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€XCLUSIVELY COMMITTED TO LINEAR

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
market’s linear specialist. The company believes that the total IC business has become so diverse
and so complex that a single company will have great difficulty assembling the engineering talent
necessary to lead in all areas of device technology.

Today, the customer base benefits by accessing the best product available in each functional area
of the IC market from those vendors who are at the leading edge of performance and technology as a
result of their “focused” strategy approach. The customer now has the choice of acquiring the best
linear, the best microprocessor, the best memory products, etc., by choosing the best vendor in each
area. In order to achieve the goal of becoming the market's first choice in the linear area, LTC has
assembled the leading design, test, product, assembly, quality and process engineering talent in the
industry, operating in what we feel is the most modern linear integrated circuit facility in production
foday.

Linear Technology possesses a wide variety of bipolar processes including Super Beta, Bifet, low
noise, high speed, thin film resistors, sinkers, sub-surface zeners, and more. The company also has
in production several very modern silicon-gate CMOS processes, LTCMOS™, which are specifically
tailored to satisfy the special needs of linear IC functions.

Linear Technology is committed to servicing the demanding requirements of the Military/Aerospace
marketplace. Our 883 DESC Drawing and MIL Drawing programs are designed to consistently
provide off-the-shelf high performance linear integrated circuits tested to the requirements of MIL-
STD-683 Class B, and fully compliant to Revision C. Our documentation, designs, procedures, and
facilities have been carefully established to meet the rigid requirements of MIL-STD-38510 leve!
devices. The company’s facility is JAN approved for both B level and S level products and numerous
JAN QPL types are currently being supplied by Linear Technology, along with a wide variety of MiL-
STD-883C and standard military drawing (SMD) products. In addition, LTC is committed to
supporting the rigorous demands of ‘S’ level source control drawings to service hi-rel and space
applications. All military-grade products are 100% tested at temperature extremes. ‘Both
commercial and military outgoing quality levels are sampled over temperature with full lot
traceability back to the original wafer from which the device was derived. Presently Linear
Technology can boast that its products are used by all of the top 25 largest military contractors in
the U.S.

On the commercial side of the business, the company’s proprietary products are currently being
used by leading manufacturers of automobiles, computers, instruments, cameras, telecommunica-
tion systems and in many other areas. The company prides itself in doing business with the major
manufacturers and leaders in each of these market segments.

This catalog contains products that already enjoy very wide acceptance status in new and existing
end products.

In addition to the commitment to provide better technical solutions, we also commit to our
customers that we will strive to make quality and reliability a reason to buy from Linear Technology.
Our products address the instrumentation, industrial, data acquisition, peripheral, interface, and
military markets with solutions to linear systems application problems.
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Note: The 1990 Databook is the first volume in our series of databooks. Since its creation some of the products have had some
changes made to the data sheets due to additional package types such as surface mount, extended temperature ranges and
parametric changes. We have cross referenced these products to the current revised data sheet contained in the 1992 and the 1994
Databooks.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.

LIFE SUPPORT POLICY

LINEAR'S PRODUCTS 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 safely or effectiveness.

Information furnished herein by Linear Technology Corporation is believed to be accurate and reliable. However, no responsibility is assumed
for its use. Linear Technology Gorporation makes no representation that the interconnection of its circuits, as described herein, will notinfringe
on existing patent rights.

Linear Technology Corporation « 1630 McGarthy Blvd. * Milpitas, CA 95035 « (408) 432-1900 © Linear Technology Corporation 1989 Printed in USA
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Note: '92DB = LTC's 1992 Databook Supplement and "94DB = LTC's 1994 Databook Volume iIi.
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Note: '92D8 = LTC's 1992 Databook Supplement and 3408 = LTC's 1994 Databaok Volume [l
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Note: '92D8 = LTC’s 1992 Databock Supplement and '94DB = LTC'’s 1994 Databook Volume |ll.
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LT1002M, Dual, Matched Precision Op AMD ........coovevirvenenies
LT1003C, 5 Volt, 5 Amp Vohage Regulator .......ocvrverevenieenns
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Note: '92DB = LTC's 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume (Il
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LT1017M, Micropower DUl COMPATALOF.............ccvvvevieeriemceec i ctrsse st tis e essese s ses s ssssestas e sesasssbsesnensastasnans '94DB  10-4
LT1018C, Micropower Dual COMPATATOr ...........c.criuieeeiieereereescescereiseti st sessc bbb sse st enseersssraen '94DB 104
LT1018M, Micropower Dual COMPATator........oc.ocuoiiiirceeesc ettt eas '94DB  10-4

