0.4
0.2
o
0 2 4 6 8 10 12 14 16
IVce+|—Supply Volitage—V
FIGURE 17
OUTPUT VOLTAGE
vs
ELAPSED TIME
T
4
2 if OVERSHOOT
Z 2
! 90%
g 16 /
‘_5 1)
2 12
5
gL
(lg 8
o
> 4
10% Vee: =315V
[} RL=2kQ
Tt Ta=25°C
-4 1 |
0O 01 02 03 04 05 06 07
t—Time—us
FIGURE 20
TOTAL HARMONIC DISTORTION
vs
X FREQUENCY
EVec: =15V
HAyp=1
® 041
T %*Fvirug) =6V
k] —TA=25C
5 0.1 H
z
g
S 004
£
5
T
s
5 0.01
e
| 7
20.004
&
0.001
100 400 1k 4x 10k 40k 100k

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 12-pF
compensation capacitor is used with TLO80 and TLO80A.
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1TFED ILUDU

ILUDBY, ILUDUA INMHRU ILUBAGA,

TLO81B, TL082B, TLO84B

JFET-INPUT OPERATIONAL AMPLIFIERS

0.5-Hz SQUARE-WAVE OSCILLATOR

TYPICAL APPLICATION DATA

CF =3.3uF 3

1
" 2n R Cp

FIGURE 24-0.5-Hz SQUARE-WAVE OSCILLATOR

1uF

>
Sa.1ka

1

OUTPUT

INPUTO—-‘(

P4
100 k2 <

100 uF 5

t or TLO8S

AAA

Cc1

OUTPUT

R1=R2=2R3=15MQ

C3
R3 C1= =-2—=110 pF
c2 1

fo=————=1kHz
27 R1 C1

FIGURE 25—-HIGH-Q NOTCH FILTER

OUTPUT A

OVce+

OUTPUT B

OUTPUT C

FIGURE 26—AUDIO DISTRIBUTION AMPLIFIER

6 sin wt 1N4148 18 kS2 (See Note A)
-15V
18 DF < ke
< )
8.4 kO
8#.',.‘ N\\pVee+
172 6 cos wt
88.4 k2 TLO82 —°
+
18 pF L Vee— S 1ke
( L—'\N\r———c
| +15V
1N4148 18 k2 (See Note A)
88.4 kQ
AAA—
Note A: These resistor values may be adjusted for a symmetrical output.
FIGURE 27—-100-kHz QUADRATURE OSCILLATOR
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TYPES TLOSO THRU TL085, TLOSBOA THRU TLO84A,
TLO81B, TLO82B, TLO84B
JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

18k 16k
220 pF 220 pF
L q
a3k 30kQ 43 30 kQ
Vee+ Vee+
a3ka v
) 220pF veer 220 pF cc+
INPUT ‘ l e - 0——-| G—J -
% 43kq 43kQ % 43kQ
TLogat MV T VWA TLog4t A )
+ + b—O
TLosat TLOB4T ouTPUT
3 + b + B
l, >
15ka Ve 15k g Ve
Vee- Vee-
‘ ' T
[ =
OUTPUT
A
OUTPUT B

t or TLOBS OUTPUT A

Fad

2 kHz/div 2 kHz/div
SECOND-ORDER BANDPASS FILTER CASCADED BANDPASS FILTER
fo =100 kHz, Q = 30, GAIN =4 fo = 100 kHz, Q = 69, GAIN = 16

FIGURE 28—POSITIVE-FEEDBACK BANDPASS FILTER

AAA °

0,00375 uF
Ja <
[ y 10k ;: —— 0.0034F
0.03uF
—E—
MIN MIN
100ka < AAA AMADS 100kQ
Bass. ¢ VWA WA
S 10k 33k 1 TREBLE
MAX “—"'K'—J MAX
0.034F
y
<
10k $ 7 0.0034F
+
c
\ 68 k2
47 uF
pd

FIGURE 29—-IC PREAMPLIFIER
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LINEAHR
TYPES TLOS7, TLOSS, TL287, TL288
INTEGRATED JFET-INPUT OPERATIONAL AMPLIFIERS

CIRCUITS BULLETIN NO. DL-S 12642, MARCH 1979 — REVISED OCTOBER 1979
o Low Input Offset Voltage . . . 0.5 mV Max TLO87, TLO8S TLO88
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 Ne Ve, SUT MU veeo T Lt

