SIGNETICS DATA

ANALOG manunt
Sk SI’EGII' IGIITIOI'IS $7.00
—APPUCATIONS

—MIUTARY SUMMARY

WWAUUW U.LYd 901UV $OIL3UIS

SUOILYUONJJIU—
SUOILUDIIIO3JS —

AUUWWNS AAULNIW—



SIGNETICS DATA
ANALOG maAnUAL

—SPECIFICATIONS
—APPUGCATIONS
—MIUTARY SUMMARY




SIGNETICS reserves the right to make changes in the products contained in this book in
order to improve design or performance and to supply the best possible products.
Signetics also assumes no responsibility for the use of any circuits described herein and
makes no responsibility for the use of any circuits described herein and makes no
representations that they are free from patent infringement.

©Copyright 1977 Signetics Corporation



TABLE OF CONTENTS

INT RO DU CTION .t ittt et et ettt e ettt e e et e e i et eneeaaneaneeaneeasennnnanns 1
Ordering INfOrmMation ... ... i e e e e e e 5
OPCIAl PrOCESSING vttt ittt ettt ettt e e e e e e 6

DATA SPECIFICATIONS ..., 9

Section 1—OPERATIONAL AMPLIFIERS . ........oiiuitiiitti ittt ittt it eaens 11
LF155/155A High Performance JFET Input Op Amp (Low Supply Current) ..................... 13
LF156/156A High Performance JFET Input Op Amp (Wide Band) ...........ccovviiiniivnnnnnn. 13
LF157/157A High Performance JFET Input Op Amp (Wide Band) .............cccoiiviviiina.. 13
LF255 High Performance JFET Input Op Amp (Low Supply Current) ...............oouae. 13
LF256 High Performance JFET Input Op Amp (Wide Band) .............coovvviiniiinnen. 13
LF257 High Performance JFET Input Op Amp (WideBand) ..............ccoviiiiiinaen. 13
LF355/355A High Performance JFET Input Op Amp (Low Supply Current) ..............coo.... 13
LF356/356A High Performance JFET Input Op Amp (Wide Band) .............ccooiiviviiinnen. 13
LF357/357A High Performance JFET Input Op Amp Wide Band) ............coviviiiiinninn., 13
LH2101A High Performance Amplifier ........ooiiiiiiiiiiiii it 26
LH2201A High Performance Amplifier ... iiiiiiiiieeieeenaenennass 26
LH2301A High Performance Amplifier ...... ..ot 26
LH2108/2108A Precision Operational Amplifier ..........c ittt ittt 40
LH2208/2208A Precision Operational Amplifier .......c.o.oiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii s 40
LH2308/2308A Precision Operational Amplifier ..........c.coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ., 40
LM101/101A High Performance Amplifier ....... ..ottt 26
LM201/201A High Performance Amplifier ....... ..ottt 26
LM301A High Performance Amplifier ...... ..ottt 26
LM107 General Purpose Operational Amplifier ................ e 36
LM207 General Purpose Operational Amplifier ..........coiiiiiiiiiiiiiiiiiiiiiiiiinn. 36
LM307 General Purpose Operational Amplifier ........cooiiiiiiiiiiiiiiiiiiiiiiiiiin i, 36
LM108/108A Precision Operational Amplifier .........ccoiiiiiiiiiii ittt 40
LM208/208A Precision Operational Amplifier .........ccoiiiiiiiiiiiiiiiiiiiiiiiiiiii i 40
LM308/308A Precision Operational Amplifier .........ccoiiiiiiiiiiiiiiiieirennnne, e 40
LM124/124A General Purpose Single Supply Operational Amplifier ..........cooviiiiiiiiiiiinn, 49
LM158/158A General Purpose Single Supply Operational Amplifier ............cooeiviiinnn. 49
LM224/224A General Purpose Single Supply Operational Amplifier .........cooovviiiiiiiiiinn. 49
LM258/258A General Purpose Single Supply Operational Amplifier .............ccooiiiiiiinn, 49
LM324/324A General Purpose Single Supply Operational Amplifier .............ccooviiiiivninn, 49
LM358/358A General Purpose Single Supply Operational Amplifier ...............coooviviiinan, 49
SA534 General Purpose Single Supply Operational Amplifier .............coovviviiiiininn. 49
MC1456 High Performance Operational Amplifier ..........ccoiiiiiiiiiiiiiiiiiiiiiiinn, 57
MC1556 High Performance Operational Amplifier .........ccoiiiiiiiiiiiiiiiiiiiiiiiiann, 57
MC1458 General Purpose Operational Amplifier ........cooiiuiiiiiiiiiiiiiiiiiiiiiiinennn 60
MC1558 General Purpose Operational Amplifier ........cciiiiiiiiiiiiiiiiiiiiiineinnennens 60
SA1458 General Purpose Operational Amplifier .......ccooiiiiiiiiiiiiiiiiiiiiiiiiinnennen. 60
NE/SE515 Differential Amplifier ..... ..o e .. 67
NE/SE531 High Slew Rate Operational Amplifier ...ttt 70
NE/SE532/532A Dual Operational Amplifier Single or Dual Power Supply

(07 0= -1 o o TP 76
SA532 Dual Operational Amplifier Single or Dual Power Supply
(0] o =1 11 T I N 76

sinotics



NE/SE535 "8ingle High Slew Rate Operational Amplifier ..... PP 80
NE/SE5535 ‘Dual High Slew Rate Operational Amplifier .......... P evereeeaaas e 80
NE/SU536 FET Input Operational Amplifier ....... ittt ittt innnnes 85
NE/SE538 Single High Slew Rate Operational Amplifier ..........cccvieiiiiiiieiieinninnnens 90
NE/SE5538 Dual High Slew Rate Operational Amplifier ........cciiiiiiiiiiiiiiiiiniineennnn. 90
NE/SE5534/5534A Low Noise Operation Amplifier ...... ..ot ittt eeiieerennaans 95
uA709 Operational Amplifier ... i et e it et e e 100
uA709A Operational AMPlifier . ... i it i et et ettt i, 100
wA709C Operational AMPIfier ... i e ittt ettt e, 100
SA709C Operational AmpPlifier .. .. i i i i it i e e e 100
uA740C FET Input Operational AmpPlifier .......o.iiiuiiiiii et irieeneeanrennenns 107
nA741/741C General Purpose Operational Amplifier ...........coiiiiiiiiiiiiiiiiiiiiinninenn.. 60
SA741C General Purpose Operational Amplifier .........ouvtiiiinieiiiiineneanenninennns 60
uA747/747C Dual Operational Amplifier ... ..ottt ittt ieaennearernnens 110
SA747C Dual Operational Amplifier .........coiiiiiiiiiiiiieieiieeneenneaneennennns ... 110
uAT748/748C General Purpose Operational Amplifier ............coooiiiiiiiiiiiiiiiiiiniin.., 116
SA748C General Purpose Operational Amplifier ...ttt iininnnenn.. cee.. 116
Section 2—VIDEO AMPLIFIERS . ... .. ittt e et ettt e ettt ettt aeaeaanns 121
NE/SE592 Video AMPIifier ..o e e e 123
uA733/733C Differential Video AmPlifier ..ottt it ittt iie e 129
Section 3—VOLTAGE REGULATORS ... ... . ittt e ittt ia it en e 135
LM109 Five VOIt Regulator . ......ouuttiiii it i cii i 137
LM209 Five VOIt Regulator ... ..o..uini i i i ettt eaens 137
LM309 Five VoIt Regulator ... ...uiiini i e i it 137
LM340 Three Terminal Positive Voltage Regulator ...........c.ooiiiiiiiiiiiiiiiiiniiins . 140
NE/SE5551 Dual Polarity Regulator ....... ..ottt ittt el 143
NE/SE5552 Dual Polarity Regulator ................ e e e e 143
NE/SE5553 Dual Polarity Regulator ..........vieiiiiiiiiiiiiiiiii it ittt irieaaens 143
NE/SE5554 Dual Polarity Regulator ..........ouuiiiiiiiiiii ittt iiiie i aeaans 143
NE/SE5555 Dual Polarity Regulator .............covviviiiinn e e e 143
NE/SE550 Precision Adjustable Regulator .......... .ottt 148
uA723/723C Precision Voltage Regulator .............uiiiiiiiiiiii ittt iiiiiiiininaens 155
SA723C Precision Voltage Regulator ..........coiiiiiiiiviiiiiiiiii ittt i anenans 155
uA78L02AC Three Terminal Positive Voltage Regulator ............cooiiviiiiiiiiii i, 160
uA78L02C Three Terminal Positive Voltage Regulator .............cciiiiiiiiiiiiiiiiin.. 160.
nA78LO5AC Three Terminal Positive Voltage Regulator ............ccooiiiiiiiiiiiiiiiinan, 160
nA78LOSC Three Terminal Positive Voltage Regulator ............oooiiiiiiiiiiiiiiiiiat, 160
nA78LOBAC Three Terminal Positive Voltage Regulator ........... .. oo 160
wA78LO6C Three Terminal Positive Voltage Regulator ............ooiiiiiiiiiiiiiiiiiininn, 160
nA78LOBAC Three Terminal Positive Voltage Regulator ................ S 160
nAT78L0O8BC Three Terminal Positive Voltage Regulator ........ ... ..o, 160
nA78L12AC Three Terminal Positive Voltage Regulator ........... ..o, 160
uA78L12C Three Terminal Positive Voltage Regulator ............ e e 160
uA78L15AC Three Terminal Positive Voltage Regulator .............cccoiiiiiiiiiiiiiiiiinn, 160
nA78L15C Three Terminal Positive Voltage Regulator ............ . oo 160
nA78MO5 Three Terminal Positive Voltage Regulator .............ccoiiiiiiiiiiiiiiiid 167
wA78M05C Three Terminal Positive Voltage Regulator ........... . .ccoiiiiiiiiiiiiiiiiii, 167
‘uA78M06 Three Terminal Positive Voltage Regulator ........... .o, 167
nA78M06C Three Terminal Positive Voltage Regulator ...........ccvviiiiiiiiiiiiiiiiiiennn, 167
uA78MO08 Three Terminal Positive Voltage Regulator ...........cooiiiiiiiiiiiiiiii i, 167
nA78M08C Three Terminal Positive Voltage Regulator ...........coooiiiiiiiiiiiiiiiiiii, 167
nA78M12 Three Terminal Positive Voltage Regulator ............oooiviiiiiiiiiiiiiiin, 167
pA78M12C Three Terminal Positive Voltage Regulator ............ ..ot 167
nA78M15 Three Terminal Positive Voltage Regulator - ...........ccoiiiiiiiiiiiiiiiiiin, 167
nA78M15C Three Terminal Positive Voltage Regulator ...........ccoiiiiiiiiiiiiiiiiiiinen 167
nA78M20 Three Terminal Positive Voltage Regulator ...........cociiiiiiiiiiiiiiiiiiiin, 167
pA78M20C Three Terminal Positive Voltage Regulator ...............cociiiiiiiiiiiiiia, 167

S{notics



nA78M24
nA78M24C
SA78M05C
SA78M06C
SA78M08C
SA78M12C
SA78M15C
SA78M20C
SA78M24C
wA7805/7805C
nA7806/7806C
wA7808/7808C
nA7812/7812C
uA7814/7814C
uA7815/7815C
nA7818/7818C
nA7824/7824C
SA7805C
SA7806C
SA7808C
SA7812C
SA7814C
SA7815C
SA7818C
SA7824C
#A7905/7905C
1AT7905.2/7905.2C
nA7906/7906C
nA7908/7908C
rA7912/7912C
wA7915/7915C
uA7918/7918C
wA7924/7924C
nA78G

wA79G
nA78HV05
nA78HV05C
wA78HV06
nA78HV06C
LAT8HVO08
nA78HV08C
uA78HV12
pA78HV12C
uA78HV14
pAT8HV14C
nAT8HV15
nA78HV15C
nAT8HV18
nA78HV18C
nA78HV24
nA78HV24C
SA78HV05C
SA78HV06C
SA78HV08C
SA78HV12C
SA78HV14C
SA78HV15C
SA78HV18C
SA78HV24C

Three Terminal Positive Voltage Regulator ..., 167

Three Terminal Positive Voltage Regulator ............. . ..o, 167
Three Terminal Positive Voltage Regulator ...........ccoiiiiiiiiiiiiiiiiiiiiina., 167
Three Terminal Positive Voltage Regulator ........... ..., 167
Three Terminal Positive Voltage Regulator ..., 167
Three Terminal Positive Voltage Regulator ..............coiiiiiiiiiiiiiiiininae, 167
Three Terminal Positive Voltage Regulator ............ .ottt 167
Three Terminal Positive Voltage Regulator ...........ccoooiiiiiiiiiiiiiiiiiiiinn., 167
Three Terminal Positive Voltage Regulator ..., 167
Three Terminal Positive Voltage Regulator ............ ..o, 174
Three Terminal Positive Voltage Regulator ...ttt 174
Three Terminal Positive Voltage Regulator ..., 174
Three Terminal Positive Voltage Regulator ............ .ol 174
Three Terminal Positive Voltage Regulator ...............coiiiiiiiiiiiiiiiiin, 174
Three Terminal Positive Voltage Regulator .............coiiiiiiiiiiiiiiiiiiiinn., 174
Three Terminal Positive Voltage Regulator ...ttt 174
Three Terminal Positive Voltage Regulator ............ ..o, 174
Three Terminal Positive Voltage Regulator ............c.ooiiiiiiiiiiiiiiiane 174
Three Terminal Positive Voltage Regulator .............ccoiiiiiiiiiiiiiiiiiin, 174
Three Terminal Positive Voltage Regulator .............cciiiiiiiiiiiiiiiiiinnnne, 174
Three Terminal Positive Voltage Regulator ..............coiiiiiiiiiiiiiiiinine, 174
Three Terminal Positive Voltage Regulator ..............cciiiiiiiiiiiiiiiiinne, 174
Three Terminal Positive Voltage Regulator ............cooiiiiiiiiiiiiiiiiiiiit, 174
Three Terminal Positive Voltage Regulator ......... ...ttt 174
Three Terminal Positive Voltage Regulator ............coo ittt 174
Three Terminal Negative Voltage Regulator .........c.cooiiiiiiiiiiiiiiiiiiiiinne, 183
Three Terminal Negative Voltage Regulator ............ccooviieenntn e 183
Three Terminal Negative Voltage Regulator ...........cooiiiiiiiiiiiiiiiiiiiinne, 183
Three Terminal Negative Voltage Regulator ...........ooiiiiiiiiiiiiiiiiiiiiine, 183
Three Terminal Negative Voltagee Regulator ............cooiiiiiiiiiiiiiiviinne, 183
Three Terminal Negative Voltage Regulator .........c.cooiiiiiiiiiiiiiiiiiiniinne, 183
Three Terminal Negative Voltage Regulator .........ccovviiiiiiiiiiiiiiiiiiiins 183
Three Terminal Negative Voltage Regulator .........ccooviiiiiiiiiiiiiiiiiiiinnnns 183
Four Terminal Positive Adjustable Voltage Regulator ............coiiiiiiiiianne 193
Four Terminal Negative Adjustable Voltage Regulator ...............coooiiiionan. 193
Three Terminal Positive Voltage Regulator ............ccoiiiiiiiiiiiiiiiiiinnn 198
Three Terminal Positive Voltage Regulator ...........cociiiiiiiiiiiiiiiiiieiinnn, 198
Three Terminal Positive Voltage Regulator .................coiiiiiiiiiiiiiie, 198
Three Terminal Positive Voltage Regulator .............ccooiiiiiiiiiiiiiiiiiinnns 198
Three Terminal Positive Voltage Regulator ............ccoiiiiiiiiiiiiiiiiiiin., 198
Three Terminal Positive Voltage Regulator ...........ccoeiiiiiiiiiiiiiiiiieiennns 198
Three Terminal Positive Voltage Regulator ...........ccoiiiiiiiiiiiiiiiiiiiinnnn, 198
Three Terminal Positive Voltage Regulator ...........cooiiiiiiiiiiiiiiiiiiiinnn 198
Three Terminal Positive Voltage Regulator .............cooiiiiiiiiiiiiiiiiiiinne, 198
Three Terminal Positive Voltage Regulator .............coiiiiiiiiiiiiiiiiiiiin, 198
Three Terminal Positive Voltage Regulator ..., 198
Three Terminal Positive Voltage Regulator ...........coiiiiiiiiiiiiiiiiiiiinnn 198
Three Terminal Positive Voltage Regulator ...........ooiiiiiiiiiiiiiiiiiiiiiiin, 198
Three Terminal Positive Voltage Regulator ..........ccooiiiiiiiiiiiiiiiiiiiiiiane, 198
Three Terminal Positive Voltage Regulator ..........ccoiiiiiiiiiiiiiiiiiiiiann, 198
Three Terminal Positive Voltage Regulator ...........ccooiiiiiiiiiiiiiiiiiiiinas 198
Three Terminal Positive Voltage Regulator .........coooiviiiiiiiiiiiiiiiiiiiiinnnns 198
Three Terminal Positive Voltage Regulator ..........ccooiiiiiiiiiiiiiiiiiiiiiinnes 198
Three Terminal Positive Voltage Regulator ..........ccoiiiiiiiiiiiiiiiiiiiinne 198
Three Terminal Positive Voltage Regulator ..o 198
Three Terminal Positive Voltage Regulator ...... ..o, 198
Three Terminal Positive Voltage Regulator ...ttt 198
Three Terminal Positive Voltage Regulator .......co.ooviiiiiiiiiiiiiiiiiiiiiiiies 198
Three Terminal Positive Voltage Regulator .........ccoiiiiiiiiiiiiiiiiiiiiiiine 198

sinetics



wA78MHV05
uA78MHV05C
uAT8MHV06
uA78MHV06C
wAT8MHV08
wA78MHV08C
wAT8MHV12
wA78MHV12C
wAT8MHV15
uAT8MHV15C
uA78MHV20
wA78MHV20C
uAT8MHV24
LAT8MHV24C
SA78MHVO05C
SA78MHVO06C
SA78MHV08C
SA78MHV12C
SA78MHV15C
SA78MHV20C
SA78MHV24C
wAT8MG/78MGC
uAT9IMG/79MGC
1A79MO5/79M05C
uA79MO5.2/79M05.2C
LATIMO6/79MO6C
wAT9MO8/79MO08C
pATOM12/79M12C
wAT9M15/79M15C
uAT9M18/79M18C
1AT9M24/79M24C

Section 4—TIMERS ....

NE/SES55
SE555C
SAS555
NE/SE556
SA556C
NE/SE556-1
SE556-1C
SA556-1
NE/SE/SA558
NE/SE/SA559

Section 5—COMPARATORS

LH2111
LH2211
LH2311
LM111
LM211
LM311
LM119
LM219
LM319
LM139/139A
LM239/239A
LM339/339A

Three Terminal Positive Voltage Regulator ...............0coiiiiiiiiinnii i, .. 198
Three Terminal Positive Voltage Regulator ........... P 198
Three Terminal Positive Voltage Regulator ............. P 198
Three Terminal Positive Voltage Regulator ...........c.ooiiiiiiiiiiiiiiiiiiiinne, 198
Three Terminal Positive Voltage Regulator ...........oooviiiiiiiiiiiiiiiiiiiininens 198
Three Terminal Positive Voltage Regulator ..........oooviiiiiiiiiiiiiiiiiiiiiinnn, 198
Three Terminal Positive Voltage Regulator ...........coooviiiiiiiiiiiiiiiiiiin, 198
Three Terminal Positive Voltage Regulator ...............ciiiiiiiiiiiiiiiiinnn, 198
Three Terminal Positive Voltage Regulator ............ccoooiiiiiiiiiiiiiiinnn., 198
Three Terminal Positive Voltage Regulator ............ooiiiiiiiiiiiiiiiiiiiias, 198
Three Terminal Positive Voltage Regulator ...........ccoiviiiiiiiiiiiii i, 198
Three Terminal Positive Voltage Regulator ............ccooiiiiiiiiiiiiiiiiiniinnee. 198
Three Terminal Positive Voltage Regulator ...........cooviiiiiiiiiiiiiiiiiiinnne, 198
Three Terminal Positive Voltage Regulator ..............ccooiiiiiiiiii i, 198
Three Terminal Positive Voltage Regulator ................coooiiiviian, e 198
Three Terminal Positive Voltage Regulator .............cooviiiiiiiiiiiiiiiiina, 198
Three Terminal Positive Voltage Regulator ..., 198
Three Terminal Positive Voltage Regulator ...............ciiiiiiiiiiiiiiiiinn, 198
Three Terminal Positive Voltage Regulator .............oooiiiiiiiiiiiiiiiiiiine., 198
Three Terminal Positive Voltage Regulator ...........c.oviiiiiiiiiiiiiiiiiinn, 198
Three Terminal Positive Voltage Regulator ............cccviiiiiiiiiiiiiiiiiinen, 198
Four Terminal Positive Adjustable Voltage Regulator ...............cciiiiieieinn, 226
Four Terminal Negative Adjustable Voltage Regulator .............cccvviieneinnn. 226
Three Terminal Negative Voltage Regulator ..........c.cociiiiiiiiiiiiiiiiinennn., 232
Three Terminal Negative Voltage Regulator ............ e et iseieieeat e raaiais 232
Three Terminal Negative Voltage Regulator ............ccoiiiiiiiiiiniiiiiiennen. 232
Three Terminal Negative Voltage Regulator ............ccooiiiiiiiiiineiiniinnnens 232
Three Terminal Negative Voltage Regulator .............ccciiiiiiiiiiiieiiiieannns 232
Three Terminal Negative Voltage Regulator ...........ccciiiiiiiiiiiiniinnennn. 232
Three Terminal Negative Voltage Regulator .............coeiiiiiiiiiinennnennn.. 232
Three Terminal Negative Voltage Regulator ...........cciiiiiiiiiiiiiiiieeennnn, 232
.................................................................................... 241
2T PO 243
1= P 243
12T P 243
[ 0T L I 1 =T 246
[ LU T- L I 44T 246
[0 TN - YR I T - e 249
DUal TiMer o e e e 249
[0 I 1= 249
(@ TU T Te I T 1= 252
(@ U Vo R T 1Y 252
PN 255
Voltage Comparator .. ....vuuui it iitii ittt ittt e, 257
Voltage ComParator .......vveiineeteetteeenennnteeaneeeiineneeesisnneesennns 257
VLo T1¢: Ve [T @7o T4 Yo =T -1 (o (N 257
Voltage ComParator . ...ttt ittt ettt ittt 257
Voltage CompParator ... ....veetitiiiiitersiniiiterennteiiisseeeeansnneconnns 257
Voltage Comparator ......... et ettt e ity 257
Dual Voltage Comparator .........ueieeteiiitenerieinntieresieesneenneenneionens 260
Dual Voltage Comparator .......outeinnettiitt it innienreeieerntoenneeaneeanens 260
Dual Voltage Comparator .. ...ovuiitiietiiit it iiiiiitnteiineennecnnns ... 260
Quad Voltage Comparator .....ovuvnteett ettt iiiit e iiiineetsnnssreesnans 265
Quad Voltage Comparator ......o.ueiiierireiviediiiiiiieeieiiiieiineeaieeinnss 265
Quad Voltage Comparator .......ouueitnetiirteiieiiieeiornetinioreneeaieecnans 265

smnﬁtins



MC3302 Quad Voltage ComParator .. ........ouuuueieneeneneeanententoneneenenneneeneins 265
LM2901 Quad Voltage Comparator ............ouuutenteneenine ittt reiienriiinninnenns 265
LM193/193A Low Power Dual Voltage Comparator ...........ccveiiiiiiiiiiineeineiiiienneeanns 270
LM293/293A Low Power Dual Voltage Comparator ...........oveiviiiiiiienneerneiierennennnes 270
LM393/393A Low Power Dual Voltage Comparator ............oeeviiiiiiiiiineiieinnnennnennns 270
LM2903 Low Power Dual Voltage Comparator ...........c.oveiiiiiiiiiiineiieinieenneeenns 270
NE521 High Speed Dual Differential Comparator/Sense Amp ........cceviiiieenennneennn. 273
NE522 High Speed Dual Differential Comparator/Sense Amp ........ccovvviiiiiiinneennn, 276
NE/SE527 Voltage CoOmMPAratOr ...ttt ettt et e ittt ninaeeeanneeaeaainaaeens 279
NE/SE529 Voltage ComParator . .....o.utunteitt ittt ittt ittt ente e ennaens 283
wA710 Differential Voltage Comparator .........o.uiiiriiiiiniiiiiiiiiiiiiiiineanns 287
#AT11 Dual Voltage Comparator . ........uiitti ettt eaeannns 289
Section 6—MEMORY INTERFACE . ...........iuutittittitt it at ettt nens 291
55/75325 LIV T4 o TV B T 1T PP 292
758207 High Speed Dual Sense Amplifier for MOS Memories ..........coveeviiinneennenn. 298
755208 High Speed Dual Sense Amplifier for MOS Memories ...........ccovviiieivinnnnens 301
7520 Dual Core Memory Sense Amplifier .........ccoiiiiiiiiiiiiiiiiiiiiiiiiii i 304
7522 Dual Core Memory Sense Amplifier ........ .ottt 304
7524 Dual Core Memory Sense Amplifier .........ccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiens 304
7528 Dual Core Memory Sense Amplifier .........ooiiiriiiiiiiiiiiiiiiiiiiiiii i 304
75232 Dual Core Memory Sense Amplifier .........cooiiiiiiiiiiii i 304
75234 Dual Core Memory Sense Amplifier ........coiiiiiiiiiiiiiiiiiiiiiiiiiiiiienn 304
75324 Memory Driver with Decode Inputs .........coiiiiiniiiiiiiiiiiiii i 317
SeCtion 7T—INTERFACE ... . . ittt ettt ettt 328
DS3611 High Voltage Peripheral Driver ...... ...ttt 325
DS3612 High Voltage Peripheral DIiVEr . ...ttt ittt iiiinin e 325
DS3613 High Voltage Peripheral Driver ..........ciiiiiiiniiie it iiiiiieiienieenns 325
DS3614 High Voltage Peripheral Driver ..........oiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiineens 325
DS7820 Dual Line RECEIVEr ...\ttt e i ettt e 329
DS8820 Dual Line ReCRIVEI ...ttt ittt ittt tiia et esaneeens 329
DS7820A Dual Line RECEIVEr ...ttt it ettt 331
DS8820A Dual Line RECEIVEr ..ttt i it ettt 331
DS7830 Dual Differential Line Driver ..........ceeiiiriiieiiniittiennuneeininneeennns .... 335
DS8830 Dual Differential Line Driver ..........eeiiiiniiiiiiiiiiiiiiiiiiiieininnnes 335
MC1488 L@ T T Vo I 1T 0 Y 337
MC1489/A Quad Line RECEIVET . . ou vttt i ettt i i e 340
UDNS5711 Dual High Voltage Peripheral Driver (AND) ... ... ..ottt iiens 342
UDN5712 Dual High Voltage Peripheral Driver (NAND) ...t 342
UDN5713 Dual High Voltage Peripheral Driver (OR) ........ooiiiiiiiiiiiiiiiiiiii i 342
UDNS5714 Dual High Voltage Peripheral Driver (NOR) .........cooiiiiiiiiiiiiiiiiinnainn.. 342
758107 High Speed Dual Line ReCeiVer .......oviiiiiiiiiiiiiiiiiiiiii ittt 347
755108 High Speed Dual Line RECEIVEIr ... .vviuiiiit ittt iiiiirerienntennienannes 350
55/75450B Dual Peripheral Positive Driver .. ...ttt iiiiiiiiiiiiiiiiiiiineeennns 354
55/75451B Dual Peripheral Positive Driver ... ...ttt it it 354
55/75452B Dual Peripheral Positive DIriver .......ovittiiitieiiiiireiiennieenneeneesneeeens.. 354
55/75453B Dual Peripheral POSitive DIVEr ......ovuiirttiiiiii ittt i, 354
55/75454B Dual Peripheral Positive Driver ..........ouiiiiiiiiiiiiiii it iiiiieanns 354
Section 8—TRANSISTOR ARRAY S ... ... ittt ittt ittt ettt ettt iatner i eneenens 371
NE/SES510 Dual Differential Amplifier ........c.ooiiiiiiiiiiiiiiiiii it 373
NE/SES511 Dual Differential Amplifier ........c.o.oiiiiiiiiiii i i 373
NE5501 High Voltage/High Current Darlington Array .........cooiiiiiiiiniiiiiinivennnnns 379
NE5502 High Voltage/High Current Darlington Array .........coiviiiiiiiiiiiiieieneennnn.. 379
NE5503 High Voltage/High Current Darlington Array .........cceeiiiiiiiiiiiireeervininnes 379
NE5504 High Voltage/High Current Darlington Array .........ccovtiiiiiiiiiiiieennieennnenns 379
ULN2001 High Voltage/High Current Darlington Transistor Array ...........coooviviiiiinninn, 383