LT1019AC,Precision Reference
LT1019AM,Precision Reference

LT1019C,Precision Reference.........
LTTOTIM,PreciSion REFEIEIMCE ...........coiioiiiceeitetee ittt st st ettt e st s ettt ee st s ees e senebens
LT1020C, Micropower Regulator and COMPATATOF .............cccoviveveeiveierieeteeecee st sees b esee e esbe s es et nes e en e 4-29
LT1020M, Micropower Regulator and COMPAraton...........ccocooveoiiieenieinieceee e eete et esae sttt st sen s ene 4-29
LT1020CS, Micropower Regulator and COMPATALOF .............ccco.evvierrinieierseeesies st ssss st sss e st 4-45

LT1021BC, Precision Reference
LT1021BM, Precision Reference

Note: '32D8 = LTC's 1992 Databook Supplement and '94DB = LTC's 1994 Databook Volume 4.

16 LY AR




ALPHANUMERIC INDEX

LT1021CC, PrECISION RETETEIMCE .-rrrrvvecerrsssssoneressesresssssssssoness s s s A i 3-41
LT102TCM, PTECISION REIETENCE 1.-cvrreeesevssorsosseesesssessasssssssoss s s 3-41
LT10Z1DC, PrECISION REFEIEMCE vvvrsreereeerecerreonssssssssssseess s msssss st s s 18 s 3-41
R Al Rt ML LG R ——TE RSN 3-41
LT1021DCS8, PrECISION REFEFENCE -vrrrrereerreecessesssssssssssssismssimssssssssssss s 3-57
LT1022AC, High Speed, Precision JFET INPUL OP AMP covvcvvvvmwisssissssssims s ....2-145
LT1022AM, High Speed, Precision JFET Input (0] 11T O PRI ... 2-145
LT1022C, High Speed, Precision JFET INPUE 0P AMP ocorrvvecivvevieiaenssssssssss st s ...2-145
LT1022M, High Speed, Precision JFET Input Op AID ocvoeeeereesirecsses s s

LT1024AC, Dual, Matched Picoampere, Microvoit Input, LOW NOISE OP AMD w.covveerecvireinecmsssnresenrmsssissassssssssesssessssisssanes 2-153
LT1024AM, Dual, Matched Picoampere, Microvolt Input, Low NOISE OP AIMID covorereercrmmrmriessss st sssssconess 2-153
LT1024C, Dua!, Matched Picoampere, Microvolt Input, LOW NOISE O AMP oovveerreereimaemeirmsssnsssrresssisssasssssssasssssnmasscssssnss 2-153
LT1024M, Dual, Matched Picoampere, Microvolt INput, LoW NOISE OP AP ovvvooeeiiricnremmsisssssssrmiss s 2-153
LT1025AC, Micropower Thermocouple Cold JUNCHON COMPENSAION wvvrrerccrrvrermsirsssssss s 11-7
LT1025AM, Micropower Thermocouple Cold Junction COMPENSALON ...rvceonrrrrmnsressesssrcsmssnssrnasi st W17
LT1025C, Micropower Thermocouple Cold Junction Compensator 117
LT1025M, Micropower Thermocouple Cold Junction COMPENSALON ..ovorrriieeniresisssenssnescsssniasnniss 117

LT1026C, Voltage Converter

LT1026M, VOIAGE COMVEILET ...orcevvverrerssesesiessossessssssssesomom s 1 5-3
LT1027BC, PrECISION 5V REFEIBICE ...coveorruruuirinenrsssvesrrsessisssemns st s s '92DB 7-6
LT1027BM, PreGiSion BY RETETBICE ....c..c.umeuirrsssessesssissrsesssssss s s s ssmass s s '9208 7-6
LT1027CC, PTECISION 5V RETBIBICE ...vceecoroeuruirrienirssssrsessecosmsissss s s s e ‘9208 7-6
LT1027CM, Precision 5V REIETBINCE ........c..curisrrsmessssesesssrsssmsssssstossnesssssss st '92DB 7-6
LT1028AC, Ultra-Low Noise Precision High Speed Op AMP ... ..’94D8  2-12
LT1028AM, Ultra-Low Noise Precision High Speed Op AMD ... ...'94DB  2-12
LT1028C, Ultra-Low Noise Precision High Speed Op AMD et ...'94DB 212
LT1028M, Ultra-Low Noise Precision High Speed Op AMD ... s 8408 2-12
LT1029AC, 5 Volt Bandgap Referenee .......cconevnimmmmmennisssis e

