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"FROM YOUR MIND TO YOUR MARKET... AND
EVERYTHING IN BETWEEN"

The founding theme of Linear Technology Corporation was to create a company capable of leading
and directing linear circuit technology and design concepts of the future and thus become the linear
market specialist.

Significant changes in the role of suppliers in the marketplace have evolved since the Company’s founding in
1981. Shortened end product life cycles, sharply increased integrated circuit complexity and a large increase
of new products have combined to present a potentially overwhelming burden on the system designer.

Suppliers must be thoroughly conversant in end equipment system requirements to participate in their design
atvarying levels. LTC makes expert knowledge available to its customers in the form of system expertise, cost
effective board level solutions and design engineering consultation. This can help expedite turn around time
and optimize value, from initial design to production shipments.

This databook along with our firstand second volumes, contains the solutions needed to facilitate your system
design. We describe the circuit, give specific applications information and explain how to use the part
effectively and efficiently.

LTC now offers approximately 5000 pages of product and applications information for approximately 3000
individual products, presented in a three volume set of databooks. The first volume issued in 1990, contains
products which were introduced in the first 8 years of the Company’s history. The second volume issued in
1992, showcases the products introduced in the next three years and this 1994 databook is the third, which
presents the latest two years of LTC products.

The Table of Contents and the alphanumeric index in this volume provide guides to locate each LTC product
within the three volume set. Be sure to use one of these guides to find the correct page in the appropriate
volume.

LTC offers the latest in high performance wafer processing including bipolar, LTCMOS, micropower, high
speed, complementary bipolar and BiICMOS technologies. These processes are used in LTC’s two wafer fab
facilities located in Milpitas, California. These facilities are certified to IS0 9001 by TUV Rheinland and certified
by DESC for JAN B and JAN S level microcircuits. These certifications are part of LTC’s Quality and Reliability
program in support of military/aerospace and radiation hardened requirements.

Linear Technology Corporation appreciates our customers continued support and the opportunity to provide
the highest quality product, applications expertise and cost effective design assistance.
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Linear Technology Corporation

1994 Linear Databook
Volume Il

Note: The 1994 Linear Databook is the third volume in our series of databooks to date totaling approximately 5000 pages
of product and applications information for approximately 3000 individual products, presented in a three volume set of
databooks. The 1990 Linear Databook when reprinted will be entitled Volume I; the 1992 Linear Databook Supplement when
reprinted will become Volume II. The 1994 Linear Databook Volume 11l Table of Contents references device types included
in both the 1990 Volume | and 1992 Volume Il databooks.

LT, LTC, and 7 are trademarks of Linear Technology Corporation.

LIFE SUPPORT POLICY

LINEAR'S PRODUGTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT
THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF LINEAR TECHNOLOGY CORPORATION. As used herein:

a. Life support devices or systems are devices or systems which (1) are intended for surgical implant into the body, or (2) support or sustain
life and whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably
expected to result in a significant injury to the user.

b. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or system or to affect its safety or effectiveness.

Information furnished herein by Linear Technology Corporation is believed to be accurate and reliable. However, no responsibility is assumed
forits use. Linear Technology Corporation makes no representation that the interconnection of its circuits, as described herein, will not infringe
on existing patent rights.

Linear Technology Corporation » 1630 McCarthy Blvd. « Milpitas, CA 95035 « (408) 432-1900 ®© Linear Technology Corporation 1992 Printed in USA
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LTC694, Microprocessor SUPErviSOry CirCUIt ...............ccwverrerenvuneennn.

LTC694-3.3, 3.3V Microprocessor Supervisory Circuit

LTC695, Microprocessor SUPErvisory GirCUit .............ocwvrvevereeneens

LTC695-3.3, 3.3V Microprocessor Supervisory Circuit

LTC699, Microprocessor Supervisory Circuit ............

LT1007, PrECISION OP AIMP ..ot tes et svsasss s st st asases st sssss s sesssssasss s sasssassnss s sssassssssnsssssnasasans '90DB  2-11
LT1001CS8, PreCiSion OP AMD ........ceoeeeeeveereereeeeeeteiesvesesess s ess s s s sss s esa s sss s s sssse i e saneesans '90DB  2-23
LT1002, Dual, Matched PreCiSion O AMID ...........cc.cevueveveieeeeesseeseeeiesseessesisssssseesss s ssssssssssssssssss s snssssssessssas '90DB  2-25
LT1003, 5 Volt, 5 Amp Voltage ReguIator.................ccoeeeeeveeeeeereeererersrnenne, et '90DB  4-9
LT1004, MicropOWer VOIHAGe REIEIEINCE .............cc.coovveeeeveveeeeeveisveeeresisieisssesiisssesss s ssssssssseesssssss st assssssssanas 90DB  3-17
LT1004CS8-1.2, MicropOWer VOIAGe RETEIENCE ............ccvcveeeeeeeeeerreerererereeieeiee et e vssssssssssssasss e '90DB  3-25
LT1004CS8-2.5, Micropower VOltage RETEIENCE ............c..cc.eveeveeereeeeieeieiesissississiesisssssssssssss s sssssssssssssssssnsssssneans '90DB  3-25
LT1005, Logic CONtroled REGUIALOL ...............ccooeveeeeeeeeieeesieveeise e sesesssesessss s ses e assas s s ssss s sasssen '90DB  4-17
LT1006, Precision, Single Supply Op Amp ... et '90DB  2-41
LT1006S8, Precision, Single SUPPLY OP AIMID ....veeeveeeeeeiiresiseiseensississssea s issis s sssas s sssssssasssssssessssssassssnns '90DB  2-53
LT1007, Low Noise, High Speed PreCiSion O AIMID ...............cueeeeeeeereeeeeeeeeeevereeersreravsrssessssesassssnissssssssssssssssnsnes '90DB  2-57
LT1007CS, Low Noise, High Speed PreciSion O AP .............cccevevueireeisississississnessses s sesssssanssssssssssanssnsssns '90DB  2-69
LT1007CS8, Low Noise, High Speed Precision Operational AMPlfier ...............cccoveeveverevrveeun, ..'92DB  2-16
LT1008, Picoamp Input Current, Microvolt Offset, Low N0iSe Op AMP ........cevvvererrrerrrrirnnns '90DB  2-73
LT1009 Series, 2.5 VOIt RETEIENCE...........c..ceoeveeesvesresrnsissireesieis s e issssss s seen '90DB  3-27
LTT00958, 2.5 VOIt REIEIEINCE ........coovoveeeeeeeeisressissisesr st ass s ssss s s sansss s s s e ssssesnsenssnsanennen '90DB  3-31
LT1010, Fast +150mA Power Buffer ..’90DB  2-85
LT1011, VOIage COMPATALON ...........oocvevevevreveeeeeriesieressesesevesissess s sesssevassssasses s sessnsssssssssssnsssn ..’90DB  6-9
LT1012, Picoamp Input Current, Microvolt Offset, Low N0ise Op AP .......ccoveeveeverereerrererninnn '90DB 2-105
LT1012S8, Picoamp Input Current, Microvolt Offset, Low N0ise Op AMP ........ceeevvevevererrrrnen. '90DB  2-117
LT1013, Dual Precision Operational AMPHIES ...........cc..c.cverveeeeeesvesrissinseniasississssississsssasssssssssssssssssssssnsenss '92DB  2-19
LT1014, Quad Precision Operational AMPHFIEE .................ov.eveveereveeessresessisssissiscossssssssssssssisssssssssssssessasssnssnsanes '92DB  2-19
LT1015, High Speed DUal LiNg RECEIVET ...........coeeeeveveeerreeeveevsrosiirisssorisssssssssis s sssisssssssssssssssssssssnsssssssssssssssnsssnens '92DB  10-4

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks ('90DB = LTC’s 1990 Databook and '92DB = LTC’s 1992 Databook Supplement).
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LT1016, Ultra Fast Precision Comparator .’90DB  6-25
LT1016CS8, Ultra Fast Precision Gomparator . et rntaen . ...’90DB  6-41
LT1017, Micropower Dual Comparator
LT1018, Micropower Dual Comparator

LT1019, 2.5V, 4.5V, 5.0V, 10.0V, Precision References ..'90DB  3-33
LT1020, Micropower Regulator and Comparator ... '90DB  4-29
LT1020CS, Micropower Regulator and Comparator SOV '90DB  4-45
LT1021, 5.0V, 7.0V, 10.0V, Precision References . '90DB  3-41
LT1021DCS8, 5.0V, 7.0V, 10.0V, Precision References..................... '90DB  3-57
LT1022, High Speed, Precision JFET INPUE O AP ..........coooueeeeeeeereeresesessessiessieseissesasessssssessesssssssssanes '90DB 2-145
LT1024, Dual, Matched Picoampere, Microvolt Input, Low No/se Op Amp '90DB 2-153
LT1025, Micropower Thermoacouple Cold Junction COMPENSALON ..............cc.cvevuerrrievrresrerresesisseniesanns '90DB  11-7
LT1026, Voltage Converter ........................ ettt bt h ettt h bbb s A bbb er bbb ne s '90DB  5-3
LT1027, PreCiSion 5V REIEIEINCE ...........co.cveeeeeeereeeeverrevetsesetiessstssssssisssssssss s tasassesssssssssssssassssansanssssssasanessanssssanans '92DB  7-6
LT1028, Ultra-Low Noise Precision High Speed Op AMP ................cuereeieeniiieninieiiinesasnnsssenesennsssnssenses 2-12
LT1029, 5V Bandgap Reference..... . '90DB  3-61
LT1030, Quad Low Power Line Driver . 90DB  10-5
LT1030CS, Quad Low Power Ling DIiver ..............ccccveeeeevevunns '90DB  10-9
LT1031, PreciSion 10V REfErENCE.............ccceeveeeeeeeeeeevreeesresreseerssssssvessessssssssesssessssessssens '90DB  3-65
LT1032, Quad Low Power Line Driver '90DB  10-11

LT1033, 3A Negative Adjustable Regulator ..............c.cocovvcvvervvvernenns ..’90DB  4-49
LT1034-1.2, Micropower Dual Reference
LT1034-2.5, Micropower Dual Reference
LT1035, Logic Controlled Regulator .....
LT1036, Logic Controlled Regulator .....

LT1037, Low Noise, High Speed PreciSion OP AMP .........cc.eweeovreriurvereesseresnsissessessssessssssnssssasssissssissinsisssnssssssenns '90DB  2-57
LT1037CS, Low Noise, High Speed Precision Op Amp.... ettt s '90DB  2-69
LT1037CS8, Low Noise, High Speed Precision Operational Amplifier ........ '92DB  2-16
LT1038, 10 Amp Positive Adjustable Voltage REGUIALOF .................c.oveeeeerererrresiririsreiennaes '90DB  4-77
LT1039, RS232 Driver/Receiver With SRULAOWN ................coeeerevcvrrrerrnrirresinsssersrenens '90DB 10-19
LTC1040, Dual Micropower Comparator BSOSO '90DB  6-57
LTC1041, BANG-BANG Controller . . '90DB  6-69
LTC1042, WindOW COMPALALON............ccvveeveerserersersisrirsississsesssssssssssssssssssssssssassssssesssssssssssssssesnes '90DB  6-77
LTC1043, Dual Precision Instrumentation SWltched Capaz:/tor BUIlAING BIOCK ... '90DB 11-15
LTG1043CS, Dual Precision Instrumentation Switched Capacitor Building Block '90DB 11-31
LTC1044, Switched Capacitor Voltage Converter .'90DB 59
LTC1044A, 12V CMOS Voltage CONVEIIEY ...............coceeeennceiieeneieerennssserinncsssteassssensasssassesssnsisssssnsnnsssnnes 4-16
LTC1044CS8, Switched Capacitor Voltage Converter ... '90DB  5-21
LTC1045, Programmable Micropower Hex Trans/atar/Rece/ver/Dr/ver .......... '90DB 10-27
LTC1046, 50mA Switched Capacitor Voltage Converter ..... ...."92DB  4-16
LTC1047, Dual Micropower Zero Drift Operational Amplifier with Internal Capacitors '92DB 2-292
LTC1049, Low Power Zero Drift Operational Amplifier with Internal Capacitors '92DB 2-299
LTC1050, Precision Zero Drift Op Amp with Internal CAPACIOTS ..........c.ovuveevveeereervreririeeieiresssesesecassisessseserissses '90DB 2-181
LTC1051, Dual Precision Zero Drift Operational Amplifier with Internal Capacitors '92DB  2-306
LTC1052, Zero Drift Op Amp ....... ..."90DB 2-197

Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks ("90DB = LTC’s 1990 Databook and '92DB = LTC's 1992 Databook Supplement).
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LTC1052CS, Zero Drift Op Amp '90DB 2-217
LTC1053, Quad Precision Zero Drift Operational Amplifier with Internal Capacitor: '92DB 2-306
LT1054, Switched-Capacitor Voltage Converter with Regulator .....................ccoovuniiiniiiiiiiniieii e e 4-26

LT1055, Precision, High Speed, JFET Input Op Amp
LT1055S88, Precision, High Speed, JFET Input Op Amp
LT1056, Precision, High Speed, JFET Input Op Amp .......
LT1056S8, Precision, High Speed, JFET Input Op Amp
LT1057, Dual JFET Input Precision, High Speed Op Amp
LT10571S, Dual JFET Input Precision High Speed Op Amp
LT10571S8, Dual JFET Input Precision High Speed Op Amp
LT1057S, Dual JFET Input Precision High Speed Op Amp............
LT1057S8, Dual JFET Input Precision High Speed Op Amp
LT1058, Quad JFET Input Precision, High Sped 0P AMP ............ccoorinienisienisseeistenessie s ’
LT1058IS, Quad JFET Input Precision High Speed Op Amp
LT1058S, Quad JFET Input Precision High Speed Op Amp

LTC1059, High Peformance Switched Capacitor Universal Filter ........................ et ettt eee '90DB  7-3

LTC1059CS, High Performance Switched Capacitor Universal Filter ................ ettt '90DB  7-11
LTC1060, Universal Dual Filter BUIIAING BIOCK ..............cocuvinioririeisesreeeieiseesesese ettt st '90DB  7-15
LTC1060CS, Universal Dual Filter Building Block......................... BSOSOV SOOON '90DB  7-35
LTC1061, High Performance Triple Universal Filter Building Block..................... . . '90DB  7-39
LTC1061CS, High Performance Triple Universal Filter Building Block et bbbttt s nr s an e ’90DB  7-55
LTC1062, 5th Order LOWPASS FIllEr ..............c..oueenieeiiiieiseeieeiietne et ctaeaaenaaensransrsssnnssnssensssnsenssenersnnenns 8-5
LTC1063, DC Accurate,Clock-Tunable 5th Order Butterworth Lowpass Filfer...................ccooeiiveiiiiiieeiinnineennnnes 8-16
LTC1064, Low Noise, Fast, Quad Universal Filter Building Block eteb bttt ettt s et e s et s en st ennete e '90DB  7-73
LTC1064-1, Low Noise, 8th Order, Clock Sweepable ENptic LOWPASS FIltr ............ccoveveeeeerereeeereereiereverissrssnen. '90DB  7-89
LTC1064-2, Low Noise, High Frequency, 8th Order Butterworth Lowpass Filter . . '92DB  8-5
LTC1064-3, Low Noise, High Frequency, 8th Order Linear Phase LOWPASS FIlter ............ocvvvveveeesvoreereineireneees '92DB  8-13
LTC1064-4, Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter .................. .’92DB  8-21
LTC1064-7, Linear Phase, 8th Order LOWpass Filler ...............c.coeueeuiimmiiinneiiireisiicsinee s enerss e 8-28
LTC1065, DC Accurate, Clock-Tunable Linear Phase 5th Order Bessel Lowpass Filter ................c.cccevueeenvinnnnnnne. 8-39
LTC1066-1, 14-Bit DC Accurate Clock-Tunable, 8th Order Elliptic or Linear Phase Lowpass Filter ......................... 8-51
LT1070, 5A High Efficiency Switching Regulator OO '90DB  5-37
LT1071, 2.5A High Efficiency Switching Regulator ............ '90DB  5-37
LT1072, 1.25A High Efficiency Switching REGUIALON ......................eieiimeiiniiiiiiiie et e 4-232
LT1073, Micropower DC-DG Converter Adjustable and Fixed 5V, 12V. '92DB 4-174

LT1074, Step-Down Switching Regulator
LT1076, Step-Down Switching Regulator

LT1076-5, 5V Step-Down SWitCRING REGUIATON .........c..covveeereervereeeereieseriectiseiseir s '92DB  4-208
LT1077, Micropower, Single Supply, Precision Operational Amplifier ............. '92DB  2-45
LT1078, Micropower, Dual, Single Supply, Precision Operational Amplifier '92DB  2-56
LT1079, Micropower, Quad, Single Supply, Precision Operational Amplifier '92DB  2-56
LT1080, Advanced Low Power 5V RS232 Dual Driver/Receiver .................... . '90DB  10-43
LT1080CS, 5V Powered RS232 Driver/Receiver With SHUIGOW ..............cccveeeeeerereeeeeereeeeesveseiserevessssssassnns '90DB  10-51
LT1081, Advanced Low Power 5V RS232 Dual Driver/Receiver ...................... '90DB  10-43
LT1081CS, 5V Powered RS232 Driver/Receiver with Shutdown ................... ’90DB  10-51

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks ('90DB = LTC’s 1990 Databook and '92DB = LTC’s 1992 Databook Supplement).
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LT1082, 1A High Voltage, High Efficiency Switching Voltage Regulator .................ccovvveeeionimmnnineietinninneennnn. 4-257
LT1083, 7.5A Low Dropout Positive Adjustable Regulator ....................coocoveveiimiieiinniiiiic e enanes 4-48
LT1083, 7.5A Low Dropout Positive Fixed Output Regulator ..................ccueiemniiineisiniiieiaiiec e sees e eeanas 4-61
LT1084, 5A Low Dropout Positive Adjustable Regulator .........

LT1084, 5A Low Dropout Pasitive Fixed Output Regulator ...

LT1085, 3A Low Dropout Positive Adjustable Regulator ......

LT1085, 3A Low Dropout Positive Fixed Output Regulator
LT1086 Series, 1.5A Low Dropout Positive 2.85V, 3.3V, 3.6V, 5V, 12V and Adjustable Regulators ....................... 4-72
LT1087, Adjustable Low Dropout Regulator with Kelvin-Sense Inputs
LT1088, Wideband RMS-DC Converter Building Block .
LT1089, High Side Switch ... ettt .
LTC1090, Single Chip 10-Bit Data ACQUISItON SYSIEM .........coveveereereereeeesisriesississssisssssssesssssssessssssisssessssssssssssasens
LTC1091, 1-Channel, 10-Bit Serial I/0 Data Acquisition System
LTC1092, 2-Channel, 10-Bit Serial I/0 Data Acquisition System..
LTC1093, 6-Channel, 10-Bit Serial I/0 Data Acquisition System
LTC1094, 8-Channel, 10-Bit Serial I/0 Data Acquisition System
LTC1095, Complete 10-Bit Data Acquisition System with On Board Reference ........ .
LTC1096, Micropower Sampling 8-Bit Serial I/0 A/D CONVEITET ..............cuucoeeniierniinniiiieneieeesenssera s raaeemaees
LT1097, Low Cost, Low Power Precision Operational Amplifier .. . . .
LTC1098, Micropower Sampling 8-Bit Serial I/0 A/D CONVEITEN ..............c.coeeeneeeeniieeeereiteeetnieeeeeeeae s e e enaeaeees
LTC1099, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold
LTC1100, Precision, Zero Drift Instrumentation Amplifier
LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gam 100r 100) ........cooouuun.. '92DB. 3-11
LT1102, High Speed, Precision, JFET Input Instrumentation Amplifier (Fixed Gain = 10 or 100) ........ ... 92DB  3-23

LT1103, Offline Switching REGUIALON ..................uceveeeeneeiiiinieireresieseertm s seesee e s e erraas s rerass s erersssssnsennas 4-267
LT1105, Offling SWitching REGUIALOL .................cc.uoieereneiieieieeree it e e e e e e s errae e s s enra e e ersa e s e sransrenes 4-267
LT1106, Micropower Step-Up DC/DC Converter for PCMCIA Card Flash Memory ...............ccccovvvmcereniieinineeanniien. 13-3
LT1107, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V .............ccoueueeeiemiennierisneaenierenssssensnnns 4-294
LT1108, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V ...........coueeuvenieeeieniieiienieeieeieeennaeanneenas 4-306
LT1109, Micropower Low Cost DC/DC Converter Adjustable and Fixed 5V, 12V ............coooriemiiimiiiieiienniineaienens 4-318
LT1109A, Micropower DC/DC Converter Flash Memory VPP Generator Adjustable and Fixed 5V, 12V .................... 4-325
LT1110, Micropower DC-DC Converter Adjustable and Fixed 5V, 12V, High Frequency ...............occeoveveveveneee. '92DB 4-245
LT1111, Micropower DC/DC Converter Adjustable and Fixed 5V, 12V ..............ouucimeiiiiniiiiiieeesserrcn s eeeansenns 4-331
LT1112, Dual Low Power Precision, Picoamp Input Op AMP ..............cocevenrerimininiinnensin i, 2-29
LT1113, Dual Low Noise, Precision, JFET Input Op AMPS ............ccouuivieeiiiinieinneeenist e esasre e s seaaeen e 2-40
LT1114, Quad Low Power Precision, Picoamp Input Op AMP ...............cceooeeeniimunieeeiiniceenceemer s eeaeaan e 2-29
LT1115, Ultra-Low Noise, Low Distortion, Audio Operational AMPHfiEr ...............cveoevrineesernsneneereereseeesenene '92DB  2-82
LT1116, 12ns, Single Supply Ground-Sensing COMPArator ...............coovvveerrnrnens '92DB  10-7
LT1117, 800mA Low Dropout Positive Regulator Adjustable and Fixed 2.85V, 3.3V, 5V ...............covvvevriiinnciennnnns 4-85
LT1120, Micropower Regulator with Comparator and Shutdown ...................c..oeeeeeiiieniiiiniiicern e 4-96
LT1120A, Micropower Regulator with Comparator and Shutdown ...................cccccceaimrniiiiniiinnriresrnns s 4-107
LT1121, Micropower Low Dropout Regulator with Shutdown ...................c.coooveiiieiiiiiiiniiieerc e 4-114
LT1121-3.3, Micropower Low Dropout Regulator with ShUtdown ..................cco.covminiiimniiiiiiiicinerisceaenns 4114
LT1121-5, Micropower Low Dropout Regulator with Shutdown ......................c.oeeeiiivmiiiiiimiiieeen et 4-114
LT1122, Fast Settling, JFET Input Operational AMPHfier .................ccoueeemieniiminiiiiirieenesn s e eeas 2-84

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks (*90DB = LTC's 1990 Databook and "92DB = LTC’s 1992 Databook Supplement).
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LT1123, 5V Low Dropout Regulator Driver..... ettt ettt s ettt a et anaan '92DB  4-75
LT1124, Dual Low Noise, High Speed Precision Operational AMPHfiEr..............ccceeeeeeveeeeriecrererieisssessssnsnsans '92DB  2-94
LT1125, Quad Low Noise, High Speed Precision Operational AMPHfier.................cc.oveeereorneriesesireeresnieennnes '92DB  2-94
LT1126, Dual Decompensated Low Noise, High Speed Precision Operational AMPIfier ...............cccocovvvievneennane. '92DB 2-105
LT1127, Quad Decompensated Low Noise, High Speed Precision Operational AMplifier ..............ccvvvvcveeennean. '92DB 2-105
LT1128, Unity Gain Stable Ultra-Low Noise Precision High Speed Op Amp ...................

LT1129, Micropower Low Dropout Regulator with Shutdown .........
LT1129-3.3, Micropower Low Dropout Regulator with Shutdown .... .
LT1129-5, Micropower Low Dropout Regulator with Shutdown .....................coooeuiiimiiiiiiiiiiiii e
LT1130, 5-Driver/5-Receiver RS232 Transceiver ..................... .
LT1130A, Advanced 5-Driver/5-Receiver RS232 TranSCOIVEN .............ccceuueieeuieirieeeniesennsssenseran e seansanneenns
LT1131, 5-Driver/4-Receiver RS232 Transceiver with Shutdown
LT1131A, Advanced 5-Driver/4-Receiver RS232 Transceiver with SRutdown ...................cccccveniiineeeieiincinnennnnns
LT1132, 5-Driver/3-Receiver RS232 TIANSCOIVEN ............cvceevererereeerersrsriessssevsisssiesesesssesasns
LT1132A, Advanced 5-Driver/3-Receiver RS232 TIaNSCEIVEN ...............ceeeueereeeemenereereneneseserennnsaesennnasenenas
LT1133, 3-Driver/5-Receiver RS232 Transceiver ....... .
LT1133A, Advanced 3-Driver/5-Receiver RS232 TIanSCEIVEN ..............cceeuueeeeeemennereeeetenesereernnesaseereanssennns
LT1134, 4-Driver/4-Receiver RS232 Transceiver ......
LT1134A, Advanced 4-Driver/4-Receiver RS232 TIANSCEIVEN ..............cceeeueeeememenereereeunieseserennnsessaneansseennns
LT1135, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump -
LT1135A, Advanced 5-Driver/3-Receiver RS232 Transceiver without Charge PUMP .................ccovveeenmenecnennnnnens

LT1136, 4-Driver/5-Receiver RS232 Transceiver with Shutdown

LT1136A, Advanced 4-Driver/5-Receiver RS232 Transceiver with Shutdown ...................c.c..ceevenirieiiiiinenennnnns
LT1137, 3-Driver/5-Receiver RS232 Transceiver with Shutdown

LT1137A, Advanced 3-Driver/5-Receiver Low Power 5V RS232 Transceiver with Small Capacltors ........................ 5-20
LT1138, 5-Driver/3-Receiver RS232 Transceiver with Shutdown . Refer to LT1138A
LT1138A, Advanced 5-Driver/3-Receiver RS232 Transceiver with Shutdown ...................c.couuevvenieveeeiiinneneennnns 5-10
LT1139, 4-Driver/4-Receiver RS232 Transceiver with Shutdown Refer to LT1139A
LT1139A, Advanced 4-Driver/4-Receiver RS232 Transceiver with Shutdown ...................cocoveueeimmnereerennnnnns .. 5-10
LT1140, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump Refer to LT1140A
LT1140A, Advanced 5-Driver/3-Receiver RS232 Transceiver without Charge Pump .......................................... 5-10

LT1141, 3-Driver/5-Receiver RS232 Transceiver Without CRArge PUMP .........c.ocvvevevereereseensnsinsissensissinsenes
LT1141A, Advanced 3-Driver/5-Receiver RS232 Transceiver without Charge Pump

LTC1142, Dual High Efficiency Synchronous Step-Down Switching Regulator ........................

LTC1142-ADJ, Dual High Efficiency Synchronous Step-Down Switching Regulator

LTC1143, Dual High Efficiency Step-Down Switching Regulator Controller ..................cccooevemnieeremeninirreennannns
LTC1144, Switched-Capacitor Wide Input Range Voltage Converter with Shutdown .......................ocuvevvenneeernnnns 4-38
LTC1145, Low Power Digifal ISOIALEr ....................oeuneeieeieneeeiieteeeeeeveeseeeettneeseereaaeseeann e sansennnnsssnnnn 5-186
LTC1146, Low Power Digital ISOIALEr ..............cccuceeenniiiniiieiiiieneeceier s e st s s sns s et s et s sann s eersasennrenanen 5-186
LTC1147-3.3, High Efficiency Step-Down Switching Regulator Controller .....................ccovveeineemuiriereeeenesnenn. 4-380

LTC1147-5, High Efficiency Step-Down Switching Regulator Controller

LTC1148, High Efficiency Synchronous Step-Down Switching Regulator
LTC1148-3.3, High Efficiency Synchronous Step-Down Switching Regulator
LTC1148-5, High Efficiency Synchronous Step-Down Switching Regulator ...
LTC1149, High Efficiency Synchronous Step-Down Switching Regulator ..................ccoovvveueeiimiinneeieeieeenennnen.

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks ('90DB = LTC's 1990 Databook and "92DB = LTC's 1992 Databook Supplement).
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LTC1149-3.3, High Efficiency Synchronous Step-Down Switching Regulator .................ccc.ccouuveeirmneenenienrennnn.
LTC1149-5, High Efficiency Synchronous Step-Down Switching Regulator ....................cccceveeeemneeerirnennnneeennns
LTC1150, +15V Zero Drift Operational Amplifier with Internal Capacitors .
LTC1151, Dual +15V Zero-Drift Operational AMPIfier ...............ccooivuueiieiiunieeeeceereeieerae e er e s e e enanas
LTC1152, Rail-to-Rail Input Rail-to-Rail Output Zera-Driff Op AMp ..............covvemeniirirennieereereeeeesserennasesereennes
LTC1153, Auto-Reset Electronic Circuif BI@AKE ................cceueueerereemnssseneenneieeiansessesensnassesbnennnsanseenanssns
LTC1154, High-Side Micropower MOSFET DIIVEF ...............oeeuueeiunieiieeietieseeeseee s et s esnne e s s s erasssenaennnnes
LTC1155, Dual High Side Micropower N-Channel MOSFET Driver with Internal Charge Pump
LTC1156, Quad High Side Micropower N-Channel MOSFET Driver with Internal Charge Pump ...
LTC1157, 3.3V Dual Micropower High-Side/Low-Side MOSFET DIVE ............c.cceeuueereernniiareeinnaasssenennnnenenes
LT1158, Half Bridge N-Channel POWEr MOSFET DIIVEN ........ovveevreerriseersessessisssssissssssssssssisssssssssssssssssssssssssnssnns
LTC1159, High Efficiency Synchronous Step-Down Switching Regulator ...
LTC1159-3.3, High Efficiency Synchronous Step-Down Switching Regulator ....
LTC1159-5, High Efficiency Synchronous Step-Down Switching Regulator ....
LT1161, Quad Protected High-Side MOSFET DIVEF .............c.eeiviieemneiieerenesseeninnsseerenneanresennnesesssnennnns
LTC1163, Triple 1.8V to 6V High-Side MOSFET DIIVET .............coeuuuieieeieeieieeeeenceeen e e s s seenn s e ren s se s s enanns
LTC1164, Low Power, Low Noise, Quad Universal Filter Building Block .
LTC1164-5, Low Power 8th Order Pin Selectable Butterworth or Bessel Lowpass Filfer ................cc.ccccoviiniinennees
LTC1164-6, Low Power 8th Order Pin Selectable Elliptic or Linear Phase Lowpass Filter . .
LTC1164-7, Low Power, Linear Phase 8th Order Lowpass Filter .................coreuuuiiiermecienieinnnaienseinnnnensssennnes
LTC1165, Triple 1.8V to 6V High-Side MOSFET DIVEr .............ccoeeermreeeeeeineeinrresiesienenasasessennsssssaenennnnssens
LT1169, Dual Low Noise, Picoampere Bias Current, JFET Input Op Amp ............ccoceveeeeennen

LT1170, 100kHz, 5A High Efficiency Switching Regulator ...................c.ccueeeeeiiinereencnnnnns

LT1171, 100kHz, 2.5A High Efficiency Switching Regulator ... .
LT1172, 100kHz, 1.25A High Efficiency Switching Regulator ......................covemeneiimmmeniceieernnnseeeereerenaseeees
LT1173, Micropower DC-DG Converter Adjustable and Fixed 5V, 12V.......
LTC1174, High Efficiency Step-Down and Inverting DC/DC Converter
LTC1174-3.3, High Efficiency Step-Down and Inverting DC/DC Converter
LTC1174-5, High Efficiency Step-Down and Inverting DC/DC Converter .......................... .
LT1176, Step-Down SWitching REQUIALOF ..................ueeeieerueiierieinesserrase s e renenassersnasererrrnnnssasasnnnnnss
LT1176-5, Step-Down SwWitching REGUIALON ...................icireeienniarierieierren e rrrrseaereenase s e neersenansesassennnns
LT1178, 17uA Max, Dual, Single Supply, Precision Operational Amplifier . .
LT117888, 20uA Max, Dual SO-8 Package, Single Supply Precision Op Amp ..............coooevvevririeeminnienineiinnnns
LT1179, 17uA Max, Quad, Single Supply, Precision Operational Amplifier
LT1180, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors .............cc...covwevvevvveneenn.

LT1180A, Low Power 5V RS232 Dual Driver/Receiver with 0.1uF Capacitors ....................ceuveevervreriennerennnnnnnnes
LT1181, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors ................cccoveveneeevens

LT1181A, Low Power 5V RS232 Dual Driver/Receiver with 0. 1uF Capacitors vien 927
LT1182, CCFL/LCD Contrast Dual Switching Regulator ....................coooeieiniiiniisiniiiniiiniieeaenns ... 13-27
LT1183, CCFL/LCD Contrast Dual Switching REGUIALON ....................eoveeeniimniiieiiieec it eeecerecc e e en e 13-27
LT1185, Low Dropout Regulator with Adjustable Current Limit... '92DB  4-86
LT1187, Low Power Video Difference AMPHTIEr ..................cociieeueeiieeemineeieersssssernnseesserennanessssaensnsssseennnns 2-92
LT1188, 1.5A HiGh Sidle SWILCH .......oveeeeereeeesssvissisivrs i res s ssesss s sanessss s sss s sessnsssansanessanessssasssnssssnens '92DB  4-48
LT1189, Low Power Video Difference AMPHfier ................cooveereeneiiimemmeenietissresscesiessesss e s ssseenesssssennas 2-104
LT1190, Ultra High Speed Operational AMPHfIEr (AV2 1) ......c.vvveveeerreressssessississsessssesssisssssssssssssssssssssssssssssssssines '92DB 2-126

Note: All products in BOLD are in this Databook, others appear in LTC’s 1990 and 1992 Databooks ("90DB = LTC's 1990 Databook and *92DB = LTC’s 1992 Databook Supplement).
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LT1191, Ultra High Speed Operational Amplifier (Av > 1)... '92DB 2-137
LT1192, Ultra High Speed Operational Amplifier (Av > 5) '92DB 2-148
LT1193, Video Difference Amplifier, Adjustable Gain...................ccoccu.... '92DB 2-159
LT1194, Video Difference Amplifier, Gain of 10 '92DB 2-171
LT1195, Low Power, High Speed Operational AMPIfier ..................oooeemeeiiiniiiiiiieeiiiiie e e e s en e eeaas 2-116
LTC1196, 8-Bit, SO-8, TMSPS ADCs with Auto-Shutdown OPHONS .............ccccueuueererienirerennee e ereeneseeerrann e 6-32
LTC1198, 8-Bit, SO-8, 750ksps ADCs with Auto-Shutdown OPHions ................ccuueereereeieiiemeneeiiereeciee e e e raeeeeaes 6-32
LT1200, Low Power High Speed Operational Amplifier ........................ ettt '92DB 2-182

LT1201, Dual TmA, 12MHz, 50V/us Op Amp............ et reeeeeteeeeeeaeeeeerenaeteeraneaearraeeatrraaneaeannnn 2-127
LT1202, Quad TmA, 12MHz, 50V/US O AP ... ..ceeeneeeeeeeeeeeeeeeeiee e e e e te e s e ese s e s enenaeserennansassennnnansnenen 2-127
LT1203, 150MHz Video MUIHPIEXEE ..............oomnnniieniaite et eeeee e e e e s e e ma s e ran s e e neana s 2-374
LT1204, 4-Input Video Multiplexer with 75MHz Current Feedback Amplifier ...............cccevveruneiiieminieceiennennnnnnns 2-389
LT1205, 150MHZ Video MUItPIEXEY ...........ceuninnieiiniiiiairei et ea s s s s s s s s s e s e s e sanraransanssassnass 2-374
LT1206, 250mA/60MHz Current Feedback AMPIIfier ................coooueiieieniiiiniiiiieetce e ree e r e e 2-137
LT1208, Dual 45MHz, 400V/LUS OP AP .....ccoennneeerneeieeeeeteeeeeeenee s e eereensssseneasassennnnssserensssssaneennsnnsennnnn 2-150
LT1209, Quad 45MHzZ, 400V/LS OP AP ......ccoennneeeeneeeeeeeeeereeeamneesesesenansssere s s senraaneserenansssererannnsssrenan 2-150
LT1211, 14MHz, 7V/us, Single Supply Dual Precision Op AMp ...............ccoouuiiiniiminiiieiiiieee e enas 2-160
LT1212, 14MHz, 7V/us, Single Supply Quad Precision Op AMp ...................ccoomniiiiniiiiniiiiiieiceetee s evaaaaens 2-160
LT1213, 28MHz, 12V/us, Single Supply Dual Precision Op AMp .............c.cooeeeeeeieeeenueeineeneaeeeensianesrennanennes 2-176
LT1214, 28MHz, 12V/us, Single Supply Quad Precision 0p AP ..............c.ccoeeeueeemreeeeeieeneereeeeieeeseneeaaeeees 2-176
LT1215, 23MHz, 50V/us, Single Supply Dual PreciSion Op AP .............cceeveeeeeirereeneeeeeenneereeneasinneseneeaneeeees 2-192
LT1216, 23MHz, 50V/us, Single Supply Quad Precision Op AMp............cccoueeeeeriimenieeeiieniieresresies s eerannesees 2-192
LT1217, Low Power High Speed Current Feedback Amplifier ....... ..."92DB 2-190
LT1220, Very High Speed Operational AMPHfIEr (AV 2 1) c..c.euveveervrerveseissersiisisssiassasisse e ssssssssssssssessssssssssssnens '92DB 2-198
LT1221, Very High Speed Operational Amplifier (AV > 4) .......c.ovevvvecvrrvenrnis '92DB 2-210
LT1222, Low Noise, Very High Speed Operational Amplifier (Av > 10) ........... '92DB 2-218
LT1223, 100MHz Current Feedback Amplifier . '92DB 2-226
LT1224, Very High Speed Operational Amplifier (Av=>1) .....oeoverevnne... '92DB 2-237
LT1225, Very High Speed Operational Amplifier (Av 2 5) .............c.... . '92DB 2-245
LT1226, Low Noise Very High Speed Operational Amplifier (Av > 25) '92DB 2-253
LT1227, 140MHz Video Current Feedback AMPLIfIEr ...................ooouuiiiiuiiiiiiiice e sereeeeceereesvnn e seaae 2-208
LT1228, 100MHz Current Feedback Amplifier with DC Gain Control... '92DB 2-261
LT1229, Dual 100MHz Current Feedback Amplifier ’92DB 2-280
LT1230, Quad 100MHz Current Feedback Amplifier . ’92DB  2-280
LTC1232, Microprocessor Supervisory Circuit '92DB  9-22
LTC1235, Microprocessor Supervisory Circuit with Conditional Battery Backup '92DB  9-29
LT1237, 5V RS232 Transceiver with Advanced Power Management and One Receiver Active in SHUTDOWN............ 5-34
LT1241, High Speed Current Mode Pulse Width Modulator ..................... '92DB 4-122
LT1242, High Speed Current Mode Pulse Width Modulator '92DB 4-122
LT1243, High Speed Current Mode Pulse Width MOQUIRLOF ................cc.oveeveevereeeereeeeeeerssssessisssseancsescssirensssssrsnns '92DB 4-122
LT1244, High Speed Current Mode Pulse Width Modulator '92DB 4-122
LT1245, High Speed Current Mode Pulse Width Modulator '92DB 4-122
LT1246, 1MHz Off-Line Current Mode PWM ........c..cvwveoveveorererrrrrerin. '92DB 4-134
LT1248, Power FActor COMIOIIEY ..................c.oenieeiiieieiiieree e r et e ra s s s s ae s e e s e e s sena s rans s aen s annnnns 4-194

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks ("90DB = LTC's 1990 Databook and '92DB = LTC’s 1992 Databook Supplement).
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LT1249, Power Factor CONMIOIIE ................c...ceeeueieereneiieeieniseesserenscassrnrensaessennnssssrannnsseneensensennnnnnnns
LTC1250, Very Low Noise Zero-Drift Bridge Amplifier .... "
LT1251, 40MHZ Vid80 FALET .............ccceenneerieeieneeieieneeseetraaesesenerseesertan e e s e s an s snseneneesesnnaasennannnnns
LT1252, Low CoSt Video AMPIITIEr .............coueeeeeeiiiieeeie i et e s eeeecees s e seranesseeraansaesinnnssrnsanssresnnnennees
LT1253, Low Cost Dual Video Amplifier
LT1254, Low Cost Quad Video Amplifier ...........c.ccoeeneeiivnnnciinenns
LTC1255, Dual 24V High-Side MOSFET Driver
LT1256, 40MHz DC Gain Controlled AMPHRIEr ................c.cou.oiimiiiineiiiee et sae e e e e s seae s e i e anaaees
LTC1257, Complete Single Supply 12-Bit Voltage Output DAC in SO-8...............c.eeveemeneieeeeneeerneeearennnnnnns 6-210
LT1259, Low Cost Dual 130MHz Current Feedback Amplifier with Shutdown ...................cccoocceiiiiininniincinnne 2-256
LT1260, Low Cost Triple 130MHz Current Feedback Amplifier with Shutdown ............................... eeeeeeeeee—— 2-256
LTC1262, 12V, 30mA Inductorless Flash Memory Programming SUPPIY ..............ccoeeieiuiiiiinciimeeiiireeneseeninnes 13-35
LTC1264, High Speed, Quad Universal Filter Building BIOCK ................ccoovueiiieiiiieiiiiiiiiiecensere e eeeeas 8-100
LTC1264-7, Linear Phase, Group Delay Equalized, 8th Order Lowpass Filler .................ccoveeeeeiiriinneiirennncannnnns 8-115
LT1268, 7.5A, 150kHz Switching Regulator .................cccceeireeniiienienenncnenn.