NC NC cc:
Voltage Ranges [s1[71[6][5] ONONONOXO)
b . 'l i N
e Low Input Bias and Offset Currents

o Output Short-Circuit Protection »
e High Input Impedance . . . JFET-Input

Stage ¥ T L] ¥ T

. 1[{2[]3s
e Internal Frequency Compensatlon OFFSET INV NOW- Voc NG OFFSET NV NON. Vg
e Latch-Up-Free Operation — — = =
. P pe TL287, TL288 TL288
® High Slew Rate ... 13 V/us Typ JG OR P DUAL-IN-LINE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW)

NON- NON-
OUT- INV_ INV OUT- NV INV
Vcc+ PUT INPUT INPUT Vccr  PUT  INPUT INPUT

description s ls (”‘;) (ONOXOXKO)

i b i
These JFET-input operational amplifiers incorporate EIQ"_ [ 'ﬂ:'

well-matched high-voltage JFET and bipolar transis-

tors in a monolithic integrated circuit. They feature l—%
low input offset voltage, high slew rate, low input
v

v Li L

bias and offset current, and low temperature co- 1203« @
efficient of input offset voltage. Offset-voltage QUL ':33 GND N Ny Now GNo
INPUT

adjustment is provided for the TLO87 and TLOS88.

NC—No internal connection

Device types with an “M” suffix are characterized for operation over the full military temperature range of —55°C
to 125°C, those with an “I” suffix are characterized for operation from —25°C to 85°C, and those with a “C* suffix
are characterized for operation from 0°C to 70°C.

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

TLO87I TLO87C
TLO88M TLO8S8I TLO88C UNIT
TL288M TL287I TL287C
TL288I TL288C
Supply voltage, V¢c+ (see Note 1) 18 18 18 v
Supply voltage, Voo — (see Note 1) -18 —18 -18 v
Differential input voltage (see Note 2) +30 +30 +30 v
Input voltage (see Notes 1 and 3) 156 +15 15 v
Duration of output short circuit (see Note 4) Unlimited Unlimited | Unlimited
Continuous total dissipation at (or below) JG or P package 680 680 680 mW
25°C free-air temperature (see Note 5) U package 675
Operating free-air temperature range —55 to 125 —251t0 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 | 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: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vg4 and Voo—.

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 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; TLO87!, TLO88!, TL287I, TL288I|, TLO87C, TLO88C, TL287C and TL288C chips are glass-mounted.

Copyright © 1979 by Texas Instruments Incorporated
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TYPES TLO87, TLO8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+: =15V

TLO87! TLO87C
PARAMETER TEST CONDITIONS TLo88M bl TLossC UNIT
TL288M TL2871 TL287C
TL288I TL288C
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Rg =509, TLO87, TL287 0.1 05 0.1 05
Ta =25°C TLO88, TL288 1 3 1 3 1 3
Vio  Input offset voltage Re=50T, TTo87 TL387 5 TS mvV
T = full range | TLO88, TL288 6 6 5
av10 I::':";:'::;f';:‘:‘:::;"t Rg=50Q,  Ta=full range 10 10 10 uvrc
§ Ta =25°C 5 100 5 100 5 100| pA
o Input offset current T A = full range 25 3 5T A
§ Ta=25°C 60 400 60 400 60 400| pA
1B Inputbias current TA = full range 100 20 7[ A
‘Vee-+4 Vce-+3.5 Vce-+5
Common-mode input
ViCR Ta=25°C to to to \"
voltage range Voo—4 veer vees
Meximum peak-to-peak Ta =25°C, R =10k 24 27 24 27 24 27
Vorp output voltage swing TA = full range AL > 10k 2 24 2 v
R > 2k 20 20 20
. |RL>2ka, Vo=x10V, 50 200 50 200 25 200
Large-signal differential |TA =25°C
AvD P Vimv
voltage amplification RL > 2k, Vo=x10V, 25 25 15
Ta = full range
B4 Unity-gain bandwidth |Ta =25°C 3 3 3 MHz
i Input resistance TaA =25°C 10'? 10'2 10'2 Q
CMRR :::';mm'm"de relectionl g <10k,  Ta=25°C 80 95 80 95 70 95 dB
kgyp UPply voltage rejection | o 1oka,  Ta=25°C 80 95 80 95 70 9 dB
ratio (& Vges/A V10)
o upev Current Noload, No signal, 14 28 14 28 14 28| maA
(per amplifier) Ta=25°C
T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for T p is —~55°C to 125°C for TL—88M;
—25°C t0 85°C for TL_8__1; and 0°C to 70°C for TL_8._C,
§lnput bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Puise
techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.
operating characteristics Vec+ =15V, Ta = 25°C
. TLO88M, TL288M ALL OTHERS
PARAMETER TEST CONDITIONS N TYP AR P MAX UNIT
SR Slew rate at unity gain vi=iov, RL=2ka, 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%2, f=1kHz 18 18 nV//Hz