LT1029AM, 5 Volt Bandgap Reference .......ccowoermimriinmsimnisssmessrcsssmsssenaes

LT1029C, 5 Volt Bandgap Reference .............ccouwiecvn.

LT1029M, 5 Volt Bandgap Reference ...........covviecenens

LT1030C, Quad Low Power Line Driver .....

LT1030M, Quad Low Power Line Driver .......

LT1030CS, Quad Low Power Line Driver ......

LT1031BC, Precision 10 VOIt REETBNCE ......o.ovovcirin s

LT1031BM, Precision 10 VOIt REfEreNCe ......c.ocovevmirmnieriniisrisscesermmiinssiiisnees

LT1031CC, Precision 10 VoIt REfErence ......o.coovernieiemninnnininies

LT1031CM, Precision 10 Volt Reference ..............vummeririnenes

LT1031DC, Precision 10 Volt Reference .......
LT1031DM, Precision 10 Volt Reference .........

LT1032C, Quad Low Power Line Driver ....

LT1032M, Quad Low Power Ling DIiVET ........cocvuemiienninminsnrsenscrninnes

LT4033C, 3 Amp Negative Adjustable Regulator
LT1033M, 3 Amp Negative Adjustable Regulator

LT10348C, Micropower Dual Reference ...

Note: 5208 = LTC’s 1992 Databook Supplement and '94DB = LTC's 1994 Databook Volume Ili.
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LT1055M, Precision, High Speed, JFET input Op Amp......

LT105588, Precision, High Speed, JFET Input Op Amp
LT1056AC, Precision, High Speed, JFET Input Op Amp
LT1056AM, Precision, High Speed, JFET Input Op Amp
LT1056C, Precision, High Speed, JFET INPUL OP ANMIP c..cvrveruiiieeee et eesetstsissse e neese s e e s e esese s e s ee e e
LT1056M, Precision, High Speed, JFET Input Op Amp ......

L.T1056S8, Precision, High Speed, JFET Input Op Amp..............

LT1057AC, Dual JFET Input Precision, High Speed Op Amp .....
LT1057AM, Dual JFET Input Precision, High SPd 0D AMP ........ocreimiiieiiecrececisees s tiemees s ctsia e eesees e eseossasenae 2-235
LT1057C, Dual JFET input Precision, High Speed Op Amp
LT1057M, Dual JFET Input Precision, High Speed Op Amp

LT1058AC, Quad JFET Input Precision, High SPeed 0P AMP ...ttt teses s mssnsanannes 2-235
LT1058AM, Quad JFET Input Precision, High Speed OP AMIP ....c.oouvvicerieecee ettt e smen st 2-235
LT1058C, Quad JFET Input Precision, High Speed Op Amp................. O BSOSO 2-235
LT1058M, Quad JFET Input Precision, High Speed OP AMP ..........cvuivieereieeieeieeceeseeseessss s etemesesers s esevesesensenas 2-235
LT1070C, 5A High Efficiency Switching Regulator
LT1070HVC, 5A High Efficiency SWItChing REGUIALON .........cccveriieriuieecieieceeiec et ese ettt esses s estessossneen
LT1070HVM, 5A High Efficiency SWitching REQUIALON ...............veveveeeeeeeee et
LT1070M, 5A High Efficiency Switching Regulator ........
LT1071C, 2.5A High Efficiency Switching Regulator.............ccceeervvuerveeeerereerniennns

LT1071HVC, 2.5A High Efficiency Switching Regulator
LT1071HVM, 2.5A High Efficiency Switching Regulator
LT1071M, 2.5A High Efficiency Switching REQUIALOT ...........c.cveecueierrreeerreeceeeec ettt e