Sifnotics



ULN2002 High Voltage/High Current Darlington Transistor Array ..........................:. 383
ULN2003 High Voltage/High Current Darlington Transistor Array ...........ccoviiiiiininnn. 383
ULN2004 High Voltage/High Current Darlington Transistor Array ......................i.... 383
CA3081 Seven Transistor Array ........ I 387
CA3082 Seven Transistor Array ..o e ve ittt eaiieennaaaeean e 387
Section 9—PHILIPS INDUSTRIAL ... ... ittt it i e a i ettt aia i enaeenins 389
NES502 Analog Bucket Brigade Delay Line ..................... e e 391
SAA1027 Stepper Motor Driver CirCUIt ... ...ttt i ittt riieeeaneeennees 396
TAA960 Triple Active Filter Amplifier ..........c..i it ittt eiiaianenanan.... 400
TCA210 Audio Amplifier and Preamplifier ......... i e e 402
TCA580 Integrated Gyrator ..., PN 405
TCA980 Microphone Amplifier ............coiiiiiiiiiiiiinnnn. P 408
TDA1024 Zero Carrying On-Off Triac Control ...ttt 411
TDA1060 Switched Mode Power Supply Control Circuit ......oc.oiiiiiiiiiiiiienniieennn.. 417
Section 10—DISPLAY DRIVERS . ... ittt ettt et raaeaetraneeeaieranesaeosiseenenneeness 421
DS8880/8880-1 High Voltage 7-Segment Decoder/Driver .........oiiiiiiiiiiiiieeiiiiirininennns 423
NE580 Bar-Graph Logic Circuit ..........coviiiiiiiiiiiiiiinann e e 426
NES82 Hex Universal Driver .. ... ...ttt ittt ettt enneees 430
NE584 Cathode Driver .............ccc..... PP e e e e 433
NE585 ANnode Driver .. ....eiii i e e e 435
Section 11—D/A—A/D CONVERTERS .........iuiiiitttitttt ittt ettt ettt neanens 437
MC1408-7 8-Bit Multiplying D/A ConVerter ... vttt ittt ittt eieinenneaneaneans 439
MC1408-8 8-Bit Multiplying D/A CONVeIer . ..viittit ittt it iiesennsnreeinsnnernnens 439
MC1508-8 8-Bit Multiplying D/A CONVEIEr . ...ttt ettt ie et ieieaenannes 439
NES5007 8-Bit Speed Multiplying D/A ConVerter. ......vuiiiteit it innneraninrnneaneans 445
NE/SE5008 8-Bit Speed Multiplying D/A Converter................ e 445
NE/SE5009 8-Bit Speed Multiplying D/A CONVEMEr. .. ....uuitiee et eeeteaeneierenennnannns 450
NE/SE5018 8-Bit uP-Compatible D/A CoNVENer. .. ..ottt ittt ieenneteenireeannenns 457
SeCtioN 12— AUDIO CIRCUIT S ... ittt ettt ittt aaee et raneseuseeaaeesaneesneenntoieeneenens 461
LM381/381A Dual Low-Noise Preamp ..........ccovvviiieennnn e e e 463
LM382 Dual LOWw-NO0iSE Preamp . ......uiiruiiitii ittt nienineanns 466
LM387 Dual Low-Noise Preamp ................ov0es e e 469
NE/SE540 Power Driver ........... e e e e e et e e e s e e etk ee e aees 472
NE541 High Voltage Power Driver .............. P P N 477
NE542 Dual Low-Noise Preamp ........... e e e 479
570 (070217 o - T Te [ o e 482
571 Compandor ........ e e e et e e s aitaeeaaerasanantoatseatietsiraastecrantoatettsonenas 482
Section 13—RADIO CIRCUIT S ...ttt ittt eretaenereaeeentsinneennnerneoanseneeneons 485
CA3089 FMIF System .......... i, e 487
MC1496 Balanced Modulator-Demodulator ...............coovviiiiiiiiniiiiieiiiiiiiiiiin, 492
MC1596 Balanced Modulator-Demodulator ..............iiiiiiiiiiiiiiiiiiiiiniian,.... 492

- N5596 Balanced Modulator-Demodulator ............ e e 492
NE546 AM Radio Receiver Subsystem ............... P 495
NE575 PLL Frequency Synthesizer ........ooiiiiiitiiiiiii ittt 499
TCA440 AM Receiver Circuit .......c.oviiiiiiiiinennieennnn e e 501
uA758 FM Stereo Multiplex Decoder, Phase Locked LOOP ....ovvvuiiiineiiininnnenniveas 508
SeCtion 14—TV CIRCUITS ... .. it i ie i iee e it et vanbeenssessstnane e eanennecneons 513
MC1327 "Chroma Demodulator ............... P e .. 515
TBA120S 8-Stage Amplifier with Balanced Demodulator ...........c..vveeeuvnivnennenennnns. 520
TBA120T FM'IF Amplifier and Demodulator ...........couiiiiereeneenerneneneereenneeneenn. 524

SiNOtiEs



TBA120U FM IF Amplifier and Demodulator ....... ..ottt iiieennnennnens 524

TBA395 Chrominance Combination Monolithic Silicon Intregrated Circuit .................. 529
TBA396 Luminance and Chrominance Control Combination ..............cciviiiieieennn.. 533
TBA1440 TV Video Amplifier-Demodulator .........couuiiiiiiiiiiiiiiiiiiiiiiiieinnninnnns 536
TBA1440G/1441 TV Video Amplifier with Demodulator ...........ccciiiiiiiir it niiieeennns 540
TDA2541 VidEO IF SYS oM ottt it e e e e 544
ULN2211 2-Watt TV/FM Sound Channel .........iiuuiiiriiittiiieiinienieeainennneanns 547
Section 15—GENERAL CONSUMER . .........oiiiitttiiit ittt ettt e et ae e eaneennens 551
NE543 SerVO AMPlIf IO .t e e e e 553
NE544 SerVO APl o e e s 557
NE644 Servo AMPlIfiEr o e 557
Section 16— PHASE LOCKED LOOPS ... ..o ittt ettt et et eraieeeenns 563
NE560 Phase LoCKed LOOD .. ....coiiiiiti e ettt 565
NE561 Phase LOCKEd LOOP .. .uieiii i ittt i e e i e 570
NES562 Phase LoCked LOOP .. .vvuii i i i e e i e 576
NE564 Phase LOCKEd LOOPD ... .vvutiitit it et it 583
NE/SE565 Phase LOCKEd LOOP .. ..uttttttt ettt ettt ii i e 586
NE/SE566 FUNCHON GeNErator ...ttt e et e e 591
NE/SES567 Tone Decoder/Phase LOCKEed LOOPD ...t 594
SeCHON 17—NEW PRODUCT S ... ittt ittt ittt ittt ettt et et et eneeeateeiteaneeaneeenneenneens 605
NE/SE530 High Slew Operational Amplifier ... ..ottt 607
NE/SE5530 High Slew Operational Amplifier .. ... ..ottt 607
NE586 LED Display Driver .. ..uu ettt e 607
NES87 LED Display Driver ..ttt ittt ittt ettt eeieeiens 607
NE590 Addressable Peripheral Driver . ..........o oottt 608
NES91 Addressable Peripheral Driver . ..........oiiiiie ittt 608
NE5030 Single Supply 8-Bit A/D CONVEIMer. ...ttt ettt eaiiieeenans 608
APPLICATIONS 609
Section 18—ANALOG IC PROCESSING . ......iititiittiit ittt ettt rite ettt eniee i eaneens 611
Section 19—ANALOG IC DESIGN TECHNIQUES . ... ... it ettt ai s 617
Section 20—OPERATIONAL AMPLIFIERS ... ... ...ttt et ettt it eenaans 625
Section 21 —VOLTAGE REGULAT ORS ... ittt ittt it ettt e it ai e enieeanaens 649
Section 22— INTERFACE CIRCUIT S ... ... i ittt e e ir e eaitee e einnaneenanns 675
SeCtiON 23— TIME RS . ... . ittt i e i e e e 715
Section 24—COMMUNICATIONS CIRCUITS ... ..t it ittt ettt 739
Section 25— CONSUMER CIRCUIT S ... ..ttt ittt et ettt et ai et aieeanaennnes 759
Section 26—PHASE LOCKED LOOPS ... . ittt ettt et it i ettt eeineenaeennns 807
SeCHON 27— APPENDICES .. ... . ittt ettt e e e e 861
MU T ARY e e e i 867
PA CK A GES e e e 887
SALES OFFICE ittt ettt et e e e 903
INDEX ettt ettt et a et e ettt ettt ens 909

Sifotics



BNDLES



sino

INTRODUCTION

tics



Sifptics



ns one of the world’s largest manufacturers of integrated
circuits, Signetics designs, develops, manufactures and selis
over 1600 different types of integrated circuits. Signetics
produces digital and linear circuits, utilizing both bipolar and
metal-oxide-semiconductor (MOS) manufacturing processes.

The Analog division is a major broad line supplier of both
Signetics’ original designs and industry standard devices. The
NES535 High Performance Operational Amplifier, the NE555
Timer and the NE567 Phase Locked Loop are among Signetics’
original products. Leading industry standard products avail-
able from Signetics include the LM124/224/324 Quad Opera-
tional Amplifier, the LM139/239/339 Quad Comparator, the
wA741 and MC1458 General Purpose Operational Amplifiers.
The breadth of the Analog product line offers the designer, the
component engineer, and the purchasing agent a varied
approach to linear circuits ranging from the uA741 to the latest
in high technology products—a microprocessor compatible
digital-to-analog converter—the NE5018.

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

TYPE DESCRIPTION

NE530 High Speed Operational Amplifier

NE5530 Dual High Speed Operational Amplifier
(Dual 530

NE503 1536-Bit Bucket Brigade

NE5533 Dual 5534

79HVO00 High Breakdown 79XX

TDA2002 Audio Amp

TDA2573 TV Vertical Countdown

NES5034 8-Bit A/D Converter

NE588 LED Display Driver - Source Outputs

NE589 LED Display Driver - Source Outputs

NE5010 10-Bit D/A Converter

MC1399 TV Color Processing Circuit

wA79HV00 Three Terminal Negative High Voltage
Regulator

SinotEs



The 1977 Analog Data Manual is one in a series of four data
manuals published by Signetics. This publication is intended
to serve as a single technical reference for designing with
linear circuits by presenting both data specifications and
applications information in one manual.

The format of this year’s edition differs from that of the 1976
Analog manual. Data specifications and applications material
are presented in two sections indexed for ease of use. The Data
Specifications portion is completely new data presented in
standard data sheet format reflecting commercial and military
grade availability. The Applications portion is updated and
rewritten to reflect data on new products issued inthe last year.
In addition, a section on Military provides information on
product availability and processing options.
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ORDERING INFORMATION

Signetics’ Analog integrated circuit prod-
ucts may be ordered by contacting either
the local Signetics sales office, Signetics
representatives and/or Signetics authorized
distributors. A complete listing is located on
the back cover of this manual.

Minimum Factory Order:
Commercial Product:

$1000 per order

$50 per line item per order

Military Product:
$250 per line item per order

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

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

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

PART CROSS REF PRODUCT PRODUCT

NUMBER PART NO. FAMILY DESCRIPTION

NE535N MC1741SC ANA High Slew Rate OP-AMP
uA741C LM741CJ ANA General Purpose OP-AMP

»Product Family |

> Package Type—See Table 1

Description of
Product Function

ECL Emitter Coupled Logic
DTL Diode Transistor Logic
ANA Analog Products

MOS Metal Oxide Silicon

BIM Bipolar Memory Products
MIL Military Products

TTL Transistor Logic

ML2 Military Products

L—— Device Number and Temperature Range Suffix

——— Device Family and Temperature Range Prefix for

Industry Standard and Signetics Originated Products—See Table 2.

Table 1 PART NUMBER DESCRIPTION

DEVICE TEMPERATURE RANGE

0° to +70°C
-55° to +125°C

0° to +70°C
-56° to +125°C
-44° to +85°C
-25° to +85°C

Table 3 DEVICE TEMPERATURE

DEVICE FAMILY

Linear Industry Standard
Linear Industry Standard
Mil Rel—Jan Qualified—
Old Designator

Mil Rel—Jan Qualified—
New Designator

Linear Industry Standard
Linear Industry Standard
Mil Rel—Jan Processed
Linear Industry Standard
Linear Industry Standard
Linear DMOS

DTL Series

Linear Industry Standard
Linear Industry Standard

SUFFIX PACKAGE PREFIX
old New DESCRIPTION2 N-
AAA | N 14-lead plastic DIL S-
A N-14 | 14-lead plastic DIL (Selected NE-
Analog products only) SE-
B,BA N 16-lead plastic DIL SA
DA DA | 2-lead TO-3 su
DB DB 3-lead TO-5
DC DC 4-lead TO-46
DE DE 4-lead TO-72
F F 14, 16, 18, 22 and 24-lead
ceramic (Cerdip) DIL PREFIX
1LIK | 14, 16, 18, 22, 28 and 4-lead
ceramic DIL CA
K K 10-lead TO-100 DM
L L 10-lead high-profile TO-100 JB
can
NANX| N 24-lead plastic DIL JM
PN PHA | 12+ 1 GND pin DIL
QR Q 10, 14, 16 and 24-lead LH
ceramic flat M
S S 3-lead TO-92 plastic
SK SK Microprocessor kit M
TTA | T |8-lead TO-99 MC
u u Plastic power TO-220 PA
\ N 8-lead plastic DIL sD
WWJ | W 10, 14, 16 and 24-lead SP
ceramic (Cerpac) flat UA
XA N | 18-lead plastic DIL ULN
XC N 20-lead plastic DIL
XC N 22-lead plastic DIL
XLXF | N 28-lead plastic DIL
Table 2 PACKAGE DESCRIPTIONS

Sifnetics
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SPECIAL PROCESSING

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

SUPR Il

Signetics Upgraded Product Reliability
(SUPR) program is designed to provide
industrial manufacturers with integrated
circuits of a higher level of quality and
reliability than is available with standard
commercial product. ' Improvements in
quality and reliability will result in signifi-

cant cost savings to the integrated circuit '

user. Signetics has maintained a quality and
reliability leadership position via its SUPR-

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

LEVEL A HIGHLIGHTS .

o Thermal shock preconditioning (per Mil
std 883)

® 100% dc testing

® 100% functional testing at 100°

e SEM wafer quality monitor

® Die and preseal visual inspection criteria
(per Mil std 883)

The Analog division is continually expand-
ing the availability list of products proc-
essed to SUPR 1l Levels A and B. For
information concerning the SUPR Il status

S{nOtics

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

DM8820 LM319 pA723C
DM8830 LM324 uA741C
DM8880 LM339 uA747C
DM8880-1 MC1458 uAT48C
LM124 MC3302 nA7805C
LM201H pA709C pA7812C
LM301A pA710C 754508
LM307 pAT11C 754518
LM308 NE555 754528
LM309 NE556 75453B
LM3111 754548

MC1496

Table 5 PRODUCT PRESENTLY
AVAILABLE TO LEVELS A AND B
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DATA SPECIFICATIONS
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SECTION |
OPERATIONAL AMPUFIERS
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DESCRIPTION

LF155, LF155A, LF255, LF355, LF355A (Low
Supply Current)

LF156, LF156A, LF256, LF356, LF356A
(Wide Band)

LF157, LF157A, LF257, LF357, LF357A
(Wide Band)

The LF155, LF156, LF157 Series of opera-
tional amplifiers employ well matched, high
voltage JFET input structures on the same
monolithic chip as bipolar devices. These
amplifiers feature low input bias and offset
currents, low offset voltage and offset volt-
age drift, coupled with offset adjust which
does not degrade drift or common mode
rejection. The devices are also designed for
high slew rate, wide bandwidth, extremely
fast settling time and low noise.

COMMON FEATURES
(LF155A/156A/157A)

e Low input bias current 30pA

Low input offset current 3pA

High input impedance 10120

Low input offset voltage 1mV

Low Vog temperature drift 3.V/°C
Low input noise current 0.01pA/VHz

EQUIVALENT SCHEMATIC

SPECIFIC FEATURES

LF155A LF156A
o Settling time
(0.01%) 4us 1.5us
High slew rate 5v/us 12v/us
Wide bandwidth  2.5MHz 5MHz

Low input noise 20nV/ /Hz 12nV/VHz
LF155, LF156—military qualifications
pending

e o o o

LF157A
(Ay = 5)
® Settling time
(0.01%) 1.5us
® High slew rate 50v/us
* Wide bandwidth 20MHz
e Low input noise  12nV/VHz

APPLICATIONS

* Precision high speed integrators

¢ Fast A/D, D/A converters

* High impedance buffers

* Wideband, low noise, low drift amplifier

BALANCE
« -~
M (5)
‘6'-|'_r T"l:‘_g
®) @

le ©
25 | out

It ok

A4
Ay
@
S

*C = 2pF on LF157

O ~Vee

sifnotics

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

PIN CONFIGURATION

BALANCE

INVERTING
INPUT

NONINVERTING
INPUT

LF155AT
LF1565T
LF255T
LF355AT
LF355T

T PACKAGE
NC

v+
OUTPUT

BALANCE

V-
ORDER PART NO.

LF156AT LF157AT
LF156T LF157T
LF256T LF257T
LF356AT LF357AT
LF356T LF357T

13




ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage

LF155A/6A/7A, LF155/6/7 +22 Vv

LF255/6/7 +22 \"

LF355A/6A/TA, LF355/6/7 +18 \'
Power dissipation1 TO-99 (T-package)

LF155A/6A/7A, LF155/6/7 670 mwW

LF255/6/7 ' 570 mwW

LF355A/6A/7A, LF355/6/7 500 mw
Operating temperature range

LF155A/6A/7A, LF155/6/7 -55 to +125 °C

LF255/6/7 -25to +85 °C

LF355A/6A/7A, LF355/6/7 0 to +70 °C
Ty (Max)

LF155A/6A/7A, LF155/6/7 150 °C

LF255/6/7 115 °C

LF355A/6A/7A, LF355/6/7 100 °C
Input voltage range2

LF155A/6A/7A, LF155/6/7 +20 \

LF255/6/7 +20 Vv

LF355A/6A/7A, LF355/6/7 +20 \Y
Output short circuit duration

LF155A/6A/7A, LF155/6/7 Continuous

LF255/6/7 Continuous

LF355A/6A/7A, LF355/6/7 Continuous
Storage temperature range

LF155A/6A/7A, LF155/6/7 -65 to +150 °C

LF255/6/7 -65 to +150 °C

LF355A/6A/7A, LF355/6/7 -65 to +150 °C
Lead temperature (soldering, 10sec.) 300 °C

LF155A/6A/TA, LF155/6/7 300 °C

LF255/6/7 300 °C

LF355A/6A/7A, LF355/6/7 300 °C

NOTES

1. The TO-99 package must be derated based on a thermal resistance of 150°C/W *
junction to ambient or 25°C/W junction to case.
2. Unless otherwise specified, the absolute maximum negative input voltage is equal to
the negative power supply voltage.

14
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DC ELECTRICAL CHARACTERISTICS

LF155/A/156/A/157/A, LF255/256/257,

LF355/A/356/A/357/A-T

Ta = 25°C unless otherwise specified. (See notes on foilowing page.)

LF155A/6A/7A LF355A/6A/7A
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ Max
Vos Input offset voltage Rs = 50Q 1 2 1 2 mV
25 2.3 mV
AVos/AT  Avg. TC of input offset Rs = 5002 3 5 3 5 wVv/eC
voltage
ATC/AVos Change in average TC2 Rs = 500 0.5 0.5 wV/°C
with Vos adjust per mV
los Input offset current1.3 Ty=25°C 3 10 3 10 pA
Ty < Thigh 10 1 nA
I8 Input bias current!.3 Ty=25°C 30 50 30 50 pA
Ty < Thigh 25 5 nA
RIN Input resistance Ty =25°C 1012 1012 [9)
AvoL Large signal voltage gain ‘ Vs =+ 15V 50 200 50 200 V/mV
Vo=%10V,RL =2k | 25 25 V/mV
Over temp.
Vo Output voltage swing Vs =+ 15V, RL =10k | £12 +13 +12 *+13 v
Vs=1+15V, RL=2kQ | £10 | %12 +10 | *12 \%
Vem Input common mode +15.1 +15.1 \
Voltage range Vs =+ 15V *11 +11 Y
-12 -12 \"
CMRR Common-mode rejection ratio 85 100 85 100 dB
PSRR Supply volt. rej. ratio4 85 100 85 100 dB

DC ELECTRICAL CHARACTERISTICS

(Cont'd) Ta = 25°C unless otherwise specified.

(See notes on following page.)

LF155/6/7 LF255/6/7
PARAMETER TEST CONDITIONS - UNIT
Min Typ | Max Min Typ Max
Vos Input offset voltage Rs =500 3 5 3 5 mV
7 6.5 mV
AVos/AT  Avg. TC of input offset Rs = 500 5 5 uv/°eC
voltage
ATC/AVos Change in average TC2 Rs =500 0.5 0.5 N4
with Vos adjust . per mV
los Input offset current!.3 Ty=25°C 3 20 3 20 pA
T4 < Thigh 20 1 nA
I8 Input bias current!.3 Ty=25°C 30 100 30 100 pA
Ty < Thigh 50 5 nA
RiN Input resistance Ty =25°C 1012 1012 0
AvoL Large signal voltage gain Vs =+ 15V 50 200 50 200 V/mV
Vo=% 10V, R.=2kQ | 25 25 v/mVv
Over temp.
Vo Output voltage swing Vs =% 15V, RL =10kQ | +12 +13 +12 +13 "
’ Vs =+ 15V, R =2kQ | +10 +12 +10 +12 )
Vem Input common mode +15.1 +15.1 v
Voltage range Vs =+ 15V *+11 +11 \"
-12 -12 "
CMRR Common-mode rejection ratio 85 100 85 100 dB
PSRR Supply volt. rej. ratio4 85 100 85 100 dB
sinotics 15




DC ELECTRICAL CHARACTERISTICS

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

(Cont'd) Ta = 25°C unless otherwise specified.

LF355/6/7
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Input offset voltage Rs = 500 3 10 mV
13 mV
AVos/AT Avg. TC of input offset Rs = 500 5 uVv/eC
voltage
ATC/AVes Change in average TC2 Rs = 500 0.5 uVv/°eCc
with Vos adjust per mV
los Input offset current1.3 Ty =25°C 3 50 pA
Ty < Thigh 2 nA
Is Input bias current1,3 Ty =25°C 30 200 pA
Ty < Thigh 8 nA
Rin Input resistance Ty =25°C 0
AvoL Large signal voltage gain Vs =+ 15V 25 1012 V/mV
Vo =+ 10V, RL = 2kQ) 200
Over temp. 15 V/mv
Vo Output voltage swing Vs =+ 15V, RL =10kQ +12 +13 "
Vs =+ 15V, RL = 2k} +10 +12 \'
Vem Input common mode +15.1 v
Voltage range Vs ==+ 15V +10 Vv
-12 \
CMRR Common-mode rejection ratio 80 100 dB
PSRR Supply volt. rej. ratio4 80 100 dB
DC ELECTRICAL CHARACTERISTICS Ta =25°C, Vs = 15V unless otherwise specified.
Ltligg;gg? LF355 LF156A/LF156/256
PARAMETER UNIT
Min Typ Max Min Typ Max Min Typ Max
Supply current 2 4 2 4 5 7 mA
DC ELECTRICAL CHARACTERISTICS (Contd) Ta= 25°C, Vs =% 15V unless otherwise specified.
LF356A/LF356 LF157A/LF157/257 LF357A/LF357
PARAMETER UNIT
Min Typ Max Min Typ Max Min Typ Max
Supply current 5 10 5 7 5 10 mA

NOTES

1.