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 8.0mw/C 65°C
u 675 mW 5.4 mW/C 25°C

Also see Dissipation Derating Curves, Section 2,
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TYPES TLO087, TLO88, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

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

30

20

Rl =—c—=c=

T

1

8

2% AL = 2kR

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

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

4veee =15V

Ayp-Differential Voltage Amplification—V/mV
>
N =)

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
FREQUENCY

100 1k 10k 100 k ™ oM
f—Frequency—Hz

FIGURE 1

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREE-AIR TEMPERATURE
RL= 10k

Vee: =216V

Ta—Free-Air Temperature—"C

FIGURE 4

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE

[vo=%10V
RL=2kQ
[

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

TA—Free-Air Temperatuve-°c

FIGURE 7

TYPICAL CHARACTERISTICST

MAX{IMUM PEAK-TO-PEAK QUTPUT VOLTAGE
vs

FREQUENCY
> %
g 2% I Vees = £15 v |
>
2 5
3
K 4
‘¥ 15 l ‘-.lllll\-
g |
k] i l‘
& 10
€
3
E
5 6
=
4
& oLl L [N
> 100 1k 10k 100k 1M 10M

f—Frequency—Hz

FIGURE 2

MAXIMUM PEAK-TO-PEAK QUTPUT VOLTAGE

vs
LOAD RESISTANCE
T LADS A
Veer =315V
Ta=25C 1T

L~

30

25

20

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

01 02 04 071 2 4 7 10
RL—Load Resistance—k$2

FIGURES

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

and PHASE SHIFT
vs
FREQUENCY

108 T T T
< Vecr =16 Viwo215V
§ RL=2k2
§ 108 \\ (A=25°C —
£
N
& 104 DIFFERENTIAL— 0°
8 N VOLTAGE
£ \ \ AMPLIFICATION |
S 103 \ (left scale) —{ 45
s
HHEN
£ 102 90°
H TN
1 PHASE SHIFT \ .
g 10 {right scale) 135
z N

1 180°

1 10 100 1k 10k 100k 1M 10M
f—Frequency—Hz

FIGURE 8

Phase Shift

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREQUENCY

T TN
R Vege =31V
Ta=28°C RL 2kQ
LI

\
% TAl= —55°C

W
S

I

~N
(=3

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

Ta=125°C
10
5 \ N
\\)\
° By e

10k 40k 100k 400k 1M am
f—Frequency—Hz

FIGURE 3

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
SUPPLY VOLTAGE

RL = 10kQ
Ta=25°C

8

N
a

»N
o
AN

-
=3

o

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

o

-]

2 4 6 8 10 12 14 16
Vet HSupply Voltage—V

‘FIGURE 6

NORMALIZED UNITY-GAIN BANDWIDTH
and PHASE SHIFT
vs

TEMPERATURE
1.3 1.03
4
UNITY-GAIN- BANDWIDTH
“Fs 12 (left scale) 102
E
&1 N 1.01
4
M~
‘i 1 }— PHASE 1
£ SHIFT
= (right scale)
Bo9 +— 0.99
k]
13 Ve =315V \
208 |—R_-2kQ 0.98
f = B1 for Phase Shift
0.7 0.97

-75 80 —25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C

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 TL087, TL0O8S, TL287, TL288
JFET-INPUT OPERATIONAL AMPLIFIERS

TOTAL POWER DISSIPATED

vs
FREE-AIR TEMPERATURE

125 T T
Veer =215V
No signal |
%2 0 - Noload |
3 \\7%
2 —
2 7
3 \4\
£
= 50 =1 TLog 7, Tlosg
o P~
T —
e =
0
-6 -50 -26 0 26 50 76 100 126
Ta—Free-Air Temperature—°"C
FIGURE 10
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE
28
T 1
Veer =15V
97 l—Vic =10V
RL = 10k