LT1072C, 1.25A High Efficiency SWItching REGUIALOT ............cuueumueveverrennaecrietitseecceereee st re s eneeen '94DB  4-232

Note: "92DB = LTC’s 1992 Databook Supplement and '94DB = LTC's 1994 Databook Volume ill.
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LT1072HVC, 1.25A High Efficiency SWItching REQUIBLON w......vvcrvvvrrrimrrsisssssisec s '94DB  4-232
LT1072HVM, 1.25A High Efficiency Switching Regulator '94DB  4-232
LT1072M, 1.25A High Efficiency Switching Regulator .......coocovvvwrvvsinccrmvviesses '94DB  4-232
LT1074C, SWItching REGUIALON «..cc.vrmmeirrecrieneseneminnssssssssssnaes s senss '94DB  4-243
LT1074HVC, Switching REQUIATOT ....cvvveciecciiiirssciiisnns e ‘9408  4-243
LT1074HYM, Switching REQUIALOT ........covvererrcrmsiissisisiesne s '94DB  4-243
LT1074M, SWitching ReQUIALOF ......oocrimiiiiiniinmise s '94DB  4-243
LT1077, Micropower, Single Supply, Precision Operational AMPHHEE ... ...cccoveemmersinimmimsssmsrnes e 2-45

LT1078AC, Micropower, Dual, Singie Supply, Precision Operational AMPIfIEr ...........cooirierncinsieninness 2-56
LT1078AM, Micropower, Dual, Single Supply, Precision Operational Amplifier 2-56
L T1078C, Micropower, Dual, Single Supply, Precision Operational AmMpIifier ......c..cocovvvmnnane 2-56
LT1078M, Micropower, Dual, Single Supply, Precision Operational Amplifier ...... 2-56
LT4079AC, Micropower, Quad, Single Supply, Precision Operational Amplifier 2-56
LT1079AM, Micropower, Quad, Single Supply, Precision Operational Amplifier . 2-56
LT1079C, Micropower, Quad, Single Supply, Precision Operational AMPHfIET ..........coocrmeveimmmimmmiisessrrrnmseninnes 2-56
LT1079M, Micropower, Quad, Single Supply, Precision Operational AMPITEL .c..covveiiiiniinecsseneeee 2-56
LT1080C, Advanced Low Power 5V RS232 Dual DIVEI/RECRIVEN w.o.eveeeeeceeeiircmresemniesenies 5-27
LT1080CS, Advanced Low Power 5V R§232 Dual DIAVEI/RECEIVEN ....oovrveeerrerreresersmsemssvaesenses 5-27
LT1080M, Advanced Low Power 5V R5232 Dual Driver/RECRIVET .cv.vveeeecirrisrrescssisenaneseenes Refer to LT1180A '94DB  5-27
LT1081C, Advanced Low Power 5V RS232 Dual DIVEI/RECRIVEL w.vvveeceeeceeieiirrcesreersassnenees Referto LT1181A '94DB  5-27
LT1081CS, Advanced Low Power 5V RS232 Dual Driver/Receiver ............. .. Referto LT1181A '940B  5-27
LT1081M, Advanced Low Power 5V R$232 Dual DriVEr/RECEIVED .....veveeeeeerrerenirerenerearesereaes Refer to LT1181A '94DB  5-27

LT1083C, 7.5A Low Dropout Positive AQJUSTADIE REGUIALOT ......vvveecmrivsssirreesmssmssisr s 04DB  4-48
LT1083M, 7.5A Low Dropout Positive Adjustable REGUIALOT o.voorreeeracemmseseismsnnsssesnssseasmess s issssssess s ssassenss '94DB  4-48
LT1083-5, 7.5A Low Dropout Positive Fixed 5V REGUIATON +...v.oeovorcvessescnmmsmssess s sssns s '94DB  4-61
LT1083-12, 7.5A Low Dropout Positive Fixed 12V REGUIAOY .........oviveumeirremmsosss s '94DB  4-61