16

These specifications apply for £15V < Vs <+ 20V, -55°C < Ta £125°C and THiGH =
+125°C unless otherwise stated for the LF155A/6A/7A and the LF155/6/7. For the
LF255/6/7, these specifications apply for +15V < Vs <+20V, -25°C < Ta<+85°C and

THIGH = 85°C unless otherwise stated. For the LF355A/6A/7A, these specifications

apply for £15V < Vs < +20V, 0°C < Ta < +70°C and ThHigH = +70°C, and for the
LF355/6/7 these specifications apply for Vs =+15Vand 0°C<Ta<+70°C.Vos, Isand
los are measured at Vcm= 0.

. The Temperature Coefficient of the adjusted input offset voltage changes only a smail

amount (0.5uV/°C typically) for each mV of adjustment from its original unadjusted
value. Common mode rejection and open loop voltage gain are also unaffected by
offset adjustment.

3. Theinput bias currents are junction leakage currents which approximately double for

every 10°C increase in the junction temperature, Ty. Due to limited production test
time, the input bias currents measured are correlated to junction temperature. in
normal operation the junction temperature rises above the ambient temperature as a
result of internal power dissipation, Pd. Tj = Ta + 6ja Pd where 6ja is the thermal
resistance from junction to ambient. Use of a heat sink is recommended if input bias
current is to be kept to a minimum.

4. Supply Voltage Rejection is measured for both supply magnitudes increasing or

decreasing simultaneously, in accordance with common practice.
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LF155/A/156/A/157/A, LF255/256/257,

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

LF355/A/356/A/357/A-T

TEST LF155A/LF355A LF156A/356A LF157A/357A
PARAMETER UNIT
CONDITIONS Min Typ | Max | Min Typ | Max | Min Typ | Max
SR  Slew rate LF155/156 3 5 10 12 40 50 V/us
LF155A/6A: Ay = 1
GBW Gain bandwidth 25 4 4.5 15 20 MHz
product
ts Settling time®
to 0.01% 4 1.5 15 uS
en Equiv. input
noise volt. Rs = 100Q
= 100Hz 25 15 15 nV/VHz
f = 1000Hz 20 12 12 nV/VHz
in Equiv. input
noise current f = 100Hz 0.01 0.01 0.01 pA/VHz
f = 1000Hz 0.01 0.01 0.01 pA/VHz
CiN Input capacitance 3 3 3 pF
AC ELECTRICAL CHARACTERISTICS (Cont'd) Ta=25°C, Vs = + 15V unless otherwise specified.!
TEST LF155/255/355 LF156/256 LF356
PARAMETER CONDITION UNIT
ITIONS Min Typ | Max | Min Typ | Max | Min Typ | Max
SR  Slew rate LF155/156 5 75 12 12 V/us
LF155A/6A: Ay =1,
GBW Gain bandwidth 2.5 5 5 MHz
product
ts Settling timeS
to 0.01% 4 1.5 15 us
en Equiv. input
noise volt. Rs = 1000
= 100Hz 25 15 15 nV/VHz
f = 1000Hz 20 12 12 nV/VHz
in Equiv. input
noise current f=100Hz 0.01 0.01 0.01 pA/VHz
f = 1000Hz 0.01 0.01 0.01 pA/VHz
CIN  Input capacitance 3 3 3 pF
sinotics 17




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

AC ELECTRICAL CHARACTERISTICS

(Cont'd) Ta = 25°C, Vs = % 15V unless otherwise specified.1

PARAMETER TEST LF157/257 LF357 UNIT
CONDITIONS Min | Typ | Max | Min | Typ | Max
SR  Slew rate LF157A/LF157: Ay =5 30 50 50 V/us
GBW Gain bandwidth 20 20 MHz
product
ts Settling time5
to 0.01% 1.5 1.5 us
en Equiv. input
noise volt. Rs = 1000}
f=100Hz 15 15 nV/VHz
f = 1000Hz 12 12 nV/VHz
in Equiv. input
noise current = 100Hz 0.01 0.01 pA/VHz
f = 1000Hz 0.01 0.01 pA/VHz
CiNn Input capacitance 3 3 pF

NOTE

5. Settling time is defined here, for a unity gain inverter connection using 2k resistors for
the LF155/6. It is the time required for the error voltage (the voltage at the inverting input
pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input
is applied to the inverter. Forthe LF157, Ay =-5, the feedback resistor from output to input
is 2k() and the output step is 10V (See Settling Time Test Circuit).

TYPICAL DC PERFORMANCE CHARACTERISTICS (curves are for LF155, LF156 and LF157 unless otherwise specified.)

INPUT BIAS CURRENT INPUT BIAS CURRENT INPUT BIAS CURRENT
100k 100k 80 —
ve© 1V
- - y 70 Tp=t25°C
g 1ok g 10k _ R\ - 50k p
g <
: Y 5 g«
2 1 [T - 5
z +20Vg [\ // € nvs.-\ / g 50
3 o t1svsl 3 LF156/ A
< 100 2 100 3 40 —FREE AIR
o 3 @ LF156/7
= - < WITH HEAT SINK /
2 2 10 2 e LF15 V7
10 - B
2 z sovg 2 . FREE AIR 1 /
5V £ I ) 7
+5V ~
1 S 1 s 0 -— L~
LF155 LF156/7 — Tr1ss
o1 0.1 o WITH HEAT SINK
-85 -25 5 35 65 95 125 -55  -25 5 35 65 95 125 -10 -5 [} 5 10
CASE TEMPERATURE (°C) CASE TEMPERATURE (°C) 'COMMON-MODE VOLTAGE (V)
VOLTAGE SWING SUPPLY CURRENT SUPPLY CURRENT
40 T T 4 7
= Ry = 2k
s = T, = 25°C /T = -55°C
] A 6 LTI
z
H 30 < = V °
H < 2 / Te = +25°C
= = 3 E /
H = Te = -55°C L 5
£ g c & /1 ”
o 20 [ — = e
E // N — To= +25°C 3 4 // T o=t 125°C—
S 7 z o, - c > > cs
o f— a
= / 5 L1 a /
x 10 / « —— 128 2 /
To= +125°C 3
g L —1 Tc 7
LF155 LF156/7
1 - 2
0 5 10 15 20 ° 5 10 15 20 25 0 5 10 15 20 25
SUPPLY VOLTAGE ( £V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
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TYPICAL DC PERFORMANCE CHARACTERISTICS (Contd)

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

NEGATIVE CURRENT LIMIT

[
-
o

'
°

S‘Q\ Vsl=t1:\}
N
-55°C

\25“1:

'
)

+125°C

NEGATIVE OUTPUT VOLTAGE SWING (V)

10 15 20 25 30 35
OUTPUT SINK CURRENT (mA)

NEGATIVE COMMON-MODE INPUT

VOLTAGE LIMIT

POSITIVE OUTPUT VOLTAGE SWING (V)

POSITIVE CURRENT LIMIT

15 T T
! Vs- t15v
-~
N ‘\ *_\
10
-55°C
+25°C
5
+125°C
0 5 10 15 20 25 30 35 40

OUTPUT SOURCE CURRENT (mA)

OPEN LOOP VOLTAGE GAIN

POSITIVE COMMON-MODE INPUT

VOLTAGE LIMIT

20

T T T
-55°C = Tp Z +125°%C

4

-
o

=3

7

POSITIVE COMMON-MODE
INPUT VOLTAGE LIMIT (V)

/

10

15

POSITIVE SUPPLY VOLTS (V)

OUTPUT VOLTAGE SWING

20

CASE TEMPERATURE (° C)

CASE TEMPERATURE (°C)

-20 10M 28 PRI
—_— 5 = 15V
ER =2k T, =55 1
s ERg = 500 A=2C L1
< —1 s 2 v
w = TAZ-55°C 2
oS -15 z 9 V
g 3 :
E 20
z2 o ™ — H
o= ) v a -
Sw < —- =3 }
=6 _ ot +—1— T,=25C [
o< -10 3 A - 5
85 2 LA I 3 /
wo a { | x
z> 9 * <
Er S 100k =T, =125 a2
O z o /
wz -5 w =
z= o x /
<] F
ph
I Y
0 10k 4
-5 -10 -15 -20 5 10 15 20 0 1.0 10
NEGATIVE SUPPLY VOLTS (V) SUPPLY VOLTAGE (V) OQUTPUT LOAD RL (k02)
GAIN BANDWIDTH UNITY GAIN BANDWIDTH NORMALIZED SLEW RATE
5 [ LT [ ]
’ \ I LI o Vg s =15V
LF155 = LF157 CURVES IDENTICAL s F
z BUT MULTIPLIED BY 4 14
70 E \ \LF156/7
H E A\ 1.2 f— b
: L] ; =
=t
£ v ||ov z \\ LF156 1.0 b-LF
z 3 zZ 5
] Vg = 215V 3 \ 08
< | z
2 =t s 06
z s g s t1ov T ’
3 +
o 2 g +20v4 iﬂsv- 04
2
) § 0.2
. —~
1 0
-§5 -35 -15 5 25 45 65 85 105 125 -55.-35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125

TEMPERATURE (°C)

Sinetics
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Contd)

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

LF155 SMALL SIGNAL
PULSE RESPONSE, Ay = +1

LF156 SMALL SIGNAL
PULSE RESPONSE, Ay = +1

OUTPUT VOLTAGE SWING (50mV/DIV)

OUTPUT VOLTAGE SWING (50mV/DIV)

OUTPUT VOLTAGE SWING (50mV)

TIME (0.5us/DIV)

LF155 LARGE SIGNAL
PULSE RESPONSE, Ay = +1

TIME (0.5us/DIV)

LF156 LARGE SIGNAL
PULSE RESPONSE, Ay = +1

/

OQUTPUT VOLTAGE SWING (5V/DIV)

OUTPUT VOLTAGE SWING (5V/DIV)

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (1us/DIV)

INVERTER SETTLING TIME

TIME (1us/DIV)

INVERTER SETTLING TIME

OUTPUT SWING (V) FROM 0V

mV

LF1ss | “ YI
PPN
A i
Vg*= t15V 10mV ‘,"T
av
AN
3
N
nv 1mvV
\\\

OUTPUT VOLTAGE SWING FROM 0V (V)

0.5 1.0

SETTLING TIME (us)

\

OPEN LOOP VOLTAGE GAIN (dB)

1
SETTLING TIME (us)

LF157 SMALL SIGNAL

PULSE RESPONSE, A, = +5

TIME (0.1us/DIV)

LF157 LARGE SIGNAL

PULSE RESPONSE, Ay, = 15

P ——
—~——

TIME (0.5.5/DIV)

OPEN LOOP FREQUENCY

110

90

70

50

RESPONSE

Vg = 15V

A\ LF157

t LF15

LF155N\

AN

N\

N

1k 10k 100k 1M 10M
' FREQUENCY (Hz)
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Contd)

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

GAIN (dB)

BODE PLOT
10 TTT T 100
LF155
5& PHASE Vg t15v 75
0 . I 50
GAIN TN
5 25
-10 I 0
-15 > -25
-50
-75
N -100
-125
100
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COMMON-MODE REJECTION
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1 10 100
FREQUENCY (MHz)
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RATIO RATIO RATIO
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont'd)

LF155/A/156/A/157/A, LF255/256/257,

LF355/A/356/A/357/A-T

OUTPUT IMPEDANCE ( 1 )

1000

OUTPUT IMPEDANCE

-

]

S
T

o

Ta=25°C
Vg =115V

i

-

0.1

10k 100k ™
FREQUENCY (Hz)

SUMMING NODE
OSCILLOSCOPE

1M

2k, 0.1%

OUTPUT IMPEDANCE

100 T I
Th= 25°C .
Vg= 18V }"’0

N

>
. <

W

S

OUTPUT IMPEDANCE ( 0 )
°
"N
|
1

LF156 =

0.01 1 1
1k 10k 100k ™

FREQUENCY (Hz)

oM

SETTLING TIME TEST CIRCUIT

Av=-5

e  Output = 10V step
e Ay =-5 for LF157

OUTPUT IMPEDANCE ( 2 )

100

0.1

OUTPUT IMPEDANCE

Ta=25°C
Vg= 15V

AV

Av=100
A

1 1

10K 100k ™
FREQUENCY (Hz)

e Settling time is tested with the LF155/6 connected
as unity gain inverter and LF157 connected for

* FET used to isolate the probe capacitance

LARGE SIGNAL INVERTER OUTPUT, VoyT (FROM SETTLING TIME CIRCUIT)

LF155

5V/DIV

2us/DIV

LF156

5V/DIV

1us/DIV

5V/DIV

LF157

1us/DIV
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APPLICATION HINTS

The LF155/6/7 series are op amps with JFET
input devices. These JFETs have large re-
verse breakdown voltages from gate to
source and drain eliminating the need for
clamps across the inputs. Therefore large
differential input voltages can easily be
accommodated without a large increase in
input current. The maximum differential
input voltage is independent of the supply
voltages. However, neither of the input volt-
ages should be allowed to exceed the neg-
ative supply as this will cause large currents
to flow which can result in a destroyed unit.

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

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

TYPICAL CIRCUIT CONNECTIONS

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

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

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

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

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

LF155/A/156/A/157/A, LF255/256/257,
LF355/A/356/A/357/A-T
essentially independent of supply voltage:

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

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

Vos ADJUSTMENT

® Vps is adjusted with a 25k potentiometer

* The potentiometer wiper is connected to V+

e For potentiometers with temperature
coefficient of 100ppm/°C or less the
additional drift with adjust is =-0.5uV/
°C/mV of adjustment

e Typical overall drift: 5uV/°C * (0.5uV/
°C/mV of adj.)

DRIVING CAPACITIVE LOADS

*LF155/6 R =5k
LF157 R=1.25k

.,,—vw
Hk

Due to a unique output stage design these amplifiers
have the ability to drive large capacitive loads and still
maintain stability. C max < 0.01uF.

Overshoot < 20%

Setting time (ts) = 5us

LF157. A LARGE POWER
BW AMPLIFIER

10k

VW

For distortion < 1% and a 20V p-p VouT swing
power bandwidth is: 500kHz.

SiNOLiES
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TYPICAL APPLICATIONS

— —

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

‘HIGH IMPEDANCE, LOW DRIFT
INSTRUMENTATION AMPLIFIER

+15V
O

-5V
R3 [2R2
e Vour= Y E— +1 ] AV, V- +2V < Vin Common-Mode < V+

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

HIGH ACCURACY SAMPLE AND HOLD

R1
51k

AAA
VVv

|
JFET |
SWITCHES

I swi
7z

-15V

By closing the loop through A2 the Vout accuracy will be determined uniquely by
A1. No Vos adjust required for A2.

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

Overall system slower than fast sample and hold.

R1, C¢: additional compensation

Use LF156 for

A Fast settling time

A Low Vos

FAST LOGARITHMIC CONVERTER

Rp
50k
VWO VReg = 5V
c2
c1
T~ 43pF

-15V

Vour )T T o v, !
=1+ — |— |- L
ot Reda " Veerri | 09 VIR

R2 = 15.71, R1 = 1K, 0.3%° C (for temperature compensation)

Dynamic range: 100pA < |; < 1TmA (5 decades, |Vo| = 1V/decades)
Transient response: 3us for A, = decades

C1, C2, R2, R3: added dynamic compensation

Vos adjust the LF156 to minimize quiescent error

Rt Tel Labs type Q81 + 0.3%/°C.

HIGH Q NOTCH FILTER

—-O0 vout

VIN O—9

- —

[ [o]

® 2R1=R=10MQ

2C = C1 = 300pF )
* Capacitors should be matched to obtain high Q
® fnOTCH = 120Hz, notch = 55dB, Q > 180
e Use LF155 for

A low s

A Low supply current
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TYPICAL APPLICATIONS (Contd)

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

NON-INVERTING UNITY
GAIN OPERATION FOR LF157

INVERTING UNITY GAIN FOR LF157

WIDE BW LOW NOISE,
LOW DRIFT AMPLIFIER

R2 ‘ff
A R2 LI
VWV
c = A2
\ -
LF157
a1 —O c4
Rs LF157 —O
* R1
¥
Sr
1 1 ® Power BW: fuax = —— = 240kHz
RICT > ———— RICT 2 ——— 2n/p
2m) (5MHz) (2m) (BMH2)
R2 + R5 R2 ® Parasitic input capacitance C1 = (3pF for LF155,
R1 = 7 R1 = T LF156, and LF157 plus any additional layout
capacitance) interacts with feedback elements and
Av(pc)-1 Avi(DC)=-1 creates undesirable high frequency pole. To
f-3dB =~ 5MHz {-3dB =~ 5MHz compensate add C2 such that: R2C2 = R1C1.

HIGH Q BAND PASS FILTER

R2 2
300k
<

e fgp = 100kHz
Vout
— = 10vaQ
VIN

Clean layout recommended

By adding positive feedback (R2) Q increases to 40

Response to a 1V p-p tone burst: 300us

Sinotics
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DESCRIPTION

The LM101, LM201, LM101A, LM201A, and
LM301A are high performance operational
amplifiers featuring high gain, short circuit
protection, simplified compensation and
excellent temperature stability.

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

FEATURES

e Short circuit protection

e Offset voltage null capability

e Large common-mode and differential
voltage ranges )

* Low power consumption

¢ No latch up

¢ LM101, LM101A Mil std 883A,B,C avail-
able

* LM101A Mil std 38510 (JAN) planned, Mil
std M38510 processing available

26

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

PIN CONFIGURATIONS

FREQ. COMP./ 3
OFFSET NULL

e ol

F,N-14 PACKAGE

we[d] o

[ enea cowr

BALANCE B [ 7

v-[5] : [Floreser nue
ne [ [*Inc
ORDER PART NO.
LM101N-14 LM101AF
LM201N-14 LM201AF
LM101AN-14 LM301AF
LM201AN-14 LM101F
LM301AN-14 LM201F
F PACKAGE
voa [0] i6] ouTPUT A
evaarion s (2 5] we
COMPENBSAAI'.TAlggEA/ 3 E BALANCE A
e & 2] oy
NON-INVERTING 3 72| INVERTING
INPUT

INPUT 8
BALANCE/
COMPENSATION B

m| OUTPUT
COMPENSATION B

v-l6 1

outpuT 8 3 (o] v-e

ORDER PART NO.

LH2101AF
LH2201AF
LH2301AF

T PACKAGE

FREQ. COMP.

FREQ. COMP./
OFFSET NULL

NON-INVERTING
INPUT

ORDER PART NO.

LM101T
M201T .
LM101AT
LM201AT
LM301AT

N PACKAGE

FREQ. COMP./ [~
OFFSET NULL

ot [F]v

v Jorrser nuLL

ORDER PART NO.

LM101N
LM201N
LM101AN
LM201AN
LM301AN

EQUIVALENT SCHEMATIC

o g g one

INVERTING INPUT O

NON - INVERTING INPUT O—— ay

Rag
4500
022

ove

R 2500
QFFSET NULL

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

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply Voltage

LH2101A, LH2201A, LM101, +22 \

LM201, LM101A, LM201A

LM301A, LH2301A *18
Power dissipation? 500 mwW
Differential input voltage +30 Vv
Input voltage2 +15 Vv
Output short circuit duration Indefinite
Operating temperature range

LM101, LM101A, LH2101A -55 to +125 °C

LM201A, LH2201A -25 to +85 °C

LM201, LM301A, LH2301A 0 to +70 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering 60sec) 300 °C

NOTES

1. Absolute maximum rating holds for all packages. The maximum junction temperature
is 150°C for the LM101 and 100°C for the LM201. For operation at elevated
temperatures, derate according to appropriate thermal resistances given under
package information.

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

DC ELECTRICAL CHARACTERISTICS Ta=25°C, 5V < Vs < +20V unless otherwise specified.*

LM101 LM201
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max

Vos Offset voltage Rg < 10k, C1 = 30pF 1.0 5.0 2.0 75 mV

Over temp. 6.0 10 mV
Vos Drift Rg <500, C1=30pF 3.0 6 uVv/°C
Rs < 10k 6.0 10 uVv/°C

los Offset current C1 = 30pF 40 200 100 500 nA

T, = high, C1 = 30pF 10 200 nA

Tp = low 100 500 nA

Over temp. nA

Tp=+70°C 50 400 nA

Ta=0°C 150 750 nA

Igias Input current C1 = 30pF 120 500 250 | 1500 nA

Tp =-55°C, C1=30pF 280 | 1500 nA

Ta=0°C 320 | 2000 nA

Vem Common mode voltage range | Over temp., Vs = 15V, Cq = 30pF | *12 +12 \

CMRR Common mode rejection ratio | Rg < 10kQ, C1 = 30pF, over temp. | 70 90 65 90 dB

RiNn Input resistance C1 = 30pF 0.3 0.8 0.1 0.4 MQ
AvoL Large signal voltage gain R_ = 2k, Vout 10V, Vs = £15V 50 160 20 150 V/mV
Over temp. 25 15 V/mV

Supply current Vg =120V 1.8 3.0 1.8 3.0 mA

*NOTE
Unless otherwise specified, all specifications for LM301A are 5V < Vg < +15V.
27
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DC ELECTRICAL CHARACTERISTICS

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

(Cont'd) Ta =25°C, 15V < Vs < +20V unless otherwise specified.”

LM101A/LM201A/

PARAMETER TEST CONDITIONS LH2101A/LH2201A | LMSOTA/LH23M1A |\ o
Min | Typ | Max | Min Typ | Max
Vos Offset voltage Rg < 50k, C1 = 30pF 07 | 20 20 | 75 | mv
Over temp. 3.0 10 mv
Vos Drift Rg = 00, over temp. 3.0 1.5 6.0 30 |uv/°C
los Offset current C1=30pF 1.5 10 3 50 nA
Over temp. 20 70 nA
los Drift +25°C < Ta < Tmax, C1 = 30pF 0.01 0.1 0.01 0.3 [nA/°C
TMIN < TA < +25°C 0.02 | 0.2 0.02 0.6 |nA/°C
Igias Input current C1 = 30pF 30 75 70 250 nA
Over temp. 100 | 300 nA
Vem Common mode voltage range | Over temp., Vs = +15V, C1 = 30pF +12 \"
Vs = +20 +15 . \"
CMRR Common mode rejection ratio | Rg < 50k}, Cy = 30pF, over temp. 80 96 70 90 dB
Rin Input resistance C1 = 30pF 1.5 4 0.5 2 MO
AvoL Large signal voltage gain RL = 2kQ, Vout £10V, Vs = £15V 50 160 25 160 V/mV
Over temp. 25 15 V/mV
Supply current Vg = 20V 1.8 3.0 mA
Vg = %15V 1.8 3.0 mA

*NOTE

Unless otherwise specified, all specifications for LM301A are +5V < Vg < +15V.
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LM101/A/201/A/301/A, LH2101A/2201A/2301A-F,N,N-14,T

TYPCIAL PERFORMANCE CHARACTERISTICS

INPUT VOLTAGE RANGE (V)

VOLTAGE GAIN (dB)

INPUT BIAS CURRENT (nA)

INPUT VOLTAGE RANGE vs
SUPPLY VOLTAGE

2 T
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5 ) 15 20
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— |
%
80
5 10 15 20
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400
LM101/201
300 Ta = -55°C
L
200
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°
5 10 15 20
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OUTPUT SWING vs
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20 r
LM101/201
15 //
2 o /
5 3
H *
E »
Z 10 V‘x“\)
< W
2 e
3 / S
S
s
5 /‘
0
5 10 15 20

SUPPLY VOLTAGE (V)

SUPPLY CURRENT
25
LM101/201

20 TA:.SS“C
z
E T25°C
£ 15 — | T
g
o
o«
3
% 10 Fa- 125
&
2
3

05

5 10 15 20
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LM101/A/201/A/301/A, LH2101A/2201A/2301A-F,N,N-14,T

TYPICAL PERFORMANCE CHARACTERISTICS (Contd
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OPEN LOOP FREQUENCY
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TYPICAL PERFORMANCE CHARACTERISTICS

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

(Cont'd)
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

LM101/A/201/A/301/A, LH2101A/2201A/2301 A;F,N.,N-14,T
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TYPICAL PERFORMANCE CHARACTERISTICS

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

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

COMPENSATION CIRCUITS

SINGLE POLE TWO POLE FEED FORWARD
COMPENSATION COMPENSATION ‘ COMPENSATION
R2 ¢z
Tl
R1 R2
Vin 2 6 r—VW—ro
i R3 3 L+M|om —O VouT Vin R1 2 N 9
O vy T c1 c2 3 LM101A, —O Vout
AT
c1
R4 R3
> mTEs 10K 150pF 1
Cg = 30pF L €2=211,R2
c2=10C1 = - fo = 3MHz
NOTE: Pin connections shown are for T package.
TYPICAL APPLICATIONS
INVERTING AMPLIFIER WITH LOW DRIFT SAMPLE
BALANCING CIRCUIT AND HOLD
Q1
2N3456

Ry Ry OUTPUT O-

INPUT O

O OUTPUT
R4 5.1M%) INPUT
e 3,21;;
- kA
‘tMay be zero or equal to parallel combination *Polycarbonate Dielectric Capacitor

of Ry and Ry for minimum offset.

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

The LM107/207/307 is a general purpose
internally compensated operational amplifi-
er. Advanced processing techniques pro-
vide input currents which are an order of
magnitude lower than the uA709. Standard
pin out allows plug in replacement for the
pA709, LM101, LM101A, and the uA741.

FEATURES

3mV max offset voltage over temp
100nA max input current over temp
20nA max input offset current over temp
Offsets guaranteed over common mode
range

PIN CONFIGURATIONS

LM107/207/307-F,N,T

T PACKAGE

NC

INVERTING | (@ (6) JouTPuT
INPUT

NON-INVERTING
INPUT.

ORDER PART NO.

N PACKAGE
ne [1] 5] ne
INVERTING [2 7] v+
INPUT 7]
NON-INVERTING [3 ] 6] output
INPUT
V[ 5] ne

ORDER PART NO.

¢ Input/output short circuit protected LM107T/LM207T/LM307T LM107N/LM207N/LM307N

e Mil std 883A,B,C available F PACKAGE
ne [T 4] NC
ne [2] 13] NC
ne [3] [12] N

WeUT % 1] v
NON-INVERTING 70] ouTPUT
INPUT I o
V- Iz E NC
NC BEY
ORDER PART NO.