94

93

CMRR—Common-Mode Rejection Ratio—dB
8

1.15

1.10

&

Normalized Slew Rate
o
©
o -

°
8

0.85

-76 -60 -26 0

92
-7 -60 -26 0

25 50 75 100 125
TaA—Free-Air Tlmpnumn—-'c

s ime an
FiIOURE 19

NORMALIZED SLEW RATE

vs
TEMPERATURE
1.1
Veee =215V
lL—RL=2kQ
CL =100 pF
\\
‘\

26 50 765 100 126

Ta—Free-Air Tcmp-rltun—'c

FIGURE 16

TYPICAL CHARACTERISTICST

SUPPLY CURRENT PER AMPLIFIER

vs
FREE-AIR TEMPERATURE

20 T T
18 Vecs = £15 V]
No signal
16 . No load <
% 14 e N
5 ™
12
S 10
)
0.6
8
04
0.2
[}
-75 -85 -26 0 26 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 11
VOLTAGE-FOLLOWER
6 LARGE-SIGNAL PULSE RESPONSE
Veee =£15 V
7 RL =2k
4 L = 100 pF
Ta=25"C
QUTPUT
2

|
/ \

INPUT

|
N

Input and Output Voltages—V
)
\
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1

—
-8
0 05 1 15 2 25 3 35
t—Time—us
cintine 1a
riuovnc 14
EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY
50 TTIIT
Vet =15V
Ayp =10
40 - Rg = 100 Q
Ta=25°C

N
=

=)

Vn—Equivalent Input Noise Voltage—nV/\/Hz
8
4

']
10 40 100 400 1k
f—Frequency—Hz

FIGURE 17
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100

Ijg—Input Bias Current—nA

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

= vgee=+15V
T

I

Z
1
0.1
T
1
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TA-Free-Air Temperature~"C
FIGURE 12
OUTPUT VOLTAGE
vs
ELAPSED TIME
28 I
24
[f OVERSHOOT
20 f
; 90%

o

vo—Output Voltage—mV
] :’

4
10%§ Vee: =315V
0 RL=2kQ
tr Ta=26°C
4 (T
0 01 02 03 04 05 06 0.7
t—Time—us
eInDe 1
FIGURE 15
TOTAL HARMONIC DISTORTION
vs
' FREQUENCY
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R 04f
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5
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Q
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E
5
I
Z o001
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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, TL321l, TL321C
INTEGRATED OPERATIONAL AMPLIFIERS

cchuITs 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 ...3Vto 30V Input Offset Voltage ... 2 mV Typ
or Dual Supplies Input Offset Current .. . 3nA Typ (TL321M)

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

e Common-Mode Input Voltage Supply Voltage . ... 1_32 M
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ

e Internai Frequency Compensation
schematic
. - " vee JGORP
o <tx o DUAL-IN-LINE
REGULATOR PACKAGE (TOP VIEW)

OUT
Nc  Vec PUT  NC

81171]6][]5

~50uA
AT
FS. -
" e “

INVERTING
INpuT ©

NON-
INVER
INPUT

NC INV_NON- GND
INPUT INV
INPUT

description

The TL321 is a high-gain, frequency-compensated
operational amplifier that was designed specifically to
operate from a single supply over a wide range of
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, VCC (see Note 1) ...ttt e e e e e e 32V
Differential input voltage (see NOte 2) .. . .. ittt it it et e e e et e e e 32V
Input voltage range (either iNPUL) .. .. ittt et e e e e e e —-0.3Vto32V

Duration of output short-circuit to ground at (or below 25°C
free-air temperature (Vg < 15 V) (see Note 3)

................................... unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) . .. ............. 680 mW
Operating free-air temperature range: TL321M ... ... . ... .. .. .. .. ... . .. —55°C to 125°C