LT1268B, 7.5A, 150kHz Switching Regulator ....................cccoveenirienceinnnnns

LT1269, 4A High Efficiency Switching Regulator
LT1270, 8A High Efficiency Switching Regulator

LT1270A, 10A High Efficiency Switching RegUIALOr ....................ceereeeenneeiiireeneeeneernieeserneessnrensseerannnans 4-470
LT1271, 4A High Efficiency Switching Regulator................. PN 4-474
LTC1272, 12-Bit, 3us, 250kHz Sampling A/D Converter .'92DB  6-6
LTC1273, 12-Bit, 300ksps Sampling A/D Converter with REfErence ..................ceeveeveeueeresiniinennneensenennesenens 6-58
LTC1275, 12-Bit, 300ksps Sampliitg A/D Converter with REIEIEMCE ................eveeeeneiimnieriniieracnenseecnaasransaeees 6-58
LTC1276, 12-Bit, 300ksps Sampling A/D Converter With REErence .................ccceevvireneiieecensiinrnaasineennannsenees 6-58
LTC1278, 12-Bit, 500ksps Samping A/D Converter with SRUtdOWN ....................ccoeeerueerimrrneeieeeriirereeeereenens 6-80
LT1280, Advanced Low Power 5V RS232 Dual DIiVEI/RECEIVE ..........ccvveeeerverrrereeerrerisesssssissisessinesssnesssnsens Refer to LT1280A
LT1280A, Low Power 5V RS232 Dual Driver/Receiver with 0. 1uF Capacitors .................coceveuerieeinccinerennisnnnenens 5-41
LT1281, Advanced Low Power 5V RS232 Dual Driver/Receiver Refer to LT1281A
LT1281A, Low Power 5V RS232 Dual Driver/Receiver with 0. TuF Capacitors ...............coccovvvevnviiminiiiirnnenninnenn: 5-41
LTC1282, 3V 140ksps 12-Bit Sampling A/D Converter with REIErence .................cooveeeninerimreeeiirrenneerrennnaeenins 6-95
LTC1283, 3V Single Chip 10-Bit Data Acquisition System ...................c..uuneen. P SN 6-117
LTC1285, 3V Micropower 12-Bit A/D Converter in SO-8 PaCKage.........cceueeieeiiiei e e 13-39
LTC1286, Micropower Sampling 12-Bit A/D Converter in SO-8 PAckage ...............ceeuueeiemeenirienencerensineenrensnnes 6-140
LTC1287, 3V Single Chip 12-Bit Data Acquisition System '92DB  6-25
LTC1288, 3V Micropower 12-Bit A/D Converter in S0-8 Package...................ecereeeeeneeremrunsseennnnasirneensasseeennes 13-39
LTC1289, 3V Single Chip 12-Bit Data Acquisition System . '92DB  6-40
LTC1290, Single Chip 12-Bit Data AcquiSition SYStem ..............ccvvvrvvene. revrrereenennns 32DB 6-67
LTC1291, Single Chip 12-Bit Data AcqQuiSition SYSIEM ................ccooeuuceiiiiiienssrnsresnss e rernsseressae e e s reens 6-163
LTC1292, Single Chip 12-Bit Data Acquisition SySIEm ...................ccoouiiiimiiiiiiiiiiiecr e e e e e s reaeees 6-182
LTC1293, Single Chip 12-Bit Data Acquisition System '92DB 6-113
LTC1294, Single Chip 12-Bit Data Acquisition System '92DB 6-113
LTC1296, Single Chip 12-Bit Data Acquisition System '92DB- 6-113
LTC1297, Single Chip 12-Bit Data ACQuiSition SYSIEM ................ceeeeeeeeeiinirieeieereittnee s e ennes e rereaesereeanaenenn 6-182
LTC1298, Micropower Sampling 12-Bit A/D Converter in SO-8 PAckage .................c.ceerieevencerrennceriienninnneennnns 6-140

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks (*90DB = LTC’s 1990 Databook and '92DB = LTC’s 1992 Databook Supplement).
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LT1300, Micropower High Efficiency 3.3/5V Step-Up DC/DC CONVErLer ..............cocuuveeiiemeinncriieiriiiiieinennneenns 4-478
LT1301, Micropower High Efficiency 5V12V Step-Up DC/DC Converter with Flash Memory...................cccovvueennns 4-486
LT1302, Micropower High Output Current Step-Up Adjustable and Fixed 5V DC/DC Converter ..................ccoceune... 13-47
LT1302-5, Micropower High OQutput Current Step-Up Adjustable and Fixed 5V DC/DC Converter .......................... 13-47
LT1303, Micropower High Efficiency DC/DC Converter with Low-Battery Detector Adjustable and Fixed 5V ............. 13-51
LT1303-5, Micropower High Efficiency DC/DC Converter with Low-Battery Detector Adjustable and Fixed 5V ........... 13-51
LT1309, 500kHz Micropower DC/DC Converter for FIash MEMOIY ..............co.eevievenieiiiiieiieeesieeee e e
LT1312, Single PCMCIA VPP Driver/ReGUIALON ................ccoueeeenniiieeinieieeineesaerenaseeesenaessesenennssesnnnsnens
LT1313, Dual PCMCIA VPP Driver/REGUIALON ...............ceuuereeeinaeiieereaaaareennsiesersaneseeseanessserennnnesesnnnsaens
LTC1318, Single 5V RS232/RS422/ApPIETaIk® TIANSCRIVEN ............cocveeveeceeeceeeeceeeeeeseeteeeeeeesseeeeasaenenans
LTC1320, ADPIETAIK® TrANSCOIVEL ............coveeeeeeereeieeeeeeseesireseeeesseeeseeesseeseseseestessessesssessessseessresanes
LTC1321, 2-EIA562/RS232 Transceivers/2-RS485 TranSCEIVErS .............c..cuueiiueieunereeiiretaeeaneeennn e eeanaaennaens
LTC1322, 4-EIA562/RS232 Transceivers/2-RS485 TranSCeiVers...........c...ceeeieneeinreairenirinraeeenesenareearennsesanns
LTC1323, Single 5V APPIETAIK® TrANSCEIVET ............ceeeeeeeeieeeeieeeeeeeeeeeeeeee e s seseee s seesaenens

LTC1325, Microprocessor-Controlled Batfery CRArger ..................c.coeuueeeeniieiniiienieriniesssaeannanns
LTC1327, 3.3V Micropower EIA/TIA-562 TraNSCEIVEF ...........c.cuuueeuneieeniieeneieinaaseneaeennsesanssanensenennsennasenrnes
LT1330, 5V RS232 Transceiver with 3V Logic Interface and One Receiver Active in SHUTDOWN ..........................
LT1331, 3V RS232 or 5V/3V RS232 Transceiver with One Receiver Active in SHUTDOWN...................ccoenvenvnnrnnns
LT1332, Wide Supply Range Low Power RS232 Transceiver with 12V VPP Output for Flash Memory
LTC1335, 4-EIA562 Transceivers/2-RS485 Transceivers With OE ...................cc.ecuevereeieeessesiuessseaeessaeensenas
LTC1337, 5V Low Power RS232 3-Driver/5-Receiver TranSCEIVEr .................eeeieermneereneenneerenesnsisseranessenens
LTC1338, 5V Low Power RS232 5-Driver/3-Receiver TranSCEIVEr ..............c.cuceeieeeenissieeeiiereniestnnesecsnnssenans
LT1341, 5V RS232 Transceiver with One Receiver Active in SHUTDOWN ..............ccoouueiiiiiiiniiiiiiiciiceneeeenas
LT1342, 5V RS232 Transceiver with 3V Logic INEITACE ..................coveniiinniiiiiiiiiiciiee s e e rane s ee e nens
LTC1347, 5V Low Power RS232 3-Driver/5-Receiver Transceiver with 5 Receivers Active in SHUTDOWN................ 5-102
LTC1348, 3.3V Low Power RS232 3-Driver/5-Receiver TranSCEIVEr ...............cu.eueeueeeniiieeaiieeneeeencnennanennas 13-116
LTC1349, 5V Low Power RS232 3-Driver/5-Receiver Transceiver with 2 Receivers Active in SHUTDOWN............... 5-108
LTC1350, 3.3V Low Power EIA/TIA-562 3-Driver/5-Receiver Transceiver
LT1354, 12MHz, 400V/US OP AMP .......oeeeeeeeeeeeeee e eeeenes e e e rene s s srene s e senn s e e e ann s eesnnns
LT1355, Dual 12MHz, 400V/us Op Amp
LT1356, Quad 12MHz, 400V/us Op Amp
LT1357, 25MHz, GOOV/US OP AP .........ccooeeeeereennneneeaaaesseseseeessaesassnssseasseeeseeresannessnnsneseaaanaesaaesnnen
LT1358, Dual 25MHz, 600V/us Op Amp
LT1359, Quad 25MHz, 600V/us Op Amp
LT1360, 50MHz, 800V/US 0P AMIP .......c..ooeeeneeeeeeetneeeeeeeeeceeseeanaeeerenneseeranaeneeeenns
LT1361, Dual 50MHz, 800V/us Op Amp
LT1362, Quad 50MHz, 800V/us Op Amp
LT1363, 70MHz, 1000V/us Op Amp
LT1364, Dual 70MHz, 1000V/us Op Amp
LT1365, Quad 70MHz, 1000V/us Op Amp

LT1372, 500kHz High Efficiency 1.5A Step-Up Switching Regulator .......................ocooeviiiemiinnnniicnicnininene
LT1376, 1.5A, 500kHz Step-Down Switching ReGUIALOF .................coeuceiieenniiriiriniereeeeie s eeeeeen s eeenan e
LT1381, Low Power 5V RS232 Dual Driver/Receiver with 0.1uF Capacitors.................cccceeveeriiiiininiiiienenennnnns 5-120
LTC1382, 5V Low Power RS232 Transceiver with SRUtdOWN .....................coeeiimeimiiiiriereiirereneeis s errae e eenas 5-127

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks ("90DB = LTC’s 1990 Databook and '92DB = LTC's 1992 Databook Supplement).
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LTC1383, 5V LoW POWEr RS232 TIANSCEIVEN .............coeeueeeeiieenerinnessnnessesiessnsrnnssennsssnnnssennssanssennnsennns
LTC1384, 5V Low Power RS232 Transceiver with 2 Receivers Active in SHUTDOWN.... e
LTC1385, 3.3V Low Power EIA/TIA-562 TIANSCEIVEN.............ccoeeeenneereruneeserianerereeennsesssesnsssssenernsesseennnnens
LTC1386, 3.3V Low Power EIA/TIA-562 TIANSCEIVEN ..............c.eeeeuneireeenaeiesranssseeennnneensesnnnsnssenennssssennnnsans
LT1413, Single Supply, Dual PrecisSion Op AMP .............coeeuueeeeeencivmmennersriensesseresnnssessereessssssernasserennsasens
LT1431, Programmable RETEIENCE ............ccvwerverrerveisiosiisisisssisessisssssisssssssssssssssssasssssnsns '92DB  7-13
LT1432, 5V High Efficiency Step-Down Switching Regulator Controller ......................oe... . '92DB 4-145
LT1457, Dual, Precision JFET INPUE OP A .............ccueeeeeueeeesieeseseessisseessssesssseesesssssasessessesssassessensanens
LTC1481, Ultra-Low Power RS485 Transceiver with Shutdown .....................ccoeuiieenciiiniiiiieiieienieseiaeeaneeens
LTC1483, Ultra-Low Power RS485 Low EMI Transceiver with Shuidown
LTC1485, Differential BUSTIanSCeiver ................ccevuueeecnieennerennernnnns

LT1524, Regulating Pulse Width Modulator . '90DB  5-85
LT1525A, Regulating Pulse Width Modulator ...’90DB  5-97
LT1526, Regulating Pulse Width Modulator e bbbttt '90DB  5-105
LT1527A, Regulating PulSe Width MOGUIALON ...............coeeeeeeeeeveeeeeereeeieeeeeveee s vessevessessssssssas s s s s sasassanas '90DB  5-97
LT1585, 4A Low Dropout Fast Response Positive Regulator Adjustable and Fixed Outpuls.................c..c.ocevnnnn. 13-136
LT1846, Current Mode PWM Controller ’90DB 5-113
LT1847, Current Mode PWIM CONIIONE .............veveevreererrerrressessississiresseressns '90DB 5-113
LT3524, Regulating Pulse Width Modulator .................. . '90DB  5-85
LT3525A, Regulating Pulse Width Modulator . . '90DB  5-97
LT3526, Regulating Pulse Width Modulator '90DB 5-105
LT3527A, Regulating Pulse Width Modulator . .’90DB  5-97
LT3846, Current Mode PWM Controller .... . ’90DB 5-113
LT3847, Current Mode PWM Controller ... '90DB 5-113
LTC7652, Chopper Stabilized Op Amp .. ...’90DB 2-197
LTC7660, Switched Capacitor Voltage Converter........................ .’90DB  5-9
LTK001, Thermocouple Cold Junction Compensator and Matched AMPIIfier .................c.eveeeeercvrerrssssrssrsrisirsnns '90DB  11-3
LTZ1000, Ultra Precision Reference '90DB 39
LTZ1000A, Ultra Precision REfErence ..............cccuveeveeverreverierenrsssssasissarisnnns '90DB  3-9
OP-05, Internally Compensated Op Amp '90DB 2-321
OP-07, Precision OP AMP ....cveviueiieeceectiesereieseessesessse st sesse s sttt sse s ssssassenns . '90DB 2-329
OP-07CS8, Precision Op AMP .......ccvvuevmrieerceercieseses s sss st esassse s seees . '90DB 2-337
OP-15, Precision, High Speed JFET INPUL OP AMID ..ottt ssae s st enane '90DB 2-341
OP-16, Precision, High Speed JFET INDUL OP AMD c..voirieirierrircsetsceeeeces st ses s sssssssessease s sasesens '90DB 2-341
QP-27, Low Noise, Precision Op Amp ’90DB  2-345
0OP-37, Low Noise, High Speed 0P AMD ..ottt '90DB 2-345
0P-215, Dual Precision JFET Input Op Amp . '90DB 2-275
0P-227, Dual Matched, Low Noise Op Amp ..’90DB 2-357
0P-237, Dual High Speed, Low Noise Op Amp et '90DB  2-357
0P-270, Dual Low Noise, Precision Operational Amplifier ................... '92DB 2-120
OP-470, Quad Low Noise, Precision Operational Amplifier . '92DB 2-120
REF-01, Precision Voltage Reference......... .’90DB 3-125
REF-02, PreciSion VOIage REFEIENCE...........c.vwurvuierierieeercmcereereireesetsessessassesesssesssssseesessesssissssssssssssssssessessessessesnessees '90DB 3-125
SG1524, Regulating Pulse Width Modulator.................... . . ..’90DB  5-85

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks ("90DB = LTC’s 1990 Databook and '92DB = LTC's 1992 Databook Supplement).
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SG1525A, Regulating Pulse Width MOTUIALOT .........c.cciuviiririeciiciricircnirieirre ettt '90DB  5-97
SG1527A, Regulating Pulse Width Modulator .......... e bbbttt et '90DB  5-97
SG3524, Regulating Pulse Width Modulator et tnas '90DB  5-85
SG35248, Regulating Pulse Width Modulator ............ccevcrvervrivenerrerien, " '90DB  5-93
SG3525A, Regulating Pulse Width ModUIALOT ...........ceeiereereeceieseseeeicsre e ..’90DB  5-97
SG3527A, Regulating Pulse Width Modulator ...........ccccorveeinnenernneisrssesseeeeeens '90DB  5-97

Note: All products in BOLD are in this Databook, others appear in LTC's 1990 and 1992 Databooks ("90DB = LTC's 1990 Databook and '92DB = LTC's 1992 Databook Supplement).
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GENERAL ORDERING
INFORMATION

TECHNOLOGY

l. ORDER ENTRY

Orders for products contained herein should be directed to: LINEAR TECHNOLOGY CORPORATION,
1630 McCarthy Boulevard, Milpitas, California 95035. Phone: 408-432-1900.

il. ORDERING INFORMATION
Minimum order value is $2000.00 per order; minimum value per line item is $1000.00.
Each item must be ordered using the complete part number exactly as listed on the data sheet.
F.O.B.: Milpitas, California.
Iil. RELIABILITY PROGRAMS
Linear Technology Corporation currently offers the following Reliability Programs:
A. JAN QPL devices.
B. DESC drawings.
C. MIL-STD-883, Level B, latest revision for all military temperature range devices.
D. “R-Flow” Burn-In Program for commercial temperature range devices. Consult Factory regarding burn-in program.
E. Radiation Hardened (RH) products.
IV. PART NUMBER EXPLANATION
XXX XXXX X X J/883B
|— Screening to MIL-STD-883, Level B, latest revision
Package Style (see Cross Reference on Page 14-3)
Temperature Range
M for Military
| for Industrial

C for Commercial
X for 200°C Extended Range*

Letter indicates electrical grade of part

Generic or Product Part Number

Designator
LF, LM, OP, REF, and SG are second source devices
LT are improved or proprietary devices
LTC indicates proprietary CMOS devices
RH indicates LTC’s radiation hardened devices

V. PACKAGE SUFFIX EXPLANATION

Letter Letter
Designator Description Designator Description
D8 8-Lead Side Brazed Hermetic DIP S8 8-Lead Small Outline (SO) package (Note 1)
D 14, 16, 18, 20, and 24-Lead Side S 14, 16, 18, 20, 24, and 28-Lead Small
Brazed Hermetic DIP Outline (SO) package (Note 1, 2)
F 20-Lead Molded TSSOP ST SOT-223 Molded
G 20, 28-Lead Molded SSOP T 3 and 5-Lead TO-220 Molded
H Multi-Lead Metal Can w 10-Lead Flatpack (Cerpak)
J8 8-Lead Ceramic DIP Y 7-Lead TO-220 Molded
J 14, 16, 18, and 20-Lead Ceramic DIP 4 3-Lead TO-92 Molded
'\Iﬁ ;’_?_eSaZAeD’(SI p(o:aacrll(a(g;eIaZ)I ded Note 1: Pinout and electrical specifications may differ from standard
N8 8-Lead Molded DIP commercial grade N8 package. See SO data sheet for specific
N 14, 16, 18, 20, 24, and 28-Lead Molded DIP information.
P 3-Lead TO-3P Molded Note 2: These devices are delivered in either 150 MIL (SO) or 300 MIL
Q 5-Lead DD package Molded (SO-L) wide packages depending on device die size. See specific
R 7-Lead DD package Molded SO data sheet for pin counts and package dimensions.
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ALTERNATE SOURCE CROSS
REFERENCE GUIDE

] TECHNOLOGY

PN LTC DIRECT REPL | P/N LTC DIRECT REPL| P/N LTC DIRECT REPL | P/N LTC DIRECT REPL
AD101A LM101A ADC0820 LTC1099* i LM118A™ LM108A LM108A
AD232 LT1081* ADC0832 LTC1098* HA2515 LT318A* LT1008M*
AD235 LT1130A** ADC08061 LTC1198** LM318** LM111 LM111
AD237 LT1138A** ADC08231 LTC1196 HA2520 LT1220 LT111A*
AD238 LT1139A** ADC1031 LTC1091** HA2541 LT1220 LT1011M*
AD239 LT1137A** ADC1034 LTC1093** HA2544 LT1224 LM112 LT1012M*
AD241 LT1137A* ADC1038 LTC1094* HA5004 LT1223 LM113 LT1004M-1.2*
AD381 LT1022"* ADG201A LTC201A HA5130-2 OPO07A LM117 LM117
AD510 LT1001* ADG202 LTC202 LT1001AM* LT117A*
AD517 LT1001** ADG221 LTC221 HA5130-5 OPO7E LM117HV LM117HV
AD518 LM118* ADG222 LTC222 LT1001C* LT117AHV*
LT118A** ADOPO7 OPO7 HA5135-2 OPOQ7 LM118 LM118
AD524 LT1101* LT1001* LT1001M* LT118A*
AD536 LT1088** ADOP27 opP27 HA5135-5 QOP07C LM119 LM119
AD580 LT580 LT1007* LT1001C* LT119A*
AD581 LT581 ADS7800 LTC1276** HAOPO7 OoP07 LM123 LM123
LT1031* ADS7803 LTC1293* LT1001M* LT123A*
AD586 LT1027* ADS7804 LTC1272-8** HAOPO7A OPO7A LT1003M*
AD589 LT1034** CLC406 LT1227** LT1001AM* LM124 LT1014M"
AD636 LT1088** CLC414 LT1252 HAOPO7C OP07C LM129A LM129A
AD637 LT1088** CLC415 LT1230 LT1001C* LM129B LM129B
AD€42 LT1057* CLC430 LT1206** HAOPO7E OPO7E LM129C LM129C
AD647 LT1057* CLC520 LT1228* LT1001C* LM133 LT1033M*
AD704 LT1114* CLC532 LT1203** HI5810 LTC1272-8 LM134 LM134
AD705 LT1097 CMPO1 LT1011* ICL232 LT1081 LM134-3 LM134-3
AD706 LT1112* CMP02 LT1011* ICL7650 LTC1050* LM134-6 LM134-6
AD707 LT1097 DAC8512 LTC1257** LTC1052* LM136-2.5 LT136-2.5
AD711 LT1056" DG201A LTC201 ICL7652 LTC7652 LT1009M*
AD712 LT1057* DG202 LTC202 LTC1052* LM136-5 LT1029M**
AD713 LT1058* DS1232 LTC1232 ICL7660 ‘LTC1044* LM136A LM136A
AD736 LT1088"* DS14C335 LT1331* LTC1054** LT1009M*
AD737 LT1088** DS3695 LTC485* ICL7662 LTC1144* LM137 LM137
AD743 LT1113* EL2020 LT1223* ICL8069C LM385-1.2 LT137A
AD744 LT1122 EL2028 LT1220 LT1004C-1.2* LT1033M**
AD790 LT1016** EL2029 LT1221 ICL8069M LM185-1.2 LM137HV LM137HV
AD810 LT1252* EL2030 LT1223 LT1004M-1.2* LT137AHV*
AD811 LT1252* EL2038 LT1222 1SO150 LTC1145* LM138 LM138
AD813 LT1260** EL2039 LT1222 LF155 LF155 LT138A*
AD817 LT1360* EL2040 LT1222 LT1055M* LM148 LT1014M*
AD818 LT1363 EL2041 LT1220 LF155A LF155A LM150 LM150
AD821 LT1006** EL2044 LT1252** LT1055AM* LT150A*
AD822 LT1169* EL2045 LT1363" LF156 LF156 LM158 LT1013M*
AD824 LT1014** EL2082 LT1228* LT1056M* LM168BY-5.0 LT1019M-5**
AD826 LT1361* EL2090 LT1228" LT1022M* LM168BY-10.0 LT1019M-10**
AD827 LT1229** EL2099 LT1206** LF156A LF156A LM185-1.2 LM185-1.2
ADB28 LT1364" EL2120 LT1191* LT1056AM* LT1004M-1.2*
AD840 LT1222* LT1223* - LT1022AM* LM185-2.5 LM185-2.5
AD841 LT1220** LT1227* LF198 LF198 LT1004M-2.5*
AD842 LT1221* EL2130 LT1227* LF198A LF198A LM185BX-1.2  LT1034BM-1.2"
AD844 LT1223* EL2210 LT1361* LF355A LF355A LM185BX-2.5 LT1034BM-2.5*
AD845 LT1122 EL2211 LT1364* LT1055AC* LM185BY-1.2  LT1034M-1.2*
AD846 LT1223* EL2224 LT1229** LF356A LF356A LM185BY-2.5 LT1034M-2.5*
AD847 LT1360 LT1208" LT1056AC* LM196 LT1038M**
AD848 LT1192* EL2232 LT1229** LT1022AC* LM199 LM199
AD849 LT1226 EL2242 LT1229" LF357 LT1022* LM199A LM199A
LT1192 LT1358* LF398 LF398 LM199A-20 LM199A-20
AD7306 LT1318** EL2244 LT1361* LF398A LF398A LM234-3 LM234-3
AD7572 LTC1272* EL2245 LT1364* LF400 LT1122DC LM234-6 LM234-6
AD7579 LTC1091** EL2260 LT1229 LT1122CC LM308A LM308A
AD7580 LTC1092** EL2444 LT1362 LF400A LT1122BC LT1008C*
AD7820 LTC1099* EL2445 LT1254* LT1122AC LM311 LM311
AD7821 LTC1096/ EL2460 LT1230 LH0002 LT1010M** LT311A*
LTC1098** EL4089 LT1228** LH0044 LT1001M* LT1011C*
AD7870 LTC1275* EL4393 LT1260* LH0070 LH0070 LM318 LM318
AD7875 LTC1273" EL4094/5 LT1256" LT1031M* LT318A"
AD7876 LTC1276™ GT4123 LT1256" LH2108 LH2108 LM319 LM319
AD7883 LTC1282™ GY4102 LT1203* LH2108A LH2108A LT319A*
AD7890 LTC1290" GX4314 LT1205** LM10 LM10 LM323 LM323
AD7892-1,2 LTC1278-5** HA2500 LT1220 LM10B LM10B LT323A"
AD7892-3 LTC1279** HA2502 LT1220 LM10C LM10C LT1003C**
AD9617 LT1223 HA2505 LT1220 LM101A LM101A LM329A LM329A
AD9618 LT1223 HA2510 LT118A* LM107 LM107 LM3298 LM329B
AD9686 LT1016** LM118* LM108 LM108 LM329C LM329C
HA2512 LT118A* LT1008M* LM329D LM329D

*LTC Improved Replacement: 100% Pin-for-pin patible with better electrical specifications.
**Similar Device: Please consult the data sheet to ine the suitability of the for specific
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

PN LTC DIRECT REPL| P/N LTC DIRECT REPL| P/N LTC DIRECT REPL | P/N LTC DIRECT REPL
LM333 LT1033C* MAX400 LT1001 MX7572 LTC1272* LT1055C*
LM333A LT1033C MAX420 LTC1150* MX7820 LTC1099* PM356A LF356A
LM334 LM334 MAX422 LTC1150** OPA27 oP27 LT1056C*
LM336-2.5 LM336 MAX430 LTC1150 LT1007* PM1008 LT1008
LT1009C* MAX432 LTC1150* OPA37 OP37 PM1012 LT1012
LM336-5 LT1029C* MAX441 LT1204* LT1037* PM1558 LT1013M*
LM336B-2.5 LM336B MAX454 LT1204** OPA177 LT1001A PM2108 LH2108
LT1009C* MAX478 LT1178 LT1097 PM2108A LH2108A
LM338 LM338 MAX479 LT1179 OPA404 LT1216* REFO1 REFO1
LT338A" MAX480 LT1077* OPA603 LT1252 LT1019-10*
LM350 LM350 MAX481 LTC1481 OPA620 LT1227* LT1021-10*
LT350A* MAX485 LTC485 OPA1013 LT1013 REF02 REF02
LM368-5.0 LT1019AC-5* MAX487 LTC1487* LT1211 LT1019-5*
LM368-10.0 LT1019C-10** MAX538 LTC1257** OPA2107 LT1169** LT1021-5™*
LM368Y-5.0 LT1019AC-5* MAX539 LTC1257** OPA2111 LT1169* REFO03 LT1019-2.5*
LM368Y-10.0 LT1019C-10** MAX560 LT1331* OPA2604 LT1124** REF43 LT1019A-2.5*
LM385-1.2 LM385-1.2 MAX561 LTC1327** OP04 LT1013* REF101 LT1019-10
LT1004C-1.2* MAX630 LT1173* OP05 OP05 LT1021-10
LM385-2.5 LM385-2.5 MAX631 LT1173-5** LT1001 REF102 LT1019-10
LT1004C-2.5* MAX632 LT1173-12** OP07 OP07 LT1021-10
LM385BX-1.2 LT1034BC-1.2* MAX633 LT1173* LT1001 REG1117 LT1117-2.85
LM385BX-2.5 LT1034BC-2.5* MAX634 LT1173* OP10 LT1002 SG1524 SG1524
LM385BY-1.2  LT1034C-1.2* MAX635 LT1173-5** OP11 LT1014* LT1524*
LM385BY-2.5 LT1034C-2.5* MAX636 LT1173-12** OP12 LT1012 SG1525A SG1525A
LM396 LT1038C** MAX637 LT1173* OP14 LT1013* LT1525A*
LM399 LM3399 MAX638 LT1173-5** OP15 OP15 SG1526 LT1526
LM399A LM399A MAX639 LTC1174* LT1055* SG1527A SG1527A
LM399A-20 LM399A-20 MAX641 LT1173-5** OP16 OP16 LT1527A*
LM399A-50 LM399A-50 MAX642 LT1173-12** LT1056* SG1558 LT1013M*
LM1524 SG1524 MAX643 LT1173* oP27 oP27 SG3524 SG3524
LT1524* MAX654 LT1073-5 LT1007* LT3524*
LM2575 LT1076** MAX655 LT1173-5"* 0oP37 0oP37 SG3525A SG3525A
LM2575N LT1176 MAX656 LT1073-5** LT1037* LT3525A*
LM2576 LT1074** MAX657 LT1073* OP42 LT1122* SG3526 LT3526
LM2577 LT1071** MAX658 LT1108-5** OoP77 LT1001 SG3527A SG3527A
LM2935 LT1005** MAX659 LT1108-5** LT1097* LT3527A"
LM2940 LT1086** MAX660 LT1054** OoP97 LT1012 SN75172 LTC486*
LM3524 SG3524 MAX662 LTC1262* LT1097* SN75174 LTC487*
LT3524* MAX667 LT1129* OP177 LT1001 SN75176 LTC485*
LM6181 LT1227** MAX680 LT1026 0OP207 LT1002 SN75186 LT1134*
LM6218 LT1203** MAX690 LTC690 OP215 OP215 SP301 LTC1321*
LM6361 LT1195** MAX691 LTC691 LT1057 SP302 LTC1322*
LP2950-5 LT1117-5* MAX692 LTC692* 0OP220 LT1078* TL431A LT1431*
LP2951 LT1121* MAX693 LTC693* opP221 LT1013* TLC2543 LTC1296
nA96172 LTC486 MAX694 LTC694 OP227 0oP227 TSC04 LT1004-1.2
nA96174 LTC487 MAX695 LTC695 OP270 OP270 TSCO05 LT1004-2.5
pA96176 LTC485 MAX699 LTC699 LT1124* TSC170 LT3846**
MAX120 LT1278-5** MAX741D LTC1147** 0OP290 LT1078** TSC171 LT3847*
MAX122 LTC1276** MAX741U LT1171** 0OP297 LT1112* TSC232 LT1080**
MAX153 LTC1198* LT1172** OP400 LT1014* LT1081**
MAX162 LTC1273* MAX756 LT1303-5** LT1114* TSC911 LTC1050*
MAX163 LTC1273* MAX757 LT1303** 0OP420 LT1079* TSC913 LT1078**
MAX164 LTC1275* MAX873 LT1019-2.5 OP421 LT1014* LTC1051*
MAX165 LTC1198™ MAX875 LT1019-5 OP467 LT1359* TSC914 LT1079**
MAX167 LTC1275* LT1021-5 0OP470 OP470 LTC1053*
MAX172 LTC1272* LT1027 LT1125* TSC918 LTC7652**
MAX202 LT1381* MAX876 LT1019-10 0OP490 LT1079** TSC962 LTC1046**
MAX207 LT1138A** LT1021-10 0OP497 LT1114* TSC7650 LTC1050*
MAX211 LTC1337* MAX1232 LTC1232 PM108 LM108 TSC7652 LTC7652
MAX212 LTC1348* MAX9686 LT1016 LT1008M* LTC1052
MAX220 LT1281A™* MC78T05 LM323T PM108A LM108A TSC7660 LTC1044*
MAX222 LT1280A* LT323AT* LT1008M* TSC9491 LT1004-1.2
MAX223 LT1237 MC1400AU2  LT1019CN8-2.5** | PM155 LF155 TSC9495 REF02
MAX232A LT1281A* MC1400AU5  LT1019CN8-5** LT1055M* LT1019M-5
MAX235A LT1130A** MC1400AU10 LT1019CN8-10** | PM155A LF155A LT1021-5**
MAX237A LT1138A** MC1400U2 LT1019CN8-2.5* LT1055M* TSC9496 REFO1
MAX238A LT1139A™* MC1400U5 LT1019CN8-5* PM156 LF156 LT1021-10**
MAX239A LT1137A** MC1400U10  LT1019CN8-10* LT1056M* uc117 LM117
MAX241A LT1136A** MC1558 LT1013M* PM156A LF156A LT117A*
LT1137A* MC145406 LT1039-16* LT1056M* uc137 LM137
MAX242 LTC1384* MC34166 LT1074 PM308A LM308A LT137A"
MAX280 LTC1062 MF5 LTC1059* LT1008C* LT1033M**
MAX281 LTC1065* MF10 LTC1060 PM355A LF355A uc150 LM150
LTC1060" LT150A*
*LTC Improved Replacement: 100% Pin-for-pin compatible with beﬁer electrical specmcanons
**Similar Device: Please consult the data sheet to the of the rep 1t for specific
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

PN LTC DIRECT REPL] P/N LTC DIRECT REPL| PN LTC DIRECT REPL [ P/N LTC DIRECT REPL
UC3t7 LM317
LT317A*
uc3s7 LM337
LT337A*
LT1033C**
UC350 LM350
LT350A"
uC1524 SG1524
LT1524*
UC1525A SG1525A
LT1525A*
UC1527A SG1527A
LT1527A*
UC1846 LT1846
uc1847 LT1847
UC2525A SG3525A
LT3525A*
uUC3524 SG3524
LT3524*
UC3527A SG3527A
LT3527A*
UC3842 LT1242*
UC3843 LT1243*
UC3844 LT1244*
uC3845 LT1245*
UC3854 LT1248*
*LTC Improved Replacement: 100% Pin-for-pin with better electrical

**Similar Device: Please consult the data sheet to

the

ity of the

for specific
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INDEX ..c.ceieiiiee it e et er i e s eaer s sasea s sasre s enesasssansaanraeanenasanra e ranteantan e tneeaentraeeenennarennrans 2-2
SELECTION GUIDES ..........ceeeeneeierireeererranearrensssserecnsnseresanssssesnrsnsssrernssssenenssssensanssseenssseseernnssnsssnnnes 2-3
PROPRIETARY PRODUCTS
PRECISION OPERATIONAL AMPLIFIERS ..o rerces e s e s s e e rmne e e e s s nen s s e s rnna s e s e nennnnnss 2-11
LT1028/LT1128, Ultra Low Noise Precision High Speed Op AMPS .................cevmeereeeeereneeneiinaesennernnessannnens 2-12
LT1112/LT1114, Dual/Quad Low Power Precision, Picoamp Input Op Amps ..............c.ccoonveenieemnceiiniinennenes 2-29
LT1113, Dual Low Noise, Precision, JFET Input Op AMIPS ..........ccoeueeemeeeerseeeineaetseneeeesssssnnsasinnsssinnagenens 2-40
LT1169, Dual Low Noise, Picoampere Bias Current, JFET Input Op AMP..........c.ccceeervimemnceriiieeinneinniiiaennnes 2-55
LT117888, 20uA Max, Dual SO-8 Package, Single Supply Precision Op Amp ..............cceeeveeeeeevemreinniscranens 2-67
LT1413, Single Supply, Dual Precision Op AMIP ..............ceueeeeeeimseeeieaeeeisiessnessnsessssssnsssssssesnssessnenssannns 2-68

LT1457, Dual, Precision JFET Input Op Amp

HIGH SPEED AMPLIFIERS ...........oovrveveiiiiiniinn.

ZERO DRIFT OPERATIONAL AMPLIFIERS

MULTIPLEXERS

LT1122, Fast Settling, JFET Input Operational Amplifier
LT1187, Low Power Video Difference Amplifier
LT1189, Low Power Video Difference AMPlIfier ..............coueeeeeeeeesiiineeeeeeeeieeeeseteasnenr s eranseenennanns
LT1195, Low Power, High Speed Operational Amplifier
LT1201/LT1202, Dual and Quad 1mA, 12MHz, 50V/us Op Amps
LT1206, 250mA/60MHz Current Feedback Amplifier ................ e
LT1208/LT1209, Dual and Quad 45MHz, 400V/LiS OP AMPS ...........coeeeeneeeeereeneersinessnrenesssnennessseeenennnns
LT1211/LT1212, 14MHz, 7V/us, Single Supply Dual and Quad Precision Op Amps ................ccceveeeevnscrernenee.
LT1213/LT1214, 28MHz, 12V/us, Single Supply Dual and Quad Precision Op Amps ....
LT1215/LT1216, 23MHz, 50V/us, Single Supply Dual and Quad Precision Op Amps ....
LT1227, 140MHz Video Current Feedback Amplifier .................cecemeevneeeeennneanans
LT1251/LT1256, 40MHz Video Fader and DC Gain Controlled Amplifier
LT1252, Low CoSt Vide0o AMPIIfiEr..........c...oeeneeeeeeeeeeeeee ettt et s e e e en s steesetessnassenaessnsasssanasanens
LT1253/LT1254, Low Cost Dual and Quad Video AMpPIifiers .................ccevvevencevervnieseenennrnen.

LT1259/LT1260, Low Cost Dual and Triple 130MHz Current Feedback Amplifiers with Shutdown
LT1354, 12MHz, 400V/US O AMP .......coeeeeeeeeerearaeeeeesseeeeennsesseeasnsssssssesssansnrenssasasssnanns

LT1355/LT1356, Dual and Quad 12MHz, 400V/S Op AMIPS ............coovemiiiireiniiiciinceessviisiss e
LT1357, 25MH2Z, 600V/US O A ........ccoeeeeeeeeeeeeeeeeeeetttaessssesesssssaneasssnssssesasnsassssnnnsasassssssnnnnan
LT1358/LT1359, Dual and Quad 25MHz, 600V/is Op Amps .
LT1360, 50MHz, 800V/s Op AMP .......coeeveeereraerrnaanns
LT1361/LT1362, Dual and Quad 50MHz, 800V/us Op Amps .
LT1363, 70MHz, 1000V/US OP AP ......ceeeeeereeeeeeeeeeeereeeteeesssseseasasssssanasesasasesanssssnnnsnsssnssssansnnnas
LT1364/LT1365, Dual and Quad 70MHz, 1000V/US OP AMPS ........covvneeereeneneerenenncerennesssssenaesenenssssesenenes

LTC1151, Dual +15V Zero-Drift Operational AMPHfier ...............coeeeeeereeeenneeiieiaesereseeeereensessreennseesennens
LTC1152, Rail-to-Rail Input Rail-to-Rail Output Zero-Drift Op Amp
LTC1250, Very Low Noise Zero-Drift Bridge Amplifier

LT1203/LT1205, 150MHz Video Multiplexers
LT1204, 4-Input Video Multiplexer with 75MHz Current Feedback Amplifier
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OP AMPS

-| Precision Jr--IDuoI SUPP‘YJI

Low Vos

LTG1047 (D, 10pV)
LTC1049 (S, 10uV)
LTC1050 (S, 5uV)
LTC1051 (D, 5V)
LTC1052 (S, 5uV)
LTC1053 (Q, 5uV)
LTC1150 (S, 5uV)
LTG1151 (D, 51V)
LTC1152 (S, 10uY)
LTC1250 (S, 10uV)

LT1001 (S, 25uV)
LT1002 (D, 60uV)
LT1006 (S, 50uV)
LT1007 (S, 25uV)
LT1008 (S, 120uV)
LT1012 (S, 25uV)
LT1024 (D, 50V)
LT1028 (S, 40uV)

LT1077
LT1078
LT1079
LT1097
LT1112
LT1114
LT1124
LT1125
LT1413

I Low

I | | Low Noise |

| Large AvoLJ

LTC1047
LTC1049
LTC1050
L1C1051
LTC1052
LTC1053
LTC1150
LTC1151
LTC1152

S,400V)  LT1008 (S, 100pA)
S,404V)  LT1012 (S, 100pA)
Q,700V)  LT1022 (S, 50pA)
S,50uV)  LT1024 (D, 120pA)
D,60uV)  LT1055 (S, 50pA)
0,60uV)  LT1056 (S, 50pA)
D,700V)  LT1057 (D, 50pA)
Q,1004V)  LT1058 (Q, 50pA)
D, 604V)

LT1007 (8, 3.8nV/VHz)
LT1028 (S, 1.1nVAHz)
LT1037 (S, 3.8nV/Hz)

LT1006 (S, M)
LT1007 (S, 7M)

LT1012 (S, 300k)
LT1013 (D, 1.5M)
LT1014 (Q, 1.5M)
LT1028 (3, 7M)

LT1037 (S, 7M)

LTC1049 (S, 3M)
LTC1050 (S, 3M)
LTC1051 (D, 1M)

(D, 50pA) LT1113 (D, SHVNEZ_)_
(S, 50pA) LT1115 (S, 1.1nV/VHz)
(S, 30pA) LT1124 (D, 4.2nVAHz)
(D, 50pA) LT1125(Q, 4,2nV/:l/@
(S, 30pA) LT1126 (D, 4.2nV/VHz)
(0, 50pA) LT1127 (0, 4.2nV/NHz)
(S, 100pA) LT1128 (S, 1.1nV/VHz)
(D, 100pA)

(S, 100pA)

LT1097 (S, 250pA)
LT1112 (D, 180pA)
LT1113 (D, 320pA)
LT1114 (Q, 180pA)
LT1122 (S, 75pA)
LT1169 (S, 20pA)
LT1457 (D, 75pA)

LTG1052 (S, 3M)
LTC1053 (0, 1M)
LT1077 (S, M)
LT1078 (D, 1M)

-|Single Supply I

]

-'Low Powerl—— Single or Dual
Supplies

Low Vos

Low Power

Low Vos
Micropower

Low Vos

High Speed

LT1006 (S, 520uA)  LT1078 (D, 100uA)
LT1013 (D, mA)  LT1079 (Q, 200uA)
LT1014(Q, 2mA)  LT1178 (D, 36uA)

LTC1047 (5, 550A)  LT1179 (Q, 72uA)
LTC104 (S, 300pA) LT1413 (D, 330uA)
LTI077 (S, 60uA)

LT1006 (S, 50uV, 5204A)
LT1013 (D, 1501V, 1mA)
LT1014 (Q, 1804V, 2mA)
LTC1049 (S, 104V, 300mA)
LT1112 (D, 601V, 800pA)
LT1114 (Q, 60V, 1.6mA)
LTC1152 (S, 104V, 1.2mA)
LT1413 (D, 280V, 0.9uA)

LTC1047 (D, 101V, 551A)
LT1077 (S, 40uV,60uA)
LT1078 (D, 70V, 1004A)
LT1079 (Q, 1001V, 200uA)
LT1178 (D, 704V, 36uA)
LT1179 (Q, 1000V, 72uA)

LT1211 (D, 150V, 14MHz)
LT1212 (Q, 275uV, 14MHz)
LT1213 (D, 1501V, 28MHz)
LT1214 (Q, 2751V, 28MHz)
LT1215 (D, 3004V, 23MHz)
LT1216 (Q, 4501V, 23MHz)

HLow Power}—l-| Wide Bandwidith|

Fast Slew Rate

|

| Non-Video | | Low Power I

LT1220 (S, 45MHz)
LT1221 (S, 37MHz)
LT1222 (S, 50MHz)
LT1224 (S, 45MHz)
LT1225 (S, 30MHz)
LT1226 (S, 40MHz)
LT1208 (D, 45MHz)
LT1209 (Q, 45MHz)
LT1358 (D, 25MHz)
LT1359 (Q, 25MHz)

Fast Settling Video
LT1122 (S, 80V/us) LT1224 (S, 400V/us) LT1187 (S, 50MHz)  LT1230 (Q, 100MHz)*
LT1187 (S, 165V/us)  LT1225 (S, 400V/us) LT1189 (S, 35MHz)  LT1252 (S, 100MHz)*
LT1189 (S, 165V/us)  LT1226 (S, 400V/us) LT1190 (S, 50MHz) ~ LT1253 (D, 90MHz)*
LT1190 (S, 450V/us)  LT1227 (S, 1100V/us LT1191 (S, 90MHz)  LT1254 (Q, 90MHz)*
LT1191 (S, 450V/us) ~ LT1229 (D, 1000V/us)™  LT1192 (S,40MHz)  LT1259 (D, 130MH2)*
LT1192 (S, 450V/us)  LT1230 (Q, 1000V/us)*  LT1193 (S, 70MHz)  LT1260 (T, 130MHz)*
LT1193 (S, 500V/us)  LT1252 (S, 250V/us) LT1194 (S, 40MHz)  LT1360 (S, 50MHz)
LT1194 (S, 500V/us)  LT1253 (D, 250V/us)*  LT1195 (S, 50MHz)  LT1361 (D, 50MHz)
LT1195 (S, 165V/us)  LT1254 (Q, 250V/us)* LT1204 (S, 70MHz)*  LT1362 (Q, 50MHz)
LT1200 (S, 50V/us) LT1354 (S, 400V/us) LT1206 (S, 60MHz)*  LT1363 (S, 70MHz)
LT1201 (D, 50V/ps) LT1355 (D, 400V/us) LT1223 (S, 100MHz)* LT1364 (D, 70MHz)
LT1202 (Q, 50V/ps) LT1356 (Q, 400V/ps) LT1227 (S, 140MHz)* LT1365 (Q, 70MHz)
LT1204 (S, 1000V/us)* LT1357 (S, 600V/us) LT1229 (D, 100MHz)*
LT1206 (S, 900V/us)* LT1358 (D, 600V/us)
LT1208 (D, 400V/us)  LT1359 (Q, 600V/us)
LT1209 (Q, 400V/us)  LT1360 (S, 800V/us)
LT1215 (D, 50V/us) LT1361 (D, 800V/ps)
LT1216 (Q, 50V/us) LT1362 (Q, 800V/ps)
LT1220 (S, 250V/us)  LT1363 (S, 1000V/us)
LT1221 (S, 250V/us)  LT1364 (D, 1000V/ys)
LT1222 (S, 200V/us)  LT1365 (Q, 1000V/jss)
LT1223 (S, 1000V/ps)*
Instrumentation} [

[Micropower| | zero Drift | |High Speed|

LT1101

LTC1100

LT1102

LT1200 (S, 1mA, 10MHz)
LT1201 (D, 1mA. 11MHz)
LT1202 (Q, 1mA, 11MHz)
LT1217 (S, 1mA, 10MH2)*
LT1354 (S, 1mA, 12MHz)
LT1355 (D, 1mA, 12MHz)
LT1356 (Q, 1mA, 12MH2)

*Current feedback amplifier

LT1079 (Q, 1M)
LT1097 (S, 700k)
LT1112 (D, 5M)
LT1113 (D, 1.2M)
LT1114 (Q, 5M)
LT1115 (S, 7M)
LT1124 (D, 5M)
LT1125 (Q, 5M)
LT1126 (D, 5M)
LT1127 (D, 5M)
LT1128 (S, 7M)
LTC1152 (S, 3M)
LT1169 (D, 1.2M)
LT1413 (D, 1.5M)
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HIGH SPEED AMPLIFIERS

HIGH ?PEED
Y N {

Instrumentation and Data Acquisition Color, B/W Video and Multimedia
u Fast DAC Amplifiers = RADAR

m Signal Processing » Fiber-Optic Systems
= RF Amplification u Copiers/Laser Printers

= Frame Grabbers u Video Gain Blocks

= Video Cable Drivers = Building Security
u Video MUXs = |mage Recognition
s Cable Tappers = Video Keyer/Fader

5 e R 3 EER SR ISR o BB eLE s SRR SR SR R N T T 0 S P e e e e
Lowest Offsets, _l_ Fastest Slew Rate, Dual Supplies, ¥ +5V,orSingle5V _
Lowest Bias Current Fastest Settling Largest Bandwidth Supplies, Lowest Cost
Single Supply, DC Precision | | NEW AMPLIFIER ARCHITECTURE!
= Low Vg with High Bandwidth/Slew Rate |- ;
(150 Max, A-Grades) Voltage Fee;__lback Op Amps with
= Single Supply 3.3V, 5V or Dual +15V Current Feedback slwed
Operation 4 = Low Supply Current/Amplifier (1mA): LT1355/6
= Low Power (1.3mA/Amp): LT1211/12 = Very High Slew Rate (1000V/ps): LT1363
= Fast Settling to 0.01%, 250ns, 2V Step: = Low Vs (0.6mV Maximum): LT1358/9
LT1215/16 o = = Low Power (6mA/Amplifier for 1000V/ys Slew Rate)
= 50-8 (Duals) and 0.150" S0-16 (Quads) | = Fast Settling (80ns to 0.01%, 50ns to 0.1%, 10V Step)
BW SR Vs § BW SR Ig/Amp $(100’s)
('m)z) (VT/VP) (Mi\ilx) (100's) | Single Dual  Quad  MHz V/us (mA) (Dual Amp)
A TNOIRET 7”5 ] 55‘/275 40 LT1354 LT1355 LT1356 12 400 1 3.95
LT1212 20; 4 7 a7 610 LT1357 LT1358 LT1359 25 600 2 410
(T1213(D) 28 12 150/275 3'40 : LT1360 LT1361 LT1362 50 800 4 3.50
T214(Q) 28 12 275 610 | LT1363 LT1364 LT365 70 1000 6 3.80
LT1215(D) 23 50 300/450 4.10 E g ; 7 2
LT1216(Q) 23 50 450 7.40 ‘
Current Feedback Amps Low Cost Video Op Amps
Voltage Feedback Op Amps | = Bandwidth Independent of Gain = Specified Operation with £5V and Single
« 00ns Setting Time 0 0.1%: LT1220, | |~ oo Feature: LT1217, L1223, S erformance
LT1226. « Single S ; deo: p " .
gle Supply Operation/Best for Video: = “Shutdown” Feature: LT1190/1/2
. 1mV‘MaX Vos, 300nA Max lg: LT1220/1/2 LT1227, LT1229, LT1230. = Directly Drives Cables: 50mA loyr
" 12—B!t Accurate: LT1220/1/2. » 12-Bit Accurate: LT1223 » 450V/ps Slew Rate
= 10-Bit Accurate: LT1225/6 u Low Power (Is=1mA): LT1217 = Low Power: LT1195
BW  Vos Ay $ = Lowest Cost: LT1252/3/4
Tyn) (Max) (Min) (100°s) | | = Operates on+2V to+15V Supplies* BW SR Ay 0§
(Typ) (Max) (Min) (100's) ; ;
MHz mv WV ] * LT1223 & LT1217 Min Supply Voltage = +5V (Typ) (Typ) (Min) (100's)
20 45 1 1 38 | MHz Vs VN
3. BW SR Vps §
LT1221 37 1 4 385 (Typ) (Typ) (Max) (100's) LT1190 50 450 1
LT1222 50 1 10 38 | MHz Vs mv LTi191 90 450 1
LT1225 30 1 5 285 |\ | fimr 740 100 10 o2& | LT1192 350 450 5
LT1226 40 1 25 285 T2 00 1300 3 288 LT1195 50 165 1
R PR < LT1229 (D) 100 1000 10 3.95
LT1230(Q) 100 1000 10 7.25
LT1217 10 500 3 325
LT1252 100 250 15 175
LT1253(D) 90 250 15 - 249
LT1254(Q) 90 250 15 449
(D) = D“al, (0) = Quad GRS A R s s s 22
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VIDEO AND MULTIMEDIA PRODUCTS

Video Products

Low Cost Dual/Triple 130MHz
CFAs with Shutdown

= | T1260: Triple CFA for RGB Video, $4.49
= L T1259: Dual CFA with Shutdown, $3.95
= 90MHz Bandwidth on 5V

= 0.1dB Gain Flatness, 30MHz: Good for HDTV
= 1600V/ps Slew Rate

u +2V to +15V Supply Range

= 100ns/40ns Turn On/Off Times
= Makes 2 or 3 Input MUX Amp

In addition to high speed amplifiers, LTC offers the following products tailored to video, multimedia and computer graphics applications.