LM107F/LM207F/LM307F

EQUIVALENT SCHEMATIC

v+
J N
[og Q.
LA
INPUTS I/
Q,
O RS

Q, Qg
Ry
500

QUTPUT

——AAA-
.s___Ko,

<

> R

o a0k
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage

LM107 +22 \

LM307 +18 \
Power dissipation 500 mw
Differential input voltage *30 \
Input voltage +15 "
Output short circuit duration Indefinite
Operating temperature range

LM107 -55 to +125 °C

LM207 -25 to +85 °C

LM307 0 to +70 °C
Storage temperature range -65 to +150 °C
Lead temperature

(soldering, 60sec) 300 °C

DC ELECTRICAL CHARACTERISTICS Ta=25°C, 5V < Vs < +20V unless otherwise specified.

LM107/207/307-F,N,T

LM107/LM207 LM3074
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max.| Min | Typ | Max
Vos Offset.voltage Rs < 10kQ 07 (| 20 mV
Rs < 10k{2, over temp. 3.0 mV
Rs < 50k 20|75 mV
Rs < 50k(}, over temp. 10 mV
Vos Drift Rs = 0Q, over temp. 3.0 15 6.0 | 30 | uV/°C
los Offset current 15| 10 3 50 nA
Over temp. 20 70 nA
los Drift 25°C < Ta < Tmax 0.01| 0.1 0.01 | 0.3 | nA/°C
Tmin < Ta < 25°C 0.02] 0.2 0.02| 06 | nArC
IBIAS Input current ' 30 | 75 70 | 250 nA
Over temp. 100 300 nA
Vem Common mode voltage range Vs = +20V, over temp. *+15 \Y
Vs = +15V, over temp. +12 A"
CMRR Common mode rejection ratio Rs < +10k, over temp. 80 | 96 dB
Rs < 50k, over temp. 70 90 dB
RiN Input resistance 15| 4 0.5 2 MQ
AvoL Large signal voltage gain RL=2kQ, VouT £10V, Vs =115V 50 | 160 25 | 160 V/mVv
RL=2kQ, Vout £10V, Vs ==*15V, overtemp. | 25 15 V/mV
Supply current Ta =+125°C, Vs = +20V 12| 25 mA
NOTES
1. The maximum junction temperature of the LM1XX is 150° C, while that of the LM2XX is
100°C. For operating at elevated temperatures, devices must be derated based on the
thermal resistance of the package as given in the package information section.
2. Forsupply voltages less than 15V, the absolute maximum input voltage is equal to the
supply voltage.
3. Continuous short-circuit is allowed for case temperatures to 70°C and ambient
temperatures to 55°C.
4. All specifications shown for LM307 are +5V < Vs < +15V.
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IM107/207/307

TYPICAL APPLICATIONS

LM107/207/307-F,N,T

INVERTING AMPLIFIER

NON-INVERTING AMPLIFIER

NON-INVERTING AC AMPLIFIER

R, R,
™ 1om

—AAA
Ry
vin o—aA—E vour
6
——0O Vour b ——OVour —0
3
R
Vour = 2% Vin c -
' 1 _RitRy
= vour - BB vy I Vour = Tt VIN
RiN=R v
IN=Ry 1] == AR
v
N Ry=Ry Ry
LM107/LM207
INPUT VOLTAGE RANGE OUTPUT SWING VOLTAGE GAIN
20 20 100
P 94
2 15 A
w — _ ~
H // 2 / g
z " i g Is z 88
9 W B \ @ o]
< 03 % 10 \xﬁ w Rl
= < ) W) &
2 AN =4 o «
3 v/ 2 S < 2
> 8 7 & A~ (e 5 82
s | A v 3 s s
: P . el
A A LM107: -55'C<TA<125C __| / LM107: -85'C < Ta < 125°C 7% LM107: -55°C < Ta<125°C _|
g . 4 s
: 0 L[ .
5 10 15 20 5 10 15 20 5 10 15 20
SUPPLY VOLTAGE (:V) SUPF;LV VOLTAGE (:V} SUPPLY VOLTAGE (+V)
LM307
INPUT VOLTAGE RANGE OUTPUT SWING VOLTAGE GAIN
20 20 100
6 23
15
2 g
w12 z 88
@ N 9 2 =
s o g ~ g o ]
2 & 10 ~A0% w WU e
2 /‘ 2 s ] [
z | NE, 2 ao A <
5 8 6,»“ z N 5 e —
H L~ b 3 7 T 2 " o
= L~ o
5 !
4 LT 7
0“C<T:\<7I"C 0°C<TA<70°C
] i} } Il
‘ l 0°C<Tp<70°C l l |
0 0 L1 | 70
5 10 15 5 10 15 5 10 15

SUPPLY VOLTAGE (V)

SUPPLY VOLTAGE (V)

SUPPLY VOLTAGE (+V)
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LM107/207/307-F,N,T

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd
SUPPLY CURRENT INPUT CURRENT INPUT NOISE VOLTAGE
25 100 10-18
I 80
' .55 C _ z
i 20 Tz S :: - ~—g Lm0 <
H /}/U:‘I?E' H oz | — g
% 15 E 20 § Sy
& £ o 8
2 10 T 125 C g 42 < % NN\\
& E H T~
Iz 3 2
~ 3
s N 07\ - FESET N M3 z
i H
1
0 0 10-16
5 10 15 20 -75 -50 -25 o 25 50 75 100 125 10 100 1k 10k 100k
SUPPLY VOLTAGE ('V) TEMPERATURE ('C) FREQUENCY (Hz)
VOLTAGE GAIN CURRENT LIMITING INPUT NOISE CURRENT
102
b S Vg Lisv =
I
AN 2
= =
g T e | g 100 % Cum ‘?"3.“' 3
w L= A H Q o \ w N
G 100 - o @ 102 AN
N~ 2 : &
] TA=125°C —= 3 g w
o
%0 / s § ‘4},0 ~~~—~———
=
80 0 10
5 10 15 20 0 5 0 15 20 25 30 10 100 1K 10K 100K
SUPPLY VOLTAGE ('V) OUTPUT CURRENT (:mA) FREQUENCY (Hz)
OPEN LOOP FREQUENCY LARGE SIGNAL FREQUENCY VOLTAGE FOLLOWER
RESPONSE RESPONSE PULSE RESPONSE
120 . 16 10
Ta=25C Ta=25°C
100 \\ Vs ==tV Vg=+15V 8
AN " = e
g > z g
I ==m—bN : [\ |
& & . 3 1
¢ o AN 2 \ g,
5 5 5
2 \‘ ° S \——{ouTpuT
N : OEEC
° N I Ta=25°C
-20 \ 0 r \" -10 b

110 100 1K 10K 100K 1M 10M
FREQUENCY (Hz)

1K Tk 100K
FREQUENCY (Hz)

-10 0 10 20 30 40 50 60 70 80 90
TIME (us)
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DESCRIPTION

The LM108/108A series are precision oper-
ational amplifiers having specifications a
factor of ten better than FET amplifiers over
their operating temperature range. In addi-
tion: to low input currents, these devices
have extremely low offset voltage, making it
possible in most cases, to eliminate offset
adjustments.

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

40

PIN CONFIGURATIONS

LM108/A/208/A/308/A-F N,N-14,T
LH2108/A/2208/A/2308/A-F N,N-14,T

F PACKAGE
NC E —‘l_:l NC
cowmp 1 E E NC
*GUARD E E Comp 2

'"“M?E:L;D_l—ﬁ -

INV‘ER"‘I’IOD:‘G- E E OUTPUT
INPUT

*GUARD E z] NC

V- E :a NC

ORDER PART NO.
LM108AF, LM208AF, LM308AF
LM108F, LM208F, LM308F

F PACKAGE

v+ E [76] ouTPUT A
Coup a L2 [75] ne
comra 2 2] ne
mvslrmﬁ;; & = INNC;P:,‘-.:‘NBVEHTING
vow e 5] ) e
v- [6] [77] weuT come s
ne [7] [10] outpuT comp B
outpPuT B 8] 5] v+

ORDER PART NO.

ORDER PART NO.
LM108AT, LM208AT, LM308AT,
LM108T, LM208T, LM308T

LH2108F  LH2108AF
*Unused pin (no internal connection) to allow for LH2208F -~ LH2208AF
input anti-leakage. LH2308F  LH2308AF
T PACKAGE N PACKAGE
comp 2
come 1 v comp 1 [1] ] comp2
INVERTING
Tbot ] 7] v
INVERTING (. OUTPUT NON-INVERTING
INPUT I 5] outeuT
NON-INVERTING v- [ =] ne
INPUT Ne

ORDER PART NO.
LM308AN, LM108N, LM208N, LM308N

FEATURES LM108/208 | Lm3os | LM108A/208A/
308A
Maximum input bias current 3.0nA over temp.| 7.0nA | 3.0nA over temp.
Offset current Less than 400pA| Less Less than
over temp. than 400pA over temp.
1.0nA
Supply current (even in saturation) 300uA 300uA | 300uA
Guaranteed drift characteristics 5uV/°C

Offset voltage guaranteed

Low current error

LM108, 208, 308, 108A Mil std 883A,
B,C available

LM108A Mil std M38510 (JAN) planned

LH2108A series—military qualification
pending S

Less than 0.5mV
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EQUIVALENT SCHEMATIC

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F,N,N-14,T

COMPENSATION

COMPENSATION

Sifnotics

01 8
7 ,
-0 v+
3 20k | 1ok 3: Tox
Q12
2K
Qs Q10 o1 < 8 Q13 Q18
1: 5.6K 6
—O OUTPUT
Q14
Ogl l/021
2
- 0 Rs 927 Q23
50K
5 e
w
sz—
INPUTS >
<
A sa00
s i
.o K 20¢
4
IR
2?
Q24
g
¢ S s
4
AAAAMN— —O v-
R17 R15
500 1K
ABSOLUTE MAXIMUM RATINGS
RATING
LH2108/LH2208
PARAMETER LH2108A/LH2208A LM308A/308 UNIT
LM108A/208A/ LH2308A/LH2308
108/208
Supply voltage +20 +18 Vv
Power dissipationt.4 500 500 mW
Differential input current2 +10 +10 mA
Input voltage3 *15 +15 \
Qutput short-circuit duration Continuous Continuous
Operating temperature range
LM108, LH2108 -55 to +125 0to +70 °C
LM208, LH2208 -25 to +85 °C
Storage temperature range -65 to +150 -65 to +150 °C
Lead temperature (soldering 10sec) +300 +300 °C




NOTES

1. The maximum junction temperature of the LM108/108A is 150°C, while that of the
LM208/208A is 100°C. For operating at elevated temperatures, devices in the TO-5
package must be derated based on a thermal resistance of 150°C/W, junction to
ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line
package is 100°C/W, junction to ambient.

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

3. Forsupply voltages less than +15V, the absolute maximum input voltage is equal to the
supply voltage. |

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

resistance of the dual-in-line package is 100°C/W, junction to ambient.

DC ELECTRICAL CHARACTERISTICS Ta=25°C, #5V < Vs < +20V unless otherwise specified..2

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F,N,N-14,T

LM108/LH2108 LM208/LH2208
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min | Typ Max
Vos Offset voltage Rs < 10kQ N 2.0 0.7 2.0 mv
Rs < 10k(}, over temp. 3.0 3.0 mV
Vos Drift Rs = 0Q, over temp. 3.0 15 3.0 15 | uV/°C
los Offset current 0.05 0.2 0.05 0.2 nA
Over temp. 0.4 0.4 nA
los Drift Over temp. 0.5 2.5 0.5 25 |[pA/°C
IBiaS Input current 0.8 2.0 0.8 2.0 nA
Over temp. 3.0 3.0 nA
Vem Common mode voltage range Over temp. +13.5 +13.5 Vv
CMRR Common mode rejection ratio Rs < 10k(), over temp. 85 100 dB
Rs < 10k}, -25 < Ta < 85°C ‘ 85 100 dB
Rin Input resistance 30 70 30 70 MQ
Vourt Output voltage swing RL = 10k}, over temp. +13 +14 +13 +14 v
lcc Supply current 0.3 0.6 0.3 0.6 mA
Ta=+125°C- 0.15 0.4 0.15 04 mA
PsRRr Supply voltage rejection ratio Rs < 10kQ, over temp. 80 96 80 96 dB
+5V < Vs < +15V, over temp.
Average temperature +5V < Vg < 15V, over temp. 3.0 15 3.0 15 uVv/eC
Coefficient of input
Offset voltage2 )
Coefficient of input Over temp. 0.5 2.5 05 25 |pA/°C
Offset current +5V < Vg < +15V
NOTES

1. The maximum junction temperature of the LM1XXis 150°C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be derated based on the
thermal resistance of the package as given in the package information section.

2. The LM108A has a guaranteed offset voltage less than 0.5mV at 25°C and 1.0mV for
-55°C < 125°C and Vs = *15V. The average temperature coefficient of input offset
voltage is guaranteed to be less than 5uV/°C for these same conditions.
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DC ELECTRICAL CHARACTERISTICS

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F,N,N-14,T

(Cont’d) Ta = 25°C, £5V < Vs < 20V unless otherwise specified.1.2

LM308/LH2308 LM108A/LH2108A
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Vos Offset voltage Rs < 10kQ 0.3 0.5 mV
Rs < 10k, over temp. 1.0 mV
Rs < 10k, +5V < Vg < +15V 2.0 7.5 mV
Rs < 10k}, £5V < Vs < +15V, 10 mV
over temp.
Vos Drift Rs = 00, over temp. 1.0 5.0 |uV/°C
Rs = 09, 5V < Vs < +15V, 10 wv/ecC
over temp.
los Offset current 0.05 0.2 nA
Over temp. 0.4 nA
15V < Vg < +15V 0.2 1 nA
+5V < Vs < +15V, over temp. 1.5 nA
los Drift Over temp. 0.5 25 |pA/°C
+5V < Vs < +15V, over temp. 2.0 10 pA/°C
IBIAS Input current 0.8 2.0 nA
Over temp. 3.0 nA
+5V < Vs < £15V 15 7.0 nA
Vs = *+15V, over temp. 10 nA
Vem Common mode voltage range Over temp. +13.5 Vv
15V < Vs < £15V, over temp. | £14V \"
CMRR Common mode rejection ratio Rs < 10kQ, over temp. 96 110 dB
Rs < 10k}, 5V < Vs < +15V, 80 100 dB
over temp.
Rin Input resistance 10 40 30 70 MQ
Vour Output voltage swing RL = 10kQ, over temp. 113 +14 \
+5V < Vg < +15V, over temp. +13 *14 Y
Icc Supply current 0.3 0.6 mA
Ta =+125°C 0.15 0.4 mA
Vs = £15V 0.3 0.8 mA
Pp Power consumption +5V < Vs < £15V 9.0 24 mwW
PsRr Supply voltage rejection ratio Rs < 10k{}, over temp. 96 110 dB
+5V < Vg < +15V, over temp. 80 96 dB
Average temperature +5V < Vs < +15V, over temp. 1.0 5.0 |uV/eC
Coefficient of input 6.0 30 uVv/eC
Offset voltage? uVv/eC
Coefficient of input Over temp. 0.5 25 [pA/C
Offset current 15V < Vs < £15V 2.0 10 pA/°C
NOTES
1. The maximum junction temperature of the LM1XX s 150°C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be derated based on the
thermal resistance of the package as given in the package information section.
2. The LM108A has a guaranteed offset voltage less than 0.5mV at 25°C and 1.0mV for
-55°C < 125°C and Vs = +15V. The average temperature coefficient of input offset
voltage is guaranteed to be less than 5,V/°C for these same conditions.
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DC ELECTRICAL CHARACTERISTICS

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F,N,N-14,T

(Cont'd) Ta = 25°C, 5V < Vg < 20V unless otherwise specified.1.2

LM208A/LH2208A LM308A/LH2308A
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Vos Offset voltage Rs < 10kQ 03 | 05 0.3 05 | mv
Rs < 10k}, over temp. 1.0 .75 mV
Vos Drift Rs = 0Q, over temp. 1.0 5.0 1.0 5.0 |uV/°C
los Offset current 0.05 0.2 1 nA
QOver temp. 0.4 1.5 nA
los Drift Over temp. 0.5 25 2.0 10 |pA/°C
IBIAS Input current 0.8 2.0 1.5 7.0 nA
Over temp. 3.0 10 nA
Vem Common mode voltage range Over temp. +13.5 \"
15V < Vs < +15V, over temp. +14 \
CMRR Common mode rejection ratio
Rs < 10k}, -25 < Tao < 85°C 96 110 dB
Rs < 10kQ), £5V < Vs < +15V, 96 110 dB
over temp.
Rin Input resistance 30 70 MQ
Rs < 10k{), £5V < Vs < +15V 10 40 MQ
Vourt Output voltage swing RL = 10kQ, over temp. +13 +14 "
) +5V < Vs < 15V, over temp. +13 | +14 \
lcc Supply current 0.3 0.6 mA -
Ta = +125°C 0.15 0.4 : mA
Vs = £15V 1 0.3 0.8 mA
Pp Power consumption +5V < Vg < +15V 9.0 24 mwW
Psrr = Supply voitage rejection ratio Rs < 10k{), over temp. 96 110 dB
+5V < Vs < +15V, over temp. 96 110 dB
Average temperature +5V < Vg < £15V, over temp. 1.0 5.0 uV/°C
Coefficient of input 1.0 5.0 [uV/°C
Offset voltage?
Coefficient of input Over temp. 0.5 25 pA/°C
Offset current +5V < Vg < +15V 2.0 10 pA/°C
NOTES

1. The maximum junction temperature of the LM1XX is 150°C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be derated based on the
thermal resistance of the package as given in the package information section.

2. .The LM108A has a guaranteed offset voltage less than 0.5mV at 25°C and 1.0mV for
-55°C < 125°C and Vs = £15V. The average temperature coefficient of input offset
voltage is guaranteed to be less than 5uV/°C for these same conditions.
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LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F N,N-14,T

AC ELECTRICAL CHARACTERISTICS Ta=25°C, #5V < Vs < +20V unless otherwise specified.

LM108/LH2108 | LM208/LH2208 | LM308/LH2308
PARAMETER TEST CONDITIONS - - UNIT
Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max
AvoL  Large signal voltage gain? RL = 10k 50 | 300 50 | 300 v/mV
Over temp. 25 25 V/mV
Vs = 15V, VouTt = =10V, 25 | 300 V/mV
RL = 10k 15 v/mV
Over temp.
NOTE
1. The maximum junction temperature of the LM1XXis 150° C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be derated based on the
thermal resistance of the package as given in the package information section.
AC ELECTRICAL CHARACTERISTICS (Cont'd) Ta=25°C, +5V < Vs < 220V unless otherwise specified.
LM108A/LH2108A| LM208A/LH2208A (LM308A/LH2308A
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
AvoL Large signal voltage gain’ RL = 10kQ 80 | 300 80 | 300 V/mV
Over temp. 40 40 v/mV
Vs = 15V, VouTt = *10V, 80 | 300 V/mV
RL = 10k 60 V/mV
Over temp.
NOTE
1. The maximum junction temperature of the LM1XXis 150°C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be derated based on the
thermal resistance of the package as given in the package information section.
TYPICAL PERFORMANCE CHARACTERISTICS LM108/208
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TYPICAL PERFORMANCE CHARACTERISTICS 1M108/208 (Cont'd)

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F,N,N-14,T
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LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F,N,N-14,T

TYPICAL PERFORMANCE CHARACTERISTICS LM308
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LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F,N,N-14,T

TYPICAL PERFORMANCE CHARACTERISTICS LM308 (Contd)
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DESCRIPTION

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

The LM 158 series consists of two operation-
al amplifiers designed as above. Operation
from dual supplies is also possible for both
series and the low power supply current
drain isindependent of the magnitude of the
power supply voltage.

FEATURES

* [nternally frequency compensated for
unity gain
e Large dc voltage gain—(100dB)
e Wide bandwidth (unity gain)—1MHz
(temperature compensated)
* Wide power supply range
Single supply—(3Vdc to 30Vdc) or
dual supplies—(+1.5Vdc to =15Vdc)

EQUIVALENT SCHEMATIC

e Very low supply current drain—
essentially independent of supply volit-
age (1mW/op amp at +5Vdc)

e Low input biasing current—(45nAdc
temperature compensated)

* Low input offset voltage—(2mVdc) and
offset current—(5nAdc)

o Differential input voltage range equal to
the power supply voltage

® Large output voltage—(0Vdc to V+—
1.5Vdc swing)

e LM124 Mil std 883A,B,C available

UNIQUE FEATURES

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

The unity gain cross frequency is tempera-
ture compensated.

The input bias current is also temperature
compensated.
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LM124/A/224/A/324/A/SA534-F N-14,T
LM158/A/258/A/358A-F, N, T

PIN CONFIGURATIONS

T PACKAGE

OUTPUT B OUTPUT A
INVERTING INVERTING
INPUT B INPUT A

NON-INVERTING
INPUT B

NON-INVERTING
INPUT A

ORDER PART NO.

LM158T LM258T
LM358T LM158AT
LM258AT LMB358AT
N PACKAGE
OUTPUT A [ 1 [8] v+
INVERTING
NPUT A L2 A A 7] ouTPuT B
NON-NVERTING ] Lépoeph | ety INVERTING
INPUT A INPUT B
v-[37 NON-INVERTING
INPUT B

ORDER PART NO.

LM158N LM258N
LM358N LM158AN
LM258AN LM358AN

F,N-14 PACKAGE

OUTPUT 1 |f
-INPUT 1 [2]
+INPUT 1 [3]

v+ [4]
+INPUT 2 [[5 |
-INpUT 2 [6]

output 2 [7]

ORDER PART NO.

LM124N LM224N LM324N
LM124F LM224F LM324F
LM124AN LM224AN LM324AN
LM124AF LM224AF LM324AF
SA534N SA534F
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
V+ Supply voltage 32 or £16 Vdc

Differential input voltage 32 Vdc
Input voltage -0.3 to +32 Vdc
Power dissipation?

T package 680 mw

N package 570 mW

F package 900 mwW
Output short-circuit to GND

1 amplifier2 Continuous

V+ < 15Vdc and Ta = 25°C
Input current (ViN < -0.3V)3 50 mA
Operating temperature range

LM324A, LM324, LM358 0 to +70 °C

LM224A, LM224, LM258 -25 to +85 °C

SA534 -40 to +85 °C

LM124A, LM124, LM158 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 10sec) 300 °C

NOTES

1.

50

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

. Short circuits from the output to V+ can cause excessive heating and eventual

destruction. The maximum output current is approximately 40mA independent of the
magnitude of V+. At values of supply voltage in excess of +15Vdc continuous short-
circuits can exceed the power dissipation ratings and cause eventual destruction.

. The direction of the input current is out.of the IC due to the PNP input stage. This

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

Sinotics
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LM124/A/224/A/324/A/SA534-F N-14,T

LM158/A/258/A/358A-F N, T
DC ELECTRICAL CHARACTERISTICS (Contd) V+ =5V, Ta = 25°C unless otherwise specified. g

: LM124A LM224A
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min | Typ Max
Vos  Offset voltage! Rs < 10kQ 1 2 1 3 | mv
Rs < 10k}, over temp. 4 4 mV
Vos Drift Rs = 0(), over temp. 7 20 7 20 |uV/°C
IBIAS Input current2 IINGH) = TinG=) 20 50 40 80 nA
Nt = [IN(G-), over temp. 40 100 40 100 nA
los Offset current IiNE) = TinG) 2 10 2 15 nA
LiIN(H) = IIN(=), over temp. 30 30 nA
los Drift over temp. 10 200 10 200 |[pA/°C
Vem Common mode voltage range3 V+ = 30V 0 V+-1.5 0 V+-1.5] V
V+ = 30V, over temp. 0 V+-2 0 V+-2 Y
Cmrr  Common mode rejection ratio 70 85 70 85 dB
Vout Output voltage swing RL =2k, V+=+30V, over temp. 26 26 Vv
VOH RL < 10k(), over temp 27 28 27 28 \"
VoL RL < 10kQ), V+ = 5V, over temp. 5 20 5 20 \Y
Icc Supply current RL = =, Vcc = 30V, over temp. 1.5 3 15 3 mA
RL = «, on all op amps, 0.7 1.2 0.7 1.2 mA
over temp.
AvoL Large signal voltage gain V+ = +15V (for large Vo swing), 50 100 50 100 V/mV
RL = 2kQ
V+ = +15V (for large Vo swing), 25 25 V/mV
) RL = 2k}, over temp.
Amplifier-to-amplifier f = 1kHz to 20kHz, -120 -120 dB
coupling4 input referred
PSRR Rs < 10kQ 65 100 65 100 dB
Qutput current
Source ViN+ = +1Vdc, ViN- = 0Vdc,
V+=15Vdc 20 40 20 40 mA
ViNt = +1Vdc, ViN- = 0Vdc,
V+ = 15Vdc, over temp. 10 20 10 20 mA
Sink ViN- = +1Vdc, ViN+ = 0Vdc,
V+ =15Vdc 10 20 10 20 mA
ViN- = +1Vdc, ViNt = 0Vdc,
V+ = 15Vdc, over temp. 10 15 5 8 mA
ViN- = +1Vdc, Vo = 200mV 12 50 12 50 uA
Isc Short circuit current4 40 60 40 60 mA
Differential input voltageé V+ V+ v
NOTES
1. Vo =1.4Vdc, Rs =00 with V+ from 5V to 30V and over full input common mode range
(OVdc+ to V+ -1.5V).
2. The direction of the input current is out of the IC due to the pnp input stage. This
current is essentially constant, independent of the state of the output so no loading
change exists on the input lines.
3. Theinput common-mode voltage or either input signal voltage should not be allowed
to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5, but either or both inputs can go to +32V without damage.
4. Short circuits from the output to V+ can cause excessive heating and eventual
destruction. The maximum output current is approximately 40mA independent of the
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short-
circuits can ‘exceed the power dissipation ratings and cause eventual destruction.
Destructive dissipation can resutt from simultaneous shorts on all amplifiers.
5. Due to proximity of external components, insure that coupling is not originating via
stray capacitance between these external parts. This typically can be detected as this
type of capacitive increases at higher frequencies.
6. The input common-mode voltage or either input signal voltage should not be allowed
to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage.
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LM124/A/224/A/324/A/SA534-F N-14,T
LM158/A/258/A/358A-F N,T

DC ELECTRICAL CHARACTERISTICS (Contd V+ = 5V, Ta = 25°C unless otherwise specified.