TL32T1 —25°C to 85°C

TL321C oot 0°C to 70°C
Storage temperature range . ... ... ..ot eenean... e —65°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package . ............c.uuuunn. 300°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package ... ... ... ... uouuuenu... 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 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, TL321M chips are alloy-
mounted; TL321! 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
v Inout off \ Vo=14V, 25°C 2 5 2 7 v
10 nput offset voitage Voe =5V 1030 V | Full range 7 9| ™
I ! t offset t Vv 14V 25°¢ 3 30 5 0 A
nput o urren =1.
10 P set curre o Full range 100 150 n
. Vo=14V, 25°C —45 —150 —45 —250
T Input bias current nA
See Note 5 Full range —300 —500
Ot t
C de input 25°c vV 01 5 Y . 01 5
ommon-mode inpu —1. —1.
VicR P Veg =30V cc ce v
voltage range 0to 0to
Full range
Vee—2 Vee—2
Veec =30V,
cc Full range 26 26
. R =2kQ
VoH High-level output voltage A\
Vee =30V,
Full range 27 28 27 28
RL > 10 kQ
VoL Low-level output voltage R <10kQ Full range 5 20 5 20| mVv
Large-signal differential Vee=158V, 25°C 50 100 25 100
Avp o Vo=1Vto11V, V/mV
voltage amplification RL > 2k Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 kQ 25°C 70 85 65 85 dB
ksvR ™ Supply voltage rejection ratio Rg <10k 25°C 65 100 65 100 dB
Vec =15V, 25°C —20  -40 -20  -40
Vip=1V,
- Full range -10 -20 -10 -20
Vs T8V ma
10 Output current ccmi> Y. 25°C 10 20 10 20
Vip=-1V,
Vo=5V Full range 5 8 5 8
Vip=—1V, 25°C 12 50 12 50 A
Vg = 200 mV .
| Suool ent No load, 25°C 0.4 0.4 A
rr
cc upply cu No signal Full range 1 1 m

*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

PACKAGE POWER DERATING ABOVE
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 mMW/°C 65°C

Also see Dissipation Derating Curves, Section 2,
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LINEAR TYPES TL322M,TL3221,TL322C
::T:E?I?TAJ ED DUAL LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 12731, OCTOBER 1979

e Wide Range of Supply Voltages
Single Supply . ..3V to36V
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 Internal Frequency Compensation CC+ PUT INPUT INPUT

e Short-Circuit Protection ST 645

]

description

»

The TL322M, TL322l, and the TL322C are dual
operational amplifiers similar in performance to the
uA741 but with several distinct advantages. They are
designed to operate from a single supply over a range

of voltages from 3 volts t.o 36 vollts. Operati.on from ole- |:v NZN G:ID

split supplies is also possible provided the difference PUT INPUT INV

between the two supplies is 3 volts to 36 volts. The INPUT

common-mode input range includes the negative AMPLIFIER NO. 1

supply. Output range is from the negative supply to n
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 Vcc+ (see Note 1) 18 18 18 \Y
Supply voltage Vo (see Note 1) —-18 —-18 -18 \Y
Supply voltage V4 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 \
Continuous total dissipation at (or below) 25°C JG package 1050 825 825

free-air temperature (see Note 4) P package 1000 1000 mW
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 °C
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds |JG package 300 300 300 °C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds | P package 260 260 °c

NOTES: 1. These voltage values 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. Neither input must ever be more positive than Vcc 4 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

PACKAGE POWER DERATING ABOVE
RATING FACTOR TA
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 8.0mW/°C 25°C

Also see Dissipation Derating Curves, Section 2.

Copyright © 1979 by Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED

ADVANCE INFORMATION
This di i informati on
a new product. Specifications are subject
to change without notice. POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

153



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

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

PARAMETER TEST CONDITIONS TLAM TL322) TL322C UNIT
MIN TYP MAX | MIN TYP MAX| MIN TYP MAX
Vv Input offset volt Ta =25°C, See Note 5 2 8 2 8 2 10 mv
nput o
10 pu set voltage TAa = full range, See Note 5 10 10 12
T t efficient
w0 er'npera ure coefficien Ta=25°C 10 10 10 v/ C
of input offset voltage .
Ta =25°C, See Note 5 30 75 30 75 30 50
ho Input offset current nA
Ta = full range, See Note 5 250 250 200
T erat! fficient
110 er.np rature coefficien Ta=25°C 50 50 50 bArC
of input offset current
) Ta =25°C -0.2 -05 -0.2 -05 —-0.2 -0.5
hB Input bias current KA
TA = full range -15 -1 —0.8
Vee— Vee— Vee- Vee— Vee- Vee—
Common-mode input o cc cc cc cc cc cc
VICR 1t t TA=25C to to to to to to \
age ran
voltage range 13135 12125 13135
RL=10kQ, Ta=25°C +12 $13.5 12 £125 +12 +13.5
Peak output >
Vom . RL =2k, Ta=25C 10 #13 £10  *12 10 13 Vv
voltage swing
Ry =2kQ, Ta = full range +10 +10 +10
Large-signal differential |R|_ =2k, Ta=25°C 200 20 200 20 200
AvD - V/imV
voltage amplification Vo=210V |TA = full range 25 15 15
\% =20V, RL=2kQ,
Maximum-output- OPP L °
Bom K R Ayp =1, Ta=25C, 9 9 9 kHz
swing bandwidth
THD < 5%
. i . RL=10k®, Vp=50mV,
B4 Unity-gain bandwidth ° 1 1 1 MHz
Ta=25"C
CL=200pF, R =2kQ
Phase margin ! ! 60° 60° 60°
om re! Ta=25°C
rj Input resistance f=20 Hz, TA = 25°C 0.3 1 0.3 1 0.3 1 MQ
o Output resistance f=20 Hz, TA = 25°C 75 75 75 Q
Common-mode o
CMRR L. )} Rs< 10k, Tp=25C 70 90 70 90 70 90 dB
rejection ratio
Suppl Itage sensitivit
ksyg UPPlY voltage sensitivityl [ _ oeoc 30 150 30 150 30 150|uV/V
(aVip/avee)
log  Shertircuit output Ta=25°C $10 30 45| +10 +30 45| 10 30 +45| mA
current §
No load, ignal,
Icc Total supply current o loa A No signa 1.4 25 1.4 4 14 4| mA
TaA=25C