Video Distribution Amplifier
= | T1206: 250mA Minimum Output Current

= 60MHz, 900V/ps Current Feedback Amplifier |

= Drives 10 Video Cables

= Drives Low Impedance of High Capacitance

= Color Video Performance

u Low Current “Shutdown” Mode Available

= 8-Pin P DIP ($3.45), 7-Lead DD ($4.45),
and 7-Lead T0-220 ($4.45)

= 8-Pin SOIC ($3.95)

= PDIP $4.95, SOL $5.40
s e :

4:1 Video Multiplexer with

» LT1204: 4:1 MUX w/ Current Feedback Amp
= 0.1dB Gain Flatness to >30MHz: for HDTV
= 1000V/us Slew Rate

= 75MHz, —3dB Bandwidth (Ay = 2)
= 90dB Channel Separation

= Expandable

= 16-Pin SOL and P DIP Packages

G TP TRRS. ¢

= Low Supply Current (5SmA/Amp)
= Narrow SOIC Packages

+5V Video Difference Amps
= 50dB CMRR @ 10MHz

= Input Voltage Range: (-2.5V to 3.5V)
= +4V Qutput Voltage Swing
= Color Video Performance

= “Shutdown” Feature
= Can Directly Drive Cables
= 500V/us Slew Rate: LT1193/LT1194
= Low Power: LT1187/LT1189

2:1and 4:1 Video Multiplexers

Very Fast for Pixel Switching
w LT1203 (2:1), LT1205 (2 x 2:1 or 4:1)
= 150MHz, - 3dB Bandwidth

= 90dB Channel Separation

= 30MHz, 0.1dB Gain Flatness (HDTV)

= 25ns Channel Switching Time

= 50mV Switching Transient

= 10MQ Disabled Qutput Impedance

= Expandable

= 8- and 16-Pin Narrow SOIC Packages

. LT1203 PDIP $2 85 LT1 20568 $5 30

T S

currem Feedback Amp with
DC Gain Control

» | T1228: 75MHz Transconductance Amp
with 100MHz Current Feedback Amplifier

w Color Video Performance

w Differential Input

= Operates on +2V to £15V Supplies

= For Auto-Gain, Tunable Filters, and
Spemallzed Video Circuits.

Ay BW §
(Min)  (Typ) (100's)
Gain VN MHz

[T1187  Adl. 2 50 295
LT1189  Adi. 10 35 295
LT1193  Ad. 2 70 295
LT1194 10 - 350 295
TR
Multimedia

LS RGB GRAPHICS

4
voeod b

Video Fader/Gam Cantralled
Amplifier
= | T1251: 40MHz Video Fader
u LT1256: 40MHz Gain-Controlled Amplifier
= Accurate 1% Linear Gain Control
= Low Differential Gain/Phase, 0.1%/0.1%

Multimedia systems combine audio, composite video (broadcast quality TV) and high resolution computer graphics.

Typical requirements are:

Video: NTSC or PAL need minimum 50MHz, —3dB bandwidth Graphics: VGA needs >50MHz, 19" monitors need >100MHz
HDTV needs 0.1dB flatness to 30MHz RGB, YUV, YC, Amps  LT1259/60: Dual/Triple, 130MHz, 1800V/us |
Suggested Products (Refer to above and reverse): Current Feedback Amplifiers with Shutdown |
General Purpose LT1360/63: Single/Dual/Quad Voltage Feedback Pixel Switching LT1203/05: 2:1 and 4:1 Video Multiplexers
Gain Blocks/Video Op Amps with Current Feedback Speed
A/D Buffers LT1227/29/30: Single/Dual/Quad Current
Feedback Amplifiers :
LT1252/3/4: Low Cost Curent Feedback Amplifiers Audio: For 8x Oversampling, 200kHz Bandwidth is Required |
Multiplexer LT1204: 4:1 Video MUX with Current Gain Blocks LT1115: Low Noise Preamplifier
2 Feedback Amplifier LT1124/26: Dual Low Noise Preamplifier
Video Distribution LT1206: 250mA Output Current Feedback Amplfiers LT1211/12: Hiah Slew Rate. Single Suool
DC Restoration  LT1228: Gurrent Feedback Ampliier with DualQuad Op Amps. ey
Gan Contrl LT1122: Ultra-Low Distortion Op A th
- - Y : Ultra-Low Distortion Op Amp wi
Gain Control LT1228: Current Feedback Amplifier with :
Gain Control Symmetric Slew Rates.
COAX Loopthrough/  LT1187/89/93/94: Video Difference Amplifiers LT1355/56: Ultra-High Slew Rate,
Twisted-Pair Receiver Low Supply Gurrent Op Amps

2-5
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OP AMP SELECTION GUIDE

Commercial Precision Op Amps

ELECTRICAL CHARACTERISTICS
Vos TC Ig AvoL SLEW RATE NOISE ML/
PART MAX Vos MAX MIN MIN MAX 10Hz | PACKAGES | IND
NUMBER (uv) (uV/°C) (nA) (V/mV) (V/us) (nV/VHz) AVAILABLE | TEMP IMPORTANT FEATURES
SINGLE
LT1001AC 25 0.6 2.0 450 0.15 18 H, J8, N8 M Extremely Low Offset Voltage, Low Noise,
LT1001C 60 10 38 400 0.15 18 H,J8, N8, s8 | M | LowDrift
LT1006AC 50 13 15 1000 0.25 24t H, J8 M Single Supply Operation, Fully Specified for
LT10066 80 1.8 25 700 0.25 24t H, J8, N8 M | SVSupply
LT100658 400 35 25 700 0.25 25 S8
LT1007AC 25 0.6 35 7000 1.7 45 H, J8, N8 M Extremely Low Noise, Low Drift
LT1007C 60 1.0 55 5000 1.7 45 H, J8, N8, S8 M,
LT1008C 120 15 0.1 200 0.1 30 H,N8 M, 1 | Low Bias Current, Low Power
LT1012C 25 0.6 100 300 0.1 30 H, N8 M, | | Low Vgg, Low Power
LT1012AC 50 15 0.15 200 0.1 30 H, N8 M
LT1012D 60 1.7 150 200 0.1 30 H, N8
LT1012S8 120 18 0.28 200 0.1 30 S8
LT1022AC 250 5.0 0.05 150 23 50 H M Very High Speed JFET Input Op Amp with
LT1022C 600 9.0 0.05 120 18 60 H M | Very Good DC Specs
LT1022CN8 1000 15.0 0.05 100 18 60 N8
LT1028AC 40 0.8 90 7000 1 1.7 H, J8, N8 M Lowest Noise, High Speed, Low Drift
LT1028C 80 1.0 180 5000 1 19 H, J8, N8, S M
LT1037AC 25 0.6 35 7000 1 45 H, J8, N8 M Extremely Low Noise, High Speed
LT1037C 60 1.0 55 5000 1 45 H, J8, N8, S8 M1
LT1055AC 150 4 0.05 150 10 50 H M Lowest Offset, JFET Input Op Amp Combines
LT1055C 400 8 0.05 120 75 60 H M | High Speed and Precision
LT1055CN8 700 12 0.05 120 75 60 N8
LT105558 1500 15 0.1 120 75 70 S8
LT1056AC 180 4 0.05 150 12 50 H M
LT1056C 450 8 0.05 120 9 60 H M
LT1056CN8 800 12 0.05 120 9 60 N8
LT105658 1500 15 0.1 120 9.0 70 S8
LT1077AC 40 04 9 250 0.12 40 H, J8, N8 M, 1 | Micropower, Single Supply, Precision,
LT1077¢ 60 04 11 200 0.12 29t H,J8,N8 | M,I | LowNoise
LT107758 150 3.0 1 240 0.05 28t S8
LT1097C 50 1.0 0.250 700 0.1 16" N8 | Low Cost, Low Power Precision
LT109758 60 14 0.350 700 0.1 16" S8 |
LT1115C 280 0.5 (Typ) 380 2000 10 1.8 N8, S Lowest Noise, Ultra Low Distortion Audio
LT1128AC 40 1.0 90 7000 5.0 17 J8, N8, S8 M, 1 | Lowest Noise, High Speed, Precision
LT1128C 80 1.0 180 5000 45 19 J8, N8, S8 M, 1
LTC1049C 10 0.1 0.050 3162 0.8t 1.0uVpp** J8, N8 M, | | AutoZeroed Precision Op Amp, No External
LTC1050AC 5 0.05 0.035 3162 4 0.6uVp.p** | H,J8, N8, S8 | M,I | Capacitors Required
LTC1050C 5 0.05 0.050 1000 4t 0.6uVp-p** | H,J8, N8, S8 M1
LTC1052C 5 0.05 0.03 1000 3t 0.5pVp.p** H, N8, N M, | | Low Noise, Auto Zeroed Precision Op Amp
LTC7652C 5 0.05 0.03 1000 3t 0.5pVp.p** H, N8 M1
LTC1150C 5 0.05 0.03 10000 3t 0.6uVp-p** | H,J8 N8,S8 | M, I | AutoZeroed Precision Op Amp That Operates
on Standard +15V Supplies. No External
Capacitors Required
LTC1152C 10 0.1 0.1 316 1t 0.5uVp.p N8, S8 Rail-to-Rail Input and Output, Auto Zeroed
Precision Op Amp. C-Load™ Stable.
LTC1250C 10 0.05 0.02 10000 10t 0.3mVp_p** J8, N8, S8 M Low Noise, Auto Zeroed Precision Op Amp
t Typical spec * 100Hz noise ~ ** DC to 1Hz noise C-Load is a trademark of Linear Technology Corporation

NOTE: See page 14-3 for DESC cross reference numbers. Check data sheet for specifications on industrial and military temperature produced and surface mount.
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OP AMP SELECTION GUIDE

Commercial Precision Op Amps

ELECTRICAL CHARACTERISTICS
Vos TC Ig AvoL SLEW RATE NOISE MIL/
PART MAX Vos MAX MIN MIN MAX 10Hz | PACKAGES | IND

NUMBER (V) (uv/°C) (nA) (V/mV) (V/us) ("WAHz) | AVAILABLE | TEMP IMPORTANT FEATURES
SINGLE
LF355A 2000 5 0.05 75 5 25t H, N8 JFET Inputs, Low Ig, No Phase Reversal
LF356A 2000 5 0.05 75 10 15+ H, N8
LM10B 2000 2t 20 120 — 501 H,J8 M | On-Chip Reference Operates with +1.2V
LM10BL 2000 2t 20 60 — 50t H, J8 Single Battery
LM10C 4000 5t 30 80 — 501 H, J8, N8
LM10CL 4000 5t 30 80 — 50f H, J8, N8
LM308A 500 5 7 60 0.1 30t H, N8 M Low Bias, Supply Current
LT318A 1000 250 200 50 42t H, J8, N8 M High Speed, 15MHz
LM318 10000 500 25 50 a2t H, J8, N8, S8 M High Speed, 15MHz
0P-05C 1300 45 7 120 0.1 20 H, J8, N8 M Low Noise, Low Offset Drift with Time
OP-05E 500 2.0 4 200 0.1 18 H, J8, N8 M
0P-07C 150 18 7 120 0.1 20 H, J8, N8, S8 M Low Initial Offset, Low Noise, Low Drift
OP-07E 75 13 4 200 0.1 18 H, J8, N8 M
OP-15E 500 5 0.05 100 10 20t H, N8 M Precision JFET Input, Low Bias Current,
OP-15F 1000 10 0.1 75 75 20t H, N8 M | NoPhase Reversal
0P-15G 3000 15 0.2 50 5 20t H, N8 M
0P-16E 500 5 0.05 100 18 20t H, N8 M Precision JFET Input, High Speed,
OP-16F 1000 10 0.1 75 12 20 H, N§ M | NoPhase Reversal
0P-16G 3000 15 0.2 50 9 20t H, N8 M
0P-27E 25 0.6 40 1000 17 55 H, J8, N8 | Very Low Noise, Unity Gain Stable
0P-27G 100 18 80 700 1.7 8.0 H, N8 |
OP-37E 25 0.6 40 1000 1 55 H, J8, N8 | Very Low Noise, Stable for Gains > 5
0P-37G 100 18 80 700 1 8.0 H, N8 |
OP-97E 25 0.6 +0.1 300 0.1 30 H, N8 M Low Power, Low Ig, Precision
DUAL
LT1002AC 60 09 3.0 400 0.15 20 4N M Dual, Matched LT1001 High CMRR,
LT1002C 100 13 45 350 0.15 20 IN M | PSRR Matching
LT1013AC 150 20 20 1500 0.2 24t H, J8 M Precision Dual Op Amp in 8-Pin Package
LT1013C 300 25 30 1200 02 24t H, J8, N8 M, 1
LT1013D 800 5.0 30 1200 0.2 24t N8, S8
LT1024AC 50 15 0.12 250 01 33 N M Low Vog, Low Power, Matching Specs
LT1024C 100 2.0 0.20 180 0.1 33 N M
LTC1047C 10 0.01 0.02 1000 0.2t 0.8mVp-p** N8, S No External Capacitors Required
LTC1051C 5 0.05 0.05 1000 4 04pVpp** | J8,N8,S M, | | Dual, Precision Auto Zeroed Op Amp
LT1057AC 450 7 0.05 150 10 26% H,J8 M Low Offset JFET Input Multiple Op Amps
LT1057ACNS 450 10 0.05 150 10 o6t NS Combine High Speed and Excellent DC Specs
LT1057C 800 12 0.075 100 8 26% H, J8 M1
LT1057CN8 800 16 0.075 100 8 26t N8, 88 |
LT1078AC 70 2.0 8 250 0.07* 40 H, J8, N8 M Micropower, Precision,
LT1078C 120 25 10 200 0.07 29t H,J8, N8, S8 | M, 1 | Single Supply, Low Noise Dual
LT1112A 60 0.50 0.25 1000 0.16 151 J8, N8, S8 M, | | Low Power, Precision, Matching Specs
LT1112C 75 0.75 0.28 800 0.16 151 J8, N8, S8 M, 1
LT1113AC 1500 15 0.45 1200 25 17t N8, J8, S8 M, | | Dual Low Noise, Precision JFET Input
LT1113C 1800 20 0.48 1000 2.5 17t N8, J8, S8 M, [
LT1124AC 70 1 55 2000 3 55 N M, | | Dual Precision Op Amp,
LT1124C 100 15 70 1500 2.7 55 NS M,1 | LowNoise, High Speed

t Typical spec * 100Hz noise ** DC to 1Hz noise NOTE: See page 14-3 for DESC cross reference numbers
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OP AMP SELECTION GUIDE

Commercial Precision Op Amps

ELECTRICAL CHARACTERISTICS
Vos TC Ig AvoL SLEW RATE NOISE MiL/
PART MAX Vos MAX MIN MIN MAX 10Hz | PACKAGES | IND
NUMBER (uV) (uv/°C) (nA) (V/mV) (Vius) (nVAHz) AVAILABLE | TEMP IMPORTANT FEATURES
DUAL
LT1126AC 70 1.0 20 2000 8 55 N8 M, | | Dual Precision Op Amp, Low Noise, High Speed
LT1126C 100 1.5 30 1500 8 55 J8, N8, S8 M, 1
LT1169A 1500 15 3 1200 24 17t J8, N8, S8 Dual Low Noise, Picoampere Bias Current
LT1169C 1800 20 5 1000 24 17t J8, N8, S8 JFET Input Op Amp
LT1178AC 70 22 5 140 0.013 75 H, J8, N8 17uA Max, Single Supply, Precision Dual
LT1178C 120 3.0 6 110 0.013 50 H, J8, N8 |
LT1211C 275 0.6 125 250 4 12.5 J8, N8, S8 M, | | Fast, Precise, Single Supply Op Amps.
LT1211AC 150 05 100 250 4 125 J8,N8,58 | M, | Industrial Temperature (-40°C to 85°C)
112130 275 06 200 250 85 10 16, N3, 58 M1 ggsfcselsncluded with Commercial Temperature
LT1213AC 150 0.5 160 250 8.5 10 J8, N8, S8 M, 1
LT1215C 450 1.0 600 150 30 15 J8, N8, 58
LT1215AC 300 0.8 500 150 30 15 J8, N8, 58
LT1413AC 150 2 15 400 0.2 241 N8 | Dual Single Supply Precision Op Amp
LT1413C 280 25 18 350 02 247 N8, S8 | | Optimized for 5V and GND
LT1413S 380 25 18 350 0.2 24t S8
LT1457C 800 16 0.075 100 2 28 N8, S8 Dual Precision JFET Input Op Amp.
C-Load Stable
LF412AC 1000 10 0.1 100 10 20t H, J8, N8 M High Performance Dual JFET Input Op Amp
0OP-215E 1000 10 0.1 150 10 20™ H, J8, N8 M
0P-215G 3000 20 0.2 50 8 20t H, J8, N8 M
0P-227E 80 1.0 40 3000 17 6 J,N M Dual Matched OP-27
0P-227G 180 1.8 80 2000 1.7 9 J,N M
0P-237E 80 1.0 40 3000 10 6 J,N M Dual Matched OP-37
0P-237G 180 18 80 2000 10 9 J,N M
0P-270A 75 1 20 750 1.7 6.5 J M Dual Op Amp, Low Noise
0P-270C 250 3 60 350 17 36" N, S M
QUAD
LT1014AC 180 2.0 20 1500 0.2 24% J M | Precision Quad Op Amp in 14-Pin Package
LT1014C 300 25 30 1200 0.2 24t J,N M, |
LT1014D 800 5.0 30 1200 0.2 24t N, S
LT1058AC 600 10 0.05 150 10 26" J M | Low Offset JFET Input Multiple Op Amps
LT1058C 1000 15 0.075 100 ] ogt LN, S M1 Combine High Speed and Excellent DC Specs
LT1079AC 120 2.0 8 250 0.07* 40 JN M | Micropower, Precision, Single Supply,
LT1079C 150 25 10 200 007t 29" IS M,1 | Low Noise Quad
LT1114AC 60 0.50 0.25 1000 0.16 15t J8, N8, S8 M, ! | Low Power, Precision, Matching Specs
LT1114C 75 0.75 0.28 800 0.16 15t J8, N8, S8 M1
LT1125AC 90 1 20 2000 3 5.5 N M | Precision Quad Op Amp,
LT1125¢ 140 15 30 1500 27 55 4N S M, || Low Noise, High Speed
LT1127AC 90 1.0 20 2000 8 5.5 N M
LT1127C 140 1.5 30 1500 8 55 N,J, S M, |
LT1179AC 100 2.2 5 140 0.013 75 J,N 17uA Max, Single Supply, Precision Quad
LT1179C 150 3.0 6 110 0.013 50t J N |
LT1212C 275 0.6 125 250 4 12.5 N, S | fagt, E’r_efi?e, Sing’lte Supp%oo tAn&gg.c
LT1214C 275 06 200 250 85 10 N.S ! Snpeucss r\ﬁclu?!?(? mt:l(r)eo(rnmercia?Temerature
LT1216C 450 1.0 600 150 30 15 N, S | Devices
LTC1053C 5 0.05 0.05 1000 4t 0.4uVp-p** N, S | Quad, Precision Auto Zeroed Op Amp.
No External Capacitors Required

0P-470A 400 2 25 500 14 6.5 J M Quad Op Amp, Low Noise
0P-470C 1000 2t 60 400 14 6.5 N, S

* Typical spec

* 100Hz noise

** DC to 1Hz noise

NOTE: See page 14-3 for DESC cross reference numbers

2-8



OP AMP SELECTION GUIDE

High Speed Op Amps
ELECTRICAL CHARACTERISTICS
MIN TYP TYPICAL GAIN
SLEW | SETTLING TIME | BANDWIDTH MIN MAX Ig ML/
PART RATE T00.1% PRODUCT AyoL Vos MAX | PACKAGES | IND

NUMBER | (V/us) (us) (MHz) (V/mv) (uv) (nA) | AVAILABLE | TEMP IMPORTANT FEATURES
SINGLE
LT1122AC 60 0.340* 14 180 600 0.075 J8, N8 M JFET Input. Faster and Better DC

0.540** Specs Than OP-42. A and C Have
LT11228C 60 0.350" 14 180 600 | 0.075 J8, N8 M | Grades 100% Tested Settling Time
LT1122CC 50 0.350* 13 150 900 0.1 Jg, N8, S8 M

0.590**
LT11220C 50 0.360* 13 150 900 0.1 J8, N8, S8 M
LT1187C 130 0.1*** 50 (Ay=2) 10000 2000 N8, S8 Low Power Video Difference Amplifier
LT1189C 175 1 35 (Ay = 10) 3000 2000 N8, S8
LT1190C 450" 0.1 50 35 10000 2500 J8, N8, S8 M +5V Supply Color Video Op Amps
LT1191C 4501 0.1 90 6 5000 2500 J8, N8, S8 M
LT1192C 450" 0.1 400 (Ay 2 5) 16 25 2500 J8, N8, S8 M
LT1193C 450" 0.1 70 12000 3500 J8, N8, S8 M Color Video Differential Amplifier
LT1194C 4501 0.1 40 6000 3500 J8, N8, S8 M
LT1195C 140 0.22*** 50 0.5 8000 2000 J8, N8, S8 Low Power, High Speed
L71200C 30 0.430 11.0 4 1000 1000 N8, S8 Low Supply Current Op Amp
LT1206C 600 50 0.6 15000 20000 | N8,R,Y,S8 250mA Current Feedback Amplifier
LT1217C 100 280 10.0 32 3000 500 N8, S8 Low Power Current Feedback Amplifier
LT1220C 200 0.09 45 20 1000 300 N8 Ultra High Speed, Good DC Specs
LT1221C 200 0.09 150 (Ay > 4) 50 1000 300 N8
LT1222C 200 0.09 500 (Ay > 10) 100 1000 300 N8
LT1223C 800 0.075 100 32 3000 3000 Jg, N8, S8 M Current Feedback Amplifier
LT1224C 250 0.090 45 33 2000 8000 J8, N8, S8 M High Speed, DC Precision, Can Drive
LT1225C 250 0.070 150 (Ay > 5) 125 1000 | 8000 | J8,N8,S8 | M | Unlimited Capacitive Load While
LT1226C 250 0075 1000(Ay>25) | 50 1000 | 8000 | JoNgS8 | M | Stable
LT1227C 500 0.050 140.0 0.6 10000 10000 J8, N8, S8 M Current Feedback Amplifier
LT1228C 300 0.045 100 0.6 10000 10000 J8, N8, S8 M Electronic DC Gain Control
LT1252C 250 100 0.56 15000 15000 N8, S8 Low Cost Video Amplifier
LT1354C 200 0.280 12 12 800 300 N8, 88 1mA, 12MHz, 400V/us C-Load
LT1357C 300 0.220 25 20 600 500 N8, S8 2mA, 25MHz, 600V/us C-Load
LT1360C 600 0.090 50 45 1000 1000 N8, S8 4mA, 50MHz, 800V/us C-Load
LT1363C 750 0.080 70 45 1500 2000 N8, S8 6mA, 70MHz, 1000V/us C-Load
DUAL
LT1201C 30 330 12 4 2000 1000 N8, S8 1mA, 12MHz, 50V/us Dual C-Load
LT1208C 250 0.090 45 33 3000 8000 N8, S8 45MHz, 450us Dual C-Load
LT1211C 5 22 14 1200 550 120 N8, S8 14MHz, 7V/us Single Supply Precision
LT1211A 5 2.2 14 1200 400 95 N8, S8
LT1213C 10 11 28 1200 550 190 N8, S8 28MHz, 12V/us, Single Supply Precision
LT1213A 10 1.1 28 1200 400 150 N8, S8
LT1215C 40 0.480 23 1000 650 550 N8, S8 23MHz, 50V/us, Single Supply Precision
LT1215A 40 0.480 23 1000 500 500 N8, S8
LT1229C 300 0.045 100 0.6 650 550 J8, N8, S8 M Fast Slew Rate, Current Feedback Architecture
LT1253C 250 90 0.560 15000 15000 N8, S8 Low Cost Video Amplifier
LT1259C 900 0.075 130 0.71 10000 3000 N14, S14 Low Cost 130MHz Dual CFAs with

Individual Shutdowns

LT1355C 200 0.023 12 12 800 300 N8, S8 1mA, 12MHz, 400V/us Dual C-Load
LT1358C 300 0.220 25 20 600 500 N8, S8 2mA, 25MHz, 600V/us Dual C-Load
LT1361C 600 0.090 50 4.5 1000 1000 N8, S8 4mA, 50MHz, 800V/us Dual C-Load
LT1364C 750 0.080 70 45 1500 2000 N8, S8 6mA, 70MHz, 1000V/us Dual C-Load

Hypical value  *10V step, to 1mV at sum node.  **Maximum value, 10V step, to mV at sum node.  ***3V Step
NOTE: See page 14-3 for DESC cross reference numbers
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OP AMP SELECTION GUIDE

High Speed Op Amps
ELECTRICAL CHARACTERISTICS
MIN TYP TYPICAL GAIN
SLEW | SETTLINGTIME | BANDWIDTH | MIN MAX Ig My
PART RATE T00.1% PRODUCT Ayor Vgs | MAX | PACKAGES | IND
NUMBER | (V/us) (ps) (MHz) (mV) | (V) | (nA) | AVAILABLE | TEMP IMPORTANT FEATURES
TRIPLE
LT1260C I 900 T 0.075 | 130 - | 0.71 | 10000 l 3000 ' N16, 516 Low ot Tripe 130MHz GFhs
U
QUAD
LT12026 30 0.330 12 4 2000 | 1000 [ N14,516 1mA, 12MHz, 50V/us Quad C-Load
LT1209C 250 0.090 4 33 3000 | 8000 | N14,516 45MHz, 450V/s Quad C-Load
LT1212C 5 22 14 1200 550 | 120 | N14,516 14MHz, 7V/ps Single Supply Precision
LT1214C 10 1.1 28 1200 550 190 | 14,816 28MHz, 12V/ys, Single Supply Precision
LT1216C 40 0.480 23 1000 650 550 N14, S16 23MHz, 50V/us, Single Supply Precision
LT1230C 300 0.045 100 0.6 15000 10000 JN S Fast Slew. Rate, Current Feedback Architecture
LT1254C 250 90 0560 | 15000 | 15000 | N14,514 Low Cost Video Amplifier
LT1356C 200 0.280 12 12 800 | 300 | Ni4,516 1mA, 12MHz, 400V/js Quad C-Load
LT1359C 300 0.220 25 20 600 | 500 | N14,516 2mA, 25MHz, 600V/us Quad C-Load
LT1362C 600 0.090 50 45 1000 | 1000 | N14,516 4mA, 50MHz, 800V/us Quad C-Load
LT1365C 750 0.080 70 45 1500 | 2000 | N14,516 6mA, 70MHz, 1000V/us Quad C-Load

Hypical value  *10V step, to 1mV at sum node.  **Maximum value, 10V step, to 1mV at sum node.  ***3V Step
NOTE: See page 14-3 for DESC cross reference numbers
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SECTION 2—AMPLIFIERS
PRECISION OPERATIONAL AMPLIFIERS
LT1028/LT1128, Ultra Low Noise Precision High Speed Op AMIPS .............couueeeeremneeieeeenieeseeeeeineeeeanenenens
LT1112/LT1114, Dual/Quad Low Power Precision, Picoamp Input 0p AMPS ............cccoveeeeeremeenneiraeeeennnenenes
LT1113, Dual Low Noise, Precision, JFET INPUE Op AMPS .............coeeeereenneeeneeeeaeeeraeseeeseenereennssssaaennnas
LT1169, Dual Low Noise, Picoampere Bias Current, JFET Input Op Amp......... .
LT1178S8, 20uA Max, Dual SO-8 Package, Single Supply Precision Op Amp ...
LT1413, Single Supply, Dual Precision Op Amp .............c.coeeeeeeeeeeenennnnnn
LT1457, Dual, Precision JFETINPUE O AP ..............eeeneeeeeeieeeieeeeeeetee et eetes et e s eeaeraseasanaseanasannans
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I !/\Q LT1028/LT1128

TECHNOLOGY

FEATURES

= V/oltage Noise
1.1nVAHz Max. at 1kHz
0.85nV/Hz Typ. at 1kHz
1.0nVAHz Typ. at 10Hz
35nVp_p Typ., 0.1Hz to 10Hz
Voltage and Current Noise 100% Tested
Gain-Bandwidth Product
LT1028: 50MHz Min.
LT1128: 13MHz Min.
Slew Rate
LT1028: 11V/us Min.
LT1128: 5V/us Min.
Offset Voltage: 40uV Max.
m Drift with Temperature: 0.8uV/°C Max.
= \oltage Gain: 7 Million Min.
m Available in 8-Pin SO Package

APPLICATIONS

m | ow Noise Frequency Synthesizers
= High Quality Audio

m [nfrared Detectors

® Accelerometer and Gyro Amplifiers
= 350Q Bridge Signal Conditioning
= Magnetic Search Coil Amplifiers

= Hydrophone Amplfiers

Ultra Low Noise Precision
High Speed Op Amps

DESCRIPTION

The LT1028(gain of -1 stable)/LT1128(gain of +1 stable)
achieve anew standard of excellence in noise performance
with 0.85nV/vHz 1kHz noise, 1.0nV/VHz 10Hz noise. This
ultra low noise is combined with excellent high speed
specifications (gain-bandwidth product is 75MHz for
LT1028, 20MHz for LT1128), distortion-free output, and
true precision parameters (0.1uV/°C drift, 10uV offset
voltage, 30 million voltage gain). Although the LT1028/
LT1128 input stage operates at nearly 1mA of collector
current to achieve low voltage noise, input bias current is
only 25nA.

The LT1028/LT1128’s voltage noise is less than the noise
of a 50Q resistor. Therefore, even in very low source
impedance transducer or audio amplifier applications, the
LT1028/LT1128's contribution to total system noise will
be negligible.

Flux Gate Amplifier

Voltage Noise vs Frequency

0 =g—F— —
I Vg =115V
o— gmg"””‘m“ 0 NIMAXIMUM Ta=25°C
1
1
s AN R
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DEMODULATOR z J NF
> [} TPICALNG N
z
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DRIVE SCHONSTEDT = 6o i
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LT1028/L71128

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Operating Temperature Range
=550 105°C ..o +22V LT1028/LT1128AM, M ..................... -55°C to 125°C
105°C 10 125°C .o +6V LT1028/LT1128AC, C ..oeverrren. —-40°C to 85°C
Differential Input Current (Note 8) .......cccoovunvenee. +25mA  Storage Temperature Range
Input Voltage ........ccoeeevveereeece. Equal to Supply Voltage All DBVICES ..oveevvreerenerereieriecreninnes -65°C to 150°C
Output Short Circuit Duration ...........ccccoeevenee Indefinite  Lead Temperature (Soldering, 10 SEC.)....cccoeenee. 300°C
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART ORDER PART
Vos TRIM NUMBER TOP VIEW NUMBER
20 1 LT1028S8
LT1028AMH e LT11280S8
LT1028MH 6] o
. g
v H}ggggﬁ“ L S8 PART MARKING
(CASE) 8-LEAD PLASTIC SOIC
H PACKAGE 1028
8-LEAD TO-5 METAL CAN 1 1 28
Tymax = 175°C, 8y = 140°C/W, 8¢ = 40°C/W Tamax = 135°C, 6,4 = 140°C/W
LT1028AMJ8 10P VW ORDER PART
AL LT1028MJ8 5] ne NUMBER
e [Es, LT1028ACJ8 5] e
-IN IZ:[>_LZ Vi LT1028CJ8 i4] TRIM LT1028CS
+n 3] 6] our LT1028ACN8 % v
v-[4] 5] JVER LT1028CN8 2] our
o LT1128AMJS i o
8-LEAD CERAMIC DIP LT1128MJ8 ;% NC
] N8 PACKAGE LT1 1 280J8 9 [ NC )
FLEADPLASTIC OP LT1128ACNS BT ReCOMMENDED FOR e
Tymax = 165°C, 654 = 100°CAW (J8) LT1128CN8 16-LEAD PLASTIC SOL DESIGNS.
Tamax = 130°C, 6,4 = 130°C/W (N8) Tymax = 140°C, 6,4 = 130°C/W
Consult factory for Industrial grade parts.
GI.ECTRICI-II. CHHBHCTG'“S“CS Vs = 15V, Tp = 25°C, unless otherwise noted.
LT1028AM/AC LT1028M/C
LT1128AM/AC LT1128M/C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 1) 10 40 20 80 w
AVgs | Long Term Input Offset (Note 2) 0.3 0.3 wv/Mo
ATime | Voltage Stability
los Input Offset Current Vom = 0V 12 50 18 100 nA
I Input Bias Current Vom = 0V +25  +90 30 180 nA
ey Input Noise Voltage 0.1Hz to 10Hz (Note 3) 35 75 35 90 nVp.p

LT Nee




LT1028/LT1128

GLGCTBICHL CHHBHCTEBB“CS Vs =15V, Tp = 25°C, unleés otherwise noted.

LT1028AM/AC LT1028M/C
LT1128AM/AC LT1128M/C
SYMBOL| PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Input Noise Voltage Density fo = 10Hz (Note 4) 1.00 17 1.0 19 nVAHz
fo = 1000Hz, 100% tested 085 1.1 0.9 1.2 nVAFz
In Input Noise Current Density fo = 10Hz (Note 3 and 5) 47 100 47 120 pANHz
fo = 1000Hz, 100% tested 1.0 1.6 1.0 1.8 pANHz
Input Resistance
Common Mode 300 300 MQ
Differential Mode 20 20 kQ
Input Capacitance 5 5 pF
Input Voltage Range +H1.0 $12.2 1.0 +22 \
CMRR | Common-Mode Rejection Ratio oy =H1V 114 126 110 126 dB
PSRR | Power Supply Rejection Ratio Vg =44V to +18V 117 133 110 132 dB
AvoL Large-Signal Voltage Gain Ry =2k, Vo =+12V 70 300 50 300 Vigv
Ry > 1k, Vg = +10V 50 200 35 200 Viw
Ry 26009, Vg = +10V 30 150 20 150 Viwv
Vour Maximum Output Voltage Swing Ry >2k +23 +13.0 120 +13.0 Y
R >600Q +11.0 +12.2 +05 +12.2 v
SR Slew Rate Ayg =-1 LT1028 11.0 150 1.0 150 Vs
Ayg =-1 LT1128 50 6.0 4.5 6.0 V/us
GBW | Gain-Bandwidth Product fo = 20kHz (Note 6) LT1028 50 75 50 75 MHz
fo = 200kHz (Note 6) LT1128 13 20 1 20 MHz
Zy Open-Loop Output Impedance Vo=0,lp=0 80 80 Q
Is Supply Current 74 9.5 76 105 mA
E I.GCTRICHL CHﬂﬂﬂCTEﬂISTICS Vs = +15V, -565°C < Ty <125°C, unless otherwise noted.
LT1028AM LT1028M
LT1128AM LT1128M
SYMBOL| PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage (Note 1) o 30 120 45 180 w
AVgs | Average Input Offset Drift (Note7) [] 0.2 0.8 025 1.0 wv/°C
ATemp
los Input Offset Current Vom = 0V [ 25 90 30 180 nA
Ig Input Bias Current Veom = 0V [ +40  +150 +50  +300 nA
Input Voltage Range ® | 103 117 +03 +H17 v
CMRR | Common-Mode Rejection Ratio Vom =+10.3V e | 106 122 100 120 dB
PSRR | Power Supply Rejection Ratio Vg = +4.5V to +16V e | 110 130 104 130 dB
AvoL Large-Signal Voltage Gain RL 22k, Vo =10V [ 30 140 20 140 Viwv
Ry > 1k, Vg =10V 20 100 1.5 100 Viw
Vour Maximum Output Voltage Swing Ry 22k o | +103 +16 103 +11.6 v
Is Supply Current [ 87 115 90 13.0 mA
2-14 LY IR



LT1028/LT1128

ELECTRICAL CHARACTERISTICS v; - 15v, 0°C < T, < 70°C, unless otherwise noted.

LT1028AC LT1028C
LT1128AC LT1128C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 1) [ 15 80 30 125 w
AVps | Average Input Offset Drift (Note7) [ ] 0.1 08 0.2 1.0 uv/eC
ATemp
los Input Offset Current Vem =0V [ 15 65 22 130 nA
I Input Bias Current Vom = 0V ® +30 +120 +40 240 nA
Input Voltage Range ® | 105 +120 105 120 v
CMRR | Common-Mode Rejection Ratio Vem = £10.5V e | 110 124 106 124 dB
PSRR | Power Supply Rejection Ratio Vg = +4.5V to 18V [ 14 132 107 132 dB
AvoL Large-Signal Voltage Gain RL 22k Vo =+10V [ 50 250 30 250 Vinv
Ry > 1k, Vo = £10V 40 18.0 25 180 Vi
Vour Maximum Output Voltage Swing RL 22k o | 115 127 +H15 127 v
RL > 6002 (Note 9) +9.5 +11.0 +9.0 +10.5 v
Is Supply Current [ 80 105 82 115 mA
ELECTRICAL CHARACTERISTICS v - +15v, -40°c <1, <85°C, unless otherwise noted. (Note 10)
LT1028AC LT1028C
LT1128AC LT1128C
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage [ 20 95 35 150 w
AVgg | Average Input Offset Drift ° 0.2 0.8 025 1.0 uv/°Cc
ATemp
los Input Offset Current Vem =0V [ 20 80 28 160 nA
Ig Input Bias Current Vom = 0V [ ] +35 +140 +45 1280 nA
Input Voltage Range o | +104 118 +04 1.8 \
CMRR | Common-Mode Rejection Ratio Vom = £10.5V e | 108 123 102 123 dB
PSRR | Power Supply Rejection Ratio Vs =+4.5V to £18V [J 12 131 106 131 dB
AvoL Large-Signal Voltage Gain R 22k, Vo =£10V e | 40 200 25 200 Vi
RL > 1k, Vo = £10V 30 140 20 140 V/iuv
Vour Maximum Output Voltage Swing R 22k ® | +11.0 +125 1.0 +25 \
Is Supply Current [ 85 11.0 87 125 mA

The @ denotes specifications which apply over the full operating
temperature range.

Note 1: Input Offset Voltage measurements are performed by automatic
test equipment approximately 0.5 sec. after application of power. In
addition, at Ty = 25°C, offset voltage is measured with the chip heated to
approximately 55°C to account for the chip temperature rise when the
device is fully warmed up.

Note 2: Long Term Input Offset Voltage Stability refers to the average
trend line of Offset Voltage vs. Time over extended periods after the first
30 days of operation. Excluding the initial hour of operation, changes in
Vg during the first 30 days are typically 2.5uV.

Note 3: This parameter is tested on a sample basis only.

Note 4: 10Hz noise voltage density is sample tested on every lot with the
exception of the S8 and S16 packages. Devices 100% tested at 10Hz are
available on request.

Note 5: Current noise is defined and measured with balanced source
resistors. The resultant voltage noise (after subtracting the resistor noise

on an RMS basis) is divided by the sum of the two source resistors to
obtain current noise. Maximum 10Hz current noise can be inferred from
100% testing at 1kHz.

Note 6: Gain-bandwidth product is not tested. It is guaranteed by design
and by inference from the slew rate measurement.

Note 7: This parameter is not 100% tested.

Note 8: The inputs are protected by back-to-back diodes. Current-limiting
resistors are not used in order to achieve low noise. If differential input
voltage exceeds 1.8V, the input current should be limited to 25mA.
Note 9: This parameter guaranteed by design, fully warmed up at Tp =
70°C. It includes chip temperature increase due to supply and load
currents.

Note 10: The LT1028/LT1128 are not tested and are not quality-
assurance-sampled at —40°C and at 85°C. These specifications are
guaranteed by design, correlation and/or inference from -55°C, 0°C,
25°C, 70°C and /or 125°C tests.

LY N
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LT1028/LT1128

TYPICAL PERFORMANCE CHARACTERISTICS

10Hz Voltage Noise Distribution
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LT1028/L71128

TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift with Temperature Long-Term Stability of Five
Distribution of Input Offset Voltage of Representative Units Representative Units
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LT1028/LT1128

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1028/LT1128

TYPICAL PERFORMANCE CHARACTERISTICS

LT1028
Large-Signal Transient Response
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LT1028/LT1128

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1028/LT1128

APPLICATIONS INFORMATION-NOISE

Voltage Noise vs Current Noise

The LT1028/LT1128’s less than 1nV/vVHz voltage noise is
three times better than the lowest voltage noise heretofore
available (onthe LT1007/1037). A necessary condition for
such low voltage noise is operating the input transistors at
nearly 1mA of collector currents, because voltage noise is
inversely proportional to the square root of the collector
current. Current noise, however, is directly proportional to
the square root of the collector current. Consequently, the
LT1028/LT1128’s current noise is significantly higher
than on most monolithic op amps.

Therefore, to realize truly low noise performance it is

important to understand the interaction between voltage

noise (ep), current noise (ln) and resistor noise (rp).

Total Noise vs Source Resistance

The total input referred noise of an op amp is given by
er=[en?+ 2+ ('nReq)zlv2

where Reg is the total equivalent source resistance at the
two inputs, and

n= VAKTReq = 0.13VReq in nVAHZ at 25°C

As a numerical example, consider the total noise at 1kHz
of the gain 1000 amplifier shown below.

LT

128
+

1028/1128 AIOY

Req = 100Q + 1002 1! 100k ~ 200Q
fp = 0.13v200 = 1.84nVVHz
e = 0.85nVVHz
Iy = 1.0pANHz

ey =[0.852 + 1.842 + (1.0 x 0.2) 2] "2 = 2.04nVAHz

Output noise = 1000 e; = 2.04uV/AHz

At very low source resistance (Req < 40Q) voltage noise
dominates. As Reg is increased resistor noise becomes the

largest term, as in the example above, and the LT1028/
LT1128’s voltage noise becomes negligible. As Req is
further increased, current noise becomes important. At
1kHz, when Req is in excess of 20k, the current noise
componentis largerthan the resistor noise. The total noise
versus matched source resistance plot illustrates the
above calculations.

The plot also shows that current noise is more dominant
at low frequencies, such as 10Hz. This is because resistor
noise is flat with frequency, while the 1/f corner of current
noise is typically at 250Hz. At 10Hz when Rqq > 1k, the
current noise term will exceed the resistor noise.

When the source resistance is unmatched, the total noise
versus unmatched source resistance plot should be con-
sulted. Note that total noise is lower at source resistances
below 1k because the resistor noise contribution is less.
When Rg > 1k total noise is not improved, however. This
is because bias current cancellation is used to reduce
input bias current. The cancellation circuitry injects two
correlated current noise components into the two inputs.
With matched source resistors the injected current noise
creates a common-mode voltage noise and gets rejected
by the amplifier. With source resistance in one input only,
the cancellation noise is added to the amplifier’s inherent
noise.

In summary, the LT1028/LT1128 are the optimum ampli-
fiers for noise performance, provided that the source
resistance is kept low. The following table depicts which
op amp manufactured by Linear Technology should be
used to minimize noise, as the source resistance is in-
creased beyond the LT1028/LT1128’s level of usefulness.

Best Op Amp for Lowest Total Noise vs Source Resistance

SOURCE RESIS- BEST OP AMP

TANCE(C2) (Note 1) AT LOW FREQ(10Hz) WIDEBAND(1kHz)
0 to 400 LT1028/LT1128 LT1028/LT1128
400 to 4k LT1007/1037 LT1028/LT1128
4k to 40k LT1001 LT1007/1037
40k to 500k LT1012 LT1001
500k to 5M LT1012 or LT1055 LT1012
>5M LT1055 LT1055

Note 1: Source resistance is defined as matched or unmatched, e.g.,
Rs = 1k means: 1k at each input, or 1k at one input and zero at the other.

LT U
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LT1028/LT1128

APPLICATIONS INFORMATION-NOISE

Noise Testing — Voltage Noise

The LT1028/LT1128's RMS voltage noise density can be
accurately measured using the Quan Tech Noise Analyzer,
Model 5173 or an equivalent noise tester. Care should be
taken, however, to subtract the noise of the source resistor
used. Prefabricated test cards for the Model 5173 set the
device under test in a closed-loop gain of 31 with a 60Q
source resistor and a 1.8k feedback resistor. The noise of
this resistor combination is 0.13v58 = 1.0nV/vHz. An
LT1028/LT1128 with 0.85nV/VHz noise will read (0.852 +
1.0%)"2 = 1.31nV/~Hz. For better resolution, the resistors
should be replaced with a 10Q source and 3002 feedback
resistor. Even a 10Q resistor will show an apparent noise
which is 8% to 10% too high.

The 0.1Hz to 10Hz peak-to-peak noise of the LT1028/
LT1128 is measured in the test circuit shown. The fre-
quency response of this noise tester indicates. that the
0.1Hz corner is defined by only one zero. The test time to
measure 0.1Hz to 10Hz noise should not exceed 10
seconds, as this time limit acts as an additional zero to
eliminate noise contributions from the frequency band
below 0.1Hz. ‘

0.1Hz to 10Hz Noise Test Circuit

VOLTAGE GAIN = 50,000
* DEVICE UNDER TEST

NOTE ALL CAPACITOR VALUES AREFOR =
NONPOLARIZED CAPACITORS ONLY

S rxa
179
ey m
=
GAIN (dB)

Measuring the typical 35nV peak-to-peak noise perfor-
mance of the LT1028/LT1128 requires special test pre-
cautions:

(@) The device should be warmed up for at least five
minutes. As the op amp warms up, its offset voltage
changes typically 10uV due to its chip temperature
increasing 30°C to 40°C from the moment the power
supplies are turned on. In the 10 second measure-
ment interval these temperature-induced effects can
easily exceed tens of nanovolts.

(b) For similar reasons, the device must be well shielded
from air current to eliminate the possibility of thermo-
electric effects in excess of a few nanovolts, which
would invalidate the measurements.

(c) Sudden motion in the vicinity of the device can also
“feedthrough” to increase the observed noise.

A noise-voltage density test is recommended when mea-
suring noise on a large number of units. A 10Hz noise-
voltage density measurement will correlate well with a
0.1Hz to 10Hz peak-to-peak noise reading since both
results are determined by the white noise and the location
of the 1/f corner frequency.