LM124/LM224/
LM324A LM158/LM258
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ Max
Vos Offset voltage? Rs < 10kQ 2 3 *2 +5 mV
Rs = 10kQ, over temp. 5 17 mV
Vos Drift Rs = 0Q), over temp. 7 30 7 uVv/°C
IBIAS Input current2 NG = Iin(=) 45 100 45 150 nA
IIN(H) = Lin(-), over temp. 40 200 40 300 nA
los Offset current INGH - NG 5 30 +3 | £30 | nA
NG - Iin(-), over temp. 75 +100 nA
los Drift. over temp. 10 300 10 pA/°C
Vem Common mode voltage range3 V+ = 30V 0 V+-15| 0 V+-1.5] V
V+ = 30V, over temp. 0 VA+-2 0 V+-2 \
Cmrr  Common mode rejection ratio 65 85 70 85 dB
Vout Output voltage swing RL = 2kQ, V+=+30V, over temp. 26 26 : Vv
VoH RL < 10kQ), over temp 27 28 27 28 \Y
VoL RL < 10kQ), V+ = 5V, over temp. 5 20 5 20 \
Icc Supply current RL = », Vcc = 30V, over temp. 15 3 1.5 3 mA
RL = =, on all op amps, 0.7 1.2 0.7 1.2 mA
over temp.
AvoL Large signal voltage gain V+ = +15V (for large Vo swing), 25 100 50 100 V/mV
RL = 2k ‘ '
V+ = +15V (for large Vo swing), 15 25 V/mvV
RL = 2kQ, over temp.
Amplifier-to-amplifier f = 1kHz to 20kHz, -120 -120 dB
coupling4 input referred
PSRR Rs < 10kQ 65 100 65 100 dB
Output current
Source VinNt =\+1Vdc, VIN- = 0Vdec, 20 40 20 40 mA
“V+=15Vdc
ViNt+ = +1Vdc, VIN- = 0Vdc, 10 20 10 20 mA
V+ = 15Vdc, over temp.
Sink VIN- = +1Vdc, Vin+ = 0Vdc, 10 20 10 20 mA
V+ = 15Vdc
VIN- = +1Vdc, Vin+ = 0Vdc, 5 8 5 8 mA
V+ = 15Vdc, over temp.
ViN- = +1Vdc, Vo = 200mV 12 50 12 50 uA
Isc Short circuit current4 40 60 40 60 mA
Differential input voltage6 V+ V+ Vv
NOTES

1.

2.

52

Vo = 1.4Vdc, Rs =00 with V+ from 5V to 30V and over full input common mode range
(OVdc+ to V+ -1.5V).

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

. The input common-mode voltage or either input signal voltage should not be allowed

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5, but either or both inputs can go to +32V without damage.

. Short circuits from the output to V+ can cause excessive heating and eventual

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

. Due to proximity of external components, insure that coupling is not originating via

stray capacitance between these external parts. This typically can be detected as this
type of capacitive increases at higher frequencies.

. The input common-mode voltage or either input signal voltage should not be allowed

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage.
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DC ELECTRICAL CHARACTERISTICS

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

(Cont'd) V+ = 5V, Ta = 25°C unless otherwise specified. -

LM324/LM358 . SA534
PARAMETER TEST CONDITIONS - UNIT
Min Typ | Max Min | Typ | Max
Vos Offset voltage? Rs < 10k *2 +7 +2 *7 mV
Rs < 10k, over temp. +9 +9 mV
Vos Drift Rs = 00, over temp. 7 7 uv/°C
IBIAS Input current2 NG = BinG=) 45 250 45 250 nA
IiN(H) - [IN(=), over temp. 40 500 40 500 nA
los Offset current hin() = TING=) *5 +50 *5 +50 nA
IIN() - IIn(-), over temp. +150 +150 nA
los Drift over temp. 10 10 pA/°C
Vem Common mode voltage range3 V+ = 30V 0 V+-15( 0 V+-1.5| V
V+ = 30V, over temp. 0 V+-2 0 V+-2 Vv
Cmrr  Common mode rejection ratio ) 65 70 65 70 dB
Vout Output voltage swing RL =2kQ, V+=+30V, over temp. 26 26 \"
VoH RL < 10kQ, over temp 27 28 27 28 Vv
VoL RL < 10kQ, V+ = 5V, over temp. 5 20 5 20 \'
Icc Supply current RL = », Vcc = 30V, over temp. 1.5 3 1.5 3 mA
RL = =, on all op amps, 0.7 1.2 0.7 1.2 mA
over temp.
AvoL Large signal voltage gain V+ = +15V (for large Vo swing), 25 100 25 100 V/mV
RL = 2kQ
V+ = +15V (for large Vo swing), 15 15 V/mV
RL = 2k{), over temp.
Amplifier-to-amplifier f = 1kHz to 20kHz, -120 -120 dB
coupling4 input referred
PsRR Rs < 10kQ 65 100 65 100 dB
Output current
Source ViN+ = +1Vdc, Vin- = 0Vdc, 20 40 20 40 mA
V+ = 15Vdc
Vint+ = +1Vdc; ViN- = 0Vdc, 10 20 10 20 mA
V+ = 15Vdc, over temp.
Sink VIN- = +1Vdc, ViN+ = 0Vdc, 10 20 10 20 mA
V+ = 15Vdc
ViN- = +1Vdc, Vint+ = 0Vdc, 5 8 5 8 mA
V+ = 15Vdc, over temp.
Vin- = +1Vdc, Vo = 200mV 12 50 12 50 uA
Isc Short circuit current4 40 60 _40 60 mA
Differential input voltage®é v+ v+ \
NOTES
1. Vo =1.4Vdc, Rs =00 with V+ from 5V to 30V and over full input common mode range
(OVdc+ to V+ -1.5V).
2. The direction of the input current is out of the IC due to the pnp input stage. This
current is essentially constant, independent of the state of the output so no loading
change exists on the input lines.
3. The input common-mode voltage or either input signal voltage should not be allowed
to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5, but either or both inputs can go to +32V without damage.
4. Short circuits from the output to V+ can cause excessive heating and eventual
destruction. The maximum output current is approximately 40mA independent of the
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short-
circuits can exceed the power dissipation ratings and cause eventual destruction.
Destructive dissipation can result from simultaneous shorts on all amplifiers.
5. Due to proximity of external components, insure that coupling is not originating via
stray capacitance between these external parts. This typically can be detected as this
type of capacitive increases at higher frequencies.
6. The input common-mode voltage or either input signal voltage should not be allowed
to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage.
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LM124/A/224/A/324/A/SA534-F N-14,T
LM158/A/258/A/358A-F N, T

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

LM158A LM258A
PARAMETER TEST CONDITIONS UNIT
o Min Typ | Max | Min Typ | Max
Vos Offset voltage? Rs < 10kQ 1 2 1 3 mV
Rs < 10k, over temp. 4 4 mV
Vos Drift Rs = 00}, over temp. 7 15 7 15 |uV/°C
IBias lnput’curremZ IinGH) = IinG=) 20 50 40 80 nA
) IiNn(H) = [in(=), over temp. 40 100 40 100 nA
los Offset current NG = NG 2 10 2 15 nA
lintH) = IIN(-), over temp. 30 30 nA
los Drift -over temp. 10 200 10 200 |pA/°C
Vom  Common mode voltage range3 | V+ = 30V 0 V+-15] 0 V+-15| v
V+ = 30V, over temp. 0 V+-2 0 V+-2 Vv
Cmrr _ Common mode rejection ratio 70 85 70 85 dB
Vout Output voltage swing RL =2k, V+=+30V, over temp. 26 26 Vv
VoH RL < 10k, over temp 27 28 27 28 \'
VoL RL < 10k, V+ = 5V, over temp. "5 20 5 20 \Y
Icc Supply current RL = =, Vcc = 30V, over temp. 15 3 15 3 mA
RL = =, on all op amps, 0.7 1.2 0.7 1.2 mA
over temp.
AvoL Large signal voltage gain V+ = +15V (for large Vo swing), 50 100 50 100 V/mV
RL = 2kQ)
V+ =+15V (for large Vo swing), 25 25 v/mV
RL = 2k(), over temp.
Amplifier-to-amplifier f = 1kHz to 20kHz, -120 -120 dB
coupling4 input referred
PsRR Rs < 10kQ) 65 100 65 100 dB
Output current .
Source Vin+ = +1Vdc, ViN- = 0Vdc, 20 40 20 40 mA
V+ = 15Vdc
Vint = +1Vde, ViN- = 0Vdc, 10 20 10 20 mA
"~ V+ = 15Vdc, over temp.
Sink Vin- = +1Vdc, ViN+ = 0Vdc, 10 20 10 20 mA
V+ = 15Vdc
ViN- = +1Vdc, Vin+ = 0Vdc, 5 8 5 8 mA
V+ = 15Vdc, over temp.
Vin- = +1Vdc, Vo = 200mV 12 50 12 50 uA
Isc Short circuit current4 40 60 40 60 mA
Differential input voltageé V+ V+ \"
NOTES

1.

2.
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Vo = 1.4Vdc, Rs =00 with V+ from 5V to 30V and over full input common mode range
(Ovdc+ to V+ -1.5V).

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

. The input common-mode voltage or either input signal voltage should not be allowed

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5, but either or both inputs can go to +32V without damage.

. Short circuits from the output to V+ can cause excessive heating and eventual

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

. Due to proximity of external components, insure that coupling is not originating via

stray capacitance between these external parts. This typically can be detected as this
type of capacitive increases at higher frequencies.

. The input common-mode voltage or either input signal voltage should not be allowed

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage.
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LM124/A/224/A/324/A/SA534-F N-14,T
LM158/A/258/A/358A-F,N, T

DC ELECTRICAL CHARACTERISTICS (Contd) V+ =5V, Ta = 25°C unless otherwise specified.

LM358A
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Offset voltage? Rs < 10kQ) 2 3 mV
Rs < 10k(, over temp. 5 mV
Vos Drift Rs = 0Q), over temp. 7 20 uV/°C
IBIAS Input current2 NG = ING) 45 100 nA
IiN(+) - Iin(=), over temp. 40 200 nA
los Offset current NG = IING) 5 30 nA
IN(H) = IIN(G=), over temp. 75 nA
los Drift over temp. 10 300 pA/°C
Vem Common mode voltage range3 V+ = 30V 0 V+-1.5 \
V+ = 30V, over temp. 0 V+-2 "
Cmrr  Common mode rejection ratio 65 85 dB
Vour Output voltage swing RL =2k, V+=+30V, over temp. 26 \")
VoH RL < 10kQ, over temp 27 28 \"
VoL RL < 10kQ, V+ = 8V, over temp. 5 20 \
lcc Supply current RL = «, Vcc = 30V, over temp. 15 3 mA
RL = =, on all op amps, 07 1.2 mA
over temp.
AvoL Large signal voltage gain V+ = +15V (for large Vo swing), 25 100 V/mV
RL = 2kQ
V+ = +15V (for large Vo swing), - 15 V/mV
RL = 2k(}, over temp.
Amplifier-to-amplifier f = 1kHz to 20kHz, -120 dB
coupling4 input referred
Psrr . Rs < 10kQ 65 100 dB
Output current
Source Vin+ = +1Vdc, ViN- = 0Vdc, 20 40 mA
V+ = 15Vdc
ViNt = +1Vdc, Vin- = 0Vdc, 10 20 mA
V+ = 15Vdc, over temp.
Sink ViN- = +1Vdc, Vin+ = 0Vdc, 10 20 mA
V+ = 15Vdc
ViN- = +1Vdc, Vint+ = 0Vdc, 5 8 mA
V+ = 15Vdc, over temp.
ViN- = +1Vdc, Vo = 200mV 12 50 pA
Isc Short circuit current4 40 60 mA
Differential input voltage6 V+ v
NOTES

1.

2.

Vo =1.4Vdc, Rs = 0Q with V+ from 5V to 30V and over full input common mode range
(OVdct to V+ -1.5V). .

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

. The input common-mode voltage or either input signal voltage should not be allowed

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5, but either or both inputs can go to +32V without damage.

. Short circuits from the output to V+ can cause excessive heating and eventual

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

. Due to proximity of external components, insure that coupling is not originating via

stray capacitance between these external parts. This typically can be detected as this
type of capacitive increases at higher frequencies.

. The input common-mode voltage or either input signal voltage should not be allowed

to go negative by more than 0.3V. The upper end of the common-mode voltage range
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage.
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TYPICAL PERFORMANCE CHARACTERISTICS

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

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

OFFSET ADJUST CIRCUIT

PIN CONFIGURATIONS

MC1456/1556-F,N, T

T PACKAGE

Ne

OFFSET NULL

INVERTING
INPUT

NON INVERTING
INPU

ORDER PART NO.

N PACKAGE

oreser wurt [1]

IveRTING - .
oot [ (v
NON INVERTING
e B (] vour

o

[T ne

ORDER PART NO.

MC1456T MC1456N
MC1556T MC1556N
FEATURES F PACKAGE
¢ Low input bias current—15nA maximum
* Low input offset current—2.0nA maxi- ne [1] [77] nc
mum :
* Low input offset voltage—4.0mV maxi- we [2] ?T—z—] ne

mum
e High slew rate—2.5V/us typical

® Large power bandwidth—40kHz typical
® Low power consumption—45mW maxi-

OFFSET NULL [3]

INVERTING
INPUT E

NONINVERTING
INPUT E

;Euc
7] v

T_O] Vout

mum V- E E OFFSET NULL
e Offset voltage null capability ne [7] 5] nc
¢ Output short circuit prote?lion ORDER PART NO.
¢ [nput over-volitage protection MC1456F
* Mil std 883A,B,C, available MC1556F
EQUIVALENT SCHEMATIC
7
v+
{ ‘ 1K 1K
4K
C )
3 #
O
500
1 6
2 9 —O Vout
ViN 15K S 56K :
9 1’ 1
N =R 35pF
/' -~ 39
N
77K :E ® E 39K @1k IE 7.7K %
4

-Ov-

smnntins
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Power supply voltage MC1556 22 \
MC1456 +18 v
Differential input voltage + Vce \"
Common mode input voltage + Vce \"
Load current 20 mA
Output short circuit duration Continuous
Power dissipation 680 mW
Derate above Ta = 25°C 46 mW/°C
Operating temperature range
MC1556 -55 to +125 °C
MC1456 0to +70 °C
Storage temperature range -65 to +150 - °C

DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs =+ 15V unless otherwise specified

MC1456/1556-F,N,T

MC1556 MC1456 UNIT
PARAMETER TEST CONDITIONS Min | Typ | Max | Min Typ | Max
Vos Offset voltage 20 4.0 5.0 10.0 mVdc
Over temperature 6.0 14.0 mVdc
los Offset current 1.0 2.0 5.0 10.0 nA
0°C < TaA<70°C 14 nA
25°C <Ta<125°C 3.0 nA
-55°C < Ta=<25°C 5.0 nA
IBIAS Input current 8.0 15 15.0 | 30.0 nA
Over temperature 30 40 nA
Vecm  Common mode voltage range +12 | +13 +11 +12 Vv
CMRR Common mode rejection Rs <10k}, Ta = 25°C, f = 100Hz 80 110 70 110 dB
ratio
ZIN  Common mode input f=20Hz 250 250 MQ
impedance
Vout Output voltage swing RL = 2k +12 | #13 11| 12 v
lcc  Supply current 1.0 15 1.3 3.0 mA
Po DC quiescent power 30 45 40 90 mw
dissipation (Vo = 0)
Psrr  Supply voltage rejection Rs < 10kQ) 50 100 75 200 uv/v
ratio
Large signal voltage gain RL =< 2k, Voutr =+10V, Ta=25°C| 100 200 70 100 V/mV
Over temperature 40 40 V/mV
AC ELECTRICAL CHARACTERISTICS T4 =25°C, Vs = % 15V unless otherwise specified.
MC1556 MC1456
PARAMETER TEST CONDITIONS
A Min | Typ [ Max| Min | Typ [Max| UN'T
Differential input impedance
Cp Parallel input capacitance Open loop f = 20Hz 6.0 6.0 pF
'p Parallel input resistance 5 3 MQ
en Equivalent input noise Av =100, Rs = 10k}, f = 1.0kHz,
voltage BW = 1.0Hz 45 45 nVA/Hz
BWp  Power bandwidth Av =1, RL = 2k(}, THD < 5%
Vout = =10V 40 40 kHz
Phase margin (open loop, 70 70 degrees
unity gain)
Gain margin 18 18 dB
SR Slew rate (unity gain 25 2.5 V/usec
Zout Output impedance f = 20Hz 1.0 2.0 1.0 25 kQ
BW  Unity gain crossover 1.0 1.0 MHz
frequency (open loop)
58
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TYPICAL PERFORMANCE CHARACTERISTICS

MC1456/1556-F,N, T
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DESCRIPTION

The pA741isahigh performance operation-
al amplifier with high open loop gain, inter-
nal compensation, high common mode
range and exceptional temperature stabili-
ty. The uA741 is short-circuit protected and
allows for nulling of offset voltage.

The MC1558/MC1458/SA1458 consist of a

pair of 741 operational amplifiers on asingle

chip.
FEATURES

Internal frequency compensation
Short circuit protection

Excellent temperature stability

High input voltage range

No latch-up

1558/1458 are 2 “op amps” in space of
one 741 package

MC1558 Mil std 883A,B,C available

* 1A741 Mil std 883A,B,C available
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PIN CONFIGURATIONS

wA741/741C/SAT41C,
MC1458/1558/SA1458-F,N,T

F,N-14 PACKAGE

F,N-14 PACKAGE

we (1] [ ne ne [T] 14] *vee
e 2] [ we outputt [Z} 73] NC
orrseT nuLL 3] 2] ne OFFSET 1 E E OUTPUT 2
T vy ] v oFFseT 1 [4] 'ﬁ_ﬂ OFFSET 2
NON-INV. INPUT outeuT
’ ] : > I -inpuT 1 5] E OFFSET 2
v-Te 5] OFFSET NULL 1
E g +INpuT 1 [6 ] E -INPUT 2
NC |7 8| NC
-vee [7] 5] +veut2
ORDER PART NO. ORDER PART NO.
HATATE MC1458F
uA741N-14 MC1558F
4AT41CF SA1458F
uA741CN-14 MC1458N-14
SA741CF MC1558N-14
SA741CN-14 SA1458N-14
T PACKAGE T PACKAGE

OFFSET NULL ® vt

INVERTING INPUT ouTPUT

NON-INVERTING INPUT E OFFSET NULL

®

v

ORDER PART NO.

v+

OUTPUT A OUTPUT B
INVERTING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

V-

ORDER PART NO.

pATAT MC1458T
uAT41CT MC1558T
SA741CT SA1458T
N PACKAGE N PACKAGE
oFrseT NULL]T [7]ne output A [1] [B8]v+
= e rp AL KU oo
NON-INVERTING ‘ INVERTING
wonwy. iweur [3] Soureur ERTING 14 INVERTH
v S]oFrseT nULL NON-INVERTING
B [ v- 2] 5l neut B

ORDER PART NO.
HATAIN
uAT41CN
SA741CN

ORDER PART NO.

MC1458N
MC1558N
SA1458N
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EQUIVALENT SCHEMATIC

uA741, A741C, SA741C
ONE AMPLIFIER OF MC1558, MC1458, SA1458

QB‘F,———I{% Q2 Q13
INVERT. .

V+
7

Q1

NON-INVERTING il Ry G
INPUT 3 o 02 2 45k Ro
o :\: Q18 254
3
~ '\ 04 zsst jgksk l_o ouTPUT
500
Q
; ; — < __——Qom
Qg Q4 >—L%
Q7
OFFSET NULL o—— 022}
R1 ¢ Ry ¢ Ry Rz Rt
1kQ 50kQ Bk 50k 509 4
-0 V
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Supply voltage
SA741C, uAT741C, +18 v
MC1458, SA1458
uA741, MC1558 +22 \
Internal power dissipation, N-14 600 mwW
N package 500 mW
T package? 800 mwW
F package 1000 mwW
Differential input voltage +30 v
Input voltage2 +15 \
Output short-circuit duration Continuous
Operating temperature range
wA741C, MC1458 0to +70 °C
SA741C, SA1458 -40 to +85 °C
uA741,MC1558 -55to+125 °C
Storage temperature range -65t0+150 °C
Lead temperature (soldering 60sec) 300 °C

NOTES

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

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

sinetics

wA741/741C/SA741C,
MC1458/1558/SA1458-F,N,T
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DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = +15V, unless otherwise specified.

uA741/741C/SATA1C,
MC1458/1558/SA1458-F,N,T

uA741 uA741C
PARAMETER TEST CONDITIONS - UNIT
Min Typ | Max | Min Typ | Max
Vos Offset voltage Rs = 10kQ) 1.0 5.0 2.0 6.0 mvV
Rs = 10k, over temp. 1.0 6.0 7.5 mv
los Offset current 20 200 20 200 nA
Over temp. 300 nA
Ta =+125°C 7.0 | 200 nA
Ta =-55°C 20 500 nA
IBlAS Input bias current 80 500 80 500 nA
Over temp. 800 nA
Ta =+125°C 30 | 500 nA
Ta =-55°C 300 | 1500 nA
Vout Output voltage swing RL = 10kQ +12 +14 +12 *14 v
RL = 2kQ, over temp. +10 | +13 +10 | +13 v
AvoL  Large signal voltage gain RL = 2kQ, Vo = £10V 50 200 20 200 V/mV
RL =2k, Vo =%10V, over temp. 25 15 V/mV
Offset voltage adjustment +30 +30 mv
range
Psrr Supply voltage rejection ratio Rs < 10kQ 10 150 | uV/V
Rs < 10k, over temp. 10 150 uV/V
CMRR Common mode rejection ratio dB
Over temp. 70 90 dB
lcc Supply current 1.4 2.8 14 2.8 mA
Ta =+125°C 15 2.5 mA
Ta =-55°C 2.0 3.3 mA
VIN Input voltage range (uA741, over temp.) +12 +13 +12 +13 Vv
Rin Input resistance 0.3 2.0 0.3 2.0 MQ
Pd Power consumption 50 85 50 85 | mw
Ta = +125°C 45 75 mwW
Ta=-55°C 45 100 mwW
Rout Output resistance 75 75 Q
Isc Output short-circuit current 25 25 mA
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DC ELECTRICAL CHARACTERISTICS

uA741/741C/SA741C,
MC1458/1558/SA1458-F,N, T

(Cont'd) Ta = 25°C, Vs = =15V, unless otherwise specified.

SA741C MC1558
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max | Min Typ | Max
Vos Offset voltage Rs = 10k} 20 6.0 1.0 5.0 mV
Rs = 10k}, over temp. 7.5 6.0 mV
los Offset current 20 200 20 200 nA
Over temp. 500 500 nA
Isias Input bias current 80 500 80 500 nA
Over temp. 1500 1500 nA
Vourt Output voltage swing RL = 10kQ *12 +14 +12 +14 \
RL = 2kQ), over temp. +10 +13 +10 +13 \'
AvoL Large signal voltage gain RL = 2kQ, Vo = 10V 20 200 50 100 V/mV
RL =2kQ, Vo =10V, over temp. 15 25 V/mV
Offset voltage adjustment +30 +30 mV
range
Psrr Supply voltage rejection ratio | Rs < 10kQ 10 150 30 150 | uV/V
CMRR Common mode rejection ratio 70 90 dB
lcc Supply current 1.4 2.8 2.3 5.6 mA
VIN Input voltage range (uA741, over temp.) +12 *13 +12 +13 \'
RiN Input resistance 0.3 2.0 MQ
Pdq Power consumption 50 85 70 150 mwW
Channel separation 120 dB
Rout Output resistance 75 )
Isc Output short-circuit current 25 25 mA
DC ELECTRICAL CHARACTERISTICS (Cont'd) Ta = 25°C, Vs = +15V, unless otherwise specified.
MC1458 SA1458
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Vos Offset voltage Rs = 10k 20 6.0 2.0 6.0 mV
Rs = 10kQ), over temp. 7.5 7.5 mV
los Offset current 20 200 20 200 nA
Over temp. 300 500 nA
IBIAS Input bias current 80 500 80 500 nA
Over temp. 800 1500 nA
Vour Output voltage swing RL = 10k +12 | *14 *12 +14 \
RL = 2kQ), over temp. +10 +13 *+10 +13 \
AvoL Large signal voltage gain RL = 2k}, Vo = +10V 25 200 25 200 V/mV
RL =2k, Vo =1£10V, over temp. 15 15 V/mV
Offset voltage adjustment +30 +30 mV
range
PsRrr Supply voltage rejection ratio Rs < 10kQ) 30 170 30 150 | uV/V
CMRR Common mode rejection ratio 70 90 70 90 dB
lcc Supply current 2.3 5.0 23 5.6 mA
Vin Input voltage range (uA741, over temp.) +12 +13 *12 +13 \
RiN Input resistance MQ
Pd Power consumption 70 170 70 170 | mw
Channel separation 120 120 dB
Isc Output short-circuit current 25 25 mA
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rA741/741C/SA741C,
MC1458/1558/SA1458-F N, T

AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = £15V, unless otherwise specified.