T All characteristics are specified under open-loop conditions unless otherwise noted. Full range for Tais —55°C to 125°C for TL322M; —a40°C
to 85°C for TL322] and 0°C to 70°C for TL322C.

fThe V|cR limits are directly linked volt-for-volt to supply voltage, viz the positive limit is 2 volts less than Vcc4-
Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

NOTE 5: V|p and | are defined at Vg = 0 V for TL322M and TL322C and Vg = 7 V for TL322I.
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TYPES TL322M,TL322|,TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

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

TL322M TL3221 TL322C

PARAMETER TEST CONDITIONST MIN TYP MAX MIN TYP MAX MIN TYP MAX uNIT
Vio Input offset voltage Vpo=25V 2 8 8 2 10| mv
o Input offset current Vp=25V 30 75 75 30 50| nA
Iig Input bias current —-0.2 -0.5 —0.5 -0.2 —0.5| PA

R =10k 3.3 35 3.3 3.5 33 3.5
Vom Peak outpl.n ‘ RL-TOKS, v
voltage swing § Vee+— 1.7 Vee+ — 1.7 Vee+— 1.7

Vec+=5Vto30V

Large-signal diff tial
Avp gesignal ITierential | gl =2k, avg =2V 20 200 20 200 20 200 Vimv
voltage amplification

Power supply sensitivity

k 150 150 150 |uV/V
AL (AV|p/aVeces)

Icc Supply current No ioad, No signal 12 25 12 4 1.2 4] 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: Voc+ =14V, Voc— =0V for TL322l, Vee: =+15 'V for TL322M and TL322C
TL322C; TA = 25°C, AyD = 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 Vlus
tr five time AVQ = 50 mV CL = 100 pF RL = 10 k&2 0.35 i
=50m = , = ,
t Fall time o’ ’ L P L 0.35 us
See Figure 1
Overshoot factor 20%
Crossover distortion Vipp=30mV, Vopp=2V, f=10kHz 1%

PARAMETER MEASUREMENT INFORMATION

o
Vi +
L= s
150 oF Sh
1
FIGURE 1-UNITY-GAIN AMPLIFIER
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TYPES TL322M, TL322I, TL322C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

INPUT BIAS CURRENT
vs

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT
vs

TEMPERATURE SUPPLY VOLTAGE
250y 250——
Ve =15V Ta = 25°C
p——
200
? 200 <
)
3 €
g N g o
3 3%
3 k]
@ B
3 100 5 100
£ £
2 b
=  gpl = 5
o 0
-75 -0 -26 0 25 50 75 100 0 2 4 6 8 10 12 14 16

TA—Free-Air Temperature—°"C

FIGURE 2

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs

FREQUENCY
30 T 17T
m Voes = $15V
CL=0
25 RL = 10 kS
Ta=25°C
o Figure 1

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

0 -
1k 4k 10k 40k 100k 400k 1
f—Frequency—Hz
FIGURE 5

Avp-Differential Voltage Amplification

Ncc £1-Supply Voltage—V

FIGURE 3

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

FREQUENCY
106 T T
Vegs = 215V
RL = 2kQ
108 L —
Ta=25°C
104
103
102
10
1
1 10 100 1k 10k 100k 1M
t—Frequency—Hz
FIGURE 6