0.1Hz to 10Hz Peak-to-Peak Noise
Tester Frequency Response

100

90

80 [

AN
e

70

60 1

50

40

30
0.01 0.1 1.0 10 100
FREQUENCY (Hz)

LT1028/1128+ AlO3

1028/1128 AI02
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LT1028/LT1128

APPLICATIONS INFORMATION-NOISE

Noise Testing — Current Noise

Current noise density (I,) is defined by the following
formula, and can be measured in the circuit shown:

_ [eno® - (31 x 18.4nVVHz)!|"?

|
n 20k x 31

> .
> =

A
v

<
<

— €no

1028/1128 AlO4

If the Quan Tech Model 5173 is used, the noise reading is
input-referred, therefore the result should not be divided
by 31; the resistor noise should not be multiplied by 31.

100% Noise Testing

The 1kHz voltage and current noise is 100% tested on the
LT1028/LT1128 as part of automated testing; the approxi-
mate frequency response of the filters is shown. The limits
on the automated testing are established by extensive
correlation tests on units measured with the Quan Tech
Model 5173.

10Hz voltage noise density is sample tested on every lot.
Devices 100% tested at 10Hz are available on request for
an additional charge.

10Hz current noise is not tested on every lot but it can be
inferred from 100% testing at 1kHz. A look at the current
noise spectrum plot will substantiate this statement. The
only way 10Hz current noise can exceed the guaranteed
limits is if its 1/f corner is higher than 800Hz and/or its
white noise is high. Ifthat is the case then the 1kHz test will
fail.

Automated Tester Noise Filter

10
0
,
g /
& 10
o0
2 \
& -20
5 / CURRE| VOLTAGE
= / noise| \\noise
@ -30
o
=
-40 \
-50
100 1k 10k 100k

FREQUENCY (Hz)

LT1028/1128 + Al0S

APPLICATIONS INFORMATION

General

The LT1028/LT1128 series devices may be inserted di-
rectly into OP-07, OP-27, OP-37, LT1007 and LT1037
sockets with or without removal of external nulling com-
ponents. In addition, the LT1028/LT1128 may be fitted to
5534 sockets with the removal of external compensation
components.

Ofiset Voltage Adjustment

Theinput offset voltage of the LT1028/LT1128 and its drift
with temperature, are permanently trimmed at wafer test-
ing to a low level. However, if further adjustment of Vg is
necessary, the use of a 1k nulling potentiometer will not
degrade drift with temperature. Trimming to a value other

15V

ouTPUT

15V 102811128 06

than zero creates a drift of (Vos/300)uV/°C, e.g., if Vps is
adjusted to 300uV, the change in drift will be 1uV/°C.

The adjustment range with a 1k pot is approximately
+H.1mV.
Offset Voltage and Drift

Thermocouple effects, caused by temperature gradients
across dissimilar metals at the contacts to the input

LY UIER
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LT1028/LT1128

APPLICATIONS INFORMATION

terminals, can exceed the inherent drift of the amplifier
unless proper care is exercised. Air currents should be
minimized, package leads should be short, the two input
leads should be close together and maintained at the same
temperature.

The circuit shown to measure offset voltage is also used
as the burn-in configuration for the LT1028/L.T1128.

Test Circuit for Offset Voltage
and Offset Voltage Drift with Temperature

I—wv
S

Vo =100Vpg
* RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL

1028/1128 A10B.

Unity-Gain Buffer Applications (LT1128 Only)

When Rp< 1000 and the input is driven with a fast, large-
signal pulse (>1V), the output waveform will look as
shown in the pulsed operation diagram.

Re

OuTPUT 6V/us

1028/1128 AlOT

During the fast feedthrough-like portion of the output, the
input protection diodes effectively short the output to the
inputand a current, limited only by the output short-circuit
protection, will be drawn by the signal generator. With Rg
> 5000, the output is capable of handling the current
requirements (I <20mA at 10V) and the amplifier stays
in its active mode and a smooth transition will occur.

As with all operational amplifiers when Rg > 2k, a pole will
be created with Rr and the amplifier’s input capacitance,
creating additional phase shift and reducing the phase
margin. Asmall capacitor (20pFto 50pF) in parallel with Rg
will eliminate this problem. '

Frequency Response

The LT1028’s Gain, Phase vs Frequency plot indicates that
the device is stable in closed-loop gains greater than +2 or
-1 because phase margin is about 50° at an open-loop
gain of 6dB. In the voltage follower configuration phase
margin seems inadequate. This is indeed true when the
output is shorted to the inverting input and the noninvert-
ing input is driven from a 50Q source impedance. How-
ever, when feedback is through a parallel R-C network
(provided Cr < 68pF), the LT1028 will be stable because of
interaction between the input resistance and capacitance
and the feedback network. Larger source resistance at the
noninverting input has a similar effect. The following
voltage follower configurations are stable:

—_E 1028/1128 A0S

Another configuration which requires unity-gain stability
is shown below. When Cgis large enough to effectively
short the output to the input at 15MHz, oscillations can
occur. The insertion of Rgo > 500Q will prevent the
LT1028 from oscillating. When Rg1 >500€2, the additional
noise contribution due to the presence of Rgo will be
minimal. When Rgq < 100Q, Rg is not necessary, be-
cause Rgq represents a heavy load on the output through
the Cgshort. When 100Q < Rg <5000, Rgp should match
Rs1 . For example, Rgy =Rgp = 300Q will be stable. The
noise increase due to Rgy is 40%.

10281128 Al10
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LT1028/LT1128

APPLICATIONS INFORMATION

If Cr is only used to cut noise bandwidth, a similar effect
can be achieved using the over-compensation terminal.

The Gain, Phase plot also shows that phase margin is
about 45° at gain of 10 (20dB). The following configura-

102811128 111

tion has a high (=70%) overshoot without the 10pF
capacitor because of additional phase shift caused by the
feedback resistor — input capacitance pole. The presence
of the 10pF capacitor cancels this pole and reduces
overshoot to 5%.

Over-Compensation

The LT1028/LT1128 are equipped with a frequency over-
compensation terminal (pin 5). A capacitor connected
between pin 5 and the output will reduce noise bandwidth.
Details are shown on the Slew Rate, Gain-Bandwidth
Product vs Over-Compensation Capacitor plot. An addi-
tional benefit is increased capacitive load handling capa-
bility.

TYPICAL APPLICATION

Strain Gauge Signal Conditioner with Bridge Excitation

<
S0

REFERENCE
outPUT

3500 | & <
BRIDGE } &

—1uF &
b

4 *
> 301k

*RNBOC FILM RESISTORS

o5k L
S GAIN S 49.90
I TRIM

S
3 3300 =

THE LT1028's NOISE CONTRIBUTION IS NEGLIGIBLE
COMPARED TO THE BRIDGE NOISE.

Low Noise Voltage Regulator

3 2

10 > 2.3
1 J PROVIDES PRE-REG
28v _[‘l [ AND CURRENT
= LIMITING

> 2N6387

p—— 20V OUTPUT
>

| i:Zk

S
S

V7O 10V
OUTPUT

102811128 TAO4

102871128 TAS
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LT1028/LT1128

TYPICAL APPLICATION

Paralleling Amplifiers to Reduce Voltage Noise

1.5k

1. ASSUME VOLTAGE NOISE OF LT1028 AND 7.5Q SOURCE RESISTOR = 0.9nVAHz,
2. GAIN WITH n LT1028s IN PARALLEL = n x 200.
3. OUTPUT NOISE = Vn x 200 x 0.9nV/AHz.

_ OUTPUT NOISE _ 0.9
4. INPUT REFERRED NOISE = <200 - nVAHz.
5. NOISE CURRENT AT INPUT INCREASES v TIMES.
6.1Fn =5, GAIN = 1000, BANDWIDTH = 1MHz, RMS NOISE, DC TO 1MHz = 2%5\/ =0.9uV.

1028/1128 TAUS

Low Noise, Wide Bandwidth Instrumentation Amplifier

~INPUT

SINE
DRIVE

— OUTPUT

+INPUT

GAIN = 1000, BANDWIDTH = 1MHz
INPUT REFERRED NOISE = 1.5nV/NFz AT 1kHz

WIDEBAND NOISE —DC to 1MHz = 3uVams

IF BW LIMITED TO DC TO 100kHz = 0.551Vpus ——

Phono Preamplifier

10Q
AA- .
< _i
703 otF L
5 > 10k
—% 3

100pF p— OUTPUT
47k 15V
ALL RESISTORS METAL FILM
= MAG PHONO
INPUT 1028/1126 TAOG
Tape Head Amplifier
0.1uF
499Q v
31.6k
A
WA
10Q
‘E-.- b— OUTPUT
TAPE HEAD _3
INPUT
ALL RESISTORS METAL FILM o128 Ta07
Gyro Pick-Off Amplifier
GYRO TYPICAL-
NORTHROP CORP.
GR-F5AH7-5B
__ OUTPUT TO SYNC
DEMODULATOR
100Q
1028/1128 TAO9.
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LT1028/LT1128

TYPICAL APPLICATION

Super Low Distortion Variable Sine Wave Oscillator Chopper-Stabilized Amplifier

R1 c2
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_________________ H
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1028/1128 TAT1 —
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LT1028/LT1128
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I t ]\E LT1N2/LT1114.

TECHNOLOGY Dual/Quad Low Power
Precision, Picoamp Input Op Amps

FEATURES DESCRIPTION

» S8 Package — Standard Pinout The LT1112dualand LT1114 quad op amps achieve a new
» Qffset Voltage ~ Prime Grade: 60pV Max standard in combining low costand outstanding precision
n QOffset Voltage — Low Cost Grade specifications.

(Including Surface Mount Dual/Quad): 75uV Max
n Qffset Voltage Drift: 0.5uV/°C Max
1 Input Bias Current; 250pA Max
# 0.1Hz to 10Hz Noise: 0.3uVp_p, 2.2pAp-p
» Supply Current per Amplifier: 400uA Max
» CMRR: 120dB Min

The performance of the selected prime grades matches or
exceeds competitive devices. Inthe design of the LT1112/
LT1114 however, particular emphasis has been placed on
optimizing performance in the low cost plastic and SO
packages. For example, the 75uV maximum offset voltage
x Voltage Gain: 1 Million Min in these low cost packages is the lowest on any dual or

r Guaranteed Specs with +1.0V Supplies quad non-chopper op amp.

» Guaranteed Matching Specifications The LT1112/LT1114 also provide a full set of matching
®» | T1114 in Narrow Surface Mount Package specifications, facilitating their use in such matching
dependent applications as two and three op amp instru-
mentation amplifiers.

APPLICATIONS D .

' . _ Another set of specifications is furnished at £1V supplies.
® Picoampere/Microvolt Instrumentation _ This, combined with the low 320pA supply current per
" Two and Three Op Amp Instrumentation Amplifers amplifier, allows the LT1112/LT1114 to be powered by
» Thermocouple and Bridge Amplifiers two nearly discharged AA cells.

1 Low Frequency Active Filters
1 Photo Current Amplifiers Protected by U.S. Patents 4,575,685; 4,775,884 and 4,837,496

1 Battery-Powered Systems

Distribution of Input Offset Voltage

Dual Qutput, Buffered Reference (On Single 3V Supply) (In All Packages)
—— 3V TOTAL SUPPLY CURRENT = 700pA
< 2V REFERENCE: SOURCES 1.7mA, SINKS 5mA
S 15k Rx OPTIONAL Ry = 3002 INCREASES SOURCE
9 CURRENT TO 5mA
0.765V REFERENCE: SOURCES 5maA,
SINKS 0.5mA
TEMPERATURE COEFFICIENT LIMITED
b— 2 000V BY REFERENCE = 20ppm/°C

MINIMUM SUPPLY = 2.7V

PERCENT OF UNITS

0
-70 -50 -30 -10 10 30 50 70
INPUT OFFSET VOLTAGE (uV)

L1214+ TAD2

IFAAA-@
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LT1112/LT114

ABSOLUTE MAXIMUM RATINGS

SupplY VORAGE ..ot +20V  Operating Temperature Range
Differential Input Current (Note 1) ........coveveneee +10mA LT1112AM/LT1112M
Input Voltage (Equal to Supply Voltage) ............... +20V LTI114AM/LTI114M ... ~55°C to 125°C
Output Short-Circuit Duration................c........ Indefinite LT1112AC/LT1112C/LT1112S8
Storage Temperature Range................. -65°C to 150°C LT1114AC/LT1114C/LT1114S .......... -40°C to 85°C
Lead Temperature (Soldering, 10 sec)............... 300°C
PACKAGE/ORDER INFORMATION
LAl ORDER PART JoPvew ORDER PART
out [1] 8] v NUMBER 8] v* NUMBER
-INA IZ;EJ [7] ouTB [7] outB
ANA 3] EI -INB LT1112AMJ8 6] -8 LT1112S8
v-[4] 5] +INg LT1112MJ8 5] +INB
J8 PACKAGE N8 PACKAGE LT1 1 1 2ACN8 S8 PACKAGE 88 PART MARK'NG
8-LEAD CERAMIC DIP  8-LEAD PLASTIC DIP LT1112CN8 8-LEAD PLASTIC SO
Tonax = 160°C, 654.= 100°C/W (JB) Toax = 140°C, 6.5 = 190°C/W 1112
Tomax = 140°C, 6,4 = 130°C/W (N8)
TOP VIEW ORDER PART TOP VIEW ORDER PART
outa 1] 14] outp NUMBER 76 ouTD NUMBER
-INA @];”%E -IND 15 -IND
ana 3] 1z] +ND LT1114AMJ [14] +inD LT1114S
v+ [4] 1] v- LT1114MJ @ v
ANB [5] [T0] +IN G LT1114ACN 72 +ine
-INB E[@Ej -ING LT1114CN 1] -ine
outs [7] 8] outc 10 ouTC
J PACKAGE N PACKAGE :9:' Ne
14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP S PACKAGE
Tymax = 160°C, 8,4 = 80°C/W (J) 16-LEAD PLASTIC SO (NARROW)
Tomax = 140°C, 8,4 = 110°C/W (N) Tymax = 140°C, 6,4 = 150°C/W

Consult factory for Industrial grade parts.

GLGCTRICHI. CH ﬂﬂ ﬂCTGBlS"(S Vs =15V, Vg = 0V, Ta = 25°C, unless otherwise noted.

LT1112AM/AC LT1112M/C/S8
LT1114AM/AC LT1114M/C/S
SYMBOL | PARAMETER CONDITIONS (Note 2) MIN TYP MAX | MIN TYP MAX UNITS
Vos Input Offset Voltage 20 60 25 75 w
Vs =+1.0V 40 10 45 130 w
AVos Long Term input Offset 0.3 0.3 uv/Mo
ATime Voltage Stability
los Input Offset Current 50 180 60 230 pA
LT1114S 75 330 pA
Ig Input Bias Current 70 £250 +80 1280 pA
LT1114S +100  +450 pA
ey Input Noise Voltage 0.1Hz to 10Hz (Note 9) 0.3 0.9 0.3 0.9 Wep

2-30
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LTTN2/LT1114.

LGCTB'CHL CHHRHCTER|ST|CS Vs =15V, Vg = OV, Tp = 25°C, unless otherwise noted.

LT1112AM/AC LT1112M/C/S8
LT1114AM/AC LT1114M/C/S
'MBOL | PARAMETER CONDITIONS (Note 2) MIN TYP MAX | MIN TYP MAX UNITS
Input Noise Voltage Density fo = 10Hz (Note 9) 16 28 16 28 nV/NHz
fo = 1000Hz (Note 9) 14 18 14 18 nV/AHz
Input Noise Current 0.1Hz to 10Hz 2.2 22 pAp.p
Input Noise Gurrent Density fo = 10Hz 0.030 0.030 pA~Hz
fg = 1000Hz 0.008 0.008 pANHZ
M Input Voitage Range +135 +143 +135 1143 v
fRR Common-Mode Rejection Ratio | Vgy =+13.5V 120 136 115 136 dB
RR Power Supply Rejection Ratio Vg = 1.0V to 20V 116 126 114 126 dB
Minimum Supply Voltage (Note 4) +1.0 +1.0 \
\ Input Resistance
Differential Mode (Note 3) 20 50 15 40 MQ
Common Mode 800 700 GQ
oL Large-Signal Voltage Gain Vo = +12V, R = 10kQ 1000 5000 800 5000 VimV
Vo = 10V, Ry = 2kQ 800 1500 600 1300 V/imV
T Output Voltage Swing RL =10kQ +13.0 +14.0 +13.0 £140 v
RL = 2kQ +11.0 124 +11.0 +124 Vv
i Slew Rate 0.16  0.30 016 030 Vius
w Gain-Bandwidth Product fo = 10kHz 450 750 450 750 kHz
Supply Current per Amplifier 350 400 350 450 pA
Vg =+1.0V 320 370 320 420 pA
Channel Separation fo = 10Hz 150 150 dB
fos Offset Voltage Match (Note 5) 35 100 40 130 ny
gt Noninverting Bias Current Match 100 450 100 500 pA
(Notes 5, 6) LT1114S 120 680 pA
'MRR | Common-Mode Rejection Match | (Notes 5, 7) 117 136 113 136 dB
SRR | Power Supply Rejection Match (Notes 5, 7) 14 130 112 130 dB
LGCTHIC“L CHﬂﬁ HCTEBISTICS Vg = +15V, -55°C < Ty < 125°C, unless otherwise noted.
LT1112AMJ8 LT1112MJ8
LT1114AMJ LT1114MJ
fMBOL | PARAMETER CONDITIONS (Note 2) MIN TYP MAX | MIN TYP MAX UNITS
S Input Offset Voltage [) 35 120 45 150 w
Vg=+1.2V ° 60 220 70 260 w
Vos Average Input Offset Voltage Drift | (Note 8) ° 015 05 020 075 uv/eC
‘emp
5 Input Offset Current [ 80 400 100 500 pA
Input Bias Current ° +150 +600 +170  +700 pA
M Input Voltage Range o |+135 141 +13.5 141 v
ARR Common-Mode Rejection Ratio | Vgy =+13.5V e | 116 130 11 130 dB
)RR Power Supply Rejection Ratio Vg =+1.2V to +20V e | 112 124 110 124 dB
oL Large-Signal Voltage Gain Vp =112V, R = 10kQ ® | 500 2500 400 2500 VimV
Vg =+10V, R = 2kQ ® | 200 600 170 500 V/imV




LTTN2/LT14

ELECT“'CHL CHﬂﬂﬂCTGﬂlS“CS Vs =15V, -55°C < Ty < 125°C, unless otherwise noted.

LT1112AMJ8 LT1112MJ8
LT1114AMJ LT1114MJ
SYMBOL | PARAMETER CONDITIONS (Note 2) MIN TYP MAX | MIN TYP MAX UNIT!
Vour Output Voltage Swing R = 10kQ ® | +13.0 +13.85 +13.0 +13.85 '
SR Slew Rate e | 012 022 012 022 \
Is Supply Current per Amplifier [ 380 460 380 530 u
AVog Offset Voltage Match (Note 5) [ 55 200 70 240 u
Offset Voltage Match Drift (Notes 5, 8) ° 0.2 0.7 0.3 1.0 uv/e
Alg* Noninverting Bias Current Match | (Notes 5, 6) [ 150 750 170 850 [
ACMRR | Common-Mode Rejection Ratio | (Notes 5, 7) e | 112 130 106 - 130 d
APSRR Power Supply Rejection Ratio (Notes 5, 7) e | 109 126 106 126 d
GLECTB ICHL CH ﬂﬂ ﬂCTGﬂ ISTICS Vs =+15V, 0°C < Tp <70°C, unless otherwise noted.
' LT1112ACN8 LT1112N8/S8
v LT1114ACN LT1114CN/S
SYMBOL | PARAMETER CONDITIONS (Note 2) MIN TYP MAX | MIN TYP MAX UNIT!
Vos Input Offset Voltage LT1112N8 ° 27 100 30 125 n
LT111288, LT1114N/S ° 35 125 45 150 N
Vg =412V [J 50 175 65 210 u
AVps = | Average Input Offset Voltage Drift | LT1112N8 ° 015 05 02 075 uvre
ATemp | (Note 8) LT111288, LT1114N/S ) 03 11 0.4 1.3 uv/e
los Input Offset Current ° 60 220 70 290 p
LT1114S [J 90 420 p
I Input Bias Current [ ] +80  +300 +90 £350 p
LT1114S ° 115 550 p
Vem Input Voltage Range ® |+135 1142 | £135 +14.2 '
CMRR Common-Mode Rejection Ratio | Vgn = £13.5V e | 118 133 13 133 d
PSRR Power Supply Rejection Ratio Vg = 1.2V to 20V e | 114 125 S 112 125 d
AvoL Large-Signal Voltage Gain Vo =12V, Ry = 10kQ ® | 300 4000 650 4000 Vim
Vo =10V, R = 2kQ e | 500 1300 400 1000 Vim
Vour Output Voltage Swing Ry = 10kQ ® [+13.0 139 +13.0 +139
SR Slew Rate . e | 014 027 014 027 Vip
ls Supply Current per Amplifier ® 370 440 370 500 u
AVos Offset Voltage Match LT1112N8 (] 45 170 55 210 M
(Note 5) LT111288, LT1114N/S ° 55 220 70 270 u
Offset Voltage Match Drift LT1112N8 [ 0.2 0.7 0.3 1.0 wvre
(Notes 5, 8) LT111288, LT1114N/S ° 0.4 1.6 0.5 1.9 uv/e
Alg* Noninverting Bias Current Match [ 120 530 135 620 p
(Notes 5, 6) LT1114S [ 160 880 p
ACMRR | Common-Mode Rejection Ratio | (Notes 5, 7) e | 114 134 109 134 d
APSRR | Power Supply Rejection Ratio (Notes 5, 7) e | 110 128 108 128 d
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LT1M2/LT1114

:LECTRICAL CHRRACTERISTICS v, - +15v, ~40° <7, <85°C, (Note 10)

LT1112ACN8 LT1112N8/S8
LT1114ACN LT1114CN/S

YMBOL | PARAMETER CONDITIONS (Note 2) MIN TYP MAX | MIN TYP MAX UNITS
0s Input Offset Voltage LT1112N8 ° 30 110 35 135 w
LT1112S8, LT1114N/S ° 40 135 45 160 ny

Vg =+1.2V ° 55 200 60 240 Y

Wos Average Input Offset Voltage Drift | LT1112N8 ° 0.15 050 020 075 wv/°c
Temp LT1112S8, LT1114N/S [J 030 1.10 040 130 uv/eC
S Input Offset Current ) 70 330 85 400 pA
LT1114S [J 110 600 pA

; Input Bias Current ) +110  +500 +120 550 pA
LT1114S [ +150  +800 pA

oM Input Voltage Range e [+135 +141 +135 +1441 v
MRR Common-Mode Rejection Ratio | Vg =+13.5V e | 117 132 12 132 dB
SRR Power Supply Rejection Ratio Vg = +1.2V to +20V e | 113 125 1M 125 dB
VoL Large-Signal Voltage Gain Vo =112V, R, = 10kQ e | 700 3300 600 3300 V/mV
Vo =10V, Ry = 2kQ ® | 400 1100 300 900 V/imv

ouT Output Voltage Swing R = 10kQ ® |+13.0 +13.85 +13.0 +13.85 v
R Slew Rate e | 013 024 013 024 Viys
; Supply Current per Amplifier ° 370 450 370 510 VA
Vos Offset Voltage Match LT1112N8 [) 50 180 60 225 w
(Note 5) LT1112S8, LT1114N/S [ 60 230 70 270 w

Offset Voltage Match Drift LT1112N8 [ 0.2 0.7 0.3 1.0 wv/°c

(Notes 5) LT1112S8, LT1114N/S ° 0.4 1.6 0.5 19 uv/°C

It Noninverting Bias Current Match [ ] 140 660 155 770 pA
(Notes 5, 6) LT1114S [ 190 1300 pA

CMRR | Common-Mode Rejection Ratio | (Notes 5, 7) e | 113 133 109 133 dB
PSRR | Power Supply Rejection Ratio (Notes 5, 7) e | 110 127 107 127 dB

he @ denotes specifications which apply over the operating temperature

ange.

lote 1: Differential input voltages greater than 1V will cause excessive

urrent to flow through the input protection diodes unless limiting

ssistance is used.

lote 2: Typical parameters are defined as the 60% vield of parameter

istributions of individual amplifiers; i.e., out of 100 LT1114s (or 100

T1112s) typically 240 op amps (or 120) will be better than the indicated

pecification.

lote 3: This parameter is guaranteed by design and is not tested.

lote 4: Offset voltage, supply current and power supply rejection ratio

re measured at the minimum supply voltage. '

lote 5: Matching parameters are the difference between amplifiers A and

’T and getween B and C on the LT1114; between the two amplifiers on the
1112

Note 6: This parameter is the difference between two noninverting
input bias currents.

Note 7: ACMRR and APSRR are defined as follows: (1) CMRR and
PSRR are measured in uV/V on the individual amplifiers. (2) The
difference is calculated between the matching sides in uV/V. (3) The
result is converted to dB.

Note 8: This parameter is not 100% tested.

Note 9: These parameters are not tested. More than 99% of the op
amps tested during product characterization have passed the
maximum limits. 100% passed at 1kHz.

Note 10: The LT1112/LT1114 are not tested and are not quality
assurance sampled at ~40°C and at 85°C. These specifications are
guaranteed by design, correlation and/or inference from —55°C, 0°C,
25°C, 70°C and/or 125°C tests.

LT IR
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LTT12/LT1114

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias and Offset Current,
Noninverting Bias Current Match

vs Temperature
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Distribution of Offset Voltage
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LT1114J Packages)
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LT112/LT1114

TYPICAL PERFORMANCE CHARACTERISTICS

Noise Spectrum
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LTTN2/LT114

TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain Voltage Gain vs Frequency Gain, Phase Shift vs Frequency
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LT112/LT1114

TYPICAL PERFORMANCE CHARACTERISTICS

Small-Signal Transient Response
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APPLICATIONS INFORMATION

The LT1112 dual and LT1114 quad in the plastic and
ceramic DIP packages are pin compatible to and directly
replace such precision op amps as the OP-200, OP-297,
AD706 duals and OP-400, OP-497, AD704 quads with
improved price/performance.

The LT1112 in the S8 surface mount package has the
standard pin configuration, i.e., the same configuration as
the plastic and ceramic DIP packages.

The LT1114 quad is offered in the narrow 16-pin surface
mount package. All competitors are in the wide 16-pin
package which occupies 1.8 times the area of the narrow
package. The wide package is also 1.8 times thicker than
the narrow package.

Theinputs ofthe LT1112/1114 are protected with back-to-
back diodes. In the voltage follower configuration, when

INPUT: £5.2V Sine Wave

Voltage Follower with Input Exceeding the Common-Made Range (Vs = £5V)

LT1112 Output

the input is driven by a fast large-signal pulse (>1V), the
input protection diodes effectively short the output to the
input during slewing, and a current, limited only by the
output short-circuit protection, will flow through the
diodes.

The use of a feedback resistor is recommended because
this resistor keeps the current below the short-circuit limit,
resulting in faster recovery and settling of the output.

Theinput voltage of the LT1112/1114 should never exceed
the supply voltages by more than a diode drop. However,
the example below shows that as the input voltage exceeds
the common-mode range, the LT1112’s output clips
cleanly, withoutany glitches or phase reversal. The OP-297
exhibits phase reversal. The photos also illustrate that both
the input and output ranges of the LT1112 are within

0P-297 Output

LY LR
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APPLICATIONS INFORMATION

800mV of the supplies. The effect of input and output
overdrive on the other amplifiers in the LT1112 or
LT1114 packages is negligible, as each amplifier is
biased independently.

Advantages of Matched Dual and Quad Op Amps

In many applications the performance of a system de-
pends on the matching between two operational amplifi-
ers rather than the individual characteristics of the two op
amps. Two or three op amp instrumentation amplifiers,
tracking voltage references and low drift active filters are
some of the circuits requiring matching between two op
amps.

The well-known triple op amp configuration illustrates
these concepts. Qutput offset is a function of the differ-
ence between the offsets of the two halves of the LT1112.
This error cancellation principle holds for a considerable
number of input referred parameters in addition to offset
voltage and its drift with temperature. Input bias current
will be the average of the two noninverting input currents
(I%). The difference between these two currents (Alg*) is
the offset current of the instrumentation amplifier. Com-
mon-mode and power supply rejections will be dependent
only on the match between the two amplifiers (assuming
perfect resistor matching).

The concepts of common-mode and power supply rejec-
tion ratio match (ACMRR and APSRR) are best demon-
strated with a numerical example:

Assume CMRRy = +1uV/V or 120dB,

and CMRRg = +0.75uV/V or 122.5dB,

then ACMRR = 0.25uV/V or 132dB;

if CMRRg = —0.75uV/V which is still 122.5dB,
then ACMRR = 1.75uV/V or 115dB.

Clearly the LT1112/LT1114, by specifying and guarantee-
ing all of these matching parameters, can significantly
improve the performance of matching-dependent
circuits.

Typical performance of the instrumentation amplifier:

Input offset voltage = 35uV
Offset voltage drift = 0.3uV/°C
Input bias current = 80pA

Input offset current = 100pA
Input resistance = 800GQ
Input noise = 0.42uVp.p

. Three Op Amp Instrumentation Amplifier

OuTPUT

GAIN = 1000
TRIM R8 FOR GAIN

TRIM R9 FOR DC
R7 COMMON-MODE REJECTION

8k TRIM R10 FOR AG
0.5%  COMMON-MODE REJECTION

LT1112/14+ AI02

When the instrumentation amplifier is used with high
impedance sources, the LT1114 is recommended be-
cause its CMRR vs frequency performance is better than
the LT1112’s. Forexample, with two matched 1MQ source
resistors, CMRR at 100Hzis 100dB withthe LT1114,76dB
with the LT1112.

This difference is explained by the fact that capacitance
between adjacent pins on an IC package isabout 0.25pF
(including package, socket and PC board trace capaci-
tances). :

On the dual op amp package, positive input A is next to the
V- pin (AC ground), while positive input B has no AC
ground pin adjacent to it, resulting in a 0.25pF input
capacitance mismatch. At 100Hz, 0.25pF represents a
6.4 x 109 input impedance mismatch, which is only 76dB
higher than the 1IMQ source resistors.

On the quad package, all four inputs are adjacent to a
power supply terminal-therefore, there is no mismatch.

2-38
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TYPICAL APPLICATION

Dual Buffered +0.617V Reference Powered by Two AA Batteries

+1.5V

*OPTIONAL

8
\1
1112 10617V

= :& 20k

A\ LT11004-1.2 $01% TOTAL SUPPLY CURRENT = 700p:A

100pF WORKS WITH BATTERIES DISCHARGED

T0 £1.3V

AT +1.5V: MAXIMUM LOAD CURRENT = 800uA;
CAN BE INCREASED WITH OPTIONAL Ry, Ry;
AT Ry = Ry = 750Q LOAD CURRENT = 2mA
TEMPERATURE COEFFICIENT LIMITED BY
REFERENCE = 20ppm/°C

S 20k
>0.1%

*OPTIONAL
-1.5V

-0.617V LTH112714-Th03

SCHEMATIC DIARGRAM (11211112, 1/4 LT1114)

J-1zpF 0k a0k GDZ"_‘”ll
35
035 034 da ph |
P a19
022
30pF N
800Q 4k
S
as} EQS zczs
8
024
3k
13 |
INVERTING
INPUT s S
a1 02:}—4 S
Q3 3"
9
. 16
10k
NONINVERTING [N o
10 WA 018 030
INPUT L Nar 7~
E ¢ ::4600
15”‘“(9 < Q3t
5quD] 14 15
SuA ‘P’ o 2000 . 2000
V- 4600 3:4609

Q1 TO Q4 ARE SUPERGAIN TRANSISTORS  wrrirzzsa«soor
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TECHNOLOGY

Dual Low Noise,

Precision, JFET Input Op Amps

FERTURES

m 100% Tested Low Voltage Noise 6nV/vHz Max
® 58 Package Standard Pinout

= Voltage Gain 1.2 Million Min
= (ffset Voltage 1.5mV Max
m (ffset Voltage Drift 15uv/°C Max
® |nput Bias Current, Warmed Up 450pA Max
® (Gain-Bandwidth Product 6.3MHz Typ

® Guaranteed Specifications with +5V Supplies
® Guaranteed Matching Specifications

APPLICATIONS

Photocurrent Amplifiers

Hydrophone Amplifiers

High Sensitivity Piezoelectric Accelerometers

Low Voltage and Current Noise Instrumentation
Amplifier Front Ends

® Two and Three Op Amp Instrumentation Amplifiers
® Active Filters

DESCRIPTION

The LT1113 achieves a new standard of excellence in
noise performance for a dual JFET op amp. The 4.5nV/AHz
1kHz noise combined with low current noise and
picoampere bias currents makes the LT1113 an ideal
choice for amplifying low level signals from high imped-
ance capacitive transducers.

The LT1113 is unconditionally stable for gains of 1 or
more, even with load capacitances up to 1000pF. Other
key features are 0.4mV Vg, voltage gain of 4 million. Each
individual amplifier is 100% tested for voltage noise, slew
rate, and gain-bandwidth.

The design of the LT1113 has been optimized to achieve
true precision performance with an industry standard
pinout in the S8 package. A set of specifications are
provided for +5V supplies and a full set of matching
specifications are provided to facilitate their use in such
matching dependent applications as instrumentation
amplifier front ends.

TYPICAL APPLICATION

Low Noise Hydrophone Amplifier with DC Servo

R3 5V 70 15V

1—AAA
V
g
©

L 5V T0 15V

SR8
> 1
HYDRO- 00M
PHONE
:&R7
>1M
L I

DC OUTPUT < 2.5mV FOR Tp < 70°C
OUTPUT VOLTAGE NOISE = 128nV/VHz AT 1kHz (GAIN = 20)
C1 = Ct ~ 100pF TO 5000pF; R4C2 > R8Ct; *OPTIONAL

QUTPUT

1kHz Input Noise Voltage Distribution

T
V5=¢15VJ
Ta=25°C

L]
138 S8
76 OP AMPS TESTED -

S
=3

@
S

N
=3

PERCENT OF UNITS (%)

=

0
38 40 42 44 46 4850 5254 56 58
INPUT VOLTAGE NOISE ("VAHz)

1113 TA02
113 TA01
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage Operating Temperature Range
—55°C 10 105°C ...oovcveereeeeee s +20V LTIT13AMALTII3M -55°C to 125°C
105°C 10 125°C .o +16V LT1113ACATI113C oo -40°C to 85°C
Differential Input VORAge ........cocevveverveeercreerenn, +40V  Storage Temperature Range................. -65°C to 150°C
Input Voltage (Equal to Supply Voltage)............... +20V  Lead Temperature (Soldering, 10 SEC) ......c...cvev.. 300°C
Output Short Gircuit Duration ............ccccuueneee. 1 Minute
TOP VIEW ORDER PART — ORDER PART
ouTA [T] ~ I NUMBER v NUMBER
e %];I g ours LT1113AMJ8 [T ours LT1113CS8
- di= e LT1113MJ8 5]-ve
] s1me LT1113ACNS 5] s
J8 PACKAGE N8 PACKAGE LT1113CN8 5 PAGKAGE $8 PART MARKING
8-LEAD CERAMIC DIP  8-LEAD PLASTIC DIP 6-LEAD PLASTIE SOIC 113
Tymax = 160°C, 844 = 100°C/W (J8
Tha 140°G. gf: = 130°CW éna)) Tomax = 160°C, 64 = 190°C/W
Consult factory for Industrial grade parts.
Vs =+15V, Vgm = OV, Ty = 25°C, unless otherwise noted.
LT1113AM/AC LT1113M/C
SYMBOL| PARAMETER CONDITIONS (Note 1) MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 0.40 15 050 1.8 mv
Vg =5V 0.45 17 055 2.0 mv
los Input Offset Current Warmed Up (Note 2) 30 100 35 150 pA
Is Input Bias Current Warmed Up (Note 2) 300 450 320 480 pA
(M Input Noise Voltage 0.1Hz to 10Hz 24 2.4 wep
Input Noise Voltage Density | fg = 10Hz 17 17 nVAHz
fo = 1000Hz 45 6.0 45 6.0 nV/vHz
in Input Noise Current Density | fo = 10Hz, fg = 1000Hz (Note 3) 10 10 fANHz
Rin Input Resistance
Differential Mode 1011 10! Q
Common Mode Vg =-10V to 8V 1011 10" Q
Ve =8V to 11V 1010 10 Q
Cin Input Capacitance 14 14 pF
Vg = +5V 27 27 pF
Vem Input Voltage Range (Note 4) 13.0 13.5 13.0 135 \
-105 -11.0 -105 -11.0 \
CMRR | Common-Mode Rejection Ratio | Vo= —10V to 13V 85 98 82 95 dB
PSRR | Power Supply Rejection Ratio | Vs =+4.5V to +20V 86 100 83 98 dB
AvoL Large-Signal Voltage Gain Vo =112V, R = 10k 1200 4800 1000 4500 V/imV
Vo=%10V, R = 1k 600 4000 500 3000 V/mV

LT HIEe
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E€LECTRICAL CHARACTERISTICS

Vg =15V, Vem = OV, Tp = 25°C, unless otherwise noted.

LT1113AM/AC LT1113M/C

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Vour | Output Voltage Swing R =10k 135 +138 130 +138 v

RL=1k +12.0 +13.0 +115 130 v

SR Slew Rate Ry > 2k (Note 6) 25 42 25 42 Vips

GBW Gain-Bandwidth Product fo = 100kHz 45 6.3 45 6.3 MHz

Channel Separation fo=10Hz, Vo =10V, R = 1k 130 126 dB

Is Supply Current per Amplifier 53 625 53 650 mA

Vg = +5V 53 620 53 645 mA

AVps | Offset Voltage Match 0.8 2.5 0.8 33 mv

Alg* Noninverting Bias Current Match | Warmed Up (Note 2) 10 80 10 120 pA

ACMRR | Common-Mode Rejection Match | (Note 8) 81 94 78 94 dB

APSRR | Power Supply Rejection Match | (Note 8) 82 95 80 95 dB
Vs = 15V, Vg = 0V, 0°C < T, <70°C, unless otherwise noted. (Note 9)

LT1113AC LT1113C

SYMBOL |PARAMETER CONDITIONS (Note 1) MIN TYP MAX MIN  TYP  MAX UNITS

Vos Input Offset Voltage o 0.6 21 0.7 25 mvV

Vg =£5V o 0.7 23 0.8 2.7 mV

AVgs  |Average Input Offset (Note 5) [ ] 7 15 8 20 uvrec

ATemp Voltage Drift

los Input Offset Current ° 50 350 55 450 pA

I Input Bias Current [ ] 600 1200 700 1600 pA

Vem Input Voltage Range o 129 134 129 134 v

e | -100 -108 -100 -10.8 v

CMRR  {Common-Mode Rejection Ratio | Vgy =—10V to 12.9V ) 81 97 79 94 dB

PSRR  |Power Supply Rejection Ratio | Vg =+4.5V to £20V o 83 99 81 97 dB

AvoL Large-Signal Voltage Gain V=112V, R, = 10k ° 900 3600 800 3400 V/imV

Vo =10V, R = 1k ° 500 2600 400 2400 Vimv

Vour Output Voltage Swing Ry =10k e | +132 135 +127 £135 v

Ry =1k e | 117 £127 1.3 #127 v

SR Slew Rate R =2k (Note 6) ® 23 40 19 40 Vius

GBW Gain-Bandwidth Product fo = 100kHz [ 36 5.1 36 5.1 MHz

Is Supply Current per Amplifier [ 53 635 53 655 mA

Vg =+5V [J 53 630 53 650 mA

AVps  |Offset Voltage Match [ 0.9 35 0.9 45 mVv

Alg* Noninverting Bias Current Match [ 30 300 35 400 pA

ACMRR  |Common-Mode Rejection Match | (Note 8) ° 76 23 74 93 dB

APSRR  |Power Supply Rejection Match | (Note 8) [ 79 93 7 93 dB
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€LECTRICAL CHARACTERISTICS

Vs =+15V, Vgy = OV, -40°C < Ty <85°C, unless otherwise noted. (Note 7)

LT1113AC LT1113C

SYMBOL | PARAMETER CONDITIONS (Note 1) MIN TYP MAX MIN TYP MAX UNITS

Vos Input Offset Voltage ° 0.7 24 0.8 28 mv

Vg = +5V [) 0.8 26 0.9 3.0 mV

AVgs | Average Input Offset ° 7 15 8 20 nvrec
ATemp | Voltage Drift

los Input Offset Current [ 80 700 90 1000 pA

Is Input Bias Current [ ] 1750 3000 1800 5000 pA

Vem Input Voltage Range ° 126 13.0 126 130 \

e| -100 -105 -100 -105 \

CMRR | Common-Mode Rejection Ratio | Vg =—-10V to 12.6V L) 80 96 78 93 dB

PSRR | Power Supply Rejection Ratio | Vg = 4.5V to +20V ° 81 98 79 96 dB

AvoL Large-Signal Voltage Gain Vo =112V, Ry = 10k ° 850 3300 750 3000 VimV

Vo=1£10V, Ry = 1k o 400 2200 300 2000 VimV

Vour Output Voltage Swing Ry =10k e | 1130 125 +125 125 v

R=1k e 115 £120 +11.0 +12.0 Vv

SR Slew Rate Rp > 2k ° 22 338 18 38 Vips

GBW Gain-Bandwidth Product fo= 100kHz ® 33 48 33 48 MHz

Is Supply Current per Amplifier [ 530 635 530 6.55 mA

Vg =5V ° 525 6.30 525 650 mA

AVgs Offset Voltage Match ° 1.0 44 1.0 51 mVv

Algt Noninverting Bias Current Match ® 50 600 55 900 pA

ACMRR | Common-Mode Rejection Match | (Note 8) ° 76 93 73 93 dB

APSRR | Power Supply Rejection Match | (Note 8) ) 77 92 75 92 dB

Vg = +15V, Vg = 0V, -55°C < Ty <125°C, unless otherwise noted. (Note 9)
LT1113AM LT1113M

SYMBOL | PARAMETER CONDITIONS (Note 1) MIN  TYP MAX MIN TYP MAX UNITS

Vos Input Offset Voltage [] 0.8 27 09 33 mV

Vg =15V [J 0.8 238 09 34 mV

AVgs | Average Input Offset (Note 5) ) 5 12 8 15 uv/eC
ATemp | Voltage Drift

los Input Offset Current [ ] 0.8 15 1.0 25 nA

Is Input Bias Current [ ] 25 50 27 70 nA

Vem Input Voltage Range ) 126 130 126 130 \

e -100 -104 -10.0 -104 v

CMRR | Common-Mode Rejection Ratio |Vgym=-10V to 12.6V [ 79 95 7 92 dB

PSRR | Power Supply Rejection Ratio | Vg = +4.5V to £20V ° 80 97 78 95 dB

LT e
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LT1113
ELECTRICAL CHARACTERISTICS

Vg =15V, Vgy = OV, —55°C < Ty <125°C, unless otherwise noted. (Note 9)

. LT1113AM LT1113M
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN TYP MAX MIN  TYP MAX UNITS
AvoL Large-Signal Voltage Gain Vo=+12V, R =10k ® 800 2700 700 2500 V/imV
) i Vo=%10V,R =1k ° 400 1500 300 1000 V/imV
Vour Output Voltage Swing Ry =10k e | 130 =125 +125 125 v
Rp =1k e | 115 120 +11.0 +12.0 v
SR Slew Rate R > 2k (Note 6) ® 21 36 1.8 36 Vius
GBW Gain-Bandwidth Product fo = 100kHz ° 25 3.8 25 38 MHz
Is Supply Current Per Amplifier ® 530 6.35 530 655 mA
Vg =15V ) 525 6.30 525 650 mA
AVgg Offset Voltage Match ° 1.0 5.0 1.0 55 mV
Alg* Noninverting Bias Current Match ° 18 12 20 20 nA
ACMRR | Common-Mode Rejection Match | (Note 8) ° 75 92 73 92 dB
APSRR | Power Supply Rejection Match | (Note 8) ) 76 N 74 91 dB
The @ denotes specifications which apply over the full operating Note 6: Slew rate is measured in Ay = —1; input signal is £7.5V, output
temperature range. measured at £2.5V.
Note 1: Typical parameters are defined as the 60% yield of parameter Note 7: The LT1113 is not tested and not quality assurance sampled at
distributions of individual amplifiers, i.e., out of 100 LT1113s (200 op 85°C and at —40°C. These specifications are guaranteed by design,
amps) typically 120 op amps will be better than the indicated specification. correlation and/or inference from —55°C, 0°C, 25°C, 70°C and/or 125°C
Note 2: Warmed-up Ig and log readings are extrapolated to a chip tests.
temperature of 50°C from 25°C measurements and 50°C characterization Note 8: ACMRR and APSRR are defined as follows:
data. (1) CMRR and PSRR are measured in uV/V on the individual
Note 3: Current noise is calculated from the formula: amplifiers.
in = (2q1g) 12 (2) The difference is calculated between the matching sides in uV/V.

(3) The result is converted to dB.
Note 9: The LT1113 is measured in an automated tester in less than one
second after application of power. Depending on the package used, power
dissipation, heat sinking, and air flow conditions, the fully warmed-up chip
temperature can be 10°C to 50°C higher than the ambient temperature.

where q = 1.6 x 1079 coulomb. The noise of source resistors up to
200M swamps the contribution of current noise.

Note 4: Input voltage range functionality is assured by testing offset
voltage at the input voltage range limits to a maximum of 2.3mV (A grade),
to 2.8mV (C grade).

Note 5: This parameter is not 100% tested.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain vs
Voltage Gain vs Frequency Chip Temperature
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TYPICAL PERFORMANCE CHARARCTERISTICS
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* See LT1115 data sheet for definition of CCIF testing.
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LT1113

APPLICATIONS INFORMATION

The LT1113 dual in the plastic and ceramic DIP packages
are pin compatible to and directly replace such JFET op
amps as the OPA2111 and OPA2604 with improved noise
performance. Being the lowest noise dual JFET op amp
available to date, the LT1113 can replace many bipolar op
amps that are used in amplifying low level signals from
high impedance transducers. The best bipolar op amps
will eventually loose out to the LT1113 when transducer
impedance increases due to higher current noise. The low
voltage noise of the LT1113 allows it to surpass every dual
and most single JFET op amps available. For the best
performance versus area available anywhere, the LT1113
is offered in the narrow S8 surface mount package with
standard pinout and no degradation in performance.