) uA741, uA741C, MC1558, MC1458,
PARAMETER TEST CONDITIONS SA741C SA1458 UNIT
) Min [ Typ | Max | Min | Typ | Max
Parallel input resistance Open lbop, f =20Hz 0.3 MQ
Parallel input capacitance Open loop, f = 20Hz 14 A4 pF
Common mode input impedance f = 20Hz 200 MQ
Equivalent input noise voltage Av = 100, Rs = 10k, Bw = 1.0kHz 45 nVVHz
f=1.0kHz
Power bandwidth Av =1, RL = 2.0kQ}, THD < 5% 14 kHz
Vout = 20Vp-p
Phase margin 65 degrees|
Gain margin 11 dB
Unity gain crossover frequency Open loop 1.0 1.0 MHz
Transient response unity gain ViN = 20mV, R = 2k(, CL < 100pf
Rise time 0.3 0.3 ;:S
Overshoot ) 5.0 5.0 %
Slew rate C < 100pf, RL = 2k, Vin = £10V 0.5 08 V/ps
TYPICAL PERFORMANCE CHARACTERISTICS
OUTPUT VOLTAGE SWING INPUT COMMON MODE VOLTAGE POWER CONSUMPTION
AS A FUNCTION OF RANGE AS A FUNCTION OF AS A FUNCTION OF
SUPPLY VOLTAGE SUPPLY VOLTAGE SUPPLY VOLTAGE
40 T 16 100
-55°C = Ty = +125°C . ’7-55‘C<1A < +125'C I
36} R = 2kS2 / o Ta=25C
> 32 LA b 20
<] g 12
// :
4 A w 10 7 z
2 Va ¢ / g e
é 20 / § 8 74 5' //
g e § 6 / § 40 -
S S : |/ 7
& j/ g : / N 20
o 0 0

5 10 15 20

SUPPLY VOLTAGE £V

INPUT BIAS CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

|

Vg = +15V

500

400

300

200

INPUT BIAS CURRENT nA

20 60 100 140

TEMPERATURE "C

5 10 15
SUPPLY VOLTAGE tV

INPUT RESISTANCE
AS A FUNCTION OF
AMBIENT TEMPERATURE

20

10.0
Vg =15V
5.0

3.0

10

05

INPUT RESISTANCE M$2

03

LA

20 60 100

TEMPERATURE 'C

140

INPUT OFFSETCURRENT nA

5 10 15 20

SUPPLY VOLTAGE tV

INPUT OFFSET CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE

40 T
Ta=25C

30

5 10 15

SUPPLY VOLTAGE £V
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont’d)

uA741/741C/SAT41C,
MC1458/1558/SA1458-F,N,T

INPUT OFFSET CURRENT nA

SHORT CIRCUIT CURRENT mA

TOTAL NOISE REFERRED TO INPUT — uVrms
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AS A FUNCTION OF
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140
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Vg =115V
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FREQUENCY
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

uAT41/741C/SA741C,
MC1458/1558/SA1458-F,N,T

VOUT OUTPUT VOLTAGE (Vp-p)

OUTPUT VOLTAGE SWING

COMMON MODE REJECTION

AS A FUNCTION OF RATIO AS A FUNCTION OF

FREQUENCY FREQUENCY
a0 100
Vg =15V Vg =15V
36 Ta=25°C 90 Ta=25°C
RL = 10k -
> 32 T 80
o g ‘\
Z ER)
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3 o
: \ 5 N\
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DESCRIPTION

The 515 is a general purpose high-gain
amplifier with differential input and output.
It is fabricated within a monolithic silicon
substrate by planar and epitaxial tech-
niques. A pair of compensation points is
provided to allow frequency compensation
for stable closed loop operation.

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

FEATURES

* Differential voltage gain (open loop) =
4,500

Input offset voltage = 0.5mV

Input offset voltage stability = 5.0uV/°C
Input common mode range = 1.5V, -1.0V
Common mode rejection ratio = 100dB
Bandwidth (open loop) = 1.0MHz

Mil std 883A,B,C avallable

EQUIVALENT SCHEMATIC

NE/SE515-F,K,N

PIN CONFIGURATION

=)

cowrensATIoN

comensation
outeura
ot

auteure
4o’

NOTE

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

F,N PACKAGE
NpUT B [T 4] v+
ne [7] 73] NpPUT A
ne [3] [17] ne
COMPENSATION [4 | [77] compeENsaTION
ne [5] 10] NC
OUTPUT B E E] NC
v-[7 8] outPuT A

ORDER PART NO.
NE515N/NE515F/SE515F

K PACKAGE

QUTPUT B

INPUT A
ORDER PART NO.

SE515K/NE515K
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Voltage
Applied (V+ to V-) 12 \Y
Differential input (Vs to V7) +5.0 \
Current
Input (15, 17) +2.0 mA
Output (12, 119 +30 mA
Temperature range °C
Operating 0to +75
Storage -65 to +150
Junction 150

Maximum ratings are limiting values above which serviceability may be impaired.

Pin numbers refer to K package.

sijnotics
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NE/SE515-F K,N

DC ELECTRICAL CHARACTERISTICS Ta=25°C, V; =0V, V1= 3.0V unless otherwise specified. 1.234,56,7,89,10,11

: ‘ SE515 (Vg = +4V) ' SE515 (Vg = +6V)
PARAMETER TEST CONDITIONS UNITS
Min | Typ | Max Min -Typ Max |
Open loop voltage gain2 ‘ 2500 3500 | 4500 vV
TA = high temp. 1800 3000 \4%
Input offset voltaget Ta = low temp. 5 0.5 3.0 mV.
} 5 0.5 2.0 mV
Ta = high temp. 5 0.5 3.0 mv
Input bias current? Ta = low temp. . .18 25 40 kA
: @ +25°C 12 16 24 kA
Differential input resistance10 Ta = low temp. 2 1.0 1.5 kQ
) 4 2.0 3.2 k)
Input common mode range +1.0 ﬂ :g v
Balanced output DC level Ta = low temp. -0.1 +1.2 Vv
@ +25°C +0.3 +1.6 1.8 \
Ta = high temp. - +6 +1.9 \%
Output voltage swing3 Over temp. 4.7 57 6.3 Vv
High output level Vs =10mV, Ta = low temp. +2.3 +4.0 +4.3 \
Vs = 10mV +2.6 +4.3 +4.6 \"
Vs = 10mV, Ta = high temp. +3.0 +4.7 +5.0 \
Low output level Vs = 10mV, Ta = low temp. 2.4 -1.7 -2.0 \"
Vs = 10mV -21 -1.4 -1.7 \"
Vs = 10mV, Ta = high temp. -1.7 -1.0 -1.3 v
Output resistance? 100 100 Q
Common mode rejection ratio 100 100 dB
Power supply currentt Ta = low temp. . 7.0 mA
3.5 55 7.0 mA
Ta = high temp. 7.0 mA
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DC ELECTRICAL CHARACTERISTICS

NE/SE515-F,K,N

(Cont'd) Ta =25°C, V7 =0V, V1 = 3.0V unless otherwise

specified.1,2,3,4,5,6,7,89,10,11

NE515 (Vg = +4V) NE515 (Vg = +6V)
PARAMETER TEST CONDITIONS UNIT
Min Typ: Max Min Typ Max
Open loop voltage gain2 1800 2500 3200 V/V
Ta = high temp. 1350 2200 V/V
Input offset voltage! Ta = low temp. 05 05 4.0 mV
0.5 0.5 3.0 mV
Ta = high temp. 0.5 0.5 4.0 mV
Input bias current? Ta = low temp. 18 25 40 uA
@ +25°C 15 20 31 uA
Differential input resistance10 Ta = low temp. 3.2 1.4 2.3 kQ
3.5 1.7 2.6 kQ
Input common mode range +1.0 ﬂg v
Balanced output DC level Ta = low temp. -0.1 +1.2 \
@ +25°C +0.3 +1.6 +1.8 \"
Ta = high temp. +0.6 +1.9 Vv
Output voltage swing3 Over temp. 45 5.3 6.1 Vv
High output level Vs =10mV, Ta = low temp. +2.3 +3.9 +4.3 v
Vs =10mV +2.5 +4.1 +4.5 \"
Vs = 10mV, Ta = high temp. +2.8 +4.3 +4.8 v
Low output level Vs =10mV, Ta = low temp. -2.2 -1.4 -1.8 v
Vs =10mV -2.0 -1.2 -1.6 \
Vs =10mV, Ta = high temp. -1.7 -1.0 -1.3 Vv
Qutput resistance? 100 100 0
Common mode rejection ratio 100 100 dB
Power supply current? Ta = low temp. 7.0 mA
3.5 5.5 7.0 mA
Ta = high temp. 7.0 mA
AC ELECTRICAL CHARACTERISTICS Ta=25°C, V7 =0V, V1 = 3.0V unless otherwise specified.1.2.3:4.567,89,10,11
SE515 (V g = +4V) SE515 (VG = +6V)
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Open loop voltage gain f = 800kHz 2000 2500 3500 wV/V
AC ELECTRICAL CHARACTERISTICS (Contd) Ta = 25°C, V7 =0V, V1 = 3.0V unless otherwise
specified.1,2,34,5,6,7,89,10,11
NE515 (Vg = +4V) NE515 (V ; = +6V)
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Open loop voltage gain f= 800kHz' 1500 1700 2500 uV/vV
NOTES 7. Acceptance Test Sub-Group references apply to minimum and maximum limits only.
1. Adjust V5 to obtain V2 = V1g. 8. The SE515k has Pins 1, 3 and 9 connected to the case.
2. Output voltage swing = 1.3V peak to peak. 9. See Signetics SURE Program Bulletin No. 5001 for definition of Acceptance Test Sub-
3. Output voltage swing is guaranteed by output voltage limit tests. Group. Sub-Group A-7 is used for electrical end points for Linear Products.
4. Voltage and current subscripts refer to pin numbers for K Package. 10. Differential Input Resistance is computed from input bias current.
5. All measurements are referenced to power supply common. Positive current flow is 11. Operating temperature range:

6.

defined as into the terminal indicated.
All specifications herein apply forinterchange of voltages and currents at Pins5and 7.

sinotics
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DESCRIPTION

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

EQUIVALENT SCHEMATIC

FEATURES

35V/usec slew rate at unity gain

Pin for pin replacement for uA709, uA748
or LM101

Compensated with a single capacitor
Same low drift offset null circuitry as
uA741

Small signal bandwidth 1MHz

Large signal bandwidth 500KHz

True op amp dc characteristics make the
531 the ideal answer to all slew rate lim-
ited operational amplifier applications.

NE/SE531-N,T

PIN CONFIGURATIONS

T PACKAGE
(Top View)

FREQ. COMP.

OFFSET NULL v
won mverring et \Q o ©orrser vuw

ORDER PART NO.
SES531T/NES31T

N PACKAGE -

orsserwun[7] @

venTing .
et O [

NON INVERTING [ - slouteur
e o

v [Foreser nuce

[7]¢nea. come

ORDER PART NO.
NES31IN

INPUT

3T+

>
INPUT Q Q9 '; Ra0-33
og Q20
Ryg <
R 159
4 100 & Fa10
] p Q25
>
$Rs2 .
Rg 2.2 i z
Qg
[+ Q37 R22
33 Ryg 04
Rig10 ° a0
| il Za Q35 Q2
LN % Z Q29
< Q1 | Q912
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S Ryg-33 Ry710S
N b3 1710 3
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v __to,
015}-1 7\333
v 3 NV
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KI Ry065 at
< Q l/ﬁ
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R7653 A N
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> 9 13 S Ra7 S > R, .
Ryq 1.5 ;: SRg 18 SRy 17 1,3% 15 ;,55 ;» 68 Sh21?
4
vV O—
tLS o8

FREQUENCY

OFFSET ADJUST COMPENSATION
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage +22 "
Internal power dissipation? 300 mw
Differential input voltage *15 Vv
Common mode input voltage? +15 )
Volitage between offset null

and V- +0.5 \
Operating temperature range

NE531 0to +70 °C

SE531 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature

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

NOTES

1. Rating applies for case temperature to 125° C, derate linearly at 6.5mW/° C forambient

temperatures above +75°C.

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

supply voltage.

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

temperature or to +75°C ambient temperature.

DC ELECTRICAL CHARACTERISTICS vs = +15V unless otherwise specified.

NE/SE531-N,T

SE531 NE531
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Vos Offset voltage Rs < 10kQ), Ta = 25°C 2.0 5.0 2.0 6.0 mV
Rs < 10k(}, over temp 6.0 7.5 mV
los Offset current Ta=25°C 30 200 50 200 nA
Ta =HIGH 200 200 nA
Ta=LOW 500 300 nA
IBlAS Input current Ta=25°C 300 500 400 1500 nA
Ta =HIGH 500 1500 nA
Ta =LOW 1500 2000 nA
Veum Common mode voltage range Ta=25°C +10 +10 \
CMRR Common mode rejection ratio Ta = 25°C, Rs < 10kQ2 70 100 dB
Over temp Rs < 10kQ 70 90 dB
RIN Input resistance Ta=25°C 20 20 MQ
Vourt Qutput voltage swing RL = 2k, over temp +10 +13 +10 +13 \'
lcc Supply current Ta=25°C 7.0 10 mA
) TMmAX 55 10 mA
Pp Power consumption TA=25°C 210 300 mW
Psrr Power supply rejection ratio Rs < 10kQ}, Ta = 25°C 10 150 uV/V
Rs < 10k}, over temp 10 150 wV/v
Rout  Output resistance Ta=25°C 75 75 0
AvoL Large signal voltage gain Ta=25°C,RL= 2k, Vour=+10V 50 100 20 60 V/mV
RL= 2k, VouT==%10V,overtemp.} 25 15 V/mV
NOTE
1. Temperature range:
SE531-55°C < Ta < 125°C
NE5310°C < Ta < 70°C
Ei!lllﬂtil:!‘: 71




NE/SE531-N,T

AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = *+15V unless otherwise specified.

. NE531 - SE531 UNIT
PARAMETER TEST CONDITIONS Min | Typ | Max | Min | Typ Max

Full power bandwidth 500 500 kHz
Settling time (1%) Av =+1, VIN = 210V 15 15 MS
(.01%) 2.5 2.5 us
Large signal overshoot Av =+1, VN = 210V 2 2 %
Small signal overshoot Av = +1, Vin = 400mV 5 5 %
Small signal risetime Av = +1, VN = 400mV 300 300 ns

Slew rate Av =100 35 35 V/us

Av =10 35 35 V/us

Av =1 (noninverting) 30 20 30 V/us

Av = 1 (inverting) 35 25 35 V/us

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

TEST LOAD CIRCUITS

OFFSET NULL CIRCUIT TRANSIENT RESPONSE CIRCUIT

TYPICAL PERFORMANCE CHARACTERISTICS (Vs = +15V, Ta = +25°C, unless otherwise specified.)

INPUT OFFSET INPUT BIAS CURRENT INPUT BIAS CURRENT AS A
CURRENT AS A FUNCTION AS A FUNCTION FUNCTION OF SUPPLY VOLTAGE
OF AMBIENT TEMPERATURE OF AMBIENT TEMPERATURE
160 : 1000 120
1a0 [\ //
‘f 120 ‘T( oo \ : <110
g 80 N ;3__: 1 5 100 <
i @ 400 2
£ 5 N :
- I 2
§ 40 ; 2 9%
Ed £ 200
& ™ |
N
%60 -20 20 60 100 140 ‘60 -20 20 60 100 140 805 10 15 20 25
TEMPERATURE — °C TEMPERATURE — °C SUPPLY VOLTAGE — :V
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

NE/SE531-N,T
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

NE/SE531-N, T

2N3819

0.5V/DIV
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NE/SE531-N,T

TYPICAL APPLICATIONS (Contd)

POLE ACTIVE LOW PASS FILTER BUTTERWORTH MAXIMALLY FLAT RESPONSE*
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DESCRIPTION

The 532 consists of two independent, high
gain, internally frequency compensated op-
erational amplifiers designed specifically to
operate from a single power supply over a
wide range of voltages. Operation from dual

power supplies is also possible and the low

power supply current drain is independent
of the magnitude of the power supply
voltage.

FEATURES

e Internally frequency compensated for
unity gain
® Large dc voltage gain—(100dB)
* Wide bandwidth (unity gain)—1MHz
(temperature compensated)
* Wide power supply range
single supply—(3Vdc to 30vVdc)
or dual supplies—(+1.5Vdc to
+15Vdc)
® Very low supply current drain (400uA)—
essentially independent of supply voit-
age (1ImW/op amp at +5Vdc)
® Low input biasing current—(45nA dc
temperature compensated) ‘
e Low input offset voltage—(2mVdc) and
oftset current—(5nA dc)
o Differential input voltage range equal to
the power supply voltage
e Large output voltage—(0Vdc to V+—~
1.5Vdc swing)
e SE532 Mil std 883A,B,C available

UNIQUE FEATURES

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

NE/SE532/532A/SA532-N, T

T PACKAGE
(Top View)

OUTPUT A outeuT

INVERTING

INVERTING (7
INPUT B

INPUT A

NON-INVERTING NON-INVERTING
INPUT A INPUT B

-

ORDER PART NO.

N PACKAGE
(Top View)

outeur a [7] ] v

Now NVEATING
v leors

ORDER PART NO.

SES532T NE532T gissgi':n NE532N
E532AT NE532AT
§A532T . SE532AN NE532AN
EQUIVALENT CIRCUIT
vtOr
6uA
é ’
Q2 Q3
- 1 Q4 OouTPUT
INPUTS i L
+Or
{01 0 a2 50.A
a8 __‘goj
— P o

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Supply voltage, V+ 32 or 16 Vdc
Differential input voltage 32 Vvdc
Input voltage -0.3 to +32 Vdc
Power dissipation

T package - 680 mwW
N package 625 mwW
Output short-circuit to GND
V+ <15 Vdc and Ta = 25°C Continuous
Operating temperature range
NE532 0 to +70 °C
SA532 -40 to +85 °C
SES532 -55 to +125 °C
Storage temperature range -65 to +150 °C
Lead temperature 300 °C
(soldering, 10sec)
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NE/SE532/532A/SA532-N,T

DC ELECTRICAL CHARACTERISTICS Ta=25°C, V+ = +5V 'unless otherwise specified (see Notes on following page).

Sinotics

‘ SE532 NE532
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Vos Offset voltage? Rs < 10k +2 +5 +2 +6 mv
Rs < 10k, over temp. +7 75| mV
Vos Drift Rs = 00, over temp. 7 7 uV/eC
los Offset current Iin(H) or IinG=) +3 +30 +5 +50 nA
los: Offset current Over temp. +100 +150 | nA
los Drift Over temp. 10 10 pA/°C
Isias Input current2 IinG(H) or IIn(=) 45 150 45 250 nA
Over temp., IN(H) or I|N(=) 40 300 40 500 nA
Vcm Common mode voltage range3 V+ = 30V 0 V+-1.5 0 V+-15] V
Over temp., V+ = 30V V+-2.0 V+-20[ V
CmrrCommon mode rejection ratio Rs < 10kQ 70 85 - 65 70 dB
Vour Output voltage swing (Vor) RL = 2kQ, V+ =30V 26 26 Vv
RL = 10kQ, V+ = 30V 27 28 27 28 Vv
Vout Output voltage swing (Vor) RL < 10k(}, over temp. 5 20 5 20 mV
lcc  Supply current RL =~ on allamplifiers, over temp 0.5 1.2 0.5 1.2 mA
AvoL Large signal voltage RL =2k, VouTt £ 10V, Vg=+15V 50 100 25 100 V/mV
Gain Over temp. 25 15 V/mV
Psrr Supply voltage Rs < 10kQ 65 100 65 100 daB
rejection ratio
Amplifier-to-amplifier f=1kHz to 20kHz (input referred) -120 -120 dB
coupling4
Output current source V|N+=1Vdc, VIN-=0Vdc, V+=15Vdc 20 40 20 40 mA
Output current sink ViN-=1Vdc, ViN=0Vdc, V+=15Vdc 10 20 10 20 mA
VIN-=1Vdc, VIN=0Vdc, VouT=200mVdc| 12 50 12 50 uA
Iscs 40 | 60 40 60 | mA
DC ELECTRICAL CHARACTERISTICS (Cont'd) Ta=25°C,V+=+5Vunless otherwise specified (see Notes on following page).
' SA532 SE532A
PARAMETER TEST CONDITIONS - - UNIT
) ) Min Typ | Max Min | Typ | Max
Vos Offset voltage! Rs < 10k +2 +6 1 2 mV
) Rs < 10k, over temp. +7.5 4 mV
Vos Drift Rs = 01}, over temp. 7 15 |uveC
los Offset current IiIn(+) or fiNG-) +5 +50 10 nA
los Offset current Over temp. +150 30 nA
los Drift Over temp. 10 10 200 |pA/°C
Igias Input current2 IiN(+) or TiN(=) 45 250 20 50 nA
Over temp., IiN(H) or Iin(-) 40 500 40 100 nA
Vecm Common -mode voltage range3) V+ = 30V 0 V+-15] 0 V+-1.5 V
Over temp., V+ = 30V V+-2.0| 0 V+-15| V
CmrrR Common mode rejection ratio Rs < 10kQ 65 70 70 85 dB
Vout Output voltage swing (Vor) RL = 2kQ, V+ = 30V 26 \Y
RL = 10kQ, V+ = 30V 27 28 \Y
Vout Output voltage swing (Vor) RL < 10k(}, over temp. 5 20 mV
lcc Supply current RL=«onall amplifiers, over temp. 0.5 1.2 0.5 1.2 mA
AvoL Large signal voltage RL = 2k, Vout £10V,Vs=%15V 25 100 50 100 V/mV
Gain Over temp. 15 25 V/mV
Psrr Supply voltage Rs < 10k} 65 100 65 100 dB
rejection ratio
Amplifier-to-amplifier f=1kHz to 20kHz (input referred) -120 -120 dB
coupling4
Output current source ViN+=1Vdc, ViN-=0Vdc, V+=15Vdc 20 40 20 40 mA
Output current sink ViN-=1Vdc, Vin=0Vdc, V+=15Vdc 10 20 10 20 mA
ViN-=1Vdc, ViNn=0Vdc, Vour=200mVdc| 12 50 12 50 uA
Iscs 40 60 40 60 mA
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NE/SE532/532A/SA532-N,T
DC ELECTRICAL CHARACTERISTICS (Contd) Ta = 25°C, V+ = +5V unless otherwise specified.

NES32A UNIT
PARAMETER TEST CONDITIONS Min Typ Max
Vos Offset voltage! Rs < 10k 2 3 mv
: Rs < 10k{), over temp. 5 mV
Vos Drift Rs = 0Q, over temp. 20 uvece
los Offset current NG or [IN(=) 30 nA
los Offset current Over temp. 75 nA
los Drift Over temp. 10 300 pA/°C
Igias Input current2 NG or Iin(=) 45 100 nA
Over temp., Iin(+) or Iin(-) 40 200 nA
Vcm  Common mode voltage range3 V+ = 30V 0 V+-1.5 \
Over temp., V+ = 30V 0 V+-1.5 \"
Cmrr Common mode rejection ratio Rs < 10kQ 65 85 dB
Vout Output voltage swing (VoH) RL = 2kQ, V+ = 30V v
RL = 10kQ, V+ = 30V Vv
Vout Output voltage swing (Vor) RL < 10k}, over temp. mV
Icc  Supply current RL==on allamplifiers, over temp. 0.5 1.2 mA
AvoL Large signal voltage RL =2k, Vout £ 10V, Vg=%15V 25 100 V/mV
- Gain Over temp. 15 V/mV
Psrr Supply voltage Rs < 10kQ 65 100 dB
rejection ratio
Amplifier-to-amplifier
coupling4 f=1kHz to 20kHz (input referred) ~-120 dB
Output current source Vin+= 1Vdc, Vin-=0Vdc, V+=15Vdc 20 40 mA
Output current sink ViN-=1Vdc, Vin=0Vdc, V+=15Vdc 10 20 mA
ViN-=1Vdc, ViN=0Vd¢, VouT=200mVdc 12 50 kA
Isc5 40 60 mA
NOTES

1.

2.

78

Vo=1.4V,Rs=0Qwith V+from 5V to 30V; and over the full input common-mode range
(9V to V+ -1.5V).

The direction of the input current is out of the IC due to the pnp input stage. This
current is essentially contant, independent . of the state of the output so no loading
change exists on the input lines.

. The input common-mode voltage or either input signal voltage should not be allowed

to go negative by more than 0.3V. The upper end of the common-mode voltage range

is V+ ~1.5V, but either or both inputs can go to +32V without damage.

. Due to proximity of external components, insure that coupling is not originating via

stray capacitance between these external parts. This typically can be detected as this
type of capacitive coupling increases at higher frequencies.

. Short circuits from the output to V+ can cause excessive heating and eventual

destruction. The maximum output current is approximately 40mA independent of the
magnitude of V+. At values of supply voltage in excess of +15Vdc, continuous short-
circuits can exceed the power dissipation ratings and cause eventual destruction.
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TYPICAL PERFORMANCE CHARACTERISTICS

NE/SE532/532A/SA532-N,T
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DESCRIPTION

The 535 and 5535 are new generation opera-
tional amplifiers featuring high slew rates
combined with improved input characteris-
tics. The 535 is a single device while the
5535 is a dual configuration. Internally
compensated for unity gain, the SE535 and
SE5535 feature a guaranteed unity gain
slew rate of 10V/us with 2mV maximum
offset voltage. Industry standard pin outand
internal compensation allow the user to
upgrade system performance by directly
replacing general purpose amplifiers, such
as 741, 747 and 1558.

FEATURES

15V/us unity gain slew rate

Internal frequency compensation

Low input offset voltage—2mV max
Low input bias current 60nA max

Short circuit protected

Offset null capability

Large common mode and differential
voltage ranges ’

535 5535
* Pin out 741 747,1558
* Configuration Single Dual

PIN CONFIGURATIONS

NE/SE535-T  NE/SE5535-F,K,N,N-14

F,N-14 PACKAGE

EQUIVALENT SCHEMATIC (One Ampilifier)

K PACKAGE
NC
INVERTING FFSET
INPUTA [T ] 73] Sorca
OUTPUT A ouTPUT B NON-NVERTING
weutA (2] [13] vea
+ v+e
vale O =] [12] outPuT A
INVERTING INVERTING ~
INPUT A INPUT B v- [2] 1] ~e
NON-INVERTING s [ o] outruTe
NON-INVERTING -
NON-INVERT-
INPU INPUT B NN S [e] [o] v+e
INVERTING OFFSET
ORDER PART NO. INPUT B E zl NULL B
SE5535K NE5535K
ORDER PART NO.
N PACKAGE SE5535N-14 SE5535F
NES5535N-14 NES535F
outeuTA [1] (5] v+ N PACKAGE
INVERTING OFFSET
weura 2] 7] outeure wowst [1] BEd
NON-INVERT- INVERTING INVERTING
ING INPUT A EX (€] weute iweur [2] 7] v+
- [3 5] NON-INVERT- NON-INVERT-
v- [5] :l “ING INPUT B NG input L2 E] OUTPUT
v- [4] E OFFSET
} ADJUST
ORDER PART NO. ORDER PART NO.
SE5535N NES53§N SE535N NES35N
T PACKAGE
OFFSET
apgust [T 8BRS
7 INVERTING :
T eut (2] [7] v+
NON-INVERT-
NG inpuT 2] (6] ourpur
» . v- [4 [5] oFFser
ADJUST
ORDER PART NO.
SES35T NES35T
! AMA—O 6 T PACKAGE
2
ﬁ
' outpuT A [T (8] v+
. g INVERTING 2 ZI ouTPUT B
N NON-INVERTING [3 ] INVERTING
INPUT A INPUT B
v- [3] 5] NONINVERTING
INPUT B

SES535T

ORDER PART NO.
NES535T
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ABSOLUTE MAXIMUM RATINGS

— —

SES535/ NE535/
PARAMETER SE5535 NE5535 UNIT

Supply voltage +22 +18 Y
Internal power dissipation?