VOPP—Maximum Peak-to-Peak Output Voltage—V
&

T 1 T
10 Vcc:-t|5v<
T N RL-2xa
> N_Ta=25°C
é . OuTPUT 1|\ See Figure 1
+
3 H \
> / :
2o v
3 /
2 y
bod 5
5
H / :
HINPUT
-10 vl l

‘MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs
SUPPLY VOLTAGE

W
=1

—
RL=10kQ
Ta=25°C

5 A

/

[} 2 4 6 8 10 12 14 16
Vet -Supply Voltage—V

FIGURE 4

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

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

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)
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LINEAR TYPES TL702M, TL702C
INTEGRATED GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

CIRCUITS BULLETIN NO. DL-S 12407, JUNE 1976—REVISED OCTOBER 1979
e Open-Loop Voltage schematic
Amplification . . . 2600 Typ
2 ¢ > g O Vee+
sk S 8k
e CMRR...80dB Typ
2k S 22k
b < ol
L 334k
description oo o A8
. ERTING
The TL702 is a high-gain, wideband operational Meur s
amplifier having differential inputs and single-ended NVEATING ouTPUT
emitter-follower outputs. Provisions are incorporated INPUT —-{ 26k
within the circuit whereby external components may 1 ’
e Component values shown 3240 @
be used to compensate the amplifier for stable are nominal b
operation under various feedback or load conditions. sexa w00 00
Component matching, inherent in silicon monolithic

circuit-fabrication techniques, produces an amplifier ’ —9 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)
AG LEAD -
NC_ Vcce  NC OUTPUT c'bm |6om NC Vee+ opbq comp 5);‘: Cowe

§

ouTey

o)ojo)

S

|8I 7”6”5'

S,

O

¥
— T T — — —
1 ” Z I I 3 I 4 I
1 2(13[]4f]S5(]|6]]7 = " @ @ @
INV  NON-
NC NC GND INV NON- Vcc— NC INPUT INV SO NeoND ot ww Voo
INPUT INV INPUT INPUT
INPUT

@4

NC—No internal connaection

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

TL702M TL702C |UNIT
Supply voltage VCC+ (see Note 1) 14 14 \
Supply voltage VCC— (see Note 1) -7 -7 Y
Differential input voitage (see Note 2) +5 +5 \
Input voltage (either input, see Notes 1 and 3) —6t015 | -6t01.5 Vv
Peak output current (tw < 15) 50 50 mA
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) 300 300 mW
Operating free-air temperature range —55t0125| Oto 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, 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

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

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

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

4. For operation 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
TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

157



TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702M

electrical characteristics at specified free-air temperature

TL702M
Vee+ =12V Vec+ =8V
PARAMETER TEST CONDITIONS? Veo. =6V Vee. = -3V UNIT
MIN TYP MAX|MIN TYP MAX
25°C 2 5 2 5
Vio Input offset voitage Rg < 2kQ Full rangs 5 s mV
Average temperature coefficient —55°C to 26°C 10 10
avio of an:; off:: voltage Rs =500 25°C 10 125°C 5 5 uvre
25°C 0.5 2 0.3 2
o Input offset current —56°C 1 3 3| wA
125°C 02 3 3
Average temperature coefficient —55°C to 256°C 6 5
10 of input offset current 25°C t0 125°C 3 2 narc
A 25°C 4 10 25 7
1T} Input bias current T85°C 65 20 vy BA
VicR Common-mode input Positive swing 25°C 0.5 1 0.5 1 v
voltage range Negative swing -4 -5 -15 =2
v Maximum peak-to-peak R > 100 k2 10 106 5 5.4 v
OPP output voltage swing R =10k 8 4
] ] ] 25°C 1400 2600
Avp Large-signal dl.ffor.emnal RL > 100 k2 Vo=%5V Full range 1000
voltage amplification Vo-:25V 25°C 380 700
X 25°C 8 25 12 40
ri Input resistance Full range 3 P kQ
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 2
CMRR Common-mode rejection ratio Rg < 2kQ2 25°C 70 80 70 80 dB
ksvs” Supply voltage sensitivity Rg < 2kQ 25°C 60 300 60 300 | uV/V
Icc 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
ko= AV, ~/,

“O VO

Vio/

AV ~n
=TCC

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.

DISSIP