The low voltage and current noise offered by the LT1113
makes it useful in a wide range of applications, especially
where high impedance, capacitive transducers are used
suchas hydrophones, precision accelerometers, and photo
diodes. The total output noise in such a system is the gain
times the RMS sum of the op amp input referred voltage
noise, the thermal noise of the transducer, and the op amp
bias current noise times the transducer impedance.
Figure 1 shows total input voltage noise versus source
resistance. In a low source resistance (<5k) application
the op amp voltage noise will dominate the total noise.

N

LT1124*

-

LT3 7

100

T T T T T
a . —

INPUT NOISE VOLTAGE (nV/AHz)

SLT1113

SLT1124

" RESISTOR NOISE ONLY

100 1k 10k 100k 1M
SOURCE RESISTANCE (Q)

Thismeans the LT1113 will beat outany dual JFET opamp,
only the lowest noise bipolar op amps have the edge
(at low source resistances). As the source resistance
increases from 5k to 50k, the LT1113 will match the best
bipolar op amps for noise performance, since the thermal
noise of the transducer (4kTR) begins to dominate the
total noise. A further increase in source resistance, above
50k, is where the opamp’s current noise component (2qlg
Rtrans) will eventually dominate the total noise. At these
high source resistances, the LT1113 will out perform
the lowest noise bipolar op amp due to the inherently low
current noise of FET input op amps. Clearly, the LT1113
will extend the range of high impedance transducers
that can be used for high signal to noise ratios. This
makes the LT1113 the best choice for high impedance,
capacitive transducers.

The high input impedance JFET front end makes the
LT1113 suitable in applications where very high charge
sensitivity is required. Figure 2 illustrates the LT1113in its
inverting and noninverting modes of operation. A charge
amplifier is shown in the inverting mode example; here the
gain depends on the principal of charge conservation at
the input of the LT1113. The charge across the transducer
capacitance, Cg, is transferred to the feedback capacitor
Cr, resulting in a change in voltage, dV, equal to dQ/C.

SOURCE RESISTANCE = 2Rg = R
* PLUS RESISTOR
T PLUS RESISTOR || 1000pF CAPACITOR

Vp = Ay Jvnz(op APy + 4KTR + 2q Ig « B2

10M 100M

1113+7A03

Figure 1. Comparison of LT1113 and LT1124 Total Output 1kHz Voltage Noise Versus Source Resistance
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APPLICATIONS INFORMATION
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Figure 2. Noninverting and Inverting Gain Configurations

The gain therefore is 1 + Cg/Cg. For unity gain, the Cg
should equal the transducer capacitance plus the input
capacitance of the LT1113 and R should equal R. In the
noninverting mode example, the transducer current is
converted to achange in voltage by the transducer capaci-
tance; this voltage is then buffered by the LT1113 with a
gain of 1 + R1/R2. A DC path is provided by Rg, which is
either the transducer impedance or an external resistor.
Since Rg is usually several orders of magnitude greater
than the parallel combination of R1 and R2, Rg is added to
balance the DC offset caused by the noninverting input
bias current and Rg. The input bias currents, although
small at room temperature, can create significant errors
over increasing temperature, especially with transducer
resistances of up to 100MQ or more. The optimum value
for Rgis determined by equating the thermal noise (4kTRs)
to the current noise times Rs, (2qlg) Rg, resulting in
Rg = 2V7/lg. A parallel capacitor, Cg, is used to cancel the
phase shift caused by the op amp input capacitance
and Rg.

Reduced Power Supply Operation

The LT1113 can be operated from +5V supplies for lower
power dissipation resulting in lower Ig and noise at the

expense of reduced dynamic range. To illustrate this
benefit, let’s take the following example:

An LT1113CS8 operates at an ambient temperature of
25°C with +15V supplies, dissipating 318mW of power
(typical supply current = 10.6mA for the dual). The S8
package has a 645 of 190°C/W, which results in a die
temperature increase of 60.4°C or aroom temperature die
operating temperature of 85.4°C. At £5V supplies, the die
temperature increases by only one third of the previous
amount or 20.1°C resulting in a typical die operating
temperature of only 45.1°C. A 40 degree reduction of die
temperature is achieved at the expense of a 20V reduction
in dynamic range. If no DC correction resistor is used at
the input, the input referred offset will be the input bias
current at the operating die temperature times the trans-
ducerresistance (refer to Input Bias and Offset Currents vs
Chip Temperature graph in Typical Performance Charac-
teristics section). A100mV input Vpg is the result ofa 1nA
Ig(at 85°C) dropped across a 100MCQ transducer resis-
tance; at £5V supplies, the input offset is only 28mV (Ig at
45°C is 280pA). Careful selection of a DC correction
resistor (Rg) will reduce the IR errors due to |g by an order
of magnitude. A further reduction of IR errors can be

LT R
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APPLICATIONS INFORMATION

INPUT: 5.2V Sine Wave

LT1113 Output

0PA2111 Output

Figure 3. Voltage Follower with Input Exceeding the Common-Mode Range ( Vg = +5V)

achieved by using a DC servo circuit shown in the applica-
tions section of this data sheet. The DC servo has the
advantage of reducing a wide range of IR errors to the
millivolt level over a wide temperature variation. The
preservation of dynamic range is especially important
when reduced supplies are used, since input bias currents
can exceed the nanoamp level for die temperatures
over 85°C.

To take full advantage of a wide input common-mode
range, the LT1113 was designed to eliminate phase rever-
sal. Referring to the photographs shown in Figure 3, the
LT1113 is shown operating in the follower mode (Ay =+1)
at+5V supplies with the input swinging +5.2V. The output
of the LT1113 clips cleanly and recovers with no phase
reversal, unlike the competition as shown by the last
photograph. This has the benefit of preventing lock-up in
servo systems and minimizing distortion components.
The effect of input and output overdrive on one amplifier
has no effect on the other, as each amplifier is biased
independently.

Advantages of Matched Dual Op Amps

In many applications the performance of a system
depends on the matching between two operational ampli-
fiers rather than the individual characteristics of the two op
amps. Two or three op amp instrumentation amplifiers,
tracking voltage references and low drift active filters
are some of the circuits requiring matching between two
op amps.

The well-known triple op amp configuration in Figure 4
illustrates these concepts. Output offsetis a function of the
difference between the two halves of the LT1113. This
error cancellation principle holds for a considerable
number of input referred parameters in addition to
offset voltage and bias current. Input bias current will
be the average of the two noninverting input currents
(Ig+). The difference between these two currents (Alg+)
is the offset current of the instrumentation amplifier.
Common-mode and power supply rejections will be
dependent only on the match between the two amplifiers
(assuming perfect resistor matching).

2-50
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APPLICATIONS INFORMATION

GAIN = 100 L
BANDWIDTH = 400kHz =
INPUT REFERRED NOISE = 6.6nV/AFz AT 1kHz
WIDEBAND NOISE DC TO 400kHz = 6.6 uVpys
CL<001yF

1113+ TAOS

Figure 4. Three Op Amp Instrumentation Amplifier

The concepts of common-mode and power supply
rejection ratio match (ACMRR and APSRR) are best
demonstrated with a numerical example;

Assume CMRRy, = +50uV/V or 86dB,
and CMRRg = + 39uV/V or 88dB,

then ACMRR = 11uV/V or 99dB;

if CMRRp = -39uV/V which is still 88dB,
then ACMRR = 89uV/V or 81dB

Clearly the LT1113, by specifying and guaranteeing all of
these matching parameters, can significantly improve the
performance of matching-dependent circuits.

Typical performance of the instrumentation amplifier:
Input offset voltage = 0.8mV
Input bias current = 320pA
Input offset current = 10pA
Input resistance = 1011Q
Input noise = 3.4uVp.p

High Speed Operation

The low noise performance of the LT1113 was achieved by
making the input JFET differential pair large to maximize
the first stage gain. Increasing the JFET geometry also
increases the parasitic gate capacitance, which if left
unchecked, can result inincreased overshoot and ringing.
When the feedback around the op amp is resistive (Rg),
a pole will be created with R, the source resistance and
capacitance (Rs,Cs), and the amplifier input capacitance
(Cyny = 27pF). In closed loop gain configurations and
with Rg and R in the kilohm range (Figure 5), this pole
can create excess phase shift and even oscillation.
A small capacitor (Cf) in parallel with Rg eliminates this
problem. With Rg(Cs + Ciy) = ReCr, the effect of the
feedback pole is completely removed.
Ce

11
11
Re

“AAA
VVV

b—— ouTPUT

1113 TAGS

Figure 5.

LY

2-51




LT1113
TYPICAL APPLICATIONS

Accelerometer Amplifier with DC Servo

R1 LA I
100M 18k

VVv¥ Vv

SR3 G2
Sk 2uF

—AAA

R4C2 = R5C3 > R1 (1 + R2/R3) C1
OUTPUT = 0.8mV/pC* = 8.0mV/g**
DC OUTPUT < 2.7mV

OUTPUT NOISE = 6nVAHz AT 1kHz

5V T0 15V *PICOGOULOMBS
ACCELEROMETER M g = EARTH'S GRAVITATIONAL CONSTANT
B & K MODEL 4381 L
OR EQUIVALENT 1 =
OUTPUT

11134 TAO7

= -5VT0-15v

Paralleling Amplifiers to Reduce Voltage Noise

1. ASSUME VOLTAGE NOISE OF LT1113 AND 512 SOURCE RESISTOR = 4.6nVAFZ
2. GAIN WITH n LT1113s IN PARALLEL = n x 200

3 OUTPUT NOISE = Vi x 200 x 4 6nVAFz

4. INPUT REFERRED NOISE = ‘%’% - % Az

5. NOISE CURRENT AT INPUT INCREASES i TIMES

1113+ TAGB
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TYPICAL APPLICATIONS

Low Noise Light Sensor with DC Servo

OUTPUT
-1
D2
(. AT
A o
1
D1
-1 2N3904  qNg14 ?2
= RS SPR4
>
HAMAMATSU T gk
51336-58K R2C2 > C1R1
Cp = PARASITIC PHOTODIODE CAPACITANCE
Vg = 100mV/uWATT FOR 200nm WAVE LENGTH
v 330mV/uWATT FOR 633nm WAVE LENGTH 1119+ Tas

10Hz Fourth Order Chebyshev Lowpass Filter (0.01dB Ripple)

RS
A3

VVv

C3
10nF

TYPIGAL OFFSET = 0.8mV

1% TOLERANCES

FOR Viy = 10Vp.p, VouT = ~121dB AT > 330Hz
=—6dB AT f = 16.3Hz nseTATo

LOWER RESISTOR VALU—ES WILL RESULT IN LOWER THERMAL NOISE AND LARGER CAPACITORS
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TYPICAL APPLICATIONS

Light Balance Detection Circuit

R1
1
AR
o
hh 2pFTO 8pF
"’T POy Vour = 1M>x (1~ )
PD1 PD; = HAMAMATSU 51336-58K
b WHEN EQUAL LIGHT ENTERS PHOTODIODES, Vou < 3mV.
= b— Vour
V4 PDy

113 TA1

Unity Gain Buffer with Extended Load Capacitance Drive Capability

C1=C0, <0.1uF

OUTPUT SHORT CIRCUIT CURRENT

(~ 30mA) WILL LIMIT THE RATE AT WHICH THE
VOLTAGE CAN CHANGE ACROSS LARGE CAPACITORS

av,
(1=c5p

13+ TA12

2-54 LT R



| [ ’\D LT1169

TECHNOLOGY

FEATURES

= |nput Bias Current, Warmed Up: 10pA Max

= 100% Tested Low Voltage Noise: 8nV/VHz Max
= Very Low Input Capacitance: 1.5pF

= Voltage Gain: 1.2 Million Min

= Qffset Voltage: 1.5mV Max

= |nput Resistance: 1013Q

® Gain-Bandwidth Product: 5.3MHz Typ

® Guaranteed Specifications with +5V Supplies

® Guaranteed Matching Specifications

APPLICATIONS

Photocurrent Amplifiers

Hydrophone Amplifiers

High Sensitivity Piezoelectric Accelerometers

Low Voltage and Current Noise Instrumentation
Amplifier Front Ends

® Two and Three Op Amp Instrumentation Amplifiers
® Active Filters

Dual Low Noise,
Picoampere Bias Current,
JFET Input Op Amp

DESCRIPTION

The LT1169 achieves a new standard of excellence in noise
performance for a dual JFET op amp. For the first time low
voltage noise (6nV/\Hz) is simultaneously offered with
extremely low current noise (0.8fA/VHz), providing the
lowest total noise for high impedance transducer applica-
tions. Unlike most JFET op amps, the very low input bias
current (3pA Typ) is maintained over the entire common-
mode range which results in an extremely high input
resistance (10'3Q). When combined with a very low input
capacitance (1.5pF) an extremely high input impedance
results making the LT1169 the first choice for amplifying
low level signals from high impedance transducers. The
lowinput capacitance also assures high gain linearity when
buffering AC signals from high impedance transducers.

The LT1169is unconditionally stable for gains of 1 ormore,
even with 1000pF capacitive loads. Other key features are
0.5mV Vgs and a voltage gain over 4 million. Each indi-
vidual amplifier is 100% tested for voltage noise, Slew rate
(4.2V/us), and gain-bandwidth product (5.3MHz).

A full set of matching specifications are provided for
precision instrumentation amplifier front ends. Specifica-
tions at 5V supply operation are also provided. For an
even lower voltage noise please see the LT1113 data sheet.

TYPICAL APPLICATION

Low Noise Light Sensor with DC Servo

HAMAMATSU
$1336-5BK
(908) 231-0960

R2C2 > C1R1
Cp = PARASITIC PHOTODIODE CAPACITANCE
V- Vour = 100mV/uWATT FOR 200nm WAVE LENGTH

330mV/uWATT FOR 633nm WAVE LENGTH w7160« Ta0n

1kHz Output Voltage Noise
Density vs Source Resistance

V) //
1* Y
Rsounce —

=3
=

Vour

TOTAL 1kHz VOLTAGE NOISE DENSITY (nV/vHz)
g

= 7
==
ya
7
10 VN
i T
SOURCE ——]
72— RESISTANCE Ta=20t
ONLY Vs =15V

1
100 1k 10k 100k 1M 10M 100M 1G
SOURCE RESISTANCE ()

Vi = V(Vop amp)? + 4KTRs + 2q1gRs2

LT1169 + TAGZ
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LT1169

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

=55°C 10 105°C ...cvuirecreeeeeece e, +20V

105°C 10 125°C ..o +16V
Differential Input Voltage .........cccecevevvevveverrrnrrenen. +40V
Input Voltage (Equal to Supply Voltage)............... +20V
Output Short-Circuit Duration............cc.cooe..... Indefinite
Operating Temperature Range................ -40°C to 85°C
Storage Temperature Range . —65°C to 150°C
Lead Temperature (Soldering, 10 sec) ................ 300°C

PACKAGE/ORDER IﬂFOﬂMﬂTIOﬂ

TOP VIEW ORDER PART
I ol NUMBER
—::2%5‘;% outs LT1169ACN8
¥ 3 6/-INB
o q e LT1169CN8

N8 PACKAGE
8-LEAD PLASTIC DIP

Tomax = 150°C, 84 = 80°C/W

Consult factory for Industrial and Military grade parts.

GLGCTBIC"“. CHHBHCTG‘“STKS Vg = +15V, Vg = OV, Ty = 25°C, unless otherwise noted.

LT1169A LT1169

SYMBOL| PARAMETER CONDITIONS (Note 1) MIN TYP MAX | MIN TYP MAX UNITS

Vos Input Offset Voltage 0.50 15 0.60 2.0 mV

Vg =15V 0.55 1.7 0.65 2.2 mv

los Input Offset Current Warmed Up (Note 2) 1.5 7 25 15 pA

Ty =25°C (Note 5) 05 2 0.7 4 pA

I Input Bias Current Warmed Up (Note 2) 3 10 4.0 20 pA

Ty =25°C (Note 5) 1 3 1.5 5 pA

e, Input Noise Voltage 0.1Hz to 10Hz 24 24 uwVp.p

Input Noise Voltage Density fo=10Hz 17 17 nV/VHz

fo = 1000Hz 6 8 6 8 nVAHz

in Input Noise Current Density fo = 10Hz, fp = 1kHz (Note 3) 0.8 1 fAWHz
Rin Input Resistance

Differential Mode 101 10™ Q

Common Mode Veu = -10V to 13V 1013 10" Q

Cin Input Capacitance 15 15 pF

Vg =15V 2.0 2.0 pF

Vem Input Voltage Range (Note 4) 13.0 135 13.0 135 \

( -105 -11.0 -105 -11.0 v

CMRR | Common-Mode Rejection Ratio | Vg =-10V to 13V 85 98 82 95 dB

PSRR | Power Supply Rejection Ratio Vg = £4.5V to + 20V 86 100 83 98 dB

AvoL Large-Signal Voltage Gain Vo=+12V, R = 10k 1200 4800 1000 4500 V/mV

V=210V, R_ = 1k 600 4000 500 3000 V/imV

Vour Output Voltage Swing Ry =10k +13.0 138 +13.0 = +13.8 v

Ry =1k +12.0 +13.0 +120 130 v

SR Slew Rate Ri > 2k (Note 6) 2.4 42 2.4 42 Vs

GBW Gain-Bandwidth Product fo = 100kHz 33 5.3 33 5.3 MHz

Channel Separation fo=10Hz, Vo = £10V, R = 1k 130 126 dB

Is Supply Current per Amplifier 5.3 6.25 5.3 6.50 mA

Vg =15V 5.3 6.20 5.3 6.45 mA
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LT1169

GI.ECTBICHI. CHHBHCTGI‘“ST'CS Vg =+15V, Vgy = 0V, Ty = 25°C, unless otherwise noted.

LT1169A LT1169
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN TYP MAX | MIN TYP MAX UNITS
AVos Offset Voltage Match 0.8 2.7 0.8 35 mv
Algt Noninverting Bias Current Match | Warmed Up (Note 2) 2 8 3 20 pA
ACMRR | Common-Mode Rejection Match | (Note 8) 81 94 78 94 dB
APSRR | Power Supply Rejection Match | (Note 8) 82 95 80 95 dB
Vg =115V, Vg = OV, 0°C < Ty < 70°C, (Note 9), unless otherwise noted.
LT1169A LT1169
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN TYP MAX | MIN TYP MAX UNITS
Vos Input Offset Voltage ] 0.6 2.9 0.7 32 mvV
Vg =15V [ 0.7 3.1 08 34 mV
AVps | Average Input Offset (Note 5) [ 15 40 20 50 uv/°C
ATemp Voltage Drift
los Input Offset Current o 8 40 10 50 pA
Is Input Bias Current ° 100 200 180 400 pA
Vem Input Voltage Range ) 12.9 13.4 12.9 13.4 \
e | -100 -108 -100 -108 \
CMRR | Common-Mode Rejection Ratio | Vg =—10V to 12.9V e 81 97 79 94 dB
PSRR | Power Supply Rejection Ratio Vg = +4.5V to +20V ) 83 99 81 97 dB
AvoL Large-Signal Voltage Gain Vg=+12V, R = 10k ® | 900 3600 800 3400 V/imV
Vo=+10V, Ry = 1k e | 500 2600 400 2400 VimV
Vour | Output Voltage Swing Ry =10k ®| +125 135 125 +135 v
Ry =1k e 115 1127 115 +127 v
SR Slew Rate RL 2 2k (Note 6) e| 23 4 1.9 4 Vius
GBW Gain-Bandwidth Product fo = 100kHz [ 3 42 3 42 MHz
Is Supply Current per Amplifier ° 5.3 6.35 5.3 6.55 mA
Vg =45V ° 5.3 6.30 53 6.50 mA
AVps Offset Voltage Match ) 1 4 15 5 mv
Alg* Noninverting Bias Current Match ) 35 35 55 50 pA
ACMRR | Common-Mode Rejection Match | (Note 8) e| 76 93 74 93 dB
APSRR | Power Supply Rejection Match | (Note 8) ® 79 93 77 93 dB
Vg = +15V, Vg = 0V, ~40°C < T, < 85°C, (Note 7), unless otherwise noted.
LT1169A LT1169
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN TYP MAX | MIN TYP MAX UNITS
Vos Input Offset Voltage ) 0.7 35 0.8 3.8 my
Vg = +5V ° 0.8 3.7 0.9 4.0 mv
AVps | Average Input Offset ° 15 40 20 50 uv/oC
ATemp | Voltage Drift
los Input Offset Current ° 20 100 30 200 pA
Ig Input Bias Current ® 280 600 320 1200 pA
Vem Input Voltage Range [ ] 12.6 13.0 126 13.0 \
®| -100 -105 -100 -105 \
CMRR | Common-Mode Rejection Ratio | Vgy=-10V to 12.6V e 80 96 78 93 dB
PSRR | Power Supply Rejection Ratio Vg = +4.5V to £20V ° 81 98 79 96 dB
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LT1169

ELECTRICAL CHARACTERISTICS v, - +15v, vgy = 0V, -40°C < Ty < 85°C, (Note 7), unless otherwise noted.

LT1169A LT1169

SYMBOL | PARAMETER CONDITIONS (Note 1) MIN TYP MAX MIN TYP MAX UNITS
AvoL Large-Signal Voltage Gain Vo=%12V, R = 10k e | 850 3300 750 3000 VimV

Vo=+10V, R = 1k o | 400 2200 300 2000 VimV
Vour | Output Voltage Swing Ry = 10k o +125 125 +125  +125 v

Ry =1k o | 113 +120 +11.3  +12.0 v
SR Slew Rate R > 2k o 22 38 1.8 3.8 Vius
GBW | Gain-Bandwidth Product fo = 100kHz e 27 4 2.7 4 MHz
Is Supply Current per Amplifier [ 5.30 6.35 5.30 6.55 mA

Vg = 5V ° 5.25 6.30 5.25 6.50 mA
AVps | Offset Voltage Match [ 16 5 1.8 6 mV
Alg* Noninverting Bias Current Match ° 8 80 10 180 pA
ACMRR [ Common-Mode Rejection Match | (Note 8) ®| 76 93 73 93 dB
APSRR | Power Supply Rejection Match [ (Note 8) e 77 92 75 92 dB

The @ denotes specifications which apply over the full operating
temperature range.
Note 1: Typical parameters are defined as the 60% yield of parameter
distributions of individual amplifiers, i.e., out of 100 LT1169s (200 op
amps) typically 120 op amps will be better than the indicated specification.
Note 2: Ig and Igg readings are extrapolated to a warmed-up temperature
from 25°C measurements and 45°C characterization data.
Note 3: Current noise is calculated from the formula:

in=(2qlg)"2
where g = 1.6 x 1019 coulomb. The noise of source resistors up to 200M
swamps the contribution of current noise.
Note 4: Input voltage range functionality is assured by testing offset
voltage at the input voltage range limits to a maximum of 2.3mV (A grade),
to 2.8mV (C grade).
Note 5: This parameter is not 100% tested.

Note 6: Slew rate is measured in Ay = —1; input signal is 7.5V, output
measured at +2.5V.
Note 7: The LT1169 is not tested and not quality assurance sampled at
85°C and at —40°C. These specifications are guaranteed by design,
correlation and/or inference from —55°C, 25°C, and/or 125°C
characterization and 0°C, 70°C tests.
Note 8: ACMRR and APSRR are defined as follows:
(1) CMRR and PSRR are measured in uV/V on the individual
amplifiers.
(2) The difference is calculated between the matching sides in pV/V.
(3) The result is converted to dB.
Note 9: The LT1169 is measured in an automated tester in less than one
second after application of power. Depending on the package used, power
dissipation, heat sinking, and air flow conditions, the fully warmed-up chip
temperature can be 10°C to 50°C higher than the ambient temperature.

TYPICAL PERFORMANCE CHARACTERISTICS

1kHz Input Noise Voltage

0.1Hz to 10Hz Voltage Noise Distribution Voltage Noise vs Frequency
50 T 100 : T
| Ta=25°C T Ta = 25°C
Vg = £15V N Vg = +15V
. 40 |-570 OP AMPS TESTED =
= =
e S 2
Z @ =
= e ) @
g ST\ NIENE, v 5 2 4
=) v ° e 2 HTvpicAL
8 g £ s
£ 2 2 1/f CORNER
g & 2 | " goHz |
10— 2
0 1
0 2 4 6 8 10 42 4650 54 58 62 66 7.0 7.4 7.8 82 1 10 100 1k 10K
TIME (SEC) INPUT VOLTAGE NOISE (nV/vHz) FREQUENCY (Hz)

LT1169 TPCO3.

LY

LT1169 TPCOT LT1169+ TPCO2

2-58



LT1169

TYPICAL PERFORMANCE CHRARACTERISTICS

Input Bias and Offset Currents

Input Bias and Offset Currents

Voltage Noise vs Chip Temperature vs Chip Temperature Over the Common-Mode Range
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TYPICAL PERFORMANCE CHARACTERISTICS

Small-Signal Transient Response Large-Signal Transient Response Supply Current vs Supply Voltage
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TYPICAL PERFORMANCE CHARACTERISTICS

THD and Noise vs THD and Noise vs
Frequency for Noninverting Gain Frequency for Inverting Gain
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“SEE LT1115 DATA SHEET FOR DEFINITION OF
CCIF TESTING

APPLICATIONS INFORMATION
LT1169 vs the Competition

Withimproved noise performance, the LT1169 dualin the
plastic DIP directly replaces such JFET op amps as the
OPA2111, 0PA2604, 0P215, and the AD822. The combi-
nation of low current and voltage noise of the LT1169
allows it to surpass most dual and single JFET op amps.
The LT1169 can replace many of the lowest noise bipolar
amps that are used in amplifying low level signals from
high impedance transducers. The best bipolar op amps
will eventually lose out to the LT1169 when transducer
impedance increases due to higher current noise.

The extremely high input impedance (1013Q) assures that
the input bias current is almost constant over the entire
common-mode range. Figure 1 shows how the LT1169
stands up to the competition. Unlike the competition, as the
input voltage is swept across the entire common-mode
range the input bias current of the LT1169 hardly changes.
As a result the current noise does not degrade. This makes
the LT1169 the best choice in applications where an
amplifier has to buffer signals from a high impedance
transducer.

LY LR
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APPLICATIONS INFORMATION

100 ——r————
o | CURRENT NOISE = 2q7g /

g ® /
= 40 /4
= 0P215
Z 2
& LT1169
o 0
% -20 7
2 /ADs22
S5m0
E

60 /

80 /

-100

-5 -0 -5 0 5 10 15
COMMON-MODE RANGE (V)

LTH169+ Fo1

Figure 1. Comparison of LT1169, 0P215, and AD822
Input Bias Current vs Common-Mode Range

Amplifying Signals from High Impedance Transducers

The low voltage and current noise offered by the LT1169
makes it useful in a wide range of applications, especially
where high impedance, capacitive transducers are used
such as hydrophones, precision accelerometers, and
photodiodes. The total output noise in such a system is
the gaintimes the RMS sum of the opamp’sinput referred
voltage noise, the thermal noise of the transducer, and the
op amp’s input bias current noise times the transducer
impedance. Figure 2 shows total input voltage noise
versus source resistance. In a low source resistance
(< 5k) application the op amp voltage noise will dominate

10k

Cs =ELT124* T
T

; - ya
LT1169* /' I
=t
VAR 4

Vv
7 —_—LTL1124T/:—:"|
y 4 <

i
_LT1169| }\
= RO ———
E g
2 ————

|~ RESISTOR NOISE ONLY

100 1k 10k 100k 1M 10M 100M 1G
SOURCE RESISTANCE ()

TTTTT
>

T — T T TTTTI

100

INPUT NOISE VOLTAGE (nV/AHz)

LT1169¢ F02

SOURCE RESISTANCE = 2Rg = R
* PLUS RESISTOR
T PLUS RESISTOR || 1000pF CAPACITOR

Vi = Ay Wod(op amtp) + 4KTR + 2IgR2

Figure 2. Comparison of LT1169 and LT1124 Total Output
1kHz Voitage Noise vs Source Resistance

thetotal noise. This means the LT1169is superior to most
dual JFET opamps. Only the lowest noise bipolar op amps
have the advantage at low source resistances. As the
source resistance increases from 5k to 50k, the LT1169
will match the best bipolar op amps for noise perfor-
mance, since the thermal noise of the transducer (4kTR)
begins to dominate the total noise. A further increase in
source resistance, above 50k, is where the op amp’s
current noise component (2q!gR2) will eventually domi-
nate the total noise. At these high source resistances, the
LT1169 will out perform the lowest noise bipolar opamps
due to the inherently low current noise of FET input op
amps. Clearly, the LT1169 will extend the range of high
impedance transducers that can be used for high signal-
to-noise ratios. This makes the LT1169 the best choice for
high impedance, capacitive transducers.

Optimization Technigues for Charge Amplifiers

The high input impedance JFET front end makes the
LT1169 suitable in applications where very high charge
sensitivity is required. Figure 3 illustrates the LT1169 in its
inverting and noninverting modes of operation. A charge
amplifier is shown in the inverting mode example; the gain
depends on the principal of charge conservation at the
input of the LT1169. The charge across the transducer
capacitance Cg is transferred to the feedback capacitor Cr
resulting inachange in voltage dV, which is equal to dQ/Cg.
The gain therefore is 1 + Cf/Cs. For unity-gain, the Cg
should equal the transducer capacitance plus the input
capacitance of the LT1169 and R should equal Rg.

Inthe noninverting mode example, the transducer current
is converted to a change in voltage by the transducer
capacitance, Gs. This voltage is then buffered by the
LT1169 witha gain of 1 + R1/R2. ADC path is provided by
Rs, which is either the transducer impedance or an
external resistor. Since Rg is usually several orders of
magnitude greater than the parallel combination of R1
and R2, Rgis added to balance the DC offset caused by the
noninverting input bias current and Rg. The input bias
currents, although small at room temperature, can create
significant errors over increasing temperature, especially
with transducer resistances of up to 1000MQ or more.
The optimum value for Rg is determined by equating the
thermal noise (4kTRg) to the current noise (2qlg) times
Rs?. Solving for R results in Rg = Rg = 2Vy/lg. A parallel
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APPLICATIONS INFORMATION

Vin

C1=C_<0.1pF

R
330
— Vour

._.L_CL

= LTH169-TAO3

OUTPUT SHORT CIRCUIT CURRENT (~ 30mA) WILL LIMIT THE RATE
AT WHICH THE VOLTAGE CAN CHANGE ACROSS LARGE CAPACITORS

dv
(1=05

Figure 3. Inverting and Noninverting Gain Configurations

LTHE9 +FOda

Figure 4. Voltage Follower with Input Exceeding the Common-Mode Range (Vg = +5V)

capacitor Cg, is used to cancel the phase shift caused by
the op amp input capacitance and Rg.

Reduced Power Supply Operation

To take full advantage of a wide input common-mode
range, the LT1169 was designed to eliminate phase rever-
sal. Referring to the photographs in Figure 4, the LT1169
is shown operating in the follower mode (Ay = 1) at £5V
supplies with the input swinging £5.2V. The output of the
LT1169 clips cleanly and recovers with no phase reversal,
unlike the competition as shown by the last photograph.
This has the benefit of preventing lockup in servo systems
and minimizing distortion components. The effect of input
and output overdrive on one amplifier has no effect on the
other, as each amplifier is biased independently.

Advantages of Matched Dual Op Amps

In many applications the performance of a system
depends on the matching between two operational ampli-
fiers rather than the individual characteristics of the two op

LT1169 Output

0PA2111 Qutput

LTH169+FOdb LTH169+Fodc

amps. Two or three op amp instrumentation amplifiers,
tracking voltage references and low drift active filters
are some of the circuits requiring matching between two
0p amps.

The well-known triple op amp configuration in Figure 5
illustrates these concepts. Output offset is a function of the
difference between the two halves ofthe LT1169. This error
cancellation principle holds for a considerable
number of input referred parameters in addition to
offset voltage and bias current. Input bias current will
be the average of the two noninverting input currents (Ig*).
The difference between these two currents (Alg*)
is the offset current of the instrumentation amplifier. Com-
mon-mode and power supply rejections will be
dependent only on the match between the two amplifiers
(assuming perfect resistor matching).

The concepts of common-mode and power supply
rejection ratio match (ACMRR and APSRR) are best dem-
onstrated with a numerical example:

LT ER
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APPLICATIONS INFORMATION

GAIN = 100 =
BANDWIDTH = 330kHz
INPUT REFERRED NOISE = 8.7nV/AHz AT 1kHz
WIDEBAND NOISE DC TO 330kHz = 5.3Vpms
CL<001pf

LT1169 + FO5

Figure 5. Three Op Amp Instrumentation Amplifier

Assume CMRRa = 50uV/V or 86dB,
and CMRRg = 39uV/V or 88dB,
then ACMRR = 11u\V/V or 99dB;
if CMRRg = —39uV/V which is still 88dB,
then ACMRR = 89u\V/V or 81dB
By specifying and guaranteeing all of these matching

parameters, the LT1169 can significantly improve the
performance of matching-dependent circuits.

Typical performance of the instrumentation amplifier:

Input offset voltage = 0.8mV
Input bias current = 4pA

Input offset current = 3pA
Input resistance = 1013Q
Input noise = 3.4uVp.p

High Speed Operation

The low noise performance of the LT1169 was achieved by
enlarging the input JFET differential pair to maximize the
first stage gain. Enlarging the JFET geometry also increases
the parasitic gate capacitance, which if left unchecked, can
result in increased overshoot and ringing. When the feed-
back around the op amp is resistive (Rg), a pole will be
created with R, the source resistance and capacitance
(Rs,Cs), and the amplifier input capacitance (Cyy = 1.5pF).
In closed-loop gain configurations with Rg and Rg in the
MQ range (Figure 6), this pole can create excess phase shift
and even oscillation. A small capacitor (Cg) in parallel with
R eliminates this problem. With Rg(Cs + Cy) = ReCp, the
effect of the feedback pole is completely removed.

Cr
|1
11
Re
AAA
WA
b—— QUTPUT
Rs ICS
_— — -_— LT1169+ FO5
Figure 6.

TYPICAL APPLICATIONS

Unity-Gain Buffer with Extended Load Capacitance
Drive Capability

R2

LT1169 « TAO3
C1=CL<0.1pF

OUTPUT SHORT CIRGUIT CURRENT (~ 30mA) WILL LIMIT THE RATE
AT WHICH THE VOLTAGE CAN CHANGE ACROSS LARGE CAPACITORS

av,
(1=c%p

Light Balance Detection Circuit

— Vour

LT1169 » TAD4
Vour = Mx (I1 -1y

PD1 PD, = HAMAMATSU $1336-5BK

WHEN EQUAL LIGHT ENTERS PHOTODIODES, Vou < 3mV.
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TYPICAL APPLICATIONS

Low Noise Hydrophone Amplifier with DC Servo

AAA

e B3 5V 70 15V
39k
100M 2 8
V‘VA' -
!
[—l I—] s oUTPUT
3
I Nk + c2
S 2000 4 047uF
1 5V T0 15V
= 1 R4
4 ™
or 3oy o .
HYDRO- ) 100k 7 ) R5
PHONE hAdd LT1180 5 ™
SK7 +
b Al

DC OUTPUT <2.5mV FOR Tp < 70°C
OUTPUT VOLTAGE NOISE = 128nV/VHz AT 1kHz (GAIN = 20) L1116+ ThOS
C1 = Cy ~ 100pF TO 5000pF; R4C2 > R8Cr; *OPTIONAL

Paralleling Amplifiers to Reduce Voltage Noise

3 +
Al 1 16k

172171169 Vv

2 —
91Q | 3k
<
1

] A2 1.6k
[ 12LT1169 Wy
1 2l
: 91Q 3k
: = 1
1
1
1.6k
——

1. ASSUME VOLTAGE NOISE OF LT1169 AND 5102 SOURCE RESISTOR = 6.1nV/ARZ
2. GAIN WITH n LT1169s IN PARALLEL = n x 200
3. OUTPUT NOISE = n x 200 x 6.1nVAVHz
4 INPUT REFERRED NoISE - CUTFUTTSE 01y
= = 5. NOISE CURRENT AT INPUT INCREASES n TIMES 240V
6. IF 0 =5, GAIN = 1000, BANDWIDTH = 110Kktz, RS NOISE, DC TO 1Mz = 214V - 1.9y

91Q

LT1169+ TAGS
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TYPICAL APPLICATIONS

Accelerometer Amplifier with DC Servo

C1
1250pF
11

100M
A

A
VVv

R4C2 = R5C3 > R1 (1 + R2/R3) C1
OUTPUT = 0.8mV/pC* = 8.0mV/g**
DC OUTPUT < 1.9mV

OUTPUT NOISE = 8nV/vHz AT 1kHz

5V T0 15V [ *PICOCOULOMBS
ACCELEROMETER **g = EARTH'S GRAVITATIONAL CONSTANT
B & K MODEL 4381
OR EQUIVALENT
(800) 442-1030 ouTPUT

L7169« TAO7

10Hz Fourth Order Chebyshev Lowpass Filter (0.01dB Ripple)

R2
237k RS
154k
'A'A'
c3
10nF
11
i
Vin R6
154k 249
A AMA
—d_ca4 — Vour
-I 330nF
TYPICAL OFFSET = 0.8mV = =
1% TOLERANCES
FOR VN = 10Vp.p, Vour = —121dB AT f > 330Hz
—6dB AT f = 16.3Hz L1168+ TAGB

LOWER RESISTOR VALU—ES WILL RESULT IN LOWER THERMAL NOISE AND LARGER CAPACITORS
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TECHNOLOGY

FEATURES

® 8-Pin SO Package

= 20pA Max Supply Current per Amplifier

= 180uV Max Offset Voltage

= 350pA Max Offset Current

® (0.9uVp.p, 0.1Hz to 10Hz Voltage Noise

® 1.5pAp.p, 0.1Hz to 10Hz Current Noise

m (0.6uV/°C Offset Voltage Drift

® Single Supply Operation:
- Input Voltage Range Includes Ground
— Output Swings to Ground While Sinking Current
- No Pull-Down Resistors Are Needed

® Qutput Sources and Sinks 5mA Load Current

PACKAGE/ORDER INFORMATION

TOPVIEW ORDER PART
+INA [8]-INA NUMBER
v [7]0UTA
+INB 5] v LT1178S8
-iINg 5] outs
PART MARKING
S8 PACKAGE
8-LEAD PLASTIC SOIC
Tywax = 150°C, 854, = 200°C/W 1178

Please note that the LT1178S8 surface mount pinout differs from that of
the LT1178 standard plastic or ceramic dual-in-line packages.
Consult factory for Industrial and Military grade parts.

20uA Max, Dual

SO-8 Package., Single Supply

Precision Op Amp
DESCRIPTION

The LT1178S8isa micropower dual op amp in the surface
mount 8-pin package. It is optimized for single supply
operation at 5V. Specifications are also provided at +15V
supplies.

The extremely low supply current is combined with true
precision specifications: offset voltage is 60uV, offset
currentis 50pA. Both offset parameters have low drift with
temperature. The 1.5pAp_p current noise and picoampere
offset current permit the use of megohm level source
resistors withoutintroducing serious errors. Voltage noise
at 0.9uVp-p is remarkably low considering the low supply
current.

TheLT1178S8canbe operated fromasingle supply as low
as one lithium cell ortwo Ni-Cad batteries. The input range
goes below ground. The all-NPN output stage swings to
within a few millivolts of ground while sinking current—
no power consuming pull-down resistors are needed.

For applications where three times higher supply current
is acceptable, the micropower LT1077 single, LT1078
dual and LT1079 quad are recommended. The LT1077/
LT1078/LT1079 have significantly higher bandwidth, slew
rate; lower voltage noise and better output drive capability.

€ELECTRICAL CHRARACTERISTICS

For electrical specifications not listed below, refer to the standard LT1178C data sheet with the changes noted on this page.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage Vs =5V, 0V Tp=25°C 60 180 w

Vg =5V, 0V 0°C<Ty<70°C 85 350 W

Vg =215V Ta=25°C 120 350 W

Vg=+15V 0°C <Tp<70°C 150 540 W

AVos Input Offset Voltage Drift (Note 1) Vs =5V, 0V 0°C<Tp<70°C 0.6 3.5 uveC

AT Vg =115V 0°C < Ty <70°C 0.7 38 W/eC
Note 1: Not 100% production tested.
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TECHNOLOGY

FEATURES

Single Supply Operation:
= |nput Goes Below Ground
» Qutput Swings to Ground Sinking Current
® No Pull-Down Resistors Needed
® Phase Reversal Protection
At 5V, OV Low Cost Grade Specifications:
= 280uV Max Offset Voltage
® 380uV Max in S8 Package
= (.8nA Max Offset Current
® 480uA Max Supply Current per Amplifier
® (.5uV/°C Drift
= 1.4 Million Voltage Gain
w 950kHz Gain-Bandwidth Product
u (.55uVp.p, 0.1Hz to 10Hz Noise

APPLICATIONS

= Single Supply Systems

= Two and Three Op Amp Instrumentation Amplifiers
m Active Filters

= Battery-Powered Systems

= Strain Gauge and Bridge Amplifiers

Single Supply, Dual
Precision Op Amp

DESCRIPTION

The LT1413 is a low cost, upgraded version of Linear
Technology'’s industry standard LT1013 dual, single sup-
ply op amp. The LT1413 is optimized for single 5V appli-
cations, although +15V specifications are also provided
for completeness.

Inthe design of the LT1413, particular emphasis has been
placed onlow cost plasticand SO-8 package performance:
60uV offset voltage, 0.1nA offset current, in excess of
10mA output current at 330uA supply current and 140dB
channel separation are some of the specifications achieved.

Other dual, single supply amplifiers are available to
complementthe LT1413family:the micropowerLT1078’s
supply current is 10 times lower with a 4.5 fold speed
performance degradation compared to the LT1413. Con-
versely, the LT1211,LT1213 and LT1215 duals have 4 to
14 times higher supply current, but also 13 to 50 times
higher speed.

Protected by U.S. Patent 4,775,884,

TYPICAL APPLICATION

+90V, -3V Common-Mode Range
Difference Amplifier (Ay = 1)

L ouTpPuT

INPUT 4 om 20mV T0 8V

—AAA
+ —WN

OUTPUT OFFSET = 1.5mV

(INPUT REFERRED = 125uV)
INPUT RESISTANCE = 11M

BANDWIDTH = 80kHz LT1413+TAO3

(THE 0.1nA TYPICAL OFFSET CURRENT
PERMITS THE USE OF 1MQ RESISTORS)

Distribution of Input Offset Voltage
(In Plastic DIP, N8 Package)

30

05 | TA=25C

PERCENT OF UNITS
&

0 s o
-300 -200 -100 0 100 200 300
INPUT OFFSET VOLTAGE (pV)

LT1413 + TAOT
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LT1413

ABSOLUTE MAXIMUM RATINGS

Supply VORAQe .....oeeveceeeecceeee e +22V  Output Short-Circuit Duration ...........ccoevveee. Indefinite
Differential Input Voltage ... +30V  Operating Temperature Range .. ... —40°C to 85°C
INPUL VORAQE ... Storage Temperature Range ................ -65°C to 150°C
Equal to Positive Supply Voltage Lead Temperature (Soldering, 10 S€C)........c........ 300°C
SV BEIOW Negaﬂve Supply VOItage :10%: V\Lhen the input voltage exceeds the maximum ratings, the input current should be limited
0 10mA.
PACKAGE/ORDER INFORMATION
ORDER PART TOP VIEW ORDER PART
TOP VIEW NUMBER 57 i NUMBER
OuT A [1] ~ B [7] outA
e S oure LT1413ACNS o LT141388
LT1413CN8
+INA 3] E—INB 5] outs
v-[4] 5] +INB S8 PACKAGE
NG PACKAGE 8-LEAD PLASTIC SOIC S8 PART MARKING
8-LEAD PLASTIC DIP NOTE: THIS PIN CONFIGURATION DIFFERS FROM
THE 8-LEAD DIP PIN LOCATIONS. INSTEAD, IT 1413
T S e oo s
Touax = 105°C, 64 = 200°C/W

Consult factory for Industrial and Military grade parts.

GLGCTRICHL CHHBHCTGBISTICS Vs =5V, OV, Vgm = 0.1V, Vg = 1.4V, Ty = 25°C, unless otherwise noted.

LT1413ACNS LT1413CN8/S8
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN  TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage LT1413N8 50 150 60 280 w
LT141358 80 380 w
AVos Long-Term Input Offset 0.4 0.5 uv/Mo
ATime Voltage Stability

los Input Offset Current 0.1 0.7 0.1 0.8 nA
lg Input Bias Current 9 15 9 18 nA
[N Input Noise Voltage 0.1Hz to 10Hz (Note 2) 055 1.1 0.55 Wp.p
Input Noise Voltage Density fo = 10Hz (Note 2) 24 38 24 nV/AHz
fo = 1000Hz (Note 2) 23 30 23 nVAHz
i Input Noise Current 0.1Hz to 10Hz 2.8 2.8 pAp_p
Input Noise Current Density fo=10Hz 0.07 0.07 pAAHz
fo = 1000Hz 0.02 0.02 pANHz

Input Resistance (Note 3)
Differential Mode 300 500 250 500 MQ
Common Mode 3 3 GQ
Input Voltage Range 3.65 3.8 3.65 3.8 V
0 -03 0 -03 v
CMRR Common-Mode Rejection Ratio Vem = 0V 10 3.65V 90 101 88 101 dB
PSRR Power Supply Rejection Ratio Vg=3.2Vto 12V 102 118 100 118 dB
Avor Large-Signal Voltage Gain Vg =0.05V to 4V, No Load 400 1400 350 1400 Vimv
Vg =0.05Vt0 3.5V, R = 2k 300 1000 250 1000 V/imV
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ELECTRICAL CHARACTERISTICS vs-5v, 0v, vy =0.1v, Vg = 1.4V, Ty = 25°C, unless otherwise noted.