N Package 500 500 mwW

K/T Package 800 800 mwW

F Package 1000 1000 mwW
Differential input voltage +30 +30 Vv
Input voltage2 +15 *15 Vv
Operating temperature range -55 to +125 0 to +70 °C
Storage temperature range -65 to +150 -65 to +150 °C
Lead temperature (solder, 60sec) 300 300 °C
Output short circuit3 Indefinite Indefinite

NOTES

1. Rating applies for thermal resistances junction to ambient of 240° C/W and 150° C/W
for N and K, T packages, respectively. Maximum chip temperature is 150°C.
2. Forsupply voltages less than +15V, the absolute maximum inputvoltage is equal to the

supply voltage.

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

temperature or 75°C ambient temperature.

DC ELECTRICAL CHARACTERISTICS

—

NE/SE535-T ® NE/SE5535-F,K,N,N-14

Ta = 25°C, Vs = =15V unless otherwise specified.”

SE535/SE5535 NE535/NE5535 ,
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max| Min | Typ | Max
Vos Input offset voltage Rs < 10kQ 0.7 | 20 20 | 5.0 mvV
Rs < 10k}, over temp. 3.0 6.0 mV
AVos Input offset voltage drift Rs =0(, over temp. 30| 15 6.0 V/°C
los Input offset current 5 10 15 40 nA
Over temp. 20 80 ©VnA
B Input current 45 60 65 | 150 nA
Over temp. 100 200 nA
Vem Common mode voltage range *+12 | +13 +12 | +13 \
CMRR Common mode rejection ratio Rs < 10k(}, over temp. 70 | 90 70 | 90 dB
PsRR Power supply rejection Rs < 10k{), over temp. 30 | 150 30 | 150 | upV/V
Rin Input resistance 3 10 1 6 MQ
AvoL Large signal voltage gain RL = 2kQ, Vout = £10V 50 | 500 50 | 500 V/mV
RL = 2kQ, VouTt = +10V, over temp. | 25 25 v/mV
Vout Output voltage RL = 2k}, over temp. +10 | £13 +10| +13 '
RL = 10kQ, over temp. +12 | £14 +12| £14 v
lcc Supply current Per amplifier 18 | 28 1.8 | 2.8 mA
Per amplifier, over temp. 2 3.3 2 mA
Pp Power dissipation Per amplifier 54 84 54 84.] mw
Per amplifier, over temp. 60 99 60 ’ mw
Isc Qutput short circuit current 25 25 mA
Rourt Output resistance 100 100 O
*NOTE
Temperature range
SE types -55°C < Ta < 125°C
NE types 0°C < Ta<70°C
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NE/SE535-T » NE/SE5535-F,K,N,N-14

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

SE535/SE5535 NE535/NE5535
PARAMETER TEST CONDITIONS - UNIT
Min | Typ | Max | Min | Typ | Max
Gain/bandwidth product 1 1 MHz
Transient response )
Small signal rise time 0.25 0.25 us
Small signal overshoot 6 6 %
Settling time To 0.1% 3 3 us
Slew rate Ta = 25C, RL = 10kQ), unity gain, 10 15 10 15 V/us
non-inverting

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
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NE/SE535-T © NE/SE5535-F,K,N,N-14

TYPICAL PERFORMANCE CHARACTERISTICS (Contd)
OUTPUT SHORT-CIRCUIT CURRENT INPUT NOISE VOLTAGE INPUT NOISE CURRENT
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE FREQUENCY FREQUENCY
35 100 1
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VOLTAGE WAVEFORMS

TEST CIRCUITS

NE/SE535-T e NE/SE5535-F,K,N,N-14

SETTLING TIME MEASUREMENT

10V

inpuT  50%
-10v

ALLOWABLE
ERROR

BAND
OUTPUT

10%

— — — —+10mv

SLEW RATE MEASUREMENT

SLEW RATE SLEW RATE
V(-) TO V(+) V{(+) TO V(-)
PERIOD) PERIOD)

10k

SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE

\ -

SMALL-SIGNAL TRANSIENT
RESPONSE DEFINITIONS

50mv

OVERSHOOT

QuTPUT
50% FALL TIME

50%

OVERSHOOT Vgg

RISE TIME

*Match to within 0.01%.
NOTE

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

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

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

FEATURES

e o 0 0 0 0 o

NE/SU536-T

PIN CONFIGURATION

5pA input bias current
Input and output protection
Offset null capability
Internally compensated
6V/usec slew rate

Standard pinout

1MHz unity gain bandwidth

INPUT

T PACKAGE

ORDER PART NO.

ABSOLUTE MAXIMUM RATINGS posser
PARAMETER RATING UNIT
Supply voltage +22 Vv
Differential input voltage range +30 v
Common mode input voltage range +Vs
Power dissipation? 500 mw
Operating temperature range
SU536T -55 to +85 °C
NE536T 0 to +70 °C
Storage temperature range -65 to +150 °C
Lead temperature (solder, 60sec) 300 °C
Output short circuit duration2 indefinite
NOTES
1. Rating applies for case temperature to +25° C; derate linearly at 6.5mW/° C for ambient
temperatures above 75°C.
2. Short circuit may be to ground or either supply. Rating applies to +125°C case
temperature or +75°C ambient temperature.
DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs =*15V unless otherwise specified.
NES536
PARAMETER TEST CONDITIONS UNIT
‘ Min Typ Max
Vos Offset voltage Rs < 10k 30 90 mV
Over temp., Rs < 10k} 30 mV
Vos Drift Rs = 0Q, over temp. 30 uV/°eC
los Offset current 5 pA
IBIAS Input current?2 30 100 pA
Vem Common mode voltage range +10 11 Vv
CMRR Common mode rejection ratio Rs < 10kQ, ViN = £10V 64 80 dB
Rin Input resistance 1014 [}
Vourt Output voltage swing RL = 2k, over temp. +10 *11 Vv
RL 10k(), over temp. +12 +13 \
Icc Supply current Vourt = OV 6.0 8.0 mA
Psrr Supply voltage rejection ratio Rs < 10kQ), +6 < Vg +15 100 300 wV/V
AvoL Large signal voltage gain Vo = £10V, RL 2kQ 50 v/mV
Vo = =10V, RL = 2k(}, over temp. 25 v/mV
Ps Power supply range +6 +18 \
NOTES
1. Operating temperature range: NE536 is 0°C to 70°C.
2. Input current typically doubles every 10°C.
Sifnotics 85
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DC ELECTRICAL CHARACTERISTICS Ta=25°C, 46V < Vs < * 20V unless otherwise specified.2

NE/SU536-T

SU536
PARAMETER TEST CONDITIONS UNIT
i Min | Typ | Max
Vos = Offset voltage Rs < 10kQ 75 | 20 mv
Rs < 10k, over temp. 7.5 30 mV
Vos Drift Rs < 10kQ 20 uVv/°C
los  Offset current 5 , pA
IBias  Input current? 5 30 pA
Over temp. 250 | 3000 pA
Vem Common mode voltage range Vs = +15V +10 +11 v
CMRR Common mode rejection ratio Rs < 10k}, VIN = 10V 70 80 dB
RiN __ Input resistance ] 1014 Q
Vout Output voltage swing RL = 2kQ, Vs = =15V, over temp. +10 | +12 v
RL = 10k, Vs = =15V, over temp. +12 +13 \
lcc  Supply current Vour = 0V, Vg = 20V 4.5 55 mA
Pspr  Supply voltage rejection ratio Rs < 10kQ) 50 150 uV/V
AvoL Large signal voltage gain Over temp., Vs = 15V, Vo = =10V, RL = 2kQ) 50 V/mV
Ps  Power supply range 16 +20 \
NOTES
1. Input current typically doubles every 10°C.
2. Operating temperature range for SU536 is -55°C to +85°C.
AC ELECTRICAL CHARACTERISTICS Ta=25°C unless otherwise specified.1.2
NE536 SU536
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min Typ Max
Differential capacitance 6 6 pF
Input noise voltage 0.1Hz — 100kHz 20 20 uVrms
Output impedance 100 100
Unity gain frequency Vg = +15V 1 1 MHz
Full power bandwidth Vs = +15V 100 100 KHz
Slew rate, inverter Vs = +15V, A = -1V 6 6 V/us
Slew rate; follower Vs =*15V, A =+1V 6 6 V/us

NOTES

1. Temperature range for SU536 is -55 < Ta < 85°C
Temperature range for NE536 is 0°C < TA < 70°C
2. SU536 — 16V < Ta £ 20V
NE536 — +15V
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CIRCUIT SCHEMATIC

NE/SU536-T
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TYPICAL PERFORMANCE CHARACTERISTICS

NE/SU536-T

LARGE SIGNAL VOLTAGE FOLLOWER
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TYPICAL PERFORMANCE
CHARACERISTICS (Contd)

OUTPUT SHORT-CIRCUIT CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE
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< Vg= +15V
lE 23
-

z 22

w

&

€ 2

d A

E 20
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€ 19 o~

3]

L o18

-4

o ]

FRY —
16
15

-20 0 +20 +40 +60 +80
TEMPERATURE--C

TEST CIRCUITS

NE/SU536-T

VOLTAGE FOLLOWER CIRCUIT
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DESCRIPTION

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

PIN CONFIGURATIONS

NE/SE538-N,T e NE/SE5538-F,K,N,N-14,T

N PACKAGE

outputA [1]
INVERTING
weuTA (2]
NONINVERTING
INPUT A

v- L4

v

7] outeute
INVERTING
INPUT B

5] NONINVERTING
INPUT B

SE5538N, NES:

ORDER PART NO.

538N

N PACKAGE

o ol

S 7 7] v

5] oureur
v ot

ORDER PART NO.

SE538N,

NE538N

N-14, F PACKAGE

f Ezz.\Il-l::xE isr:put offset voltage mv'f‘?’{";‘ﬁ ! 1 gfﬁs‘r
* 60nA max input offset current NPT & 3] v+
® Short circuit protected %L”LSLEI [1Z] ourputa
o Offset null capability v- 7 7] ne
® Large common mode and differential OFFSET
voltage ranges NULLB [10] oureuts
* 60V/us slew rate (gain of +5, -4 min) NONINVERTING 5 [5] v+
* 6MHz gain bandwidth product '"V,f,',‘,f,'?ﬁ &F"Fissf
(gain +5, -4 minimum)
* Internal frequency compensation
(gain of +5, -4 minimum) 022:52::":'?'
* Pinout: 538 same as 741 (single) -14,
5538 same as 747, 1458 (dual) NESS38 N-14, F
ABSOLUTE MAXIMUM RATINGS1.23
PARAMETER RATING UNIT
Vce Supply voltage
SE military grade +22 \"
NE commercial grade +18 \
Pp Internal power dissipation 1000 mwW
F package
Pp Internal power dissipation? 500 mw
N package
Po Internal power dissipation?t 800 mwW
K, T package
Differential input voltage +30 \
Input voltage2 +15 \"
Operating temperature range
SE military grade -55 to +125 °C
NE commercial grade 0to 70 °C
Output short circuit3 indefinite
Storage temperature range -65 to +150 °C
Lead temperature (solder, 60sec.) 300 °C

T PACKAGE

OFFSET
NULL
INVERTING
INPUT
NONINVERT-
ING INPUT

ORDER PART NO.

SES538T,

NES38T

K PACKAGE

NC

OUTPUT A
Vea
INVERTING

ORDER PART NO.

SE5538K,

INVERTING
INPUT B
NONINVERTING
INPUT B

NES5538K

T PACKAGE

v+

OUTPUT A
INVERTING
INPUT A @

NONINVERTING
INPUT A

ORDER PART NO.

SES5538T,

OUTPUT B
INVERTING
INPUT B

NONINVERTING
INPUT B

NE5538T

NOTES

1.

2.

3.

Rating applies for thermal resistances of 240° C/W and 150° C/W junction to ambient
for N and K, T packages, respectively. Maximum chip temperature is 150°C.
Forsupply voltages less than 15V, the absolute maximum input voltage is equal to the

supply voltage.

Short circuit may be to ground or either supply. Rating applies to 125°C case

temperature or 75°C ambient temperature.
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DC ELECTRICAL CHARACTERISTICS

Ta =25°C, Vs = £ 15V unless otherwise specified.

NE/SE538-N,T ® NE/SE5538-F,K,N,N-14,T

SE538/SE5538 NE538/NE5538
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max Min Typ | Max
Vos Input offset voltage Rs < 10kQ 0.7 2.0 2.0 5.0 mv
Vos Input offset voltage Rs < 10kQ, over temp. 3.0 6.0 mvV
AVos Input offset voltage drift Rs = 0Q), over temp. 3.0 15 6.0 uVv/eC
los Input offset current 5 10 15 40 nA
los Input offset current Over temp. 20 80 nA
Is Input current 45 60 65 150 nA
1B Input current Over temp. 100 200 nA
Vcm Input common mode voltage range ' +12 | +13 +12 +13 Vv
CMRR Common mode rejection ratio Rs < 10k(}, over temp. 70 90 70 90 dB
Psmr Power supply rejection Rs < 10k}, over temp. 30 150 30 150 uV/V
RIN Input resistance 3 10 1 6 MQ
AvoL Large signal voltage gain RL = 2kQ), Vout = £10V 50 200 50 200 V/mV
AvoL Large signal voltage gain Over temp., 25 25 V/mVv
RL = 2k}, Vout = £10V
Vout Output voltage Over temp., RL = 2kQ *+10 | +13 +10 | %13 Vv
Voutr  Output voltage Over temp., RL = 10kQ 12 | +14 12 | +14 "%
Icc Supply current Per amplifier 2 3 2 3 mA
Icc Supply current QOver temp., per amplifier 22 3.6 22 mA
Po Power dissipation Per amplifier 60 90 60 90 mw
Pp Power dissipation Over temp., per amplifier 66 108 66 mwW
Isc Qutput short circuit current ’ ' 25 25 mA
Rout Output resistance 100 100 Q
NOTE
Temperature Range
SE Types -55°C < Ta < 125°C
NE Types 0°C < TA<70°C
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NE/SE538-N,T ¢ NE/SE5538-F K,N,N-14,T

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

SE538/SE5538 NES538/NE5538
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Gain bandwidth product
(Gain +5, -4 minimum) 6 6 MHz
Transient response
Small signal rise time 0.25 0.25 us
Small signal overshoot 6 6 %
Settling time To 0.1% 1.2 1.2 us
Slew rate Minimum gain =5
60 V/us
Noninverting RL = 2k 40 €0 w

TYPICAL PERFORMANCE CHARACTERISTICS

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
FREQUENCY

40 Vs = *15V

TA= 25°C

36 Ry = 10K0)

32

28

24

\

20

PEAK-TO-PEAK OUTPUT SWING - V

1k 10k

FREQUENCY - Hz

100k

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
LOAD RESISTANCE

™

Vg S£15V

_

FTA =25°C.

PEAK-TO-PEAK OUTPUT SWING- -V

05 10 20
LOAD RESISTANCE - k()

60 10

VOLTAGE GAIN

OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF
FREQUENCY

Vg =+15V
Ta =25°C

N

PHASE

N )

N

=140

N

~160
1 10 100 ik 10k

FREQUENCY - Hz

100k 1M 10M

OUTPUT SHORT-CIRCUIT CURRENT

SHORT CIRCUIT CURRENT - mA

AS A FUNCTION OF
AMBIENT TEMPERATURE

35

30

25

20

15

10
-60

-20 20 60 ' 100

TEMPERATURE - °C

140

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
SUPPLY VOLTAGE

40

~55°C< Tp~ +125°C
© 36 RLQQHl
7
D a2
¢
Z 2

P
H /]
)
> 4
E 2 P
2 /
) p 4
< 16
g v
a 12
e
s
4
& o
05 10 15 20

SUPPLY VOLTAGE -tV

INPUT NOISE VOLTAGE
AS A FUNCTION OF
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-

=
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S

INPUT NOISE VOLTAGE - nV/\/Hz

Vg =15V
TA=25°C

. 100
FREQUENCY - Hz

1000
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

NE/SE538-N,T e NE/SE5538-F,K,N,N-14,T

POWER CONSUMPTION - mW INPUT NOISE CURRENT - pA/\/Hz

COMMON MODE REJECTION RATE - dB

-

INPUT NOISE CURRENT
AS A FUNCTION OF

FREQUENCY
1
Rl
Vg =15V
Tp =25°C
01 A
10 100 1k 10k 100k

FREQUENCY - Hz

POWER CONSUMPTION
AS A FUNCTION OF
SUPPLY VOLTAGE

100
Ta = 25°C

80 /
60 /,
40 /,
20 |

/

L]
5 10 15 20

SUPPLY VOLTAGE - :V

COMMON MODE REJECTION
RATIO AS A FUNCTION OF

FREQUENCY
00 T
Vg =15V
% TaA=25°C
80
70
60
50
40
30
20
10
110 100 1k 10k 100k 1M

FREQUENCY - Hz

TOTAL NOISE REFERRED TO INPUT - uVrms

POWER CONSUMPTION - mW

BROADBAND NOISE FOR
VARIOUS BANDWIDTHS

100
Vg = +15V
Tp=25°C
10 /
10-100kHz
10-10kHz /
1
10-1kHz
0.1
100 1K 10k 100k

SOURCE RESISTANCE - ()

POWER CONSUMPTION
AS A FUNCTION OF

AMBIENT TEMPERATURE
70
L~
60
]
1

s0

40
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-60  -20 20 60 100 140 160
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SETTLING TIME MEASUREMENT

OUuTPUT

FALSE
SUMMING

l
e -

WAVEFORMS

+2.5v

NpUT 50 ’“;! ~
-2.5v

90 ALLOWABLE g90%
ERROR

BAND
10%: 10%

SETTLING
“— TIME

-1
OUTPUT

INPUT COMMON MODE
VOLTAGE RANGE AS A
FUNCTION OF SUPPLY VOLTAGE

~55°C Ty +125°C //

COMMON MODE VOLTAGE RANGE - tV

5 10 15 20
SUPPLY VOLTAGE - tV

INPUT BIAS CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

100
90
Vg = £15V
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=]
w
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<
D 49 S
-
=3 ﬂ
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20
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[
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SLEW RATE MEASUREMENT
VCC = 20V

+3v
INPUT
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-3V

+15

5 -
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TYPICAL PERFORMANCE

NE/SE538-N,T ® NE/SE5538-F,K,N,N-14,T

TEST LOAD CIRCUITS

CHARACTERISTICS (Contd)

SMALL-SIGNAL TRANSIENT
RESPONSE DEFINITIONS

- 50%

OVERSHOOT

OVERSHOOT Vgg

)

RISE TIME

SLEW RATE AND SMALL SIGNAL
TRANSIENT RESPONSE TEST CIRCUIT

2.5K
AAA
W
AN
)} OUTPUT
- 10k
INPUT (|
Rs
50
VEe
NOTE

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

TEST LOAD CIRCUITS (Cont'd)

10k*

SETTLING TIME TEST CIRCUIT

Veg= 15V
+25V
R 220F =< 0.01uF
-2.5V B T
+10V
’ 2.5K .
INpUT (O VWA = -10v

Q) OUTPUT

": 0.01uF :\k 2.2uF

10k*
AA

%n -]-wopr
VEE <
O-15V q
::ww
] 1

IN916 IN916
OREQUIV] OR EQUIV.

Vv
FALSE
SUMMING
NODE

*Match to within 0.01%.

NOTE

Pins not shown are not connected.

All resistors values are typical and in ohms.
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DESCRIPTION

The SE/NE5534 is a high-performance low
noise operational amplifier. Compared to
most of the standard operational amplifiers,
such as 741 and 301A, it shows better noise
performance, improved output drive capa-
bility and considerably higher small-signal
and power bandwidths.

This makes the device especially suitable
for application in high quality and profes-

PIN CONFIGURATIONS

NE/SE5534, NE/SE5534A-N,T

N PACKAGE
BALANCE/
BALANCE [1] 81 comPENsATION
INVERTING
et [2] 7] v
NONINVERTING
RTING [3 [6] outpur
v-[3] 5] comPENSATION

ORDER PART NO.

T PACKAGE

BALANCE/
COMPENSATION

INVERTING
s [©) ® |output

NONINVERTING

INPUT COMPENSATION

sional audio equipment, in instrumentation NE5534N v-
and control circuits and telephone channel NES534AN ORDER PART NO.
amplifiers. The op amp is internally com- SE5534T
pensated for gain equal to, or higher than, FEATURES SE5534AT
three. The frequency response can be opti- ® Small-signal bandwidth: 10MHz NE5534T
mized with an external compensation e Output drive capability: 6000, 10V (rms) NESS34AT
capacitor for various applications (unity at Vs = £18V
gain amplifier, capacitive load, siew-rate, ® Input noise voltage: 4nV/VHz
low overshoot, etc.) If very low noise is of e DC voltage gain: 100000
prime importance, it is recommended that ¢ AC voltage gain: 6000 at 10kHz
the SE/NE5534A version be used which has  ® Power bandwidth: 200kHz
guaranteed noise specifications. o Slew-rate: 13V/us
e Large supply voltage range: +3 to =20V
EQUIVALENT SCHEMATIC
1 8 5
o Ve

AAA,
VYWV—

AAA
A4
AAA
\AAS

<

—0 7

<

WV

—AA

AN

K -

A
VVV-

:

AAA
v

7
k.
-

Sinotics
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING. UNIT
Vs Supply voltage +22 Vv
ViN Input voltage +V supply Vv
VDIFF Differential input voltage +5 Vv
Ta Operating temperature range? . ) :
SE -55 to +125 °C
NE 0to 70 °C
TstG Storage temperature -65 to +150 °C
Ty Junction temperature 150 °C
Po Power dissipation
5534T - 680 mwW
5534N 500 mW
Output short circuit duration 2 indefinite
Lead temperature 300 °C
(soldering 10 sec)3

NOTES

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting
resistors are used, large currents will flow if the differential input voltage exceeds 0.6V.
Maximum current should be limited to +10mA.

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

3. Output may be shorted to ground at Vs =+15V, Ta =25° C. Temperature and/or supply
voltages must be limited to ensure dissipation rating is not exceeded.

NE/SE5534, NE/SE5534A-N,'I;

DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = 15V unless otherwise specified.1.2

PARAMETER TEST CONDITIONS SES534/5534A NES534/5534A UNIT
Min Typ Max Min Typ Max
Vos Offset voltage 5 2 5 4 mV
Over temperature 3 5 mV
los Offset current 10 200 20 300 nA
Over temperature 500 400 nA
Is Input current 400 | 800 500 | 1500 nA
Over temperature 1500 2000 nA
lcc Supply current 4 6.5 4 8 mA
Over temperature 9 mA
Vem Common mode input range +12 +13 +12 +13 Vv
CMRR ' Common mode rejection ratio 80 100 70 100 dB
PSRR  Power supply rejection ratio 10 50 10 100 uV/V
AvoL - Large signal voltage gain RL = 6000, Vo = +10V 50 100 25 100 V/mv
Over temperature 25 15 V/mV
Vout Output swing R = 600Q +12 +13 +12 +13 v
RL = 6000 Vs = 18V *+15 +16 +15 +16 \"
RiN Input resistance 50 100 30 100 KQ
Isc Output short circuit current 38 38 mA
NOTES

1. For NE5534, NES534A, Tmin = 0°C, Tmax = 70°C

2. For SE5534, SE5534A, TMIN = -55°C, Tmax = +125°C
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AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs =+15V unless otherwise specified.

NE/SE5534, NE/SE5534A-N, T

SE5534/
PARAMETER TEST CONDITIONS 5534A NES534/5534A UNIT
Min Typ | Max | Min Typ | Max
Rout Output resistance Av = 30dB closed loop 0.3 08 Q
f = 10kHz, RL = 6001}, Cc = 22pF : :
Transient response Voltage follower, ViN = 50mV
RL=600Q, Cc =22pF, CL=100pF
TR Rise time 20 20 ns
Overshoot 20 20 %
Transient response ViN = 50mv, RL = 600Q
Cc = 47pF, CL = 500pF
TR Rise time 50 50 ns
Overshoot 35 35 %
AC Gain f=10kHz, Cc =0 6 6 v/mV
f = 10kHz, Cc = 22pF 2.2 2.2 V/mV
Gain bandwidth product Cc = 22pF, CL = 100pF 10 10 mHz
Slew rate Cc=0 13 13 V/uS
Cc = 22pF 6 6 V/uS
Power bandwidth VouTt =10V, Cc =0 200 200 kHz
VouTt = £10V, Cc = 22pF 95 95 kHz
VouT = 14V, RL = 600Q 70 70 kHz
Cc = 22pF, Vcc = =18V
ELECTRICAL CHARACTERISTICS Ta=25°C, Vs =15V unless otherwise specified.
SE5534/NE5534 SE5534A/NE5534A
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max | Min Typ | Max
Input noise voltage fo = 30Hz 7 55 7 |nv//Hz
fo = 1kHz 4 3.5 45 |[nv//Hz
Input noise current fo = 30Hz 25 1.5 pANHZ
fo = 1kHz 0.6 0.4 pA/VHz
Broadband noise figure f = 10Hz - 20kHz, Rs = 5k - 0.9 dB
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TYPICAL PERFORMANCE CHARACTERISTICS

NE/SE5534, NE/SE5534A-N,T

OPEN LOOP FREQUENCY RESPONSE

SLEW-RATE AS A FUNCTION OF
COMPENSATION CAPACITANCE

CLOSED LOOP FREQUENCY RESPONSE

120 16 60
TYPICAL VALUES Vg= 8V TYPICAL VALUES
Cc
5 =0;RF= A =
” k‘ 12 :&_ 40 LGS Ui RF = 10ka ; RE = 1000
Cc=0
X
- _ @
2 cc—zsz\ = Cc=0; RF = 9kQ; RE = 1k
e A\ S 8 z 20
z 40 (V/ps) N\ z
E \ 3
i} N\ N\ 3
\ WG Cc = 22pF; RF = 1k} ; RE= 00
0 4 \\ 0
~40 0 -20
[} 40 80 100 100 10 105 107 108
10 102 109 104 105 105 107 . 1 (Hz)
1(Hz) Cc(pF)
LARGE-SIGNAL FREQUENCY OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT
RESPONSE
40 80 14
VS =15V - =
TYPICAL VALUES Vs= TV Vs = 15V
30 60 1,2
Cc=
0pF
22pF
v) 47pF ) N I \
vop-p) 2 (mA) 40 ~—_{7v wa) %8 N
\ — TYP
~ —
T~
10 20 04
o \\ 0 []
102100 104 108 100 107 -55 -25 0 25 50 75 100 +125 -55 -25 0 25 50 75 100 125
1 (Hz) TA (°C) Ta (°C)
INPUT COMMON MODE SUPPLY CURRENT INPUT NOISE VOLTAGE DENSITY
VOLTAGE RANGE
30 6 102
TYPICAL VALUES Ig=0
10
20 4 Tve TYP
NEG
/ ‘P /
VIN (V) 7/ o v
/ P0s (mA)
10 i 2
// 10
V4
0 / [} 102
[ 10 20 0 10 20 10 102 100 104
Vpi-V (V) Ve -VN(Y) { (H2)
-
98 Sifotics



TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

NE/SE5534, NE/SE5534A-N, T

102

INPUT NOISE CURRENT DENSITY

108

TOTAL INPUT NOISE DENSITY BROADBAND INPUT NOISE VOLTAGE

f (Hz)

102
TYPICAL VALUES
108 TYPICAL VALUES
10 10¢ " | ‘ /
10Hz
10Hz TO 20kHz /
103
\ Az
In(rms) 1 Vn(rms) 102 / Vn(rms)1
(pA/V HZ) N_TYP (nv/ v H2) 4 1~ (uv) /,/I
10 200Hz TO 4kHz
THERMAL NOISE OF —"
- SOURCE RESISTANCE
107 1 10
-
10
102 102 102
10 102 10° 104 10 102 108 104 105 10¢ 102 109 104 105 108

Rg(Q)

Rg (1)

TEST LOAD CIRCUITS

100k ()

FREQUENCY COMPENSATION AND
OFFSET VOLTAGE ADJUSTMENT

CIRCUIT

CLOSED LOOP FREQUENCY RESPONSE

Cc

Rs
250

L

i O Rg 1oopFI 6000

SinOtics
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DESCRIPTION

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

ABSOLUTE MAXIMUM RATINGS

FEATURES

1A709 400K

uAT09A 700K
1AT709, 709A Mil Std 883 A,B,C avail-

able

Open loop voltage gain = 45,000
Output voltage swing = =14V
Input common mode range = £10V
Differential input resistance =
SA709C 250K
wA709C 250K

PARAMETER RATING UNIT

Supply voltage 18 "
Internal power dissipation*

nA709C 250 mw

wA709 300 mw
Differential input voltage +5.0 \"
Input voltage +10 \
Output short-circuit duration (Ta =25°C) 5 sec
Operating temperature range

uA709C 0to +75 °C

uA709 -55 to +125 °C

SA709 -40 to +85 °C
Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) 300 °C

*NOTE

Rating applied for case temperatures to +125°C. Derate linearly at 5.6mW/° C for ambient

temperatures above +95°C.

EQUIVALENT SCHEMATIC

wrA709/709A/709C/SAT09C-F,N,N-14,T

PIN CONFIGURATIONS

F,N-14 PACKAGE

ne[1]

nelz]

inpuT come. 3]
e
o]
]

nel7]

e
Ene

eyt comr. o
nlg

Foureur
[Toureur com

s]ne

ORDER PART NO.
WATO9AF, 4AT09AN-14, uATOOF,
4ATO9N-14, SA709CF, SA709CN-14,

uA709CN-14

T PACKAGE

INPUT COMP. B

INPUT COMP. A

INVERTING
INPUT

NON-INVERTING
INPUT

(O]

OUTPUT COMP.

ouTPUT

ORDER PART NO.
WATOSAT, uA709T, uA709CT

N PACKAGE

INVERTING [T
INPUT

NON-INVERTING [
LA

S

INPUT
et
o
E]uuwm
[7] oureut
comp

ORDER PART NO.
wATQ9AN, uATOSN,
uATO9CN, SA709CN

A
INPUT TION O

NON-INVERTING INPUT O—K‘q,_ :?-

INVERTING INPUT O

B Q INPUT COMPENSATION
O v
3R }»"s $ R
POk >0k >
07“4
N .__.Ko“
$h1 SRy "j
O R,y
I ™ $———0 ourrut
1
>"K'°4 a3 A 30k
qu o [ P,
SRy 1 S R3 ~O OUTPUT
£ a, S 3k
—-——-t Q
Rg Ry "
36k 10k Riz
> 10k
SRy
> 18k CRa
R
Qo s P13
75K
Ry
YA —Oo v

TION
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uA709/709A/709C/SA709C-F,N,N-14,T

DC ELECTRICAL CHARACTERISTICS +9V < Vs < +15V (uA709, uA709A) Vs = +15V (4A709C, SA709C)

Ta = 25°C unless otherwise specified.*

nAT709 #AT09C uATO9A SA709C
PARAMETER TEST CONDITIONS UNIT
M Min| Typ |Max|Min| Typ| Max [Min| Typ|Max|Min | Typ [Max|
Vos Offset voltage Rs < 10kQ 1.0 | 5.0 20|75 06|20 20|75 mv
Vos Offset voltage Over temp 6.0 10 3.0 10| mv
Vos Drift Rs = 50 over temp 3.0 1.8{ 10 uV/eC
Rs <10k + 25°C < Ta < Tmax 6.0 2.0( 15 uv/eC
Rs < 10k Trmin < Ta < +25°C 6.0 48| 25
los Offset current 50 | 200 100| 500 10 | 50 100(500| nA
Tmax 20 | 200 750 3.5| 50 750 nA
Tmin 100| 500 750 40 | 250 7501 nA
IBIAS Input current 200 [ 500 3001500 100| 200 300[15000 nA
Tmin 500 (1500 2000 300 600 2000 nA
Tmax 2000 2000 nA
Vem Common mode Vs=+15V +8.0] £10 +8.01 10 \
voltage range
Vs =215V over temp +8.0{ 10 +8.0{£10 \
CMRR Common mode Rs < 10kQ) 65 | 90 651 90 dB
rejection ratio
Rx < 10k over temp 70 | 90 80 |110 dB
Rin Input resistance ’ 150|400 50 | 250 350|700 50 | 250 kQ
Over temp 40 | 100 35 85 (170 35 kQ
AvoL Large signal voltage RL = 2kQ, Vout = £10V 15| 45 15| 45 V/mvV
gain
RL =2k, Vout=110V, overtemp |25 | 45| 70| 12 25 70 { 12 v/mV
Vourt Output voltage swing RL=2kQ, Vs=%15V +10| £13 +10| +13 +10[£13 +10|£13 Y
RL=10kQ), Vs =*15V +12| £14 +12|+14 +12{ +14 +12|+14 "
RL =2k, Vcc==*15V overtemp |+10|£13 +10+13 \
RL =10k, Vcc =115V overtemp |+12|£14 +12/ +14 \'
Pp Power consumption Vs=£15V 80 | 165 80 | 200 75 108 80 |200] mw
Ta=high 63 | 90 mW
Ta=low 81 [135 mw
PsRrR Supply voltage Rs < 10kQ 251200 25 1200| uV/V
rejection ratio Rs < 10k, over temp 25 [ 150 40 |100
Rout Output resistance 150 150 150 150 (0]
*NOTE
Operating temperature range
uA709, LATO9A -55°C<Ta<125°C
SA709C -40°C<TA<85°C
uAT09C 0°C<TAS70°C
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AC ELECTRICAL CHARACTERISTICS

uA709/709A/709C/SA709C-F,N,N-14,T

19V < Vs < £15V (uA709, pA709A) Vs = 15V (uA709C, SA709C)

Ta = 25°C unless otherwise specified.

uA709 wA709C/SA709C uAT09A
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Transient response
Rise time ViN = 10mV, RL = 2kQ 03| 1.0 0.3 0.3 us
R1=1.5kQ) C2= 200pF,
R2=50Q ViN=2mV,

RL=2kQ Ci1=5nF 1.5 us

Overshoot CL < 100pF 10 | 30 10 10 | 30 %

TYPICAL PERFORMANCE CHARACTERISTICS

VOLTAGE TRANSFER
CHARACTERISTIC
(uA709 AND ;A709C)

1
_vs|= +15v /.
RL = 10KQ 7
A =-55°C TA= 125°C
™~ Ta=25°C
5.0 2
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o

F i

1/,

7/

5

-1.0-08-06-04-02 0 02 04 06 08 10
INPUT VOLTAGE —mV

INPUT BIAS CURRENT - puA

INPUT BIAS CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE
(«A709 AND nA709C)

Ve = £15v
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[
o
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TEMPERATURE — °C

INPUT OFFSET CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE
(4A709 AND LA709C)
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TYPICAL PERFORMANCE CHARACTERISTICS

nAT09/709A/709C/SA709C-F,N,N-14,T

70K

60K

OPEN-LOOP VOLTAGE GAIN
8
x

VOLTAGE GAIN
AS A FUNCTION OF
SUPPLY VOLTAGE
(A709A)
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-55°C<Tp < +125°C

I .
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POWER CONSUMPTION
AS A FUNCTION OF
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OUTPUT VOLTAGE SWING
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VOLTAGE TRANSFER
CHARACTERISTICS
(LATO9A)

I
| Vsl= 15V H/
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COMMON MODE VOLTAGE RANGE — tV
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VOLTAGE RANGE AS A
FUNCTION OF
SUPPLY VOLTAGE
(LATO09A)

12
-55°C < Tp < +125°C
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VOLTAGE GAIN AS A
FUNCTION OF
AMBIENT TEMPERATURE
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd)

wA709/709A/709C/SA709C-F,N,N-14,T

INPUT RESISTANCE
AS A FUNCTION OF
AMBIENT TEMPERATURE
(uA709 AND p.A709C)

va= t12v
08 =
g
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|
w
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1
o v
Q 0.4 Z
: 1
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-60  -20 20 60 100 140

TEMPERATURE — °C

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
LOAD RESISTANCE
(4A709 AND 1A709C)
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FREQUENCY CHARACTERISTICS
AS A FUNCTION OF
SUPPLY VOLTAGE

POWER CONSUMPTION
AS A'FUNCTION OF
AMBIENT TEMPERATURE
(A709 AND nA709C)
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FREQUENCY COMPENSATION
CIRCUIT
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*NOTE

Use R2 = 50Q) when the
amplifier is operated with
capacitive loading.

FREQUENCY CHARACTERISTICS
AS A FUNCTION OF
AMBIENT TEMPERATURE
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RELATIVE OUTPUT -

INPUT BIAS CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)

uA709/709A/709C/SA709C-F,N,N-14,T

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
SUPPLY VOLTAGE
(uAT709)
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

wA709/709A/709C/SA709C-F,N,N-14,T

INPUT OFFSET CURRENT — nA

POWER CONSUMPTION — mW

INPUT OFFSET CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

(uA709A)
50
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20 \ \
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10 I
N
0
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TEMPERATURE — °C

POWER CONSUMPTION AS
A FUNCTION OF
AMBIENT TEMPERATURE

(nAT09A)
Vg= 15V
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-60  -20 20 60 100 140

TEMPERATURE — °C

SLEW RATE AS A FUNCTION
OF CLOSED-LOOP GAIN
USING RECOMMENDED

COMPENSATION NETWORKS

COMMON MODE REJECTION
RATIO AS A FUNCTION OF
AMBIENT TEMPERATURE
(:AT709A)

L T
Rg < 10KQ
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TRANSIENT RESPONSE

(LAT09A)
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Pin numbers on this and all succeeding circuits apply
to metal can or mini DIP package.

INPUT RESISTANCE — MQ2

INPUT RESISTANCE AS
A FUNCTION OF
AMBIENT TEMPERATURE

TEMPERATURE — °C

TRANSIENT RESPONSE
TEST CIRCUIT
(AT09A)

TEST CIRCUIT

(uA709A)
o Vg= 15V
FTa=25°C
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> 1
1
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d 1.0 /
7
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1 10 100 1000
CLOSED-LOOP GAIN
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wAT40C-T

DESCRIPTION FEATURES PIN CONFIGURATION
The uA740C is a special purpose high per- ¢ 0.1nA input bias current
formance operational amplifier utilizing a e Input and output protection T PACKAGE
FET input stage for high input impedance e Offset null capability
and low input current. e Internally compensated "
The device features internal compensation, 6V/us slew rate
. : . . ¢ Standard pinout OrrseT nuLL
standard pinout, wide differential and com-
. . * No latch-up NvERTING
mon mode input voltage range, high slew A outeuT
rate and high output drive capability. won wvenind\D 5 Dresirnun
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT

Supply voltage +22 \"

Differential input voltage range +30 Vv

Common mode input voltage range *Vs

Power dissipation? 500 mw

Operating temperature range 0 to +70 °C

Storage temperature range -65to +150 °C

Lead temperature (solder, 60sec) 300 °C

Output short circuit duration? indefinite

NOTES

1. Rating applies to case temperature to +25 °C. Derate linearly at 6.5mW/°C for ambient

temperatures above 75 °C.

2. Short circuit may be to ground or either supply. Rating applies to +125°C case

temperature or +75 °C ambient temperature.

DCELECTRICAL CHARACTERISTICS Ta=25°C, Vs=*15V unless otherwise specified.

nA740C
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vos Offset voltage Rs < 100kQ 30 110 mV
Rs < 100k(}, over temp. 30 mV
los Offset current 60 300 pA
Over temp. 60 pA
1BIAS Input current! 0.1 2.0 nA
Over temp. 1.1 10 nA
Vem Common mode voltage range? Over temp. +10 *12 Vv
CMRR Common mode rejection Over temp. 55 80 dB
ratio
Rin Input resistance 1,000,000 MQ
Vour Output voltage swing Over temp., RL =2k} +10 +13 Vv
Over temp., RL = 10kQ +12 +14 \
Icc Supply current 4.2 8.0 mA
Pd Power consumption 126 240 mwW
PsSRR Supply voltage rejection Rs < 10k(}, over temp. 70 500 VIV
ratio
Output resistance 75 Q
AvoL Large signal voltage gain RL =2k, Vout=%10V, 20 1000 v/mvV
RL = 2k}, over temp. 500 V/mV
NOTES
1. Typically doubles for every 10°C increase in temperature.
2. For supply voltages less than +15V, absolute maximum input voltage is equal to the
supply voltage.
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AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs =115V

unless otherwise specified.

HAT40C-T

uA740C
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max
Slew rate 6.0 V/us
Unity gain bandwidth 1.0 MHz
Transient response (voltage Ta=25°C, ViIN=100mV
follower circuit) CL < 100pf, RL = 2kQ2
Rise time 300 ns
Overshoot 10 %
TYPICAL PERFORMANCE CHARACTERISTICS
OPEN LOOP VOLTAGE GAIN OPEN LOOP PHASE RESPONSE
AS A FUNCTION AS A FUNCTION
OF FREQUENCY OF FREQUENCY
100 [y 20
A\ )
80 -20
-40
z @ \
s 60 g _60
\ S EEAN
5 u N\
2 40 £ -100 N
E -120 \
20 -140
-160
0 -180
1 10 100 1K 10K 100K 1M 10M 1 10 100 1K 10K 100K 1M 1OM
FREQUENCY — Hz FREQUENCY — Hz
TEST CIRCUITS
OFFSET NULL CIRCUIT VOLTAGE FOLLOWER CIRCUIT

v+
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ATAT/IAIC/SATAIC

DESCRIPTION

The 747 is a pair of high performance mono-
lithic operational amplifiers constructed on
a single silicon chip. High common mode
voltage range and absence of “latch-up”
make the 747 ideal for use as a voltage
follower. The high gain and wide range of
operating voltage provides superior per-
formance in integrator, summing amplifier,
and general feedback applications. The 747
is short-circuit protected and requires no
external components for frequency com-
pensation. The internal 6dB/octave roll-off
insures stability in closed loop applications.
For single amplifier performance, see
nA741 data sheet.

FEATURES

* No frequency compensation required

e Short-circuit protection

¢ Offset voltage null capability

e Large common-mode and differential

voltage ranges

Low power consumption

e No latch-up

e ,A747,SA747C Mil std 883A,B,C avail-
able

110

PIN CONFIGURATIONS

uAT747/747C/SAT47C-F KN

F/N PACKAGE

v[]

v, inpuT A [1] } W orEseT NULL A
NON-INVERTING .
oreser o a[3] ] outeut 4

1] NO conNECT

orrser nuLLa[E] W) oureur
NON: INVERTINGE sjv+s
INPUT B
INVERTINGE s |OFFSET NULL B
INPUT 8

ORDER PART NO.
4ATATCN, uAT4TCF, uAT4TN,
uA747F, SAT47CN, SAT47CF

K PACKAGE

‘@ |mveRTinG
INPUT B

ORDER PART NO.
uATATCK, uAT47K

EQUIVALENT SCHEMATIC

EQUIVALENT CIRCUIT (EACH SIDE)

Q INVERTING INPUT

NON-INVERTING
INPUT

N

Q Q,

Q3

Qq

b
AAA

3 Rs
> 39k

Qs
OFFSET NULL

R >
3 QR Ra
50k$t S ke 5k

(L OFFSET NULL

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage

uA747 +22 \"

uAT47C +18 \"

SA747C +18 \"
Internal power dissipation

Metal can 500 mwW

DiP 670 mwW
Differential input voltage +30 Vv
Input voltage *15 \
Voltage between offset null

and V- +0.5 Vv
Storage temperature range -65 to +155 °C
Operating temperature range

uAT47 -55 to +125 °C

wA747C 0to +70 °C

SA747C -40 to +85 °C
Lead temperature

(soldering, 60 sec) 300 °C
Qutput short-circuit duration indefinite

Sifjnptics



DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = +15V unless otherwise specified.

wAT47/747C/SAT47C-F KN

uA747 nAT47C
PARAMETER TEST CONDITIONS UNIT
Min Typ | Max | Min Typ | Max

Vos Offset voltage Rs < 10k 2.0 5.0 2.0 6.0 mV
Vos Offset voltage Rs < 10k, over temp 3.0 6.0 3.0 7.5 mV
los Offset current 20 200 20 200 nA
los Offset current Ta =+125°C 7.0 200 nA
los Offset current Ta =-55°C 85 500 nA
los Offset current Over temp 7.0 300 nA
IBIAS Input current 80 500 80 500 nA
IBIAS Input current Ta=125°C 30 500 nA
IBiAS Input current Ta =-55°C 300 | 1500 nA
IBIAS Input current Over temp 30 800 nA

Vour Output voltage swing RL = 2k(), over temp +10 *+13 +10 +13 \%

RL = 10k(, over temp +12 +14 +12 +14 \

Icc Supply current 17 2.8 17 2.8 mA
Ta=125°C 1.5 25 mA

Ta =-55°C 2.0 3.3 mA

Over temp 2.0 3.3 mA
Power consumption 50 85 50 85 mwW
Ta=125°C 45 75 mwW
Ta=-55°C 60 100 mw
Over temp 60 100 mw

Input capacitance 1.4 14 pF

Offset voltage adjustment range +15 +15 Vv

Output resistance 75 75 O

Channel separation 120 120 dB
PsrR Supply voltage rejection 30 .| 150 30 150 uV/V

ratio Rs < 10kQ, over temp
AvoL  Large signal voltage gain (DC) RL = 2k Vout = 10V | 50,000 25,000 4%
Sinotics "1




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

wAT747/747C/SAT47C-F KN

~ SA747C
PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Vos Offset voltage Rs < 10kQ) 2.0 6.0 mV
Vos Offset voltage Rs < 10kQ), over temp 3.0 7.5 mV
los Offset current 20 200 nA
los Offset current Over temp 500 nA
IBIAS Input current 1500 nA
IBIAS Input current Over temp 500 nA
Vout Output voltage swing RL = 2k, over temp +10 *13 )
RL = 10k, over temp +12 +14 "
lcc Supply current 1.7 2.8 mA
Over temp 2.0 3.3 mA
Power consumption 50 85 mwW
Over temp 60 100 mw
Input capacitance 1.4 pF
Offset voltage adjustment range +15 Vv
Output resistance 75 9]
Channel separation 120 dB
Psrr Supply voltage rejection
ratio Rs < 10kQ, over temp v 30 150 uV/V
Large signal voltage gain (DC) RL = 2kQ VouTt = £10V 25,000 V/V
AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs =*15V unless otherwise specified.
pA747/uAT47C/SATATC
PARAMETER TEST CONDITIONS : UNIT
Min Typ Max
Transient response VIN = 20mV, R1 = 2kQ, C1 < 100pf
Risetime Unity gain CL < 100pf 0.3 uS
Overshoot Unity gain CL < 100pf 5.0 %
Slew rate RL > 2k 0.5 V/us
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AATATC SR

uA747/747C/SAT47C-F.K,N

TYPICAL PERFORMANCE CHARACTERISTICS

OPEN LOOP VOLTAGE GAIN OPEN LOOP PHASE RESPONSE OUTPUT VOLTAGE SWING
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
FREQUENCY FREQUENCY FREQUENCY
10° Vg = 415V ° Vg = +15V o Vg = 315V
P N Tp =25%C Tp = 25% £ :AL\:::;
> w2
104 - o g 28
. \ g £ u "
g [ 3w
g 3 N i
10 - e o
\ ~135 H
a 8 \
1
1A747 \ LA747 4T oAvaT N
- | 1m0 ol 11
110 10 1tk 10k 100k M 10M 1 0 100 1k 10k 100k M 10M 100 i 10k 100k ™
FREQUENCY - Hz FREQUENCY — Hz FREQUENCY — Hz
OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING INPUT COMMON MODE VOLTAGE
AS A FUNCTION OF AS A FUNCTION OF RANGE AS A FUNCTION OF
SUPPLY VOLTAGE SUPPLY VOLTAGE SUPPLY VOLTAGE
ne “ ' 2  [woc L1p- rizsoc
- 250 -550C ~ Tp -. +125°C -659C = Tp - +125%
110 = > w gl
o 105 K g = // g ”
Z /{/ é 2 A g ° 74
g g £ /
M / 3 2 3 8
g // % . > //
5 W S 6
® g v // : . /
£ s H
85 . v g, /
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TYPICAL PERFORMANCE CHARACTERISTICS

(Cont'd)

uAT747/747C/SAT4TC-F,K,N
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uA747/747C/SATATC-F.K,N

TYPICAL PERFORMANCE CHARACTERISTICS (Contd)
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DESCRIPTION

The 748 is a High Performance Operational
Amplifier featuring high gain, short circuit
immunity, offset voltage null capability,
simplified compensation and excellent tem-
perature stability. g

EQUIVALENT CIRCUIT

FEATURES

® Short circuit protection

* Offset voltage null capability

® Large common-mode and differential
voltage ranges

* Low power consumption

No latch-up

e Mil std 883A,B,C available

compensaTion

INVERTING
weur

NoN vERTING
Tt D—{
o -
oreser
oL
9y

A '
2
. A
o "
+—t Rig
o
L ow

Bz g Ry
s 350

NOTE

All resistors values are typical and in ohms.

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Supply voltage )

uA748 +22 \Y

wAT748C % +18 \

SA748C
Internal power dissipation? 500 mwW
Differential output voltage +30 Y
Input voltage2 +15 Vv
Storage temperature range -65 to +150 °C
Operating temperature range

uAT748 -55 to +125 °C

uA748C 0 to +70 °C

SA748C -40 to +85 °C
Lead temperature 300 °C
Output short circuit duration3 indefinite

pAT48/748C/SAT48C-F,N,N-14

PIN CONFIGURATIONS

F,N-14 PACKAGE

FREQ. COMP. A/[7 Py FREQ.
OFFSET NULL COMP. B

INVERTINGT]_= .
muele] []v
NON-INVERTING
INPUTE - 0]ouTPuT
- OFFSET
v-[e] IR0
NCE [#]ne

ORDER PART NO.

nA748F, uA748N-14, LATABCF,
SA748CF, uA748CN-14, SA748CN-14

N PACKAGE

FREQ. COMP. A/[ []Frea.
OFFSET NULL comp. B

INVERTING - +
inpUT L2 ay
NON-INVERTING
INPUTE: T HOUTPUT

v

T OF FSET
NULL

ORDER PART NO.
puAT748N, uAT48CN, SA748CN

T PACKAGE

FREQ, COMP. B

FREQ. COMP. A/
OFFSET NULL

INVERTING,
NON-INVERTIN
INPU

ORDER PART NO.
pAT748T, uAT48CT

NOTES
1. Rating applies for case temperatures to +70°C.

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

supply voitage.

3. Short circuit may be to ground or either supply. Rating applies to +70° C ambient

temperature.
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uAT748/748C/SAT48C-F,N,N-14

DC ELECTRICAL CHARACTERISTICS Ta =25°C, Vs = %15V unless otherwise specified.

uA748 wA748C SA748C
PARAMETER TEST CONDITIONS UNIT
. Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Rs < 10k(), Ta = 25°C 10 | 5.0 20| 6.0 20| 6.0 mV
Vos Offset voltage Over temperature 6.0 75 7.5 mv
los Offset current 20 | 200 20 | 200 20 | 200 nA
los Offset current 25° < TA < Tmax 7.0 | 200 9.0 | 300 7.0 | 200 nA
los Offset current Tmin < TA<25°C 85 | 500 35 | 300 85 | 500 nA
IBiAS Input current 80 | 500 80 | 500 80 | 500 nA
IBIAS Input current 25° < TA < Tmax 30 | 500 40 | 800 30 | 500 nA
Isias Input current Tmin < TA<25°C 300 | 1500 130 | 800 300 | 1500 nA
Vewm Commoen mode voltage range Over temperature +12 | +13 +12 | +13 +12 | +13 Vv

DC ELECTRICAL CHARACTERISTICS Ta=25°C, Vs = £15V unless otherwise specified.

nAT748 uA748C/SA748C
PARAMETER TEST CONDITIONS - UNIT
Min Typ | Max Min Typ Max
CMRR Common mode rejection ratio Rs < +10k(), over temperature 70 90 70 90 dB
RN Input resistance 0.3 2.0 .30 2.0 MQ
Vout Output voltage swin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>