. LT1413ACN8 LT1413CN8/S8
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN  TYP  MAX UNITS
Maximum Output Voltage Swing | Output Low, No Load 15 25 15 25 mv
Output Low, 600€2to GND 5 10 5 10 mv
Output Low, Igjnk = TmA 220 350 220 350 mV
Output High, No Load 41 44 41 44 \
Output High, 600Q to GND 34 4.0 34 4.0 v
SR Slew Rate Ay=1 0.2 0.3 0.2 0.3 V/ps
GBW Gain-Bandwidth Product fo < 100kHz (Note 4) 600 950 600 950 kHz
Is Supply Current per Amplifier 330 | 450 330 480 pA
Channel Separation AVyy =3V, Ry = 2k (Note 5) 125 140 123 140 dB
Minimum Supply Voltage (Note 6) 285 3.0 2.85 3.0 v
Vg =5V, OV, Vgm = 0.1V, Vg = 1.4V, 0°C < Tp, < 70°C, unless otherwise noted.
LT1413ACN8 LT1413CN8/S8
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN  TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage LT1413N8 ° 65 240 80 390 u
LT141388 ° 100 490 w
AVos/AT | Input Offset Voltage Drift (Note 5) [ 0.3 2.0 0.4 2.5 w/°C
los Input Offset Current [ 0.1 1.0 0.1 1.2 nA
Ig Input Bias Current [ 10 20 10 23 nA
CMRR Common-Mode Rejection Ratio Ve = 0V to 3.6V o | 88 100 85 100 dB
PSRR Power Supply Rejection Ratio Vg =3.45V 0 12V e | 100 117 97 117 dB
AvoL Large-Signal Voltage Gain Vg=0.07Vto3.9V,NoLload | @ | 300 1100 3000 1100 V/imv
Vp=007Vto32V,R =2k |e® | 200 800 200 800 V/mV
Maximum Output Voltage Swing | Output Low, No Load ° 18 32 18 32 mV
Output Low, Ik = TmA [ 270 430 270 430 mv
Output High, No Load e 40 43 40 43 \
Output High, 600Q to GND ®| 33 39 3.2 39 v
Is Supply Current per Amplifier [ 350 500 350 530 vA
Vg =5V, 0V, Vg = 0.1V, Vg = 1.4V, -40°C < Ty < 85°C (Note 7)
LT1413ACN8 LT1413CN8/S8
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN TYP MAX MIN  TYP  MAX UNITS
Vos Input Offset Voltage LT1413N8 ° 70 300 85 470 w
LT141388 [ 110 570 w
AVpg/AT | Input Offset Voltage Drift [ 0.3 22 0.4 2.8 uv/°C
los Input Offset Current [ 0.2 14 0.2 1.7 nA
I Input Bias Current [ ) 1 25 1 30 nA
CMRR Common-Mode Rejection Ratio Vo = 0V to 3.4V ®| 8 99 82 99 aB
PSRR Power Supply Rejection Ratio Vg=3.9Vto 12V o 98 116 94 116 dB
AvoL Large-Signal Voltage Gain Vp=0.08Vt03.8V,NoLoad | ® | 220 1000 220 1000 VimV
Vp=008Vt03.0V,R =2k |e| 150 700 150 700 V/mV
Maximum Output Voltage Swing | Output Low, No Load [ 20 38 20 38 mv
Output Low, Igpk = TmA [ ] 300 480 300 480 mv
Output High, No Load ®| 39 42 3.9 42 v
Output High, 600 to GND e 31 38 3.0 3.8 v
Is Supply Current per Amplifier ) 360 550 360 580 VA
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GLGCTBICHL CHHRHCTEI“S."CS Vg =+15V, Ty = 25°C, unless otherwise noted.

LT1413ACN8 LT1413CN8/S8
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN  TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage LT1413N8 75 280 90 480 w
LT1413S8 10 580 w
los Input Offset Current 0.1 0.7 0.1 0.8 nA
I Input Bias Current 8 15 8 18 nA
Input Voltage Range 135 138 135 138 v
-150 -15.3 -150 -153 \
CMRR Common-Mode Rejection Ratio Vom = 13.5V,-15V 100 117 97 114 dB
PSRR Power Supply Rejection Ratio Vg = +2V to +18V 103 120 100 117 dB
AvoL Large-Signal Voltage Gain Vg =+10V, R =2k 1500 5000 1200 4000 V/imv
Vour Maximum Output Voltage Swing | Ry =2k +13 14 +125 +14 \
SR Slew Rate 0.2 0.4 0.2 0.4 V/us
Is Supply Current per Amplifier 350 500 350 550 uA
Vg = +15V, 0°C < T, <70°C, unless otherwise noted.
LT1413ACN8 LT1413CN8/S8
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN  TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage LT1413N8 ° 95 390 10 620 uv
LT141358 ® 130 720 uw
AVos/AT | Input Offset Voltage Drift (Note 5) [ 0.4 2.5 0.5 3.0 uv/oC
log Input Offset Current o 0.1 1.0 0.1 1.2 nA
Ig Input Bias Current [ 9 20 9 23 nA
AvoL Large-Signal Voltage Gain Vo =210V, Ry =2k e | 1000 4000 700 3000 V/mV
CMRR Common-Mode Rejection Ratio Vom = 13V, 15V o 98 116 94 113 aB
PSRR Power Supply Rejection Ratio Vg =42V to +18V o | 101 119 97 116 dB
Maximum Output Voltage Swing | Ry =2k e | +125 +139 +12.0 +13.9 v
Is Supply Current per Amplifier ) 360 550 360 600 VA
Vs =+15V, -40°C < T4 < 85°C (Note 7)
LT1413ACNS LT1413CN8/S8
SYMBOL | PARAMETER CONDITIONS (Note 1) MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage LT1413N8 ° 100 460 120 700 w
LT1413S8 [ 140 800 w
AVog/AT | Input Offset Voltage Drift ° 0.4 2.8 0.5 33 w/°C
los Input Offset Current ) 0.2 14 0.2 17 nA
I Input Bias Current [ 10 25 10 30 nA
AvoL Large-Signal Voltage Gain Vo =£10V, R, =2k e | 800 3000 500 2400 VimV
CMRR Common-Mode Rejection Ratio Vom =13V, -15V | 97 115 92 112 dB
PSRR Power Supply Rejection Ratio Vg £2V to £18V e | 100 118 95 115 dB
Maximum Output Voltage Swing | Ry =2k ®| +122 +13.8 +11.8 +13.8 \
Is Supply Current per Amplifier [J 370 580 370 630 vA

The @ denotes specifications which apply over the full operating
temperature range.
Note 1: Typical parameters are defined as the 60% vield of parameter
distributions of individual amplifiers; i.e., out of 100 LT1413s typically 120
op amps will be better than the indicated specification.

Note 2: This parameter is tested on a sample basis only. All noise
parameters are tested with Vg = 2.5V, Vg = OV.
Note 3: This parameter is guaranteed by design and is not tested.

Note 4: Gain-Bandwidth Product is not tested. It is inferred from the slew
rate measurement.

Note 5: This parameter is not 100% tested.

Note 6: At the minimum supply voltage, the offset voltage changes less
than 200uV compared to its value at 5V, 0V.

Note 7: The LT1413 is not tested and is not quality-assurance sampled at
-40°C and at 85°C. These specifications are guaranteed by design,
correlation and/or inference from 0°C, 25°C and/or 70°C tests.
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TYPICAL PERFORMANCE CHARACTERISTICS

Distribution of Input Offset Voltage Output Saturation vs Sink
(In S8 Package) Supply Current vs Temperature Current vs Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS

Channel Separation vs

Voltage Gain vs Frequency Gain, Phase vs Frequency Frequency
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APPLICATIONS INFORMATION

Single Supply Operation

The LT1413 is fully specified for single supply operation,
i.e., when the negative supply is OV. Input common-mode
range includes ground; the output swings within a few
millivolts of ground.

If the input is more than a few hundred millivolts below
ground, two distinct problems can occur on previous
single supply designs, such as the LM124, LM158, OP-21
and OP-221.

a) When the input is more than a diode drop below
ground, unlimited current will flow from the substrate
(V~terminal) to the input. This can destroy the unit. On
the LT1413, the 400Q resistors, in series with the input
(see Schematic Diagram), protect the devices even when
the input is 5V below ground.

b) When the input is more than 400mV below ground
(at 25°C), the input stage saturates (transistors Q3 and
Q4) and phase reversal occurs at the output. This can
cause lock-up in servo systems. Due to a unique phase
reversal protection circuitry (Q21, 22, Q27, 028), the
LT1413 outputs do not reverse, as illustrated below,
even when the inputs are at—1.5V. Keep the output of the

other amplifier out of negative saturation for the phase
reversal protection to function properly.

Since the output of the LT1413 cannot go exactly to
ground, but can only approach ground to within a few
millivolts, care should be exercised to ensure that the
output is not saturated. For example, a 1mV input signal
will cause the amplifier to set up in its linear region
in the gain 100 configuration shown below, but is not
enough to make the amplifier function properly in the
voltage-follower mode.

Gain 100 Amplifier Voltage Follower

5V 5v
R 99R
I oUTPUT
= 100mv SATURATED
1mv mv = 15mv
= = LT1413+27
Figure 1.

Comparator Applications

The single supply operation of the LT1413 lends itself to
its use as a precision comparator with TTL compatible
output; the response time is shown below.

Voltage Follower with Input Exceeding the Negative Common-Mode Range

6Vp.p INPUT, ~1.5V T0 4.5V

LT1413 0 TA2Y

Comparator Rise Response Time
10mV, 5mV, 2mV Overdrives

OUTPUT (V)
~N

0
Vg = 5V, 0V 50us/DIV

LTH413 0 TA2S

, INPUT (mV)

=3

LM324, LM358, OP-221
EXHIBIT OUTPUT PHASE REVERSAL

L1413+ Th22

v

v

LT1413
NO PHASE REVERSAL

T30 T3

‘Comparator Fall Response Time
to 10mV, 5mV, 2mV Overdrives

OUTPUT (V)
~

INPUT (mV)

50us/DIV

LT14134TA2S

V=5V, 0V
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SIMPLIFIED SCHEMATIC

1/2 LT1413
V+
Tk 8000
3.5uA 3.5pA 11pA 10pA 11pA 80uA
CL ) { ) (1) 036
r ANZ4AN/ 3/ Y/ 032 N
030 035 b
06
05 J v
s
033
21pF
At 026 t ar7
2.50F 1 1 2.4k S0 e |
I ] ] v
{1 Q16
UTPUT 4
WIS 60003
! 018 €L 1oF
010 019 I E o
2% Foss a4 Q15
100pF | Q24
-1 >
0 d' Q 300 48k 6000 60002
15uA 18uA 15uA

LT1413+ TAZ6
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TECHNOLOGY

FERTURES

= Handles 10,000pF Capacitive Load

m 450uV Max Offset Voltage

= 1200V Max Offset Voltage in S8 Package
= 50pA Bias Current at 70°C

= 13nV/VHz Voltage Noise

® 4V/us Slew Rate

w 4uV/°C Drift

= 130dB Channel Separation

APPLICATIONS

= Sample-and-Hold (Drives Large Hold Capacitors)
m A/D and D/A Converters

= Photodiode Amplifiers

= Voltage-to-Frequency Converters

Dual, Precision
JFET Input Op Amp

DESCRIPTION

The LT1457 is a dual, JFET input op amp optimized for
handling large capacitive loads in combination with preci-
sion performance.

Precision specifications include 220uV offset voltage in
plastic and surface mount packages. At 70°C input bias
current is 50pA, input offset current is 20pA. Channel
separation is 130dB.

Other dual JFET input op amps from Linear Technology
include the LT1057, which is three times faster than the
LT1457 but at the expense of significantly lower capacitive
load handling capability; and the LT1113 with 4.5nV/VHz
voltage noise.

TYPICAL PERFORMANCE CHARACTERISTICS

Capacitive Load Handling
100 T TTTT
Vg = £15V
Ta=25°C
80 (— Ay=+1
W
g 60 //
= 74
(=]
o
2 /|
S 40
3 Pq
q
20
Y
1
0 il
0.1 1 10 100

CAPACITIVE LOAD (nF)

LT145T+TAOY

Input Offset Voltage Distribution
$8 Package

A T 400 DUALS |
18l ¥§ it (800 OP AWPS) |

TESTED FROM
3RUNS

PERCENT OF UNITS

0 T |
-1.0-0.8-06-04-02 0 02 04 06 0.8 1.0
INPUT OFFSET VOLTAGE (mV)

LT1457 « TAG
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ABSOLUTE MAXIMUM RATINGS

SUPPIY VOIAGE ..o, +20V
Differential Input Voltage .........cocoeververccrininnn. +40V
Input Voltage ......cccoovevrvennes Equal to Supply Voltages
Output Short-Gircuit Duration............c.ccceuvee.e. Indefinite
Operating Temperature Range ... -40°C to 85°C
Storage Temperature Range ................. -65°C to 150°C
Lead Temperature (Soldering, 10 SEC)........c..c...... 300°C

PRCKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
outA [1} Y v NUMBER
-INA [2] [7] outB

EI LT1457ACNS
+NA [3] 6] -ns
- {4 LT1457CN8
v |:4: 5] +INB
N8 PACKAGE
8-LEAD PLASTIC DIP
Toaax = 115°C, B0 = 130°C/ W

TOP VIEW

A T o 8] -INA LT1457S8

v [Z] ‘|_>—-—j ouTA
NB [3] >_I_@ v
-INB [4] 5] ouTB
S PAGKAGE S8 PART MARKING
8-LEAD PLASTIC SOIC
NOTE: THIS PIN CONFIGURATION DIFFERS FROM 1457
THE 8-LEAD DIP PIN LOGATIONS. INSTEAD, IT
FOLLOWS THE INDUSTRY STANDARD LT10130S8
S0 PACKAGE CONFIGURATION.
Taax = 130°C, 830 = 190°C/ W

Consult factory for Industrial and Military grade parts.

ELECT"“C"“. CHARACTERISTICS Vs = +15V, Ty = 25°C, Vg = OV unless otherwise noted. (Note 1)

LT1457AC LT1457C/LT1457S8
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
los Input Offset Voltage LT1457AC/C 150 450 200 800 iy
LT1457S8 220 1200 w
08 Input Offset Current Fully Warmed Up 3 40 4 50 pA
B Input Bias Current Fully Warmed Up +5 +50 +7 175 pA
Input Resistance-Differential 1012 1012 Q
-Common-Mode Vem =-11V10 8V 1012 1012 Q
Vem =8V o 11V 10" 101 Q
Input Capacitance 4 4 pF
n Input Noise Voltage 0.1Hz to 10Hz 20 2.1 We_p
I Input Noise Voltage Density fo = 10Hz 26 28 nVAHz
fo = 1kHz (Note 2) 13 2 14 24 nVAHz
n Input Noise Current Density fo = 10Hz, 1kHz (Note 3) 15 4 18 6 fANHz
AyoL Large-Signal Voltage Gain Vo =10V, R = 2k 150 350 100 300 Vimv
Vo =£10V, R = 1k 120 250 80 220 VimV
Input Voltage Range 105 143 +105 143 \
-11.5 -115 \
SMRR | Common-Mode Rejection Ratio Vom =+10.5V 86 100 82 98 dB
°SRR | Power Supply Rejection Ratio Vg =+4.5V to +18V 88 103 86 102 dB
Jout Output Voltage Swing Ry =2k +2 13 +H2 13 v
SR Slew Rate 2 4 2 4 V/ps

2-77




LT1457

ELECTRICAL CHARACTERISTICS vs - 115V, Ty = 25°C,Vgy = OV unless otherwise noted. (Note 1)

LT1457AC LT1457C/LT145788
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
GBW Gain-Bandwidth Product (Note 5) 1.0 17 1.0 17 MHz
Is Supply Current Per Amplifier 1.8 3.0 18 3.0 mA
Channel Separation DC to 5kHz, Viy = £10V 132 130 dB
€ELECTRICAL CHRRACTERISTICS v - 115V, vy = 0V, 0°C < T < 70°C, unless otherwise noted.
LT1457AC LT1457C/LT145758
SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage LT1457AC/C ® 250 900 330 1500 u
LT1457S8 [ 400 1900 w
Average Temperature Goefficient of ® 3 10 4 16 uv/ec
Input Offset Voltage (Note 4)
los Input Offset Current Warmed Up, Tp = 70°C 18 150 20 250 pA
Is Input Bias Current Warmed Up, Tp = 70°C +50  £250 60 350 pA
AvoL Large-Signal Voltage Gain Vo =10V, R = 2k ® 70 220 50 200 V/imV
CMRR | Common-Mode Rejection Ratio Veom =110.4V ® 85 98 80 96 dB
PSRR | Power Supply Rejection Ratio Vg = +4.5V to £18V ® 87 102 84 100 dB
Vour Output Voltage Swing Ry =2k ® +2  +12.8 2  +128 )
Is Supply Current Per Amplifier ® 3.2 32 mA
Ta=70°C 1.7 1.7 mA
Gl.GCTf’“CﬂL CH“BHCTG“'S“CS Vs = £15V, Vgy = OV, -40°C < Ty < 85°C, unless otherwise noted. (Note 6)
LT1457AC LT1457C/LT1457S8
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage LT1457AC/C ® 350 1100 400 1800 w
LT145758 [ 500 2300 uw
Average Temperature Coefficient of ® 3 10 4 16 uv/eC
Input Offset Voltage )
los Input Offset Current Warmed Up, T = 85°C 0.1 0.5 0.1 0.6 nA
Ip Input Bias Current Warmed Up, Ta = 85°C +02 07 +02 +09 nA
Avor Large-Signal Voltage Gain Vo =210V, R = 2k [ 40 120 30 110 V/imv
CMRR | Common-Mode Rejection Ratio Vom = +10.4V ® 84 97 80 95 dB
PSRR | Power Supply Rejection Ratio Vg =15V to 17V ® 8% 100 83 98 dB
Vour Output Voltage Swing Ry = 2k [ +12 #1277 2 126 \
Is Supply Current Per Amplifier Ta =-40°C 3.8 38 mA
Ta=85°C 1.7 1.7 mA

The @ denotes the specifications which apply over the full operating
temperature range.
Note 1: Typical parameters are defined as the 60% yield of distributions of
individual amplifiers; i.e., out of 100 LT1457s (200 op amps) typically 120
will be better than the indicated specification.
Note 2: This parameter is tested on a sample basis only.

Note 3: Current noise is calculated from the formula: iy = (2qlp)"2, where
q=1.6x 10719 coulomb. The noise of source resistors up to 16Q
swamps the contribution of current noise.

Note 4: This parameter is not 100% tested.
Note 5: Gain-Bandwidth product is not tested. It is guaranteed by design
and by inference from the slew rate measurement.
Note 6: The LT1457 is not tested and not quality-assurance-sampled at
-40°C and at 85°C. These specifications are guaranteed by design,

correlation, and/or inference from 0°C, 25°C, and 70°C tests.

2-78

LY R



LT1457

'YPICAL PERFORMANCE CHARACTERISTICS

Input Bias and Offset Current vs

Temperature
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LT1457
TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection Ratio Common-Mode Range vs Common-Mode and Power Supply
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LT1457

YPICAL PERFORMANCE CHARACTERISTICS

irge-Signal Response
y=1,C_=100pF

LTa57 P19

Small-Signal Response
Ay =1, C_ =1000pF

Small-Signal Response
Ay =1, C_ =10,000pF

LT1457 TPC2Y

LT1487 TRC20

IPPLICATIONS INFORMATION

hase Reversal Protection

lost industry standard JFET input single, dual, and quad
p amps (e.g., LF156, LF351, LF353, LF411, LF412,
P-15,0P-16, 0P-215, and TL084) exhibit phase reversal
-the output when the negative common-mode limit at the
iput is exceeded (i.e., below —12V with £15V supplies).
he photos show a+16V sine wave input (A), the response

of an LF412A in the unity gain follower mode (B), and the
response of the LT1457 (C).

The phase reversal of photo (B) can cause lock-up in servo
systems. The LT1457 does not phase-reverse due to a
unique phase reversal protection circuit.

LT1457 D1

LT1457 A2

L1457 O3

(A) 16V Sine Wave Input (B) LF412A Output (C) LT1457 Output
Ail Photos 5V/Div Vertical Scale, 50us/Div Horizontal Scale
Oy LIEAR 2-81




LT1457

APPLICATIONS INFORMATION

High Speed Operation

When the feedback around the op amp is resisitive (Ry), a F
pole will be created with R, the source resistance and H
capacitance (Rs, Cg), and the amplifier input capacitance R
(Ciy = 4pF). In low closed loop gain configurations and
with Rg and Rg in the kilohm range, this pole can create
excess phase shift and even oscillation on high speed A e
amplifiers. Because the LT1457°s phase margin is very Rs .1.0s

high, this problem is minimal. However, a small capacitor

(Cr) in parallel with Rg eliminates this problem. With Rg(Cs

+Cn) = ReCr, the effect of the feedback pole is completely
removed.

= - = LT1457 Alo4
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TECHNOLOGY
FEATURES
= 100% Tested Settling Time 340ns Typ
to TmV at Sum Node, 10V Step 540ns Max

Tested with Fixed Feedback Capacitor

® Slew Rate 60V/us Min

® (ain Bandwidth Product 14MHz

= Power Bandwidth (20Vp-p) 1.2 MHz

» Unity Gain Stable; Phase Margin 60°

® |nput Offset Voltage 600uV Max

® |nput Bias Current 25°C 75pA Max
70°C 600pA Max

® |nput Offset Current 25°C 40pA Max
70°C 150pA Max

m | ow Distortion

APPLICATIONS

m Fast 12-Bit D/A Output Amplifiers

= High Speed Buffers

m Fast Sample and Hold Amplifiers

= High Speed Integrators

= Voltage to Frequency Converters

® Active Filters

® | og Amplifiers

® Peak Detectors

LT1122

Fast Settling, JFET Input
Operational Amplifier

DESCRIPTION

The LT1122 JFET input operational amplifier combines
high speed and precision performance.

A unique poly-gate JFET process minimizes gate series
resistance and gate-to-drain capacitance, facilitating wide
bandwidth performance, without degrading JFET transis-
tor matching.

It slews at 80V/us and settles in 340ns. The LT1122 is
internally compensated to be unity gain stable, yetithas a
bandwidth of 14MHz at a supply current of only 7mA. lts
speed makes the LT1122 an ideal choice for fast settling
12-bit data conversion and acquisition systems.

The LT1122 offset voltage of 120uV, and voltage gain o
500,000 also support the 12-bit accurate applications.

The input bias current of 10pA and offset current of 4pA
combined with its speed allow the LT1122 to be used in
such applications as high speed sample and hold amplifi-
ers, peak detectors, and integrators.

TYPICAL APPLICATION

12-Bit Voltage Output D/A Converter

A
Gt
S

0mATO 2mA
OR 4mA

Voyr
- QVTO010v

12-BIT CURRENT OUTPUT D/A CONVERTER
Cy="5pF TO 17pF
(DEPENDING ON D/A CONVERTER USED)

LT1122TA01

Large-Signal Response

5V/DIV

200ns

200ns/DIV
AV=-1

1227407
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LT1122

ABSOLUTE MAXIMUM RATINGS

Supply VOIAGE ....ocvveeeecceeeeeee e +20V  Operating Temperature Range
Differential Input Voltage ...........coovvvverevernrnenienes +40V LT1122AM/BM/CM/DM .......ocvvrenvee. -55°C to 125°C
INpUt VORAGE ..o, +20V LT1122AC/BC/CC/DC/CS/DS .............. - 40°C to 85°C
Output Short Circuit Duration Indefinite ~ Storage Temperature Range
Lead Temperature (Soldering, 10 SeC.).....cocenvne... 300°C Al DBVICES ... —-65°C to 150°C
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART TOP VIEW ORDER PART
vos i7{ T | speensoas NUMBER Vos 7] SPEED BOOST/ NUMBER
TRIM OVERCOMP TRIM OVERCOMP
wE e BV LT1122AMJ8 LT1122CCJ8 | -™ . LT1122CS8
+n [3] 6] our LT1122BMJ8 LT1122DCJ8 | ™ 5] out LT1122DS8
v [Elvos ™M | | T1122CMJ8 LT1122ACNS | ¥ [£1 Vos TRIM
N8 PACKAGE J8 PACKAGE LT1 1 QZDMJB LT‘] 1 22BCN8 PACKAGE PART MARK'NG
8-LEAD PLASTIC DLP 8-LEAD HERMET!C DIP LT1 1 22ACJ8 LT1 1 2ZCCN8 8-LEAD PLASTIC SOIC 1 1 22C
T sC oo | (T1122BCJ8 LT1122DCNg| 7" ™™™ 11220

Consult factory for Industrial grade parts.

€LECTRICAL CHRRACTERISTICS Vs =+ 15V, Ty = 25°C, Vg = OV unless otherwise noted. (Note 1)

LT1122CM/DM
LT1122AM/BM LT1122CC/DC
LT1122AC/BC LT1122CS/DS
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 120 600 130 900 uv
los Input Offset Current 4 40 5 50 pA
Ig Input Bias Current 10 75 12 100 pA
Input Resistance
Differential 1012 1012 Q
Gommon Mode Vou==10V 1o + 8V 1072 10" Q
Vom=+8Vta+ 11V 10! 10" Q
Input Capacitance 4 4 pF
Sg Slew Rate Ay=-1 60 80 50 75 Vips
Settling Time (Note 2) +10V to OV, - 10V to OV
100% Tested: A and C Grades
to TmV at Sum Node 340 540 350 590 ns
B and D Grades to 1mV at Sum Node 350 360 ns
All Grades to 0.5mV at Sum Node 450 470 ns
GBW Gain Bandwidth Product 14 13 MHz
Power Bandwidth Vour =20Vp-p 1.2 11 MHz
AvoL Large Signal Voltage Gain Vour =+ 10V, R = 2kQ 180 500 150 450 Vimv
Voyr =+ 10V, R = 600Q 130 250 10 220 V/imV
CMRR Common Mode Rejection Ratio Vem =+10V 83 99 80 98 dB
Input Voltage Range (Note 3) +105 +11 +105 =11 \
PSRR Power Supply Rejection Ratio Vg=+10Vto+ 18V 86 103 82 101 dB
Input Noise Voltage 0.1Hz to 10Hz 3.0 33 uVpp
Input Noise Voltage Density fo = 100Hz 25 27 nVAHz
fo = 10kHz 14 15 nV/vHz
Input Noise Current Density fo = 100Hz, fg = 10kHz 2 2 TANHz
LT NER 2-85
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€LECTRICAL CHARACTERISTICS v - 150, Ta = 25°C, Vg = OV unless otherwise noted.

LT1122CM/DM
LT1122AM/BM LT1122CC/DC
LT1122AC/BC LT1122CS/DS
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Vour Output Voltage Swing Ry = 2kQ £12 £125 12 £125 v
R_ = 600Q +115 +12 115 +12 v
Is Supply Current 75 10 78 N mA
Supply voltage (Note 4) +5 + \l
Offset Adjustment Range Rpor 2 10k, Wiper to V* +4 +10 +4 +10 my
Vs =+ 15V, Vg = OV, 0°C < T, < 70°C, unless otherwise noted. (Note 1)
LT1122CC/DC
LT1122AG/BC LT1122CS/DS
SYMBOL PARAMETER CONDITIONS MIN TYP MAX IN TYP MAX UNITS
Vos Input Offset Voltage o 350 1400 400 2000 uv
Average Temperature Coefficient L4 5 18 6 25 nv/eC
of Input Offset Voltage
los Input Offset Current ® 12 150 15 200 pA
Iy Input Bias Current o 80 600 90 800 pA
AvoL Large Signal Voltage Gain Vout =10V, R > 2kQ ° 120 380 100 340 Vimy
CMRR Common Mode Rejection Ratio Vem=+10V L4 82 98 78 96 dE
PSRR Power Supply Rejection Ratio Vg=£10Vto 17V o 84 101 80 99 dE
Input Voltage Range ® | +10 £108 +10  +10.8 \
Vour Output Voltage Swing Ry = 2kQ ® | +115 1124 +115 +124 \
Sg Slew Rate Ay=-1 o 50 70 40 65 V/ps
Vg =+ 15V, Vg = OV, - 55°C < Ty < 125°C, unless otherwise noted. (Note 1)
LT1122AM/BM LT1122CM/DM
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage . 650 2400 800 3400 u\
Average Temperature Coefficient L] 6 18 7 25 uv/eC
of Input Offset Voltage
los Input Offset Current [ 05 6 06 9 n
lg Input Bias Current o 6 25 7 35 n
AvoL Large Signal Voltage Gain Vour =+ 10V, Ry 2 2kQ ® | 70 230 60 200 V/m\
CMRR Common Mode Rejection Ratio Vom=+10V o 80 97 76 94 dE
PSRR Power Supply Rejection Ratio Vg=+10Vto 17V ° 83 100 78 98 df
Input Voltage Range ® | +10 £105 +10  +105 \
Vour Output Voltage Swing R = 2kQ ® | +113 +121 1.3 +121 \
Sr Slew Rate Ay=-1 ° 45 60 35 55 Vit

The @ denotes the specifications which apply over the full operating
temperature range.

Note 1: The LT1122 is measured in an automated tester in less than one
second after application of power. Depending on the package used, power
dissipation, heat sinking, and air flow conditions, the fully warmed up chip
temperature can be 10°C to 50°C higher than the ambient temperature.
Note 2: Settling time is 100% tested for A and C grades using the settling
time test circuit shown. This test is not included in quality assurance
sample testing.

Note 3: Input voltagé range functionality is assured by testing offset
voltage at the input voltage range limits to a maximum of 4mV (A, B

grades), to 5.7mV (C, D grades).

Note 4: Minimum supply voltage is tested by measuring offset voltage to

7mV maximum at + 5V supplies.

Note 5: The LT1122 is not tested and not quality-assurance-sampled at
—40°C and at 85°C. These specifications are guaranteed by design,
correlation and/or inference from — 55°C, 0°C, 25°C, 70°C and/or 125°C

tests.
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€LECTRICAL CHARACTERISTICS

Vg =+ 15V, Vgy = OV, - 40°C < Ty < 85°C, unless otherwise noted. (Note 5)

LT1122CC/DC
LT1122AC/BC LT1122CS/DS
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage L 450 1900 500 2700 uv
Average Temperature Coefficient o 6 20 7 28 uvree
of Input Offset Voltage
los Input Offset Current L4 30 600 40 900 pA
lg Input Bias Current ° 230 2000 260 2700 pA
AvoL Large Signal Voltage Gain Vour =+ 10V, R > 2kQ L 95 340 80 300 V/imV
CMRR Common Mode Rejection Ratio Vem=+10V o 80 98 76 96 dB
PSRR Power Supply Rejection Ratio Vs=+10Vto £17V L] 83 100 78 98 dB
Input Voltage Range ® | +10 +106 +10  +106 v
Vout Output Voltage Swing R =2kQ ® | +113 +122 +11.3 +12.2 v
Sk Slew Rate Ay=-1 o 45 65 35 60 Vs
Settling Time Test Fixture DEVICE UNDER TEST
5pF
11
1
2
+10V +15V AW
I (REGULATED)
1 1
- A 4 8 o1
WA HA5002 WA
2
- 6f |1 jl>_ i <] 16
741500 1 H
GROUNDALL | © ! I _—1' 15
OTHER INPUTS 2 \ 1 |15
[ 1
z’" k- Viy
3 E |14 (MEASURE INPUT
PULSE HERE)
4 13
m_gt 3 LTC201A
IN
: 5 12 ‘
L ‘
_ 1 |s 1 1
|
7 - H 1 . |
S e |
I
1
8 D__} L 4__ 9
f —__I__ 5V
-0 NO CONNECTION ON PINS -

-1V 10,11, 12, 14, AND 15
= (REGULATED) ﬁg’g‘y'"ﬁ
1K ouTPUT
+ SETTLING
1uF TANT TIME OUTPUT
UTIMES S ] ,
NODEQUTPUT) [ . 79
TYPICAL SUPPLY e TS S I Y P
BYPASSING FOR T T
EACH AMP/BUFFER = = L
0.14F 1uF TANT “THIS RESISTOR GAN BE ADJUSTED TO
—E__{Jr NULL OUT ALL OFFSETS AT THE SETTLING
TIME OUTPUT, THE AUTOMATED TESTER
= USES A SEPARATE AUTOZERO CIRCUIT. e
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TYPICAL PERFORMANCE CHARACTERISTICS

Settling Time
(Input From 10V to 0V)

1mV/DIV AT SUM NODE

100ns/DIV

Settling Time
(Input From OV to -10V)

1mV/DIV AT SUM NODE

100ns/DIV

1122 601

Settling Time
(Input From +10V to 0V)

1mV/DIV AT SUM NODE

100ns/DIV

Large Signal Response

5V/DIV

1122602

200ns/DIV
1122604 Ay=+1
1122 G05
Voltage Gain vs Frequency Gain, Phase vs Frequency
120 I . - 80
100 N Vs=s18VL | oy i = N N B 1 APV
\ Ta =25°C \
80 N N 120
N N N\
60 N 10 N 140
g N g N \
= 4 \\ = X 160
3 \ ] N
20 180
AN Vg = £15V \,\
0 N | _Ta =25°C 200
\ CL = 15pF N
N
—40
110 100 1k 10k 100k 1M 10M100M 1M 10M 100M
FREQUENCY (Hz) FREQUENCY (Hz)

LT1122eTPG02

LT1122:TPC03

(5334930) L4IHS 3SYHd

PEAK TO PEAK OUTPUT SWING (V)

COMMON-MODE REJECTION RATIO (dB)

Settling Time
(Input From OV to +10V)

L
(=
o
=
=
3
=
=
=]
=
E
100ns/DIV
1122 G03
Undistorted Qutput Swing vs
Frequency
30
I [T
Vs =215V ||
2% ”\ Ta=25°C
20 \
15
10
5 I\
N
M
0
100k ™ 10M 100M
FREQUENCY (Hz)
LT1122:TPCO1
Common Mode Rejection vs
Frequency
120 l |
Vg = £15V
100 \\ Th = 25°C
80 N
60 \\
40
20 \
0
100 1k 10k 100k 1M 10M  100M
FREQUENCY (Hz)
LT1122:TPCO4
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TYPICAL PERFORMANCE CHARACTERISTICS

Distribution of Input Offset Input Bias and Offset Currents Bias and Offset Currents Over
Voltage Over Temperature The Common-Mode Range
800 777 — 100K I l 120 |
| 3370 UNITS TESTED _|Vg =15V T ok - z
INALL PACKAGES | Ta = 25°C bt g = 100 Yg=218Y
Lr—1 | (NOT WARMED UP) £ 10K fom £ Th-25
600 i & | /B (NOT-WARMED UP)
- | g K ‘ S g ‘
= 2 BIAS / 3 |
5 ez K CURRENT 7 o BIAS
o £ 300 A 2 e CURRENT
s 400 & / / S
2 - R =
2 = . i 5 QFFSET
200 g . e T 2 CURRENT /
L = ] 5 2
=] Il
Jl" 1 g 3 I iﬁ g | | /\/z
0 1 0
-900 -500 -100100 500 900 0 25 50 75 100 125 -5 10 -5 0 5 10 15
INPUT OFFSET VOLTAGE (V) CHIP TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V)
LT1122+TPCOS LT1122:TPO0S LT1122:TPCO7
Warm-up Drift Noise Spectrum 0.1Hz to 10Hz Noise
250 T | 1000 —
Vg =15V Ve = ]
= Ta = 25°C S0 PACKAGE = e o
EX -+ =
2 200 z s
i { E 2
2 / e g
5 N PACKAGE z \ =
2 150 5 =
> =
& / | R N Bl
i / J PACKAGE 5 < g ‘lr
: @ / 4 =} N\ 2 W
L w w
] / 2 I=)
Z 50 /1 = N =2
5 ] |
IN STILL AIR (SO PACKAGE = —
SOLDERED ONTO BOARD) ]
1 10
0 1 2 3 13 10 30 100 300 1k 3k 10k 0 2 4 6 8 10
TIME AFTER POWER ON (MINUTES) FREQUENCY (Hz) TIME (SECONDS)
LT1122¢TPCO8 LT11224TPC08 LrnenTRi
Total Harmonic Distortion Total Harmonic Distortion Intermodulation Distortion
+ Noise vs Frequency + Noise vs Frequency (CCIF Method) vs Frequency
Inverting Gain Non-Inverting Gain LT1122 and LF156*
= 01 Tt = 01 —_ 01
< Ta=25C— T g
e v: = +15V —| &% s —
2 7 =skispF 4 2 = me
+ Vg =7V RMS + = o
g ool = g o001 =001
= i = Ay = +50 S
o = - o =
= i S 5 = V= 15V ——|
2 ! H 2 LAy =+10 = Tp=25°C |
4 == Ay=-10
= oo Ao 2 oo 1] ) E 0.001 Vo= 7VRMS _|
s S 2 By Tae2C —| 3 2, = 5ki/15pF—]
< Ay=-1 < VS=:15V: o
= ; Z; =5k/15pF | = LT1122
= = Vg = 7V RMS £ AN TN
= 0.0001 = 0.0001 LI ~ 0.0001
20 100 1k 10k 20K 20 100 1k 10k 20k 3K 10k 20k
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
iz (rizateore *SEE LT1115 DATA SHEET FOR DEFINITION
OF CCIF TESTING f—,
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APPLICATIONS INFORMATION

Settling Time Measurements

Settling time test circuits shown on some competitive
devices’ data sheets require:

1. A “flat top” pulse generator. Unfortunately, flat top
pulse generators are not commercially available.

2. Avariable feedback capacitor around the device under
test. This capacitor varies over a four to one range.
Presumably, as each op amp is measured for settling
time, the capacitor is fine tuned to optimize settling
time for that particular device.

3. A small inductor load to optimize settling.

The LT1122’s settling time is 100% tested in the test
circuit shown. No “flat top” pulse generator is required.
Thetest circuit can be readily constructed, using commer-
cially available 1Cs. Of course, standard high frequency
board construction techniques should be followed. All
LT1122s are measured with a constant feedback capaci-
tor. No fine tuning is required.

Speed Boost/Overcompensation Terminal

Pin 8 of the LT1122 can be used to change the input stage
operating current of the device. Shorting pin 8 to the
positive supply (Pin 7) increases slew rate and bandwidth
by about 25%, but at the expense of a reduction in phase
margin by approximately 18 degrees. Unity gain capaci-
tive load handling decreases from typically 500pF to
100pF.

Conversely, connecting a 15k resistor from pin 8 to
ground pulls TmA out of pin 8 (with V* = 15V). This
reduces slew rate and bandwidth by 25%. Phase margin
and capacitive load handling improve; the latter typically
increasing to 800pF.

High Speed Operation

As with most high speed amplifiers, care should be taken
with supply decoupling, lead dress and component
placement.

The power supply connections to the LT1122 must main-
tain a low impedance to ground over a bandwidth of
20MHz. Thisis especially important when driving a signifi-
cant resistive or capacitive load, since all current delivered
to the load comes from the power supplies. Multiple high
quality bypass capacitors are recommended for each
power supply line in any critical application. A 0.1uF
ceramic and a 1uF electrolytic capacitor, as shown, placed
as close as possible to the amplifier (with short lead
lengths to power supply common) will assure adequate
high frequency bypassing, in most applications.

LT1122:TA03

When the feedback around the op amp is resistive (Rf), a
pole will be created with R, the source resistance and
capacitance (Rg, Cs), and the amplifier input capacitance
(Ciny = 4pF). In low closed loop gain configurations and
with Rg and R in the kilohm range, this pole can create
excess phase shift and even oscillation. A small capacitor
(Cf) in parallel with R eliminates this problem. With
Rs (Cs + Cyy) = ReCy, the effect of the feedback pole is
completely removed.

S 15 —— o
G —}

>

<
<
<

Cin &— OUTPUT

LTH22TA

-||—»vq%/0\,—
.||._.|$|_<.
S
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TYPICAL APPLICATIONS

Quartz Stabilized Oscillator With 9ppm Distortion

OUTPUT
-15v
4.7k
LT1004
25V
= OUTPUT
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47k A4A71( Jik(( TRIM | lL
4kHz VWA 1
Jeur N R - +15V
\ LTz LT1010 P} AV -
\-/ LT1006
DISTORTION MOUNT IN CLOSE
TRIM PROXIMITY *
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W
2% +15V
GROUND CRYSTAL CASE
| I — +15V M Sse0k A
H 9 = VACTEC VTL5G10 OR
"~ -4 CLAIREX CLM410
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Qa1
= 1/4 LTC201 2N3904
- >
2 100k —P-  -in4ss
__t LT1122:TAOS
Wide-Band, Filtered, Full Wave Rectifier
200k uF
AN |1
VW 1t
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20k 100k {
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1% LT1122 b—— Equr DOC
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+

OUTPUT DC = RMS VALUE OF INPUT
BANDWIDTH WITH 10Vp-p INPUT = 2MHz
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I [ ’\P LT1187

TECHNOLOGY

FEATURES
m Differential or Single-Ended Gain Block (Adjustable)

Low Power
Video Difference Amplifier

DESCRIPTION

The LT1187 is a difference amplifier optimized for opera-

= -3dB Bandwidth, Ay = +2 50MHz  tion on %5V, or a single 5V supply, and gain >2. This
= Slew Rate 165V/us - versatile amplifier features uncommitted high input im-
= | ow Supply Current 13mA  pedance (+) and (-) inputs, and can be used in differential
= Qutput Current +20mA  orsingle-ended configurations. Additionally, a second set
& CMRR at 10MHz 40dB  of inputs give gain adjustment and DC control to the
m | 71193 Pin Compatible difference amplifier.
= | ow Cost - . .
; : The LT1187’s high slew rate, 165V/us, wide bandwidth,
= Single 5V Operation .
. : 50MHz, and +20mA output current require only 13mA of
= Drives Cables Directly
supply current. The shutdown feature reduces the power
= Qutput Shutdown o e ; I
dissipation to a mere 15mW, and allows multiple amplifi-
ers to drive the same cable.
APPLICATIONS The LT1187 isalow power version of the popular LT1193,
= Line Receivers and is available in 8-pin miniDIPs and SO packages. For
m Video Signal Processing applications with gains of 10 or more, see the LT1189
= (Cable Drivers data sheet.
= Tape and Disc Drive Systems
TYPICAL APPLICATION
Cable Sense Amplifier for Loop Through Connections Closed-Loop Gain vs Frequency
with DC Adjust
4 T ]
Vin - Vg=+5V __|
B Ry =1k
30
CABLEL :E 2 By
:h % 10
1 g
0 N
o LI |
0.1 1 10 100

LT1167 < TADY

FREQUENGY (MHz)

LT1187 » TAO2
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LT1187

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORNER INFORMATION

Total Supply Voltage (V+ to V_) ............................. 18V 0P VIEW ORDER PART
Differential Input Voltage . wedl] e NUMBER
INPUt VOIAgE ......ovoovvis NG =] v
Output Short Circuit Duration (Note 1) ........ Continuous o 5] our LT1187CJ8
Operating Temperature Range v @ =1 s LT1187CN8
LTHI87M oo -55°C to 150°C LT1187CS8
[ 4 0°C to 70°C BAEAD HERMERG DIP B-LEAD PLASTIG DIP LT1187MJ8
Junction Temperature (Note 2) 58 PACKAGE
Plastic Package (CN8,CS8) .........cccovvvvvueeenn. 150°C SLEADPLASTICSOC | S8 PART MARKING
Ceramic Package (CJ8,MJ8) C 175°g T = 150°C, 0, = 100°GIW (J8)
Storage Temperature Range ................ -65°C to 150° Townc= 150°C, 0, = 100°C/W (N8)
Lead Temperature (Soldering, 10 SEC.) ............... 300°C o~ 50 B =TI 55 e

Consult factory for Industrial grade parts.

£5V €LECTRICAL CHARACTERISTICS 1, - 25:c, (Note 3)

Vg =15V, Vger = 0V, Regy = 9000 from pins 6 to 8, Rpgy = 100Q from pin 8 to ground, Ry = Rpgq + Reg2 = 1k, C < 10pF, pin 5 open.

LT1187M/C

SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vos Input Offset Voltage Either Input, (Note 4) 2.0 10 mv
S0IC Package 2.0 1 mv
los Input Offset Current Either Input 0.2 1.0 uA
I Input Bias Current Either Input +05 +2.0 uA
% Input Noise Voltage fo = 10kHz 65 nVAHz
R Input Noise Current fo = 10kHz 15 pA~Hz
Rin Input Resistance Differential 100 kQ
OIN Input Capacitance Either Input 2.0 pF
Vin LM Input Voltage Limit (Note 5) +380 mv
Input Voltage Range -25 35 \
SMRR Common-Mode Rejection Ratio Veow =-2.5V 10 3.5V 70 100 dB
PSRR Power Supply Rejection Ratio Vg =+2.375V to +8V 70 85 dB
Vout Output Voltage Swing Vg =+5V, R = 1k, Ay = 50 +3.8 140 v

Vg =18V, R = 1k, Ay = 50 +67  47.0

Vs =18V, R = 3009Q, Ay = 50, (Note 3) +64 6.8
3E Gain Error Vo =1V, Ay =10, Ry = 1k 0.2 1.0 %
SR Slew Rate (Note 6, 10) 100 165 Vius
“PBW Full Power Bandwidth Vo = 1Vp.p, (Note 7) 53 MHz
3W Small Signal Bandwidth Ay=10 57 MHz
in b Rise Time, Fall Time Ay =50, Vg = £1.5V, 20% to 80% (Note 10) 150 230 325 ns
'PD Propagation Delay Ri= 1k, Vg = £125mV, 50% to 50% 26 ns
Overshoot Vo = £50mV 0 %
s Settling Time 3V Step, 0.1%, (Note 8) 100 ns
Diff Ay Differential Gain RL =1k, Ay =4, (Note 9) 0.6 %
Diff Ph Differential Phase RL = 1k, Ay =4, (Note 9) 038 DEGp.p
s Supply Current 13 16 mA
Shutdown Supply Current Pin5atV- 0.8 15 mA
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+5V ELECTRICAL CHARACTERISTICS 1, -25c, (Note 3)

Vg = +5V, Vger = OV, Regq = 900<2 from pins 6 to 8, Rpgy = 100Q from pin 8 to ground, Ry = Regq + Rega = 1k, G < 10pF, pin 5 open.

LT1187M/C
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Isp Shutdown Pin Current Pin5atV- 5 25 pA
ton Turn On Time Pin 5 from V~to Ground, R, = 1k 500 ns
torr Turn Off Time Pin 5 from Ground to V-, R = 1k 600 ns

5V ELECTRICAL CHARACTERISTICS

Ta=25°C, (Note 3)

Vg*= 5V, Vg~ =0V, Vper = 2.5V, Regq = 9002 from pins 6 to 8, Regy = 1002 from pin 8 to Vg, Ry = Repq + Re2 = 1k, G < 10pF, pin 5 open.

LT1187M/C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX UNITS
Vos Input Offset Voltage Either Input, (Note 4) 2.0 10 mV
S0IC Package 2.0 12 mv
log Input Offset Current Either Input 0.2 1.0 uA
Is Input Bias Current Either Input +0.5 +2.0 uA
Input Voltage Range 2.0 35 v
CMRR Common-Mode Rejection Ratio Vom = 2.0Vto 3.5V 70 100 dB
Vour Output Voltage Swing Ry = 300€2 to Ground Vout High 36 4.0 \
(Note 3) Vour Low 015 04
SR Slew Rate Vo =1.5Vt03.5V 130 Vius
BW Small-Signal Bandwidth Ay=10 5.3 MHz
Is Supply Current 12 15 mA
Shutdown Supply Current Pin5atV™ 0.8 15 mA
lsip Shutdown Pin Current Pin5atV™ 5 25 uA
5V €LECTRICAL CHARACTERISTICS -s5:c <1, < 125°C, (Note 3)
Vs =45V, Vger = OV, Regq = 900C2 from pins 6 to 8, Rpgy = 100Q from pin 8 to ground, Ry = Regy + Rego = 1k, G < 10pF, pin 5 open.
: LT1187M
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Either Input, (Note 4) 2.0 15 mV
AVgg/AT Input Vog Drift 8.0 uv/eC
los Input Offset Current Either Input 0.2 15 uA
I Input Bias Current Either Input +05 35 nA
Input Voltage Range -25 35 v
CMRR Common-Mode Rejection Ratio Vem =—2.5V 10 3.5V 70 100 dB
PSRR Power Supply Rejection Ratio Vg = +2.375V to +8V 60 85 dB
Vour Output Voltage Swing Vg =5V, R = 1k, Ay =50 37 40 v
' Vg = +8V, R = 1k, Ay = 50 66 7.0
. Vs =18V, R = 3009, Ay = 50, (Note 3) +64 6.8
Ge Gain Error Vo=+1V,Ay=10,R. = 1k 0.2 1.2 %
Is Supply Current 13 17 mA
Shutdown Supply Gurrent Pin5atV~, (Note 11) 0.8 15 mA
lsip Shutdown Pin Current Pin5atV~ 5 25 uA
294 LY NER
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+5V €LECTRICAL CHARACTERISTICS o-c<T,<70°c, (Note 3)

Vs = +5V, Vger = 0V, Rpgq = 900Q from pins 6 to 8, Regy = 1002 from pin 8 to ground, R, = Regq + Reg2 = 1k, G < 10pF, pin 5 open.

LT1187C
SYMBOL PARAMETER CONDITIONS MIN TP MAX UNITS
Vos Input Offset Voltage Either Input, (Note 4) 2.0 12 mv
AVps/AT Input Vg Drift 9.0 uv°C
los Input Offset Current Either Input 0.2 15 uA
Ig Input Bias Current Either Input +05 35 uA
Input Voltage Range -25 35 v
CMRR Common-Mode Rejection Ratio Vom =—-2.5V 0 3.5V 70 100 dB
PSRR Power Supply Rejection Ratio Vg = £2.375V to 18V 65 85 dB
Vour Output Voltage Swing Vs =5V, Ry = 1k, Ay = 50 +3.7  #4.0 v
Vs =8V, R = 1k, Ay =50 166 7.0
Vs = 48V, R| = 3009, Ay = 50, (Note 3) +64 6.8
Gg Gain Error Vo =41V, Ay =10, R = 1k 0.2 1.0 %
Is Supply Gurrent 13 17 mA
Shutdown Supply Current Pin5atV"~, (Note 11) 0.8 15 mA
Isip Shutdown Pin Current Pin5atV™ 5 25 uA
5V €LECTRICAL CHARACTERISTICS ooc <7< 70°C, (Note 3)
Vs* = 5V, Vs~ =0V, Vpgr = 2.5V, Rpq = 900Q from pins 6 to 8, Rego = 100< from pin 8 to Vggr, By = Repq + Reg2 = 1k, Cp < 10pF, pin 5 open.
LT1187C
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vos Input Offset Voltage Either Input, (Note 4) 20 120 mv
SOIC Package 20 130 mv
AVs/AT Input Vgg Drift 9.0 uv/ee
los Input Offset Current Either Input 0.2 15 uA
Is Input Bias Current Either Input +05 135 uA
Input Voltage Range 2.0 35 \
CMRR Common-Mode Rejection Ratio Vem = 2.0V to 3.5V 70 100 dB
Vour Output Voltage Swing Ry =300 to Ground Vour High 35 4.0 \
(Note 3) Vour Low 015 04
Is Supply Current 12 16 mA
Shutdown Supply Current Pin5at V™, (Note 11) 0.8 15 mA
() Shutdown Pin Current Pin5atV™ 5 25 uA

Note 1: A heat sink may be required to keep the junction temperature below
absolute maximum when the output is sherted continuously.

Note 2: T, is calculated from the ambient temperature Tp and power
dissipation Pp according to the following formulas:

LT1187MJB,LTI187CS8;  Ty=Tp+ (Ppx 100°C/W)
LT1187CN8; Ty=Ta+ (Ppx 100°C/W)
LT1187CS8: Ty =T+ (Pp x 150°C/W)

Note 3: When R = 1k is specified, the load resistor is Regq + Rrgy, but when
RL = 300Q is specified, then an additional 4302 is added to the output such
that (Rppy + Rrg2) in parallef with 430Q is Ry = 300Q.

Note 4: Vg measured at the output (pin 6) is the contribution from both input
pair, and is input referred.

Note 5: Vyy i is the maximum voltage between -V and +Vyy (pin 2 and

pin 3) for which the output can respond.

Note 6: Slew rate is measured between +0.5V on the output, with a Vyy step
of £0.75V, Ay = 3 and R = 1k.

Note 7: Full power bandwidth is calculated from the slew rate measurement:
FPBW = SR/2nVp.

Note 8: Settling time measurement techniques are shown in “Take the
Guesswork Out of Settling Time Measurements,” EDN, September 19, 1985.
Note 9: NTSC (3.58MHz).

Note 10: AC parameters are 100% tested on the ceramic and plastic DIP
packaged parts (J8 and N8 suffix) and are sample tested on every lot of the SO
packaged parts (S8 suffix).

Note 11: See Application section for shutdown at elevated temperatures. Do
not operate shutdown above Ty > 125°C.

LT IR
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LT1187

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias Current vs
Common-Mode Voltage
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TYPICAL PERFORMANCE CHARACTERISTICS

Gain, Phase vs Frequency
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LT1187
TYPICAL PERFORMANCE CHARACTERISTICS

Output Voltage Swing vs Output Voltage Step vs
Load Resistance Slew Rate vs Temperature Settling Time, Ay =2
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LT1187

APPLICATIONS INFORMATION

The primary use of the LT1187 is in converting high speed
differential signals to a single-ended output. The LT1187
video difference amplifier has two uncommitted high input
impedance (+) and (~) inputs. The amplifier has another
set of inputs which can be used for reference and feed-
back. Additionally, this set of inputs give gain adjust and
DC control to the difference amplifier. The voltage gain of
the LT1187 is set like a conventional operational amplifier.
Feedback is applied to pin 8, and it is optimized for gains
of 2 or greater. The amplifier can be operated single-ended
by connecting either the (+) or (-) inputs to the +/REF (pin
1). The voltage gain is set by the resistors: (Rg + Rg)/Rg.

Like the single-ended case, the differential voltage gain is
set by the external resistors: (Reg + Rg)/Rg. The maximum
input differential signal for which the output will respond
is approximately £0.38V.

Power Supply Bypassing

The LT1187 is quite tolerant of power supply bypassing.
In some applications a 0.1uF ceramic disc capacitor
placed 1/2 inch from the amplifier is all that is required. In
applications requiring good settling time, itis important to
use multiple bypass capacitors. A 0.1uF ceramic disc in
parallel with a 4.7uF tantalum is recommended.

Calculating the Output Offset Voltage

Both input stages contribute to the output offset voltage at
pin 6. The feedback correction forces balance in the input
stages by introducing an Input Vg at pin 8. The complete
expression for the output offset voltage is:

Vout=(Vos + los(Rs) + s(Rrer)) x (Reg+Ra)/Ra + Ia(Rrs)

Rg represents the input source resistance, typically 75Q,
and Rggr represents the finite source impedance from the
DC reference voltage, for Vg grounded, Rper = 0Q. The
los is normally a small contributor and the expression
simplifies to:

Vaur = Vos(Res+Rg)/Rg + Ia(Rrp)

If Reg is limited to 1k the last term of the equation
contributes only 2mV, since Ig is less than 2uA.

ILT1187 + Alo2

Figure 1. Simplified Input Stage Schematic
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APPLICATIONS INFORMATION

Operating with Low Closed-Loop Gains

The LT1187 has been optimized for closed-loop gains of
2 or greater. For a closed-loop gain of 2 the response
peaks about 2dB. Peaking can be eliminated by placing a
capacitor across the feedback resistor, (feedback zero).
This peaking shows up as time domain overshoot of
about 25%.

Closed-Loop Voltage Gain vs Frequency
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Extending the Input Range

Figure 1 shows a simplified schematic of the LT1187. In
normal operation the REF pin 1 is grounded or taken to a
DC offset control voltage and differential signals are ap-
plied between pins 2 and 3. The input responds linearly
until all of the 345uA current flows through the 1.1k
resistor and Q1 (or Q2) turns off. Therefore the maximum
input swing is 380mVp or 760mVp.p. The second differen-
tial pair, @3 and Q4, is running at slightly larger current so
that when the first input stage limits, the second stage
remains biased to maintain the feedback.

Occasionally it is necessary to handle signals larger than
760mVp_p at the input. The LT1187 input stage can be
tricked to handle up to 1.5Vp_p. To do this, it is necessary
to ground pin 3 and apply the differential input signal
between pin 1 and 2. The input signal is now applied
across two 1.1k resistors in series. Since the input signal
is applied to both input pairs, the first pair will run out of
bias current before the second pair, causing the amplifier
to go open-loop. The results of this technique are shown
in the following scope photo.
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APPLICATIONS INFORMATION

LT1187 in Unity Gain

(A) STANDARD INPUTS, PINS 270 3, Vjy = 1.0Vpp
(B) EXTENDED INPUTS, PINS 2 T0 2, Vi = 1.0Vp.p
(C) EXTENDED INPUTS, PINS 1T0 2, Vyy = 2.0Vp.p

LT1187 + A0S

Using the Shutdown Feature

The LT1187 has a unique feature that allows the amplifier
to be shutdown for conserving power, or for multiplexing
several amplifiers onto a common cable. The amplifier will
shutdown by taking pin 5 to V™. In shutdown, the amplifier
dissipates 15mW while maintaining atrue highimpedance
output state of 20k in parallel with the feedback resistors.
For MUX applications, the amplifiers may be configured
inverting, noninverting, or differential. When the output is
loaded with as little 1k from the amplifier's feedback
resistors, the amplifier shuts off in 600ns. This shutoff can
be under the control of HC CMOS operating between 0V
and -5V.

The ability to maintain shutoff is shown on the curve
Shutdown Supply Current vs Temperature in the Typical

1MHz Sine Wave Gated Off with Shutdown Pin

SHUTDOWN

Vour

Av=2,Reg = Rg = Tk

LT1187 + AIOT

Performance Characteristics section. At very high el-
evated temperature it is important to hold the shutdown
pin close to the negative supply to keep the supply current
from increasing.

Send Color Video Over Twisted-Pair

With an LT1187 it is possible to send and receive color
composite video signals more than 1000 feet onalow cost
twisted-pair. A bidirectional “video bus” consists of the
LT1195 opampand the LT1187 video difference amplifier.
A pair of LT1195s at TRANSMIT 1, is used to generate
differential signals to drive the line which is back-termi-
nated inits characteristicimpedance. The LT1187, twisted-
pair receiver, converts signals from differential to single-
ended. Topology of the LT1187 provides for cable com-
pensation at the amplifier’s feedback node as shown. in
this case, 1000 feet of twisted-pair is compensated with
1000pF and 50Q2 to boost the 3dB bandwidth of the
system from 750kHz to 4MHz. This bandwidth is adequate
to pass a 3.58MHz chroma subcarrier, and the 4.5MHz
sound subcarrier. Attenuation in the cable can be compen-
sated by lowering the gain set resistor Rg. At TRANSMIT
2, another pair of LT1195s serve the dual function to
provide cable termination via low output impedance, and
generate differential signals for TRANSMIT 2. Cable termi-
nation is made up of a 15Q and 33<2 attenuator to reduce
the differential input signal to the LT1187. Maximum input
signal for the LT1187 is 760mVp.p.

1.5MHz Square Wave Input and Unequalized Response Through
1000 Feet of Twisted-Pair

1

LT1187 + AIOS
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APPLICATIONS INFORMATION

1.5MHz Square Wave Input and Equalized Response
Through 1000 Feet of Twisted-Pair

LT1187 + AlDY

Bidirectional Video Bus

TRANSMIT 1

Multiburst Pattern Passed Through
1000 Feet of Twisted-Pair

LT1187+ AIT0

RECEIVE 2

TRANSMIT 2
/] . ! e
g LT1195 3:1k 750
- 2 b
1k - T
AAA
VW~
Sk
1k
AANA
W
JO00G 0
1000 FEET
TWISTED-PAIR
RECEIVE 1 Crriereann
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SIMPLIFIED SCHEMATIC
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TECHNOLOGY

FEATURES
m Differential or Single-Ended Gain Block (Adjustable)

® -3dB Bandwidth, Ay = +10 35MHz
= Slew Rate 220V/ps
= Low Supply Current 13mA
® Qutput Current +20mA
= CMRR at 10MHz 48dB

® | T1193 Pin Qut

= | ow Cost

= Single 5V Operation

= Drives Cables Directly
= Qutput Shutdown

APPLICATIONS

® |ine Receivers

= Video Signal Processing

m (able Drivers

= Tape and Disc Drive Systems

Low Power
Video Difference Amplifier

DESCRIPTION

The LT1189 is a difference amplifier optimized for opera-
tion on £5V, or a single 5V supply, and gain >10. This
versatile amplifier features uncommitted high input im-
pedance (+) and (-) inputs, and can be used in differential
or single-ended configurations. Additionally, a second set
of inputs give gain adjustment and DG control to the
difference amplifier.

The LT1189's high slew rate, 220V/us, wide bandwidth,
35MHz, and +20mA output current require only 13mA of
supply current. The shutdown feature reduces the power
dissipation to a mere 15mW, and allows multiple amplifi-
ers to drive the same cable.

The LT1189isalow power, gain of 10 stable version of the
popular LT1193, and is available in 8-pin miniDIPs and SO
packages. For lower gain applications see the LT1187
data sheet.

TYPICAL APPLICATION

Cable Sense Amplifier for Loop Through Connections
with DC Adjust

Vin

CABLE

Vour

LT1189 + TAO1

Closed-Loop Gain vs Frequency

50 IVI msml‘ﬁv
5=
R =1k ———1
40 = i1

1/
1/

30

20

VOLTAGE GAIN (dB)

I

0
0.1 1 10 100
FREQUENCY (MHz)

LT1189 + TAO2
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

Total Supply Voltage (V¥ 10 V™) v 18V 0P VIEW

Differential Input Voltage ............... .. IOV el 2 e ORN%E&BF;/?;RT

INPUt VORAGE ..o Vs N 7] v+

Output Short Circuit Duration (Note 1) ........ Continuous o G 2] our LT1189CJ8

Operating Temperature Range v- [ 5] s LT1189CN8
LTH18IM oo -55°C to 150°C e PACK e ACKAGE LT1189CS8
LTH18IC ... 0°C to 70°C 8-LEAD HERMETIC DIP 8-LEAD PLASTIG DIP LT1189MJ8

Junction Temperature (Note 2) $8 PACKAGE
Plastic Package (CN8,CS8) ..........coooe....... 150°C FLEADPUASTICSOC oo | S8 PART MARKING
Ceramic Package (CJ8,MJ8) .......c.corvvrrunecen 175°C Towa = 150°C, 854 = 100°C/W (J8)

Storage Temperature Range ................ -65°C to 150°C e e e v 1851 1189

Lead Temperature (Soldering, 10 sec.) OSSO 300°C

Consult factory for Industrial grade parts.

+5V €LECTRICAL CHARACTERISTICS 1, - 25°c, (Note 3)

Vg = £5V, Vger = OV, Regy = 900Q from pins 6 to 8, Rggy = 100Q from pin 8 to ground, Ry = Rpp¢ + Repa = 1k, C < 10pF, pin 5 open.

LT1189M/C

SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vos Input Offset Voltage Either Input, (Note 4) 1.0 3.0 mV
S0IC Package 1.0 4.0 mv
los Input Offset Current Either Input 02 1.0 nA
I Input Bias Current Either Input +05 +2.0 pA
en Input Noise Voltage fo = 10kHz 30 nV/vHz
in Input Noise Current fo = 10kHz 1.25 pANHz
Ry Input Resistance Differential 30 kQ
Cin Input Capacitance Either Input 2.0 pF
Vin Lim Input Voltage Limit (Note 5) +170 mV
Input Voltage Range -25 35 v
CMRR Common-Mode Rejection Ratio Vem=-2.5Vt03.5V 80 105 aB
PSRR Power Supply Rejection Ratio Vg =+2.375V to £8V 75 90 dB
Vour Output Voltage Swing Vg =+5V, R = 1k, Ay =50 +38 4.0 v

Vg =8V, Ry =1k, Ay = 50 6.7 #7.0

Vg = +8V, R = 300Q, Ay = 50, (Note 3) +64 468
Ge Gain Error Vo =+1.0V, Ay =10 1.0 35 %
SR Slew Rate (Note 6, 10) 150 220 Vius
FPBW Full Power Bandwidth Vo =2Vpp, (Note 7) 35 MHz
BW Small Signal Bandwidth Ay =10 35 MHz
tr, t Rise Time, Fall Time Ay = 50, Vg = +1.5V, 20% to 80% (Note 10) 35 50 75 ns
tep Propagation Delay Ri= 1k, Vg = £125mV, 50% to 50% 12 ns
Overshoot Vo =+50mV 10 %
ts Settling Time 3V Step, 0.1%, (Note 8) 1 us
Diff Ay Differential Gain Ry = 1k, Ay = 10, (Note 9) 0.6 %
Diff Ph Differential Phase R = 1k, Ay = 10, (Note 9) 0.75 DEGp.p
Is Supply Current 13 16 mA
Shutdown Supply Current Pin5atV- 0.8 15 mA

LT LNER 2-105
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+5V ELECTRICAL CHARACTERISTICS T, -25¢c, (Note 3)

Vs =+5V, Vger = OV, Regy =900 from pins 6 to 8, Resz = 100 from pin 8 to ground, Ry = Regy + Reg = 1k, C < 10pF, pin 5 open.

LT1189M/C
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
lsip Shutdown Pin Current Pin5atV-~ 5 25 pA
ton Turn On Time Pin 5 from V~to Ground, R = 1k 500 ns
tott Turn Off Time Pin 5 from Ground to V-, R = 1k 600 ns

5V ELECTRICAL CHRARACTERISTICS 1, =257, (Note 3)

Vs* = 5V, Vg™ =0V, Vper = 2.5V, Regy = 9002 from pins 6 to 8, Rega = 100€2 from pin 8 to Vger, By = Rept + Rep2 = 1K, G < 10pF, pin 5 open.
) LT1189M/C
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vos Input Offset Voltage Either Input, (Note 4) 1.0 3.0 mv
S0IC Package 1.0 5.0 mV
los Input Offset Current Either Input 0.2 1.0 uA
Ig Input Bias Current Either input +05 +2.0 HA
Input Voltage Range 2.0 35 v
CMRR Common-Mode Rejection Ratio Vem = 2.0V to 3.5V 80 100 dB
Vour Output Voltage Swing Ry =300 to Ground Vour High 36 4.0 \
(Note 3) ” Vour Low 015 04
SR Slew Rate Vp=1.5Vt03.5V 175 Vius
BW Small-Signal Bandwidth Ay=10 30 MHz
Is Supply Current 12 15 mA
Shutdown Supply Current Pin5atV- 0.8 15 mA
lsip Shutdown Pin Current Pin5atV- 5 25 pA
+5V €LECTRICAL CHARACTERISTICS -s5:c <1, <125°C, (Note 3)
Vs =5V, Vgge = 0V, Regy = 900Q from pins 6 to 8, Regp = 100Q from pin 8 to ground, R, = Regq + Rego = 1k, G < 10pF, pin 5 open.
LT1189M
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vos Input Offset Voltage Either Input, (Note 4) 1.0 7.5 mV
AVog/AT Input Vgg Drift 10 uv/ec
los Input Offset Current Either Input 0.2 15 pA
Ig Input Bias Current Either Input +05 35 uA
Input Voltage Range 2.5 35 v
CMRR Common-Mode Rejection Ratio Vem =-2.5V t0 3.5V 80 105 dB
PSRR Power Supply Rejection Ratio Vg = +2.375V to £8V 65 90 dB
Vout Output Voltage Swing Vs =£5V, R = 1k, Ay =50 +37 +4.0 v
Vg = %8V, R, = 1k, Ay = 50 6.6  £7.0
Vg =£8V, R = 3002, Ay = 50, (Note 3) +64 66
Ge Gain Error Vo =41V, Ay=10,R. =1k 1.0 6.0 %
Is Supply Current 13 17 mA
Shutdown Supply Current Pin 5 at V-, (Note 11) 0.8 15 mA
Isip Shutdown Pin Current Pin5atV- 5 25 pA
2-106 LT AR
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+5V ELECTRICAL CHRARACTERISTICS o<1, <70°C, (Note 3)

Vg =5V, Vger = OV, Regq = 900<2 from pins 6 to 8, Rrgz = 10002 from pin 8 to ground, Ry = Reg¢ + Rep2 = 1k, G < 10pF, pin 5 open.

LT1189C

SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vos Input Offset Voltage Either Input 1.0 3.0 mV
(Note 4) SOIC Package 1.0 6.0 mV
AVos/AT Input Vg Drift 5.0 uv/eC
los Input Offset Current Either Input 02 15 uA
Iy Input Bias Current Either Input +05 35 pA
Input Voltage Range -25 35 v
CMRR Common-Mode Rejection Ratio Vem =-2.5V10 3.5V 80 105 dB
PSRR Power Supply Rejection Ratio Vg = +2.375V to +8V 70 90 dB
Vour Output Voltage Swing Vs =5V, R = 1k, Ay = 50 +3.7  +4.0 v

Vg =8V, R = 1k, Ay = 50 +66 7.0

Vs = +8V, R = 300Q, Ay = 50, (Note 3) +64  16.6
Gg Gain Error Vo=+1V,Ay=10,R. = 1k 1.0 35 %
Is Supply Current 13 17 mA
Shutdown Supply Gurrent Pin5at V-, (Note 11) 08 15 mA
Isp Shutdown Pin Current Pin5atV- 5 25 nA

5V €LECTRICAL CHARACTERISTICS o-c <7, <70°c, (Note 3)

Vg* = +5V, Vg™ =0V, Vger = 2.5V, Regy = 900C2 from pins 6 to 8, Rego = 100C from pin 8 to Vger, Ry = Rpy + Rrga = 1k, C < 10pF, pin 5 open.

LT1189C
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vos Input Offset Voltage, (Note 4) Either Input 1.0 3.0 mVv
AVps/AT Input Vg Drift 5.0 uv/eC
log Input Offset Current Either Input 0.2 15 pA
Ig Input Bias Current Either Input +05 35 uA
Input Voltage Range 2.0 3.5 v
CMRR Common-Mode Rejection Ratio Vem = 2.0V to 3.5V 80 100 dB
Vour Output Voltage Swing Ry =300 to Ground Vour High 35 4.0 v
(Note 3) Vour Low 015 04
Is Supply Current 12 16 mA
Shutdown Supply Current Pin5atV, (Note 11) 0.8 1.5 mA
Isp Shutdown Pin Current Pin5atV- 5 25 uA

Note 1: A heat sink may be required to keep the junction temperature below
absolute maximum when the output is shorted continuously.
Note 2: Ty is calculated from the ambient temperature T and power
dissipation Pp according to the following formulas:

LT1189MJ8, LT1189CJ8: T, = Tp+ (Pp x 100°C/W)

LT1189CN8: Ty =Ta+ (Ppx 100°C/W)

LT1189CS8: Ty =Ta+ (Ppx 150°C/W)
Note 3: When R =1k is specified, the load resistor is Rrgy + Regg, but when
Ry =300Q is specified, then an additional 430Q is added to the output such
that (Reg1 + Reg) in parallel with 430Q is Ry = 3002
Note 4: Vs measured at the output (pin 6) is the contribution from both input
pair, and is input referred.
Note 5: Vjy 1 is the maximum voltage between —Viy and +Vy (pin 2 and
pin 3) for which the output can respond.

Note 6: Slew rate is measured between +1V on the output, with a V|y step of
+0.5V, Ay=10and R = 1k.

Note 7: Full power bandwidth is calculated from the slew rate measurement:
FPBW = SR/2nVp.

Note 8: Settling time measurement techniques are shown in “Take the
Guesswork Out of Settling Time Measurements,” EDN, September 19, 1985.
Note 9: NTSC (3.58MHz).

Note 10: AC parameters are 100% tested on the ceramic and plastic DiP
packaged parts (J8 and N8 suffix) and are sample tested on every lot of the SO
packaged parts (S8 suffix).

Note 11: See Application section for shutdown at elevated temperatures. Do
not operate shutdown above T; > 125°C.

LT HIR
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TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias Current vs
Common-Mode Voltage
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Gain Error vs Temperature
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Supply Current vs Supply Voltage
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Open-Loop Gain vs Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS

Open-Loop Voltage Gain vs Gain Bandwidth Product vs
Gain, Phase vs Frequency Load Resistance Supply Voltage
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TYPICAL PERFORMANCE CHARACTERISTICS

Output Voltage Swing vs
Load Resistance Slew Rate vs Temperature
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APPLICATIONS INFORMATION

The primary use of the LT1189 s in converting high speed
differential signals to a single-ended output. The LT1189
video difference amplifier has two uncommitted high input
impedance (+) and () inputs. The amplifier has another
set of inputs which can be used for reference and feed-
back. Additionally, this set of inputs give gain adjust, and
DC control to the differential amplifier. The voltage gain of
the LT1189is set like a conventional operational amplifier.
Feedback is applied to pin 8, and it is optimized for gains
of 10 or greater. The amplifier can be operated single-
ended by connecting either the (+) or (-) inputs to the
+/REF (pin 1). The voltage gain is set by the resistors:
(Rrs + Re)/Re.

Like the single-ended case, the differential voltage gain is
set by the external resistors: (Rrg + Rg)/Rg. The maximum
input differential signal for which the output will respond
is approximately +170mV.

3
Vinoiee __2
Vour . 1}, Vour
s [ s8}™
Vin - _L 8 /
> Reg +R Rep +R R
Sre VO=(VINDIFF+VIN)F—BF:G—G VO=(%)VINDIFF—tﬁL:)VIN

— LT1189+ Al0t

Power Supply Bypassing

The LT1189 is quite tolerant of power supply bypassing.
In some applications a 0.1uF ceramic disc capacitor
placed 1/2 inch from the amplifier is all that is required. In
applications requiring good settling time, itis important to
use multiple bypass capacitors. A 0.1uF ceramic disc in
parallel with a 4.7uF tantalum is recommended.

Calculating the Output Offset Voltage

Both input stages contribute to the output offset voltage at
pin 6. The feedback correction forces balance in the input
stages by introducing an Input Vg at pin 8. The complete
expression for the output offset voltage is:

Vour=(Vos +los(Rs) + Ia(Rrer)) % (Re + Rg)/Ra + Is(Rrs)

Rg represents the input source resistance, typically 75,
and Rpgr represents finite source impedance from the
DC reference voltage, for Vrer grounded, Rper = 0Q the
log is normally a small contributor and the expression
simplifies to:

Vour = Vos(Rrs + Rg)/Rg + Ip(Rrs)

If Reg is limited to 1k, the last term of the equation
contributes only 2mV since g is less than 2uA.

Re +| 1| ReF

= l@aam@l = l@ssow@l{g .

Figure 1. Simplified Input Stage Schematic

3]+
Rs

2
R

LT1189 + Al02

LY R

2-111




LT1189

APPLICATIONS INFORMATION

Instrumentation Amplifier Rejects High Voltage

Instrumentation amplifiers are often used to process
slowly varying outputs fromtransducers. With the LT1189
it is easy to make an instrumentation amplifier that can
respond to rapidly varying signals. Attenuation resistors
in front of the LT1189 allow very large common-mode
signals to be rejected while maintaining good frequency
response. The inputcommon-mode and differential-mode
signals are reduced by 100:1, while the closed-loop gain
is set to be 100, thereby maintaining unity-gain input to
output. The unique topology allows for frequency re-
sponse boost by adding 150pF to pin 8 as shown.

3.5MHz Instrumentation Amplifier Rejects 120Vp.p

3100 = v

0.1% RESISTORS

WORST CASE CMRR = 48¢B 1-_ =

71189 + A103.

Output of Instrumentation Amplifier with 1MHz Square Wave
Riding on 120Vp.p at the Input

LT1189+AI04

High Voltage Instrumentation Amplifier Response

20

0 DIFFERENTIAL-MODE RESPONSE
g \\\
N
w20 N
2 I
g
= _40 COMMON-MODE RESPONSE

/4"‘ ‘“P
| L
—-60 ==t
100k M 10M 100M

FREQUENGY (Hz)

LT1189 + Al0S.

Operating with Low Closed-Loop Gain

The LT1189 has been optimized for closed-loop gains of
10 or greater. The amplifier can be operated at much lower
closed-loop gains with the aid of a capacitor Cgg across
the feedback resistor, (feedback zero). This capacitor
lowers the closed-loop 3dB bandwidth. The bandwidth
cannot be made arbitrarily low because Grg is a short at
high frequency and the amplifier will appear configured
unity-gain. As an approximate guideline, make BW x Ay
= 200MHz. This expression expands to:

AveL
2n(Res)(Cra)

or:

= 200MHz

- Ao
Cre = (200MHz)(2n)(Reg)

The effect of the feedback zero on the transient and
frequency response is shown for Ay = 4.
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APPLICATIONS INFORMATION

Closed-Loop Voltage Gain vs Frequency

30
]
= Crg = OpF
g %0 kel
=
z /
|
w
s 10 T
2 Crp = 5pF
jany
o
>
S 0
S | Vg=+5V
2 Ta=25°C
S -10 [FAv=4
3 Rrg = 9000
I Rg = 300Q
o L1
100k ™ 10M 100M

FREQUENCY (Hz)

LT1189 + Al0B

Smali-Signal Transient Response

Ay =4, Reg = 9100, Rg = 300Q

L7189+ AI07

Small-Signal Transient Response

'

50my 20ms

Ay = 4, Reg = 9109, Rg = 300Q, CFB = 5pF

LT1189+ AI08

Reducing the Closed-Loop Bandwidth

Although it is possible to reduce the closed-loop band-
width by using a feedback zero, instability can occur if the
bandwidth is made too low. An alternate technique is to do
differential filtering at the input of the amplifier. This
technique filters the differential input signal, and the
differential noise, but does not filter common-mode noise.
Common-mode noise is rejected by the LT1189’s CMRR.

10MHz Bandwidth Limited Amplifier

R1

SIG
— Vour
eNp
eNgm
Ay=10
_ 1
2n(R1 + R2)C1
_ SIG+eNp +eNcM
FILTER ~ CMR

LT1189 + Al0S.

Using the Shutdown Feature

The LT1189 has a unique feature that allows the amplifier
to be shutdown for conserving power, or for multiplexing
several amplifiers onto a common cable. The amplifier will
shutdown by taking pin 5to V~. In shutdown, the amplifier
dissipates 15mW while maintaining atrue highimpedance
output state of about 20kQ in parallel with the feedback
resistors. For MUX applications, the amplifiers may be
configured inverting, non-inverting, or differential. When
the outputis loaded withas little as 1kQ from the amplifier’s
feedback resistors, the amplifier shuts off in 600ns. This
shutoff can be under the control of HC CMOS operating
between OV and —5V.

LY LER
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APPLICATIONS INFORMATION

1MHz Sine Wave Gated Off with Shutdown Pin The ability to maintain shutoff is shown on the curve Shut

. down Supply Current vs Temperature in the Typical Per-
formance Characteristics section. At very high elevated
temperature it is important to hold the shutdown pin close

to the negative supply to keep the supply current from
increasing.

SHUTDOWN

Vour

Ay =10, Reg = 9002, Rg = 100Q

LT1189+AI10

TYPICAL APPLICATION

Differential Receiver MUX for Power Down Applications

15k

CABLE 1

CMOSIN = | -5y
CHANNEL SELECT A

1k

Vour

i
H 15k

CABLE 2

1% RESISTORS WORST CASE CMRR = 28dB
TYPICALLY 35dB

LT1189+ TAOS
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SIMPLIFIED SCHEMATIC
+m__[:
=N A
’ r

H

s [j +REF f] -IFB * SUBSTRATE DIODE, DO NOT FORWARD BIAS
LT1189
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TECHNOLOGY

FERTURES

® Gain-Bandwidth Product

= Unity-Gain Stable

= Slew Rate

® Qutput Current

= |Low Supply Current

High Open-Loop Gain

Low Cost

Single Supply 5V Operation
Industry Standard Pinout
Output Shutdown

APPLICATIONS

m Video Cable Drivers

= Video Signal Processing
m Fast Peak Detectors

m Fast Integrators

m Video Cable Drivers

= Pulse Amplifiers

50MHz

165V/us
+20mA
12mA
7.5V/mV

Low Power, High Speed
Operational Amplifier

DESCRIPTION

The LTC1195is a video operational amplifier optimized for
operation on single 5V and £5V supply. Unlike many high
speed amplifiers, the LT1195 features high open-loop
gain, over 75dB, and the ability to drive heavy loads to afull
power bandwidth of 8.5 MHz at 6Vp.p. The LT1195 has a
unity-gain stable bandwidth of 50MHz, and a 60° phase
margin, and consumes only 12mA of supply current,
making it extremely easy to use.

Because the LT1195 is a true operational amplifier, itis an
ideal choice for wideband signal conditioning, fast inte-
grators, peak detectors, active filters, and applications
requiring speed, accuracy, and low cost.

The LT1195is a low power version of the popular LT1190,
and is available in 8-pin miniDIPs and SO packages with
standard pinouts. The normally unused pin 5 is used for a
shutdown feature that shuts off the output and reduces
power dissipation to a mere 15mW.

TYPICAL APPLICATION

Fast Pulse Detector

5V

D1
1N5712

RL CL
10k -I 1000pF
5=

D2
1N5712

-5V 1195 TAO1

Pulse Detector Response

1195TA02
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ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Total Supply Voltage (V10 V™) o, 18V S
Differential Input VOItage ...........ccoerveirereiniereicnans +6V s ORDER PART
INDUL VOIAGE ..o +Vg BAL [T} BES NUMBER
Output Short-Circuit Duration (Note 1).......... Continuous - 2] 7]V LT1195MJ8
Operating Temperature Range i (3] [6] out LT1195C.8
LTTI5M e —55°C 10 125°C e 5150 LT1195CN8
LTH195C .o 0°Cto 70°C J8 PACKAGE N8 PACKAGE LT1195CS8
Junction Temperature (Note 2) 8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP
Plastic Package (CN8, GS8) ...ooo.evrservrre 150°C LEND PLASTI S01G S8 PART MARKING
Ceramic Package (CJ8, MJ8).........ccccovvrevenen. 175°C Towa = 150°C, 630 = 100°CIW (3)
Storage Temperature Range .............. -65°C to 150°C T oA oear (88 1195
Lead Temperature (Soldering, 10 Sec).................. 300°C
Consult factory for Industrial grade parts.
5V €LECTRICAL CHARACTERISTICS T1,-25¢
Vs = +5V, G < 10pF, pin 5 open circuit, unless otherwise noted.
LT1195M/C
SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX UNITS
Vos Input Offset Voltage J8, N8 Package 3.0 8.0 mv
S8 Package 3.0 10.0 mV
los Input Offset Current 0.2 1.0 PA
Is Input Bias Current +0.5 +2.0 pA
en Input Noise Voltage fo = 10kHz 70 nVWHz
in Input Noise Current fo = 10kHz 20 pAvHz
Rin Input Resistance | Differential Mode 230 kQ
Common Mode 20 MQ
Cin Input Capacitance Ay=1 22 pF
Input Voltage Range (Note 3) -2.5 35 \
CMRR Common-Mode Rejection Ratio Vem=-2.510 3.5V 60 85 dB
PSRR Power Supply Rejection Ratio Vg =+2.375V to +8V 60 85 daB
Avor Large-Signal Voltage Gain R =1k, Voyr =3V 2.0 7.5 V/imV
RL = 1509, Voyr =3V 05 15 V/imv
Vg =+8V, R = 1k, Voyr = 5V 11.0 V/imV
Vour Output Voltage Swing Vs =15V, R = 1k +38  +40 v
Vg =48V, R = 1k 67 7.0 v
SR Slew Rate Ay =-1, R =1k, (Note 4, 9) 110 165 Vips
FPBW Full Power Bandwidth Vour = 6Vp.p, (Note 5) 8.75 MHz
GBW Gain-Bandwidth Product 50 MHz
te, t Rise Time, Fall Time Ay =50, Vour = +1.5V, 20% to 80%, (Note 9) 125 170 250 ns
to, t Rise Time, Fall Time Ay =1, Vour = +125mV, 10% to 90% 34 ns
tpp Propagation Delay Ay =1, Vot = £125mV, 50% to 50% 2.5 ns
Overshoot Ay =1, Voyr = £125mV 22 %
tg Settling Time 3V Step, 0.1%, (Note 6) 220 ns
Diff Ay Differential Gain Ry = 150Q, Ay = 2, (Note 7) 1.25 %
Diff Ph Differential Phase R = 1500, Ay = 2, (Note 7) 0.86 DEGp.p
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LT1195

+5V ELECTRICAL CHARACTERISTICS Ta=25°

Vs =+5V, C < 10pF, pin 5 open circuit, unless otherwise noted.

LT1195M/C
SYmBoL PARAMETER CONDITIONS MIN TYP MAX UNITS
Is Supply Current 12 16 mA
Shutdown Supply Current Pin5atV- 0.8 15 mA
Isip Shutdown Pin Current Pin5atV~ 5 25 vA
ton Turn-On Time Pin 5 from V~to Ground, R, = 1k 160 ns
torr Turn-Off Time Pin 5 from Ground to V-, R = 1k 700 ns
5V €LECTRICAL CHARACTERISTICS 1, -25c
Vg* =5V, Vg~ =0V, Ve = 2.5V, G < 10pF, pin 5 open circuit, unless otherwise noted.
LT1195M/C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage J8, N8 Package 3.0 9.0 my
S8 Package 3.0 11.0 mvV
los Input Offset Current 0.2 1.0 uA
Is Input Bias Gurrent +0.5 +2.0 pA
Input Voltage Range (Note 3) 20 35 v
CMRR Common-Mode Rejection Ratio Vom =2V10 3.5V 60 85 dB
AvoL Large-Signal Voltage Gain RL =150Q to Ground, Vg = 1V to 3V 0.5 3.0 VimV
Vour Output Voltage Swing Ry = 150Q to Ground Vour High 35 3.8 v
Vour Low 0.25 04 v
SR Slew Rate Ay=-1, Voyr=1V1o 3V 140 V/us
GBW Gain-Bandwidth Product 45 MHz
Is Supply Current 1" 15 mA
Shutdown Supply Current Pin5atV- 0.8 15 mA
Isip Shutdown Pin Current Pin5atV~ 5 25 uA
+5V €ELECTRICAL CHARACTERISTICS -s55:¢ <7, < 125°C, (Note 10)
Vs = +5V, pin 5 open circuit, unless otherwise noted.
LT1195M
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage 3.0 15.0 mV
AVps/AT Input Vog Drift 17 YA
los Input Offset Current Either Input 0.2 2.0 VA
I Input Bias Current Either Input +0.5 +2.5 pA
CMRR Common-Mode Rejection Ratio Veom =—2.5V to 3.5V 55 85 dB
PSRR Power Supply Rejection Ratio Vg = +2.375V to +8V 55 80 dB
AvoL Large-Signal Voltage Gain RL =1k, Voyr =3V 1.50 5.0 V/mV
Ry = 1509, Vgur = +3V 0.25 0.8 V/mV
Vour Output Voltage Swing R =1k +3.7 +3.9 v
Is Supply Current 12 18 mA
Shutdown Supply Current Pin 5 at V-, (Note 8) 0.8 25 mA
Isip Shutdown Pin Current Pin5atV- 5 25 vA
2-118 LY NER
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+5V €LECTRICAL CHARACTERISTICS o-c<i<70c

Vs =£5V, pin 5 open circuit, unless otherwise noted.

LT1195C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage J8, N8 Package 3.0 10.0 mv

S8 Package 3.0 15.0 mv

AVps/AT | Input Vog Drift 12 wv/eC

log Input Offset Current 0.2 1.7 vA

Is Input Bias Current +0.5 +2.5 uA

CMRR Common-Mode Rejection Ratio Vom =—2.5V 10 3.5V 60 85 dB

PSRR Power Supply Rejection Ratio Vg =+2.375V to 5V 60 90 dB

AvoL Large-Signal Voltage Gain R =1k, Vour =23V 20 75 V/mV

Ry =150Q, Voyr = 3V 0.3 1.5 V/imV

Vour Output Voltage Swing R =1k +3.7 +39 v

Is Supply Current 12 17 mA

Shutdown Supply Current Pin 5 at V~, (Note 8) 0.9 2.0 mA

Is/p Shutdown Pin Current Pin5atV- 5 25 pA
5V €LECTRICAL CHARACTERISTICS o-c<Ty<70c

Vs* =5V, Vg~ =0V, pin 5 open circuit, unless otherwise noted.
LT1195C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage J8, N8 Package 1.0 10.0 mVv

S8 Package 1.0 15.0 mv

AVos/AT | Input Vgg Drift 15 w/eC

los Input Offset Current Either Input 0.2 1.7 uA

Ig Input Bias Current Either Input +0.5 +2.5 pA

Input Voltage Range (Note 3) 2.0 35 v

CMRR Common-Mode Rejection Ratio Vem =2V 10 3.5V 60 85 dB

Vour Output Voltage Swing Ry = 150Q to Ground Vour High 3.5 3.75 \

Vout Low 0.15 04 v

Is Supply Current 12 16 mA

Shutdown Supply Current Pin5atV- (Note 8) 09 2.0 mA

Is/p Shutdown Pin Current Pin5atV- 5 25 pA

Note 1: A heat sink may be required to keep the junction temperature
below absolute maximum when the output is shorted continuously.
Note 2: T, is calculated from the ambient temperature Ty and power
dissipation Pp according to the following formulas:

LT1195MJ8, LT1195CJ8: Ty =Ta + (Pp x 100°C/W)

LT1195CN8: Ty =Ta+ (Pp x 100°C/W)

LT1195CS8: Ty =Ta + (Pp x 150°C/W)
Note 3: Exceeding the input common-mode range may cause the output
to invert.
Note 4: Slew rate is measured between £1V on the output, with a 3V
input step.
Note 5: Full power bandwidth is calculated from the slew rate measure-
ment: FPBW = SR/2rVp.

Note 6: Settling time measurement techniques are shown in “Take the
Guesswork Out of Settling Time Measurements,” EDN, September 19,
1985.

Note 7: NTSC (3.58MHz). For Ry = 1k, Diff Ay = 0.3%, Diff Ph = 0.35°.
Note 8: See Applications Information section for shutdown at elevated
temperatures. Do not operate the shutdown above T, > 125°C.

Note 9: AC parameters are 100% tested on the ceramic and plastic DIP
packaged parts (J8 and N8 suffix) and are sample tested on every lot of
the SO packaged parts (S8 suffix).

Note 10: Do not operate at Ay < 2 for Ty < 0°C.

LT IAR
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LT1195

TYPICAL PERFORMANCE CHRRACTERISTICS

Input Bias Current vs
Common-Mode Voltage
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TYPICAL PERFORMANCE CHARACTERISTICS

Open-Loop Voltage Gain vs

Gain and Phase vs Frequency Load Resistance
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TYPICAL PERFORMANCE CHARACTERISTICS

Slew Rate vs Temperature
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APPLICATIONS INFORMATION

Power Supply Bypassing

The LT1195 is quite tolerant of power supply bypassing.
In some applications a 0.1uF ceramic disc capacitor
placed 0.5 inches from the ampifier is all that is required.
Inapplications requiring good settling time, it is important
to use muitiple bypass capacitors. A 0.1uF ceramic disc in
parallef with a 4.7uF tantalum is recommended.

Cable Terminations

The LT1195 operational amplifier has been optimized as a
low cost video cable driver. The £20mA guaranteed output
current enables the LT1195 to easily deliver 6Vp.p into
1509, while operating on £5V supplies.

Double-Terminated Cable Driver

756 CABLE

>

> Rrp 75Q

1195 Al01

Cable Driver Voltage Gain vs Frequency
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=
3 N
S 5 -
-8
Vg = 5!
N\
_p
100k ™ 10M 100M
FREQUENCY (Hz)

1195 Al2

When driving a cable it is important to terminate the cable
to avoid unwanted reflections. This can be done in one of
two ways: single termination or double termination. With
single termination, the cable must be terminated at the

receiving end (75Q to ground) to absorb unwanted en-
ergy. The best performance can be obtained by double
termination (75Q in series with the output of the amplifier,
and 75Q to ground at the other end of the cable). This
termination is preferred because reflected energy is ab-
sorbed at each end of the cable. When using the double
termination technique itis important to note that the signal
is attenuated by a factor of 2, or 6dB. this can be compen-
sated for by taking a gain of 2, or 6dB in the amplifier.

Using the Shutdown Feature

The LT1195 has a unique feature that allows the amplifier
to be shut down for conserving power, or for multiplexing
several amplifiers onto acommon cable. The amplifier will
shutdown by taking pin 5to V™. In shutdown, the amplifier
dissipates 15mW while maintaining atrue highimpedance
output state of 15k in parallel with the feedback resistors.
The amplifiers must be used in a noninverting configura-
tion for MUX applications. In inverting configurations the
input signal is fed to the output through the feedback
components. The following scope photos show that with
very high Ry, the output is truly high impedance; the
output slowly decays toward ground. Additionally, when
the output is loaded with as little as 1k the amplifier shuts
off in 700ns. This shutoff can be under the control of HC
CMOS operating between 0V and -5V.

Output Shutdown

1MHz SINE WAVE GATED OFF WITH SHUTDOWN PIN
Ay =1, R, = SCOPE PROBE

1195 A103
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APPLICATIONS INFORMATION

Output Shutdown Single 5V Video Amplifier
— S—

o
<

1000uF

sﬁ 750

R
i 10k 750

R1
3k

R2 1195 AI0S

100pF ok

i

Ay=1,R =1k

1195 AID4

Detecting Pulses

The front page shows a circuit for detecting very fast
pulses. In this open-loop design, the detector diode is D1
and a level shifting or compensating diode is D2. A load
resistor Ry is connected to -5V, and an identical bias
resistor Rg is used to bias the compensating diode. Equal
value resistors ensure that the diode drops are equal. A
very fast pulse will exceed the amplifier slew rate and
cause a long overload recovery time. Some amount of
dV/dt limiting on the input can help this overload condi- ) L ny ||
tion, however too much will delay the response. Also s acs
shown is the response to a 4Vp.p input that is 150ns wide.

The maximum output slew rate in the photo is 30V/us. This

rate is set by the 30mA current limit driving 1000pF. Vector Plot of Standard Color Burst

Operation on Single 5V Supply

The LT1195 has been optimized for a single 5V supply.
This circuit amplifies standard composite video (1Vp-p
including sync) by 2 and drives a double-terminated 75Q
cable. Resistors R1 and R2 bias the amplifier at 2V,
allowing the sync pulses to stay within the common-mode
range of the amplifier. Large coupling capacitors are
required to pass the low frequency sidebands of the
composite signal. A multiburst response and vector plot
standard color burst are shown.

1195 Al07
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LT1195

APPLICATIONS INFORMATION

Send Color Video Over Twisted-Pair

With an LT1195 it is possible to send and receive color
composite video signals more than 1000 feet on alow cost
twisted-pair. A bidirectional “video bus” consists of the
LT1195 opamp and the LT1187 video difference amplifier.
A pair of LT1195s at TRANSMIT 1, is used to generate
differential signals to drive the line which is back-termi-
nated in its characteristic impedance. The LT1187,
twisted-pair receiver, converts signals from differentials
to single-ended. Topology of the LT1187 provides for
cable compensation at the amplifier’s feedback node as
shown. In this case, 1000 feet of twisted-pair is compen-
sated with 1000pF and 502 to boost the 3dB bandwidth of
the system from 750kHz to 4MHz. This bandwidth is
adequate to pass a 3.58MHz chrome subcarrier, and the
4.5MHz sound subcarrier. Attenuation in the cable can be
compensated by lowering the gain set resistor Rg. At
TRANSMIT 2, another pair of LT1195s serve the dual
function to provide cable termination via low output im-
pedance, and generate differential signals for TRANSMIT
2.Cable termination is made up of 15Qand 33Qattentuator
to reduce the differential input signal to the LT1187.
Maximum input signal for the LT1187 is 760mVp.p.

1.5MHz Square Wave Input and Unequalized
Response Through 1000 Feet of Twisted-Pair

1195 A108

1.5MHz Square Wave Input and Equalized
Response Through 1000 Feet of Twisted-Pair

Multiburst Pattern Passed Through
1000 Feet of Twisted-Pair

1195 A109

195A110

Vector Plot of Standard Color Burst Through

1000 Feet of Twisted-Pair

195 A1
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LT1195

APPLICATIONS INFORMATION

Bidirectional Video Bus

TRANSMIT 1

L
TBQ
<

1000 FT
TWISTED-PAIR

I J‘ 150
e 000

RECEIVE 2

195 A2

SIMPLIFIED SCHEMATIC

AAA
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VVv

AA
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* SUBSTRATE DIODE, DO NOT FORWARD BIAS
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r" ’ \D LT1201/LT1202

TECHNOLOGY

"EATURES

1mA Supply Current per Amplifier
50V/us Slew Rate

12MHz Gain-Bandwidth

Unity-Gain Stable

330ns Settling Time to 0.1%, 10V Step
6V/mV DC Gain, R = 2kQ

2mV Maximum Input Offset Voltage
100nA Maximum Input Offset Current
1pA Maximum Input Bias Current
+12V Minimum Output Swing into 2kQ
Wide Supply Range: 2.5V to £15V
Drives Capacitive Loads

IPPLICATIONS

I Wideband Amplifiers

t Buffers

1 Active Filters

I Video and RF Amplification
i Cable Drivers

I Data Acquisition Systems

Dual and Quad
TmA, 12MHz, 50V/us
Op Amps

PDESCRIPTION

The LT1201/LT1202 are dual and quad low power, high
speed operational amplifiers with excellent DG perfor-
mance. The LT1201/LT1202 feature much lower supply
current than devices with comparable bandwidth and slew
rate. Each amplifier is a single gain stage with outstanding
settling characteristics. The fast settling time makes the
circuit an ideal choice for data acquisition systems. Each
output is capable of driving a 2kQ2 load to £12V with +15V
supplies and a 500Q load to +3V on £5V supplies. The
amplifiers are also capable of driving large capacitive
loads which make them useful in buffer or cable driver
applications.

The LT1201/LT1202 are members of a family of fast, high
performance amplifiers that employ Linear Technology
Corporation’s advanced bipolar complementary
processing.

'YPICAL APPLICATION

100kHz, 4th Order Butterworth Filter

Inverter Pulse Response

o
=
w
=

—AAA AA
VVv- VVv

=
L
1
<
=
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- s
ur 904 =
8o
=3 -
S
h=1
_n—[

—Vour

12001/02 TAOY

1201/02 TA2
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LT1201/LT1202

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V¥ t0 V7)o, 36V Specified Temperature Range (Note 5)
Differential Input Voltage .........ccceeveeereccicerennneee. +6V LT1201C/LT1202C ... 0°C to 70°C
INPUt VORRAGE ... +Vs  Maximum Junction Temperature
Qutput Short-Circuit Duration (Note 1) ........... Indefinite Plastic PaCKAQe .........vveevrvemrreierrereeseereereenes 150°C
Operating Temperature Range Storage Temperature Range ................ -65°C to 150°C
LT1201C/LT1202C ....ooveveene -40°C10 85°C  Lead Temperature (Soldering, 10 S€C).....cc.cevvue.. 300°C
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART TOP VIEW ORDER PART
wnaf— [@v NUMBER 5] v NUMBER
-INA [2] [7] outB 7] outB
s EE E s LT1201CN8 =1 s LT1201CS8
v [d [51+IN8 5] +INB S8 PART MARKING
-LEAD PLASTIC DIP -LERD PLASTIC SOIC 1201
Tymax = 150°C, 8y = 100°C/W Tmax = 150°C, 8,4 = 150°C/W
TOP VIEW ORDER PART TOPVIEW ORDER PART
ouTA[T] [i2] ouTD NUMBER 6] ouTD NUMBER
—INAEDHQE-IND 5] -IND
ANA[3] 12] +IND LT1202CN i2] N D LT1202CS
v mka sl v-
+INB[5] _Hio] +inc 2] +INC
—|N3Elq_?_| -INC fi1] -INC
outs 7] 8] outc 0] ouTG
9] Ne
N PACKAGE
14-LEAD PLASTIC DIP S PACKAGE
16-LEAD PLASTIC SOIC
Timax = 150°C, 82 = 70°C/W Tymax = 150°C, 6,4 = 100°C/W

Consult factory for Industrial and Military grade parts.

ELECTRICAL CHARACTERISTICS v - +15v, Ty = 25°C, Vg = 0V, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT!
Vos Input Offset Voltage Vg =15V (Note 2) 0.7 20 m!
0°C to 70°C 3.0 m)

Vs = £5V (Note 2) 1.0 40 m

0°C to 70°C 45 m

Input Vg Drift 11 uv/el

los Input Offset Current Vg =15V and Vg = 15V 50 100 n
0°C to 70°C 150 n

I Input Bias Current Vs =45V and Vg = +15V 0.5 1.0 W
0°C to 70°C 1.2 W

en Input Noise Voltage f = 10kHz 30 nVAH
in Input Noise Current f=10kHz 0.6 pANH
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LT1201/LT11202

:LECTRICAL CHARACTERISTICS v; - +15v, T4 = 25°C, Vgy = OV, unless otherwise noted.

YMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
N Input Resistance Vom = 12V 48 90 MQ
Differential 500 kQ

N Input Capacitance 2 pF
VIRR Common-Mode Rejection Ratio Vg = +15V, Vo = £12V; Vg = £5V, Vo = 2.5V 92 100 dB
0°C to 70°C 90 dB

SRR Power Supply Rejection Ratio Vg = +5V to £15V 80 90 dB
0°C to 70°C 80 dB

Input Voltage Range* Vg =+15V 12.0 14 v

Vg = £5V 25 4 v

Input Voltage Range™ Vg =15V -13 -12.0 \

Vg = +5V -3 -25 \

JoL Large-Signal Voltage Gain Vs =15V, Voyt = 10V, Ry = 5k 4.0 8 V/imV
0°C to 70°C 35 V/imV

Vg =+15V, Voyr =10V, R = 2k 3.0 6 V/imV

0°C to 70°C 25 V/imV

Vg =+5V, Vour =£2.5V, R = 2k 25 5 V/mv

0°C to 70°C 2.0 V/imv

Vg =5V, Voyr = 2.5V, R, = 1k 20 4 Vimv

0°C to 70°C 1.6 VimV

0T Output Swing Vs =15V, Ry = 2k, 0°C to 70°C 12.0 138 +V
Vg =5V, R = 5009, 0°C to 70°C 3.0 4.0 +V

ut Output Current Vs =+15V, Voyr = £12V, 0°C to 70°C 6 12 mA
Vs = +5V, Vgyr = £3V, 0°C to 70°C 6 12 mA

R Slew Rate Vg =+15V, AygL =-2 (Note 3) 30 50 V/us
0°C to 70°C 27 Vips

Vs =5V, Ayg = -2 (Note 3) 20 33 Vips

0°C to 70°C 18 V/ps

Full Power Bandwidth Vg =+15V, 10V Peak (Note 4) 0.8 MHz

Vg = +5V, 3V Peak (Note 4) 1.7 MHz

BW Gain-Bandwidth Vg = +15V, f= 0.1MHz 12 MHz
Vs =15V, f= 0.1MHz 9 MHz

t Rise Time, Fall Time Vg =15V, Ayg = 1, 10% to 90%, 0.1V 18 ns
Vs =5V, Aygr =1, 10% to 90%, 0.1V 23 ns

Overshoot Vg =%15V, Ay =1, 0.1V 25 %

Vg =45V, Ay =1,0.1V 20 %

Propagation Delay Vs =15V, 50% Vi to 50%Voyr 18 ns

Vs =+5V, 50% Vyy to 50%Vour 23 ns

Settling Time Vg =15V, 10V Step, 0.1%, Ayg = 1 330 ns

Vg =5V, 5V Step, 0.1%, Ayg = 1 300 ns

D Output Resistance AyeL =1, f=0.1MHz 11 Q
Crosstalk Vour =+10V, R = 2k -110 -100 dB

Supply Current Each Amplifier, Vg = £5V and Vg = £15V 1 14 mA

0°C to 70°C 1.6 mA

ote 1: A heat sink may be required to keep the junction temperature
slow absolute maximum when the output is shorted indefinitely.

ae 2: Input offset voltage is pulse tested with automated test equipment

id is exclusive of warm-up drift.

ae 3: Slew rate is measured in a gain of —2. For +15V supplies measure
itween +10V on the output with +6V on the input. For 5V supplies

Note 4: Full power bandwidth is calculated from the slew rate
measurement: FPBW = SR/2xVp.

Note 5: Commercial grade parts are designed to operate over the

temperature range of —40°C to 85°C but are neither tested nor guaranteed

easure between +2V on the output with £1.75V on the input.

beyond 0°C to 70°C. Industrial grade parts specified and tested over
~40°C to 85°C are available on special request. Consult factory.
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LT1201/L11202

TYPICAL PERFORMANCE CHARACTERISTICS

Input Common-Mode Range vs
Supply Voltage
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LT1201/LT1202

'YPICAL PERFORMANCE CHARARCTERISTICS

Power Supply Rejection Ratio Common-Mode Rejection Ratio
Crosstalk vs Frequency vs Frequency vs Frequency
=40 T 100 = 120 —
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Voltage Gain and Phase vs Frequency Response vs
Frequency Output Swing vs Settling Time Capacitive Load
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LT1201/LT1202

TYPICAL PERFORMANCE CHARACTERISTICS

Gain-Bandwidth and Phase Margin

Total Harmonic Distortion

vs Supply Voltage Slew Rate vs Supply Voltage vs Frequency
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0 46 20 0.0001
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1201/02 G19 1201/02 G20 1201/02 G21

Layout and Passive Components Capacitive Loading

As withany high speed operational amplifier, care must be
taken in board layout in order to obtain maximum perfor-
mance. Key layout issues include: use of a ground plane,
minimization of stray capacitance at the input pins, short
lead lengths, RF-quality bypass capacitors located close
to the device (typically 0.01uF to 0.1uF) and low ESR
bypass capacitors for high drive current applications
(typically 1uF to 10uF tantalum). Sockets should be
avoided when maximum frequency performance is re-
quired, although low profile sockets can provide reason-
able performance up to 50MHz. For more details see
Design Note 50. The parallel combination of the feedback
resistor and gain setting resistor on the inverting input
combine with the input capacitance to form a pole which
can cause peaking. If feedback resistors greater than 5k
are used, a parallel capacitor of value:

Cr=Rg % Cin/Re

should be used to cancel the input pole and optimize
dynamic performance. For unity-gain applications where
alarge feedback resistoris used, Cg should be greater than
or equal to Gyy.

The LT1201/L.T1202 amplifiers are stable with all capaci-
tive loads. This is accomplished by sensing the loac
induced output pole and adding compensation at the
amplifier gain node. As the capacitive load increases, bott
the bandwidth and phase margin decrease so there will be
peaking in the frequency domain and in the transien
response. The photo of the small-signal response with
1000pF load shows 40% peaking. The large-signal re-
sponse with a 10,000pF load shows the output slew rate
being limited by the short-circuit current. To reduce peak-
ing with capacitive loads, insert a small decoupling resis:
tor between the output and the load, and add a capacitol
between the output and inverting input to provide an AC
feedback path. Coaxial cable can be driven directly, but foi
best pulse fidelity the cable should be doubly terminatec
with a resistor in series with the output. When driving ¢
150€2 load the minimum output current of 6mA limits the
swing to £0.9V.
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LT1201/LT1202

APPLICATIONS INFORMATION

Small-Signal Capacitive Loading

v=-1
C, = 1000pF

1201/02 Al01

Large-Signal Capacitive Loading

=1
€, = 10,000pF

120102 Al02

nput Considerations

lesistors in series with the inputs are recommended for
1e LT1201/LT1202 in applications where the differential
put voltage exceeds £6V continuously or on a transient
asis. An example would be in noninverting configura-
ons with high input slew rates or when driving heavy
apacitive loads. The use of balanced source resistance at
ach input is recommended for applications where DC
ccuracy must be maximized.

ransient Response

he LT1201/LT1202 gain-bandwidth is 12MHz when mea-
ured at 100kHz. The actual frequency response in unity-
ain is considerably higher than 12MHz due to peaking

caused by a second pole beyond the unity-gain crossover.
This is reflected in the 50° phase margin and shows up as
overshoot in the unity-gain small-signal transient re-
sponse. Higher noise gain configurations exhibit less
overshoot as seen in the inverting gain of one response.

The large-signal response in both inverting and non-
inverting gain shows symmetrical slewing characteris-
tics. Normally the noninverting response has a much
faster rising edge due to the rapid change in input com-
mon-mode voltage which affects the tail current of the
input differential pair. Slew enhancement circuitry has
been added to the LT1201/LT1202 so that the falling edge
slew rate is balanced.

Small-Signal Transient Response

1201/02 103

Small-Signal Transient Response

120102 Ai04

LT LNER
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LT1201/LT1202

APPLICATIONS INFORMATION

Large-Signal Transient Response

Ay=1 1201102 A105

Large-Signal Transient Response

1201102 4105

Low Voltage Operation

The LT1201/LT1202 are functional at room temperature
with only 3V of total supply voltage. Under this condition,
however, the undistorted output swing is only 0.8Vp_p . A
more realistic condition is operation at+2.5V supplies (or
5Vand ground). Under these conditions at room tempera-
ture the typical input common-mode range is 2.2V to
-1.5V, and a 1MHz, 2.5Vp.p sine wave can be accurately
reproduced. With 5V total supply voltage the gain-band-
width is reduced to 7MHz and the slew rate is reduced to
20V/us.

DAC Current-to-Voltage Converter

The wide bandwidth, high slew rate and fast settling time
of the LT1201/LT1202 make them well suited for current-
to-voltage conversion after current output D/A converters
A typical application with a DAC-08 type converter (full-
scale output of 2mA) uses a 5k feedback resistor. A 12pt
compensation capacitor across the feedback resistor i
used to null the pole at the inverting input caused by the
DAC output capacitance. The combination of the LT1201,
LT1202 and DAC settles to less than 40mV (1LSB) ir
500ns for a 0V to 10V step or for a 10V to OV step.

Active Filters

The LT1201/LT1202 are well suited to active filter applica:
tions such as the circuit shown on the front page of the
data sheet. This particular example is a 4-pole Butterwortt
lowpass filter with a cutoff frequency of 100kHz. In choos:
ing an amplifier for filter applications a good rule o
thumb is:

fox O < GBW/20

For our example the first section has Q = 0.54 and the
second section has Q = 1.31, so the amplifier easily meet:
the gain-bandwidth requirement of 2.6MHz for fg = 100kHz
This multiple feedback configuration and the Sallen-Key
configuration (as shown in the Typical Applications sec
tion) are the most commonly used topologies. The mul
tiple feedback configuration has an advantage over tht
noninverting Sallen-Key configuration in many cases be
cause the amplifier does not see a frequency varying
common-mode voltage and high frequency outputimped
ance is not critical. The result is better frequency perfor
mance beyond fq (for our particular example the stopbant
performance is dramatically better above 1MHz). Advan
tages of the Sallen-Key topology over the multiple feed
back topology include: better gain accuracy, better D(
accuracy, and unity-gain filters can be implemented mor
easily.
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LT1201/LT1202

TYPICAL APPLICATIONS

DAC Current-to-Voltage Converter

Instrumentation Amplifier

12pF R5 R4
|1 4320 20k
ARA AN
Ll VWV VWA
s R R2
2K 2
DAC-08 - J__ R n3
TYPE " = » 2%
LT1201 — Vour LT1201 WA "
+ - + LT1201 Vour
+
0ApF 5k
I ! 1 LSB SETTLING = 500ns Vin + '—1
= = . _Raf,, 1 (R B3}, R2+R3]_
1201/02 TAGS AV'R3 [1+2(R1+R4) RS ]_104

TRIM R5 FOR GAIN
TRIM R1 FOR COMMON-MODE REJECTION
BW = 120kHz

1201/02 TAOS

100kHz 4th Order Butterworth Filter
(Sallen-Key)

c4
2 100(|)pF
330pF | -
12
- LT1201 — Vour
1/2 AAA AAA
LT1201 VVv VVv +
Vi . R3 R4
2.43k
15,4k_ |3
2.87k 26.7k ¢t —_l:_' 68pF T
T 100pF -
Full-Wave Rectifier
1N4148
3.9k
Vi MY
7.8k
Av‘v‘v
12
LT1201 — Vour
.‘-

1201/02 TAGS

LY HNER
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LT1201/LT1202
SIMPLIFIED SCHEMATIC one ampiitier shown.
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| t ’\E LT1206

TECHNOLOGY

FEATURES

= 250mA Minimum Output Drive Current
60MHz Bandwidth, Ay = 2, R_ = 100Q
900V/us Slew Rate, Ay = 2, R = 50Q
0.02% Differential Gain, Ay = 2, R| = 30Q
0.17° Differential Phase, Ay = 2, R_ = 30Q
= High Input Impedance, 10MQ

= Wide Supply Range, 5V to +15V

® Shutdown Mode: Ig < 200pA

= Adjustable Supply Current

= Stable with G, = 10,000pF

APPLICATIONS

= Video Amplifiers

= (Cable Drivers

= RGB Amplifiers

= Test Equipment Amplifiers
= Buffers

250mA/60MHz Current
Feedback Amplifier

DESCRIPTION

The LT1206 is a current feedback amplifier with high
output current drive capability and excellent video char-
acteristics. The LT1206 is stable with large capacitive
loads, and can easily supply the large currents required
by the capacitive loading. A shutdown feature switches
the device into a high impedance, low current mode,
reducing dissipation when the device is not in use. For
lower bandwidth applications, the supply current can be
reduced with a single external resistor. The low differen-
tial gain and phase, wide bandwidth, and the 250mA
minimum output current drive make the LT1206 well
suited to drive multiple cables in video systems.

The LT1206 is manufactured on Linear Technology’s
proprietary complementary bipolar process.

TYPICAL APPLICATIONS

Noninverting Amplifier with Shutdown

*OPTIONAL, USE WITH CAPACITIVE LOADS

**GROUND SHUTDOWN PIN FOR
NORMAL OPERATION

<
<
& %24k 1
ENABLE —-I _>-<
74C906 LT1206  TAOT

Large-Signal Response, G = 10,000pF

Vg= 15\/ - T e
RL =0
Rr=Rg =3k

LY R
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LT1206

ABSOLUTE MAXIMUM RATINGS

SUPPIY VORAGE ...ovveveecccree e +18V  Operating Temperature Range
Input Current ..... . .. T15MA LT1206C ....ooeverererrererrcenereseae -40°C to 85°C
Output Short-Circuit Duration (Note 1) ....... Continuous  Junction TEMPErature ........c.cveveeererererreeeneererseens 150°C
Specified Temperature Range (Note 2)...... 0°Cto 70°C  Storage Temperature Range.................. -65°C to 150°C
Lead Temperature (Soldering, 10 SeC).........cco.c.. 300°C
PACKAGE/ORDER INFORMATION
TOP VIEW ORDER PART TOP VIEW ORDER PART
Ne [1 N 1 NUMBER 5] v+ NUMBER
-In [2] 7] out 7] out x
e Dl T LT1206CNg** o LT1206CS8
s/0* [4] 5] comp COMP
) PART MARKING
N8 PACKAGE S8 PACKAGE
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SO 1 206
88 = 100°C/W 0y = 60°CW
FRONT VIEW ORDER PART FRONT VIEW ORDER PART
7E——our NUMBER 7 7 our NUMBER
6 —v~ 6 1V
o SE==cowe LT1206CR** | (D) : LW LT1206CY**
3f——1smD* 3 ] S/D
TABIS 2 _1+IN TABIS 2 —J+IN
vt 1T—1-IN v 1 1 -IN
R PACKAGE Y PACKAGE
7-LEAD PLASTIC DD 7-LEAD T0-220
0ya = 30°C/W 00 =5°C/W

*Ground shutdown pin for normal operation ~ **See Note 2
Consult factory for Industrial and Military grade parts.

ELECTRICAL CHARACTERISTICS vy, - 0, +5v < Vs < +15V, pulse tested, Vs = OV, unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Ta=25°C +3 +10 mVv
° 15 mV

Input Offset Voltage Drift ° 10 /e

™ Noninverting Input Gurrent Ta=25°C +2 5 pA
o +20 pA

I Inverting Input Current Ta=25°C +10 +60 pA
5 ° +100 A

en Input Noise Voltage Density f=10kHz, Rg = 1k, Rg = 10Q, Rg = 0Q 3.6 nVAHz
+ip Input Noise Current Density f=10kHz, Rg = 1k, Rg = 10Q, Rg = 10k 2 pANHZ
~ip Input Noise Current Density f=10kHz, R = 1k, Rg = 10Q, Rg = 10k 30 pANHz
Rin Input Resistance Viy =12V, Vg = £15V ° 15 10 MQ
: Vin =2V, Vg =5V ° 0.5 5 MQ

Oy Input Capacitance Vg =15V 2 pF
Input Voltage Range Vg =15V o +2 +13.5 \

Vg =15V o +2 +35 \
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ELGCTB |CGI. CHﬂﬁﬂCTEBISTICS Vem =0, £5V < Vg <+15V, pulse tested, Vs;p = 0V, unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
CMRR Common-Mode Rejection Ratio Vg =15V, Vg = £12V [ 55 62 dB
Vg =5V, Vom = 2V ° 50 60 dB
Inverting Input Current Vg =15V, Vo = £12V o 0.1 10 pA/V
Common-Mode Rejection Vg =£5V, Vg = £2V [] 0.1 10 VA/V
PSRR Power Supply Rejection Ratio Vg =5V to £15V ) 60 77 dB
Noninverting Input Current Vg =45V 1o £15V ° 30 500 nA/v
Power Supply Rejection
Inverting Input Current Vg =15V to £15V ° 0.7 5 HA/V
Power Supply Rejection
Ay Large-Signal Voltage Gain Vg = +15V, Yoy = 10V, R = 50Q [ 55 7 dB
Vs =5V, Voyr = £2V, R = 25Q [J 55 68 dB
RoL Transresistance, AVoyt/Aly~ Vs =£15V, Vour =210V, R = 50Q ° 100 260 kQ
Vs =£5V, Voyr = £2V, R = 25Q [ 75 200 kQ
Vout Maximum Output Voltage Swing Vs =115V, R = 50Q, Tp = 25°C +115 +125 \
o | +10.0 \
Vg =5V, R =25Q, Ty = 25°C +2.5 +3.0 v
e | 120 \
lout Maximum Output Current RL=1Q °® 250 500 1200 mA
s Supply Current Vg =+15Y, Vgp = 0V, Ta = 25°C 20 30 mA
[ 35 mA
Supply Current, Rg/p = 51k (Note 3) Vg =+15V, Ta = 25°C 12 17 mA
Positive Supply Current, Shutdown Vg = +15V, Vgp = 15V [ 200 VA
Output Leakage Current, Shutdown Vg =+15V, Vgp = 15V [ 10 pA
SR Slew Rate (Note 4) Ay=2,Tp=25C 400 900 V/us
Differential Gain (Note 5) Vs = +15V, R = 5609, Rg = 5600, R = 30Q 0.02 %
Differential Phase (Note 5) Vg = +15V, R = 560, Rg = 5609, R| = 30Q 0.17 DEG
3w Small-Signal Bandwidth Vs = 15V, Peaking < 0.5dB 60 MHz
R = Rg =620Q, R = 100Q
Vs = £15V, Peaking < 0.5dB 52 MHz
Rr =Rg = 6499, R = 50Q
Vs = +15V, Peaking < 0.5dB 43 MHz
Rr = Rg = 6982, R = 30Q
Vs = +15V, Peaking < 0.5dB 27 MHz

Rr = Rg = 825, R = 10Q

The @ denotes specifications which apply for 0°C < Tp < 70°C.
Note 1: Applies to short circuits to ground only. A short circuit between
*he output and either supply may permanently damage the part when

aperated on supplies greater than +10V.

Note 2: Commercial grade parts are designed to operate over the
:emperature range of —40°C to 85°C but are neither tested nor guaranteed

beyond 0°C to 70°C. Industrial grade parts tested over —40°C to 85°C are
available on special request. Consult factory.
Note 3: Rgp is connected between the shutdown pin and ground.

Note 4: Slew rate is measured at +5V on a 10V output signal while

operating on +15V supplies with Rg = 1.5k, Rg = 1.5k and R|_ = 400Q.
Note 5: NTSC composite video with an output level of 2V.
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SMALL-SIGNAL BANDWIDTH

Ig = 20mA Typical, Peaking < 0.1dB

-3dB BW -0.1dB BW -3dB BW -0.1dB BW
Ay Ry Re Rg (MHz) {MHz) Ay Ry R Rg (MHz) (MHz)
Vs = 15V, Rgp = 0Q Vg =15V, Rgp = 0Q
-1 150 562 562 48 214 -1 150 681 681 50 19.2
30 649 649 34 17 30 768 768 35 17
10 732 732 22 12.5 10 887 887 24 12.3
1 150 619 - 54 22.3 1 150 768 - 66 224
30 715 - 36 175 30 909 - 37 17.5
10 806 - 224 115 10 1K - 23 12
2 150 576 576 48 20.7 2 150 665 665 55 23
30 649 649 35 18.1 30 787 787 36 185
10 750 750 22.4 1.7 10 931 931 22.5 118
10 150 442 48.7 40 19.2 10 150 487 536 44 20.7
30 511 56.2 3 16.5 30 590 64.9 33 17.5
10 649 7.5 20 10.2 10 768 84.5 20.7 10.8
Is = 10mA Typical, Peaking < 0.1dB
-3dB BW -0.1dB BW ~-3dB BW -0.1dB BW
Ay R. R Rg (MHz) (MHz) Ay R. R Rg (MHz) (MHz)
Vs =15V, Rgp =10.2k Vg = +15V, Rgp = 60.4k
-1 150 576 576 35 17 -1 150 634 634 4 19.1
30 681 681 25 125 30 768 768 26.5 14
10 750 750 16.4 8.7 10 866 866 17 9.4
1 150 665 - 37 17.5 1 150 768 - 44 18.8
30 768 - 25 12.6 30 909 - 28 144
10 845 - 16.5 8.2 10 1k - 16.8 8.3
2 150 590 590 35 16.8 2 150 649 649 40 18.5
30 681 681 25 13.4 30 787 787 27 14.1
10 768 768 16.2 8.1 10 931 931 16.5 8.1
10 150 301 33.2 31 15.6 10 150 301 332 33 15.6
30 392 432 23 11.9 30 402 44.2 25 133
10 499 54.9 15 7.8 10 590 64.9 15.3 7.4
Is = 5mA Typical, Peaking < 0.1dB
-3dB BW ~0.1dB BW -3dB BW -0.1dB BW
Ay RL Re Rg (MHz) (MHz) Ay R Rr Rg (MHz) (MHz)
Vs =5V, Rgp = 22.1k Vs = +15V, Rgp = 121k
-1 150 604 604 21 105 -1 150 619 619 25 12.5
30 715 715 14.6 74 30 787 787 15.8 85
10 681 681 10.5 6.0 10 825 825 10.5 5.4
1 150 768 - 20 9.6 1 150 845 - 23 10.6
30 866 - 141 6.7 30 1K - 15.3 76
10 825 - 9.8 5.1 10 1K - 10 5.2
2 150 634 634 20 9.6 2 150 681 681 23 10.2
30 750 750 14.1 7.2 30 845 845 15 77
10 732 732 9.6 5.1 10 866 866 10 5.4
10 150 100 111 16.2 5.8 10 150 100 1.1 15.9 45
30 100 111 134 7.0 30 100 1.1 13.6 6
10 100 111 9.5 47 10 100 1.1 9.6 45
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['YPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

Output Impedance in Shutdown 2nd and 3rd Harmonic Distortion
Output Impedance vs Frequency vs Frequency vs Frequency
100 5 100k = = ~30
RE=—— =S==Ei= Ay=1 Vs =215V P
Flg = 0mA A/ Re = 1k 2 Vo =2Vpp
_ Ry = 121K _ D Vg = £15V b - 2nd |+ V7
g = i gok R RL_1OQ§ =1 A
g e g g% / ord > //
S = 2nd
2, [ Rsp - 02 8 4 8 g / el
E = e 60 7
< s g f /|
= = 5 % /
[ = = -70 Ry =30Q 7
301 - 3100 / l / e
7 1 ~80 g
i} L
0.01 10 1l -90
100k ™ 10M 100M 100k ALY 10M 100M 1 2 3 4 5 678910
FREQUENCY (H FREQUENCY (H FREQUENCY (W)
( Z) LT1206 « TPC19 ( Z) LT1206 « TPC20 LT1206 + TPC21
3rd Order Intercept vs Frequency Test Circuit for 3rd Order Intercept
60 —T
Vg =15V
\ RL = 500
- Rf=590Q |
g% Rg - 64.90 Po
=)
o
& 40
o
g
é 30 I~ 650 50Q
oc
& \ MEASURE INTERCEPT AT Pg
= 20 \\ - LT1206+TPC23 e
N
10

0 5 10 15 20 25 30
FREQUENCY (MHz)

LT1206 + TPC22

LT LNEAR 2-143



LT1206

SIMPLIFIED SCHEMATIC
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APPLICATIONS INFORMATION

The LT1206 is a current feedback amplifier with high
output current drive capability. The device is stable with
large capacitive loads and can easily supply the high
currents required by capacitive loads. The amplifier will
drive low impedance loads such as cables with excellent
linearity at high frequencies.

Feedback Resistor Selection

The optimum value for the feedback resistors is a function
of the operating conditions of the device, the load imped-
ance and the desired flatness of response. The Typical AC
Performance tables give the values which result in the
highest 0.1dB and 0.5dB bandwidths for various resistive
loads and operating conditions. If this level of flatness is
not required, a higher bandwidth can be obtained by use
of a lower feedback resistor. The characteristic curves of
Bandwidth vs Supply Voltage indicate feedback resistors
for peaking up to 5dB. These curves use a solid line when
the response has less than 0.5dB of peaking and a dashed

line when the response has 0.5dB to 5dB of peaking. The
curves stop where the response has more than 5dB of
peaking.

For resistive loads, the COMP pin should be left open (see
section on capacitive loads).

Capacitive Loads

The LT1206 includes an optional compensation network
for driving capacitive loads. This network eliminates most
of the output stage peaking associated with capacitive
loads, allowing the frequency response to be flattened.
Figure 1 shows the effect of the network on a 200pF load.
Without the optional compensation, there is a 5dB peak at
40MHz caused by the effect of the capacitance on the
output stage. Adding a 0.01uF bypass capacitor between
the output and the COMP pins connects the compensation
and completely eliminates the peaking. A lower value
feedback resistor can now be used, resulting inaresponse
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APPLICATIONS INFORMATION
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which is flat to 0.35dB to 30MHz. The network has the
greatest effect for Gy in the range of OpF to 1000pF. The
graph of Maximum Capacitive Load vs Feedback Resistor
can be used to select the appropriate value of feedback
resistor. The values shown are for 0.5dB and 5dB peaking
at a gain of 2 with no resistive load. This is a worst case
condition, as the amplifier is more stable at higher gains
and with some resistive load in parallel with the capaci-
tance. Also shown is the —3dB bandwidth with the sug-
gested feedback resistor vs the load capacitance.

Although the optional compensation works well with
capacitive loads, it simply reduces the bandwidth when it
is connected with resistive loads. For instance, with a 30Q
load, the bandwidth drops from 55MHz to 35MHz when
the compensation is connected. Hence, the compensation
was made optional. To disconnect the optional compensa-
tion, leave the COMP pin open.

Shutdown/Current Set

It the shutdown feature is not used, the SHUTDOWN pin
must be connected to ground or V™.

The shutdown pin can be used to either turn off the biasing
for the amplifier, reducing the quiescent current to less
than 200pA, or to control the quiescent current in normal
operation.

The total bias current in the LT1206 is controlled by the
current flowing out of the shutdown pin. When the shut-
down pin is open or driven to the positive supply, the part
is shut down. In the shutdown mode, the output looks like

a40pF capacitorand the supply current is typically 100pA.
The shutdown pin is referenced to the positive supply
through an internal bias circuit (see the simplified sche-
matic). An easy way to force shutdown is to use open drain
(collector) logic. The circuit shown in Figure 2 uses a
74C904 buffer to interface between 5V logic and the
LT1206. The switching time between the active and shut-
down states is less than 1ps. A 24k pull-up resistor
speeds up the turn-off time and insures that the LT1206
is completely turned off. Because the pin is referenced to
the positive supply, the logic used should have a break-
down voltage of greater than the positive supply voitage.
No other circuitry is necessary as the internal circuit
limits the shutdown pin current to about 500pA. Figure 3
shows the resulting waveforms.

15V

S
<Rg
S %m 1
ENABLE -
74C906 Lrizneefoz

Figure 2. Shutdown Interface

Vour

ENABLE

11206+ F3

Ay=1 Rpy = 24k
Re=8250  Viy=1Vp.p
Ry =50Q

Figure 3. Shutdown Operation

LN
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For applications where the full bandwidth of the amplifier
is not required, the quiescent current of the device may be
reduced by connecting aresistor from the shutdown pinto
ground. The quiescent current will be approximately 40
times the current in the shutdown pin. The voltage across
the resistor in this condition is V* — 3Vgg. For example, a
60k resistor will set the quiescent supply current to 10mA
with Vg = +15V.

The photos (Figures 4aand 4b) show the effect of reducing
the quiescent supply current onthe large-signal response.
The quiescent current can be reduced to 5mA in the
inverting configuration without much change in response.
In noninverting mode, however, the slew rate is reduced
as the quiescent current is reduced.

LT1206 +Foda

Re=750Q  Ig=5mA, 10mA, 20mA
RL-50Q  Vg= 15V

Figure 4a. Large-Signal Response vs lg, Ay =-1

LT1206 + Fod

Rp=750Q g ="5mA, 10mA, 20mA

R.=50Q  Vg=+5V
Figure 4b. Large-Signal Response vs Ig, Ay = 2

Slew Rate

Unlike a traditional op amp, the slew rate of a current
feedback amplifier is not independent of the amplifier gain
configuration. There are slew rate limitations in both the
input stage and the output stage. In the inverting mode,
and for higher gains in the noninverting mode, the signal
amplitude on the input pins is small and the overall slew
rate is that of the output stage. The input stage slew rate
is related to the quiescent current and will be reduced as
the supply current is reduced. The output slew rate is set
by the value of the feedback resistors and the internal
capacitance. Larger feedback resistors will reduce the
slew rate as will lower supply voltages, similar to the way
the bandwidth is reduced. The photos (Figures 5a, 5b and
5¢) show the large-signal response of the LT1206 for
various gain configurations. The slew rate varies from
860V/us for a gain of 1, to 1400V/us for a gain of —1.

1 ..’ T“{L One

v

Rp=825Q Vg=+15V
R =500

Figure 5a. Large-Signal Response, Ay =1

LT1206 + F052

jv

LT1206.+ FO5b

Re = RG = 7500
AL =500

Figure 5b. Large-Signal Response, Ay = -1

Vs = £15V
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T8 1100

LT1206 + F0dc

Re = 750Q
RL=50Q

Figure 5c. Large-Signal Response, Ay = 2

When the LT1206 is used to drive capacitive loads, the
available output current can limit the overall slew rate. In
the fastest configuration, the LT1206 is capable of a slew
rate of over 1V/ns. The current required to slew a capacitor
at this rate is TmA per picofarad of capacitance, so
10,000pF would require 10A! The photo (Figure 6) shows
the large signal behavior with C = 10,000pF. The slew rate
isabout 60V/us, determined by the current limit of 600mA.

1160

v

Vg =415V
Rr=RG = 3k

Figure 6. Large-Signal Response, G = 10,000pF

RL=w L1206+ F05

Differential Input Signal Swing

The differential input swing is limited to about £6V by an
ESD protection device connected between the inputs. In
normal operation, the differential voltage between the
input pins is small, so this clamp has no effect; however,
in the shutdown mode the differential swing can be the
same as the input swing. The clamp voltage will then set

the maximum allowable input voltage. To allow for some
margin, it is recommended that the input signal be less
than +5V when the device is shut down.

Capacitance on the Inverting Input

Current feedback amplifiers require resistive feedback
from the output to the inverting input for stable operation.
Take care to minimize the stray capacitance between the
output and the inverting input. Capacitance on the invert-
ing input to ground will cause peaking in the frequency
response (and overshoot in the transient response), but it
does not degrade the stability of the amplifier.

Power Supplies

The LT1206 will operate from single or split supplies from
+5V (10V total) to 15V (30V total). Itis not necessary to
use equal value split supplies, however the offset voltage
and inverting input bias current will change. The offset
voltage changes about 500uV per volt of supply mis-
match. The inverting bias current can change as much as
5uA per volt of supply mismatch, though typically the
change is less than 0.5pA per volt.

Thermal Considerations

The LT1206 contains a thermal shutdown feature which
protects against excessive internal (junction) tempera-
ture. If the junction temperature of the device exceeds the
protection threshold, the device will begin cycling be-
tween normal operation and an off state. The cycling is not
harmful to the part. The thermal cycling occurs at a slow
rate, typically 10ms to several seconds, which depends on
the power dissipation and the thermal time constants of
the package and heat sinking. Raising the ambient tem-
perature until the device begins thermal shutdown gives a
good indication of how much margin there is in the
thermal design.

For surface mount devices heat sinking is accomplished
by using the heat spreading capabilities of the PC board
and its copper traces. Experiments have shown that the
heat spreading copper layer does not need to be electri-
cally connected to the tab of the device. The PCB material
can be very effective at transmitting heat between the pad
area attached to the tab of the device, and a ground or
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power plane layer either inside or on the opposite side of
the board. Although the actual thermal resistance of the
PCB material is high, the length/area ratio of the thermal
resistance between the layer is small. Copper board stiff-
eners and plated through holes can also be used to spread
the heat generated by the device.

Tables 1and 2 listthermal resistance for each package. For
the T0-220 package, thermal resistance is given for junc-
tion-to-case only since this package is usually mounted to
a heat sink. Measured values of thermal resistance for
several differentboard sizes and copper areas are listed for
each surface mount package. All measurements were
taken in still air on 3/32" FR-4 board with 10z copper. This
data can be used as a rough guideline in estimating
thermal resistance. The thermal resistance for each appli-
cation will be affected by thermal interactions with other
components as well as board size and shape.

Table 1. R Package, 7-Lead DD
COPPER AREA

THERMAL RESISTANCE

TOPSIDE* BACKSIDE | BOARD AREA | (JUNCTION-TO-AMBIENT)
2500 sg. mm | 2500 sq. mm | 2500 sq. mm 25°C/W
1000 sq. mm | 2500 sq. mm | 2500 sq. mm 27°C/W
125sq. mm | 2500 sq. mm | 2500 sg. mm 35°C/W
*Tab of device attached to topside copper
Table 2. $8 Package, 8-Lead Plastic SOIC

COPPER AREA THERMAL RESISTANCE
TOPSIDE* BACKSIDE |BOARD AREA | (JUNCTION-TO-AMBIENT)
2500 sg. mm | 2500 sq. mm | 2500 sq. mm 60°C/W
1000 sq. mm | 2500 sq. mm | 2500 sq. mm 62°C/W
225sq. mm | 2500 sg. mm | 2500 sq. mm 65°C/W
100 sq. mm | 2500 sq. mm | 2500 sq. mm 69°C/W
100 sq. mm 1000 sg. mm | 2500 sq. mm 73°C/W
100 sq. mm 225sq.mm | 2500 sg. mm 80°C/W
100 sg. mm 100 sq. mm | 2500 sq. mm 83°C/W

*Pins 1 and 8 attached to topside copper

Y Package, 7-Lead T0-220
Thermal Resistance (Junction-to-Case) = 5°C/W

N8 Package, 8-Lead DIP
Thermal Resistance (Junction-to-Ambient) = 100°C/W

Calculating Junction Temperature
The junction temperature can be calculated from the
equation:
Ty=(Ppx64p) + Ta
where:
Ty = Junction Temperature
Ta = Ambient Temperature
Pp = Device Dissipation
0y = Thermal Resistance (Junction-to Ambient)
As an example, calculate the junction temperature for the

circuitin Figure 7 for the N8, S8, and R packages assuming
a70°C ambient temperature.

15V

— LT1206 + Fo7

Figure 7. Thermal Calculation Example

The device dissipation can be found by measuring the
supply currents, calculating the total dissipation, and
then subtracting the dissipation in the load and feedback
network.

Pp = (39mA x 30V) - (12V)%(2klI2k) = 1.03W
Then:

Ty=(1.03W x 100°C/W) + 70°C = 173°C
for the N8 package
Ty=(1.03W x 65°C/W) x + 70°C = 137°C
for the S8 with 225 sq. mm topside heat sinking
Ty = (1.03W x 35°C/W) x + 70°C = 106°C
for the R package with 100 sq. mm topside
heat sinking

Since the Maximum Junction Temperature is 150°C, the
N8 package is clearly unacceptable. Both the S8 and R
packages are usable.
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LT1206

TYPICAL APPLICATIONS

Precision x10 Hi Current Amplifier CMOS Logic to Shutdown Interface
15V
Vin
s
S24k
LY\zl)G-\‘MS‘
LT1206 « TAO3.
OUTPUT OFFSET: <5004V ®
SLEW RATE: 2V/us L

BANDWIDTH: 4MHz =
STABLE WITH G < 10nF

Low Noise x10 Buffered Line Driver 150 CABLE
750
1 LHZOB-T-MS

s 1

SR !
~0UTPUT i1 | ma
< = W
-..I_: Ru

Buffer Ay =1

v VWA—
= 909Q
A p— Vour  *OPTIONAL, USE WITH CAPACITIVE LOADS

< {206 TACH **VALUE OF R DEPENDS ON SUPPLY
:E 100Q CS = 3\2/?MS VOLTAGE AND LOADING. SELECT
= = FROM TYPICAL AC PERFORMANCE

THD + NOISE = 0.0009% AT 1kHz

2 0004% AT 20kt TABLE OR DETERMINE EMPIRICALLY
SMALL SIGNAL 0.1dB BANDWIDTH = 600kHz

L7206+ TAOT
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”l ’\D LT1208/LT 1209

TECHNOLOGY Dual and Quad
45MHz, 400V/us Op Amps

FEATURES DESCRIPTION
= 45MHz Gain-Bandwidth The LT1208/LT1209 are dual and quad very high speed
w 400V/us Slew Rate operational amplifiers with excellent DC performance. The
m Unity-Gain Stable LT1208/LT1209 feature reduced input offset voltage and
® 7V/mV DG Gain, R = 500Q higher DC gain than devices with comparable bandwidth
= 3mV Maximum Input Offset Voltage and slew rate. Each amplifier is a single gain stage with
m +12V Minimum Output Swing into 500Q outstanding settling characteristics. The fast settling time
= Wide Supply Range: 2.5V to +15V makes the circuit an ideal choice for data acquisition
= 7mA Supply Current per Amplifier systems. Each output is capable of driving a 500Q load to
= 90ns Settling Time to 0.1%, 10V Step +12V with +15V supplies and a 150€2 load to +£3V on +5V
m Drives All Capacitive Loads supplies. The amplifiers are also capable of driving large
capacitive loads which make them useful in buffer or cable
APPLICATIONS driver applications.

The LT1208/LT1209 are members of a family of fast, high
= Wideband Amplifiers performance amplifiers that employ Linear Technology
= Buffers Corporation’s advanced bipolar complementary
= Active Filters processing.

= \/ideo and RF Amplification
= (able Drivers
m Data Acquisition Systems

TYPICAL APPLICATION

1MHz, 4th Order Butterworth Filter Inverter Pulse Response

— Vour

1208/09 TAO

120800 TA2
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LT1208/LT1209

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V¥ 10 V) .oieeeeiceccreicnen
Differential Input Voltage

Maximum Junction Temperature
Plastic Package ...........ccocoeeeveevverrvrvriniennnes 150°C

INPUL VOIAGE ...vovvvevceceeccree e Vs  Storage Temperature Range ... -65°C to 150°C
Out