LT1084C, 5A Low Dropout Positive Adjustable REGUILON ..........oooocooreerninisirrrinsirnscsicin s '94DB  4-48
LT1084M, 5A Low Dropout Positive Adjustable REQUIALOT —..........covvwemmniimmmrmmrsssssrsssbvmiss s '94DB  4-48
1. 71084-5, 5A Low Dropout Positive Fixed 5V REOUIREOT 1rvvvvoeerrverseeenssseeesssssssnnens s erssss s s '9g4DB  4-61
LT1084-12, 5A Low Dropout Positive Fixed 12V REGUIBLOT ... cevocevercemmeecrmssernssseess s oneres '94DB  4-61
LT1085C, 3A Low Dropout Positive AdjuStable REGUILOT ...t e '94DB  4-48
LT1085M, 3A Low Dropout Positive Adjustable REQUIALOT ...t e '94DB  4-48
LT1085-5, 3A Low Dropout Positive Fixed 5V REGUIBLOT .....ecoercerrrsrnresssseiscnis s s '94DB  4-61
LT1085-12, 3A Low Dropout Positive Fixed 12V REQUIALON .....ooeevvereeeceesesessenssssrssss s s ssems s sss s s snssesienss '94DB  4-61
LT1086C, 1.5A Low Dropout Positive Adjustable REQUIALOT ......corcererrreisne e sercrseninss .'94DB  4-72
LT1086M, 1.5A Low Dropout Positive Adjustable REGUIATOT ._.........cccvveumeenirrivmmmmsssssrrsninnn e '94DB  4-72
LT1086-5, 1.5A Low Dropout Positive Fixed SV RegUIBON ...t '94DB  4-72
LT1086-12, 1.5A Low Dropout Positive Fixed 12V REGUIAOT ......c..oivvrvcirenmmicinsimniinssnn s sssciisssssns s '94DB  4-72
LT1087C, Adjustable Low Dropout Regulator with KelVin-Sense INPULS .....coeveeerrecimmemissser st '92DB  4-56
LT1087M, Adjustable Low Dropout Regulator with Kelvin-Sense INPULS .....ccvcrimimimmmienrsssessmnmsinsissssssssisenes '92DB  4-56
LT1088C, Wideband RMS-DC Converter BUilding BIOCK...........cocuvvurverisersrrrsssssren sttt s 11-33
LT10BOC, HIGN SIHE SWILET oceveer.rrocorssssseessseesesssssesoeeossssssss s 11-45

LT108OM, HIGN SIHE SWIEN ..ovvevveeeererersessessassssss s s e 11-45
LT1101AC, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ................ 3-11
LT1101AM, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 0r 100) ............... '92DB  3-11

Note: "92DB = LTC's 1992 Databook Supplement and ‘94DB = LTC's 1994 Databook Volume #.
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LT1101G, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) .................. '92DB 311
LT1101M, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ................ '92DB  3-11
LT1102, High Speed, Precision, JFET Input Instrumentation Amplifier (Fixed Gain = 10 0 100) ..............ccomnevec.... '92DB  3-23
LT1120C, Micropower Regulator with Comparator and SHUtAOWN ..............coeevveeeeeeeeeeeeees e eeeee e esseeeeenen ‘940B  4-96

LT1130C, 5-Driver/5-Receiver RS232 Transceiver
LT1130M, 5-Driver/5-Receiver RS232 Transceiver
LT1131C, 5-Driver/4-Receiver RS232 Transceiver with Shutdown.....

Refer to LT1130A '94DB  5-10
Referto LT1130A '94DB  5-10
Referto LT1131A '94DB  5-10

LT1131M, 5-Driver/4-Receiver RS232 Transceiver with Shutdown ..............coccoovven.. Refer to LT1131A '94DB  5-10
LT1132C, 5-Driver/3-Receiver RS232 TranSCeIVET ........c..ovuvvvrvesieeeeeeeeereesnerreeeens Referto LT1132A '94DB  5-10
LT1132M, 5-Driver/3-Receiver RS232 TYaNSCRIVET ....cevuverriveieasieeeseecreseresseesseereeeserseeennenas Refer to LT1132A '94DB  5-10
LT1133C, 3-Driver/5-Receiver RS232 TraNSCRIVET ........ovuuvoeeeeiierecereeseesereseeenresenersenesseseseens Referto LT1133A '94DB  5-10
LT1133M, 3-Driver/5-Receiver RS232 TIaNSCOIVET .......oveeeeeereereeeeeoeeeeereeseseseeeseeeeeseseesnns Referto LT1133A '94DB  5-10
LT1134C, 4-Driver/4-Receiver RS232 TYANSCRIVEL .........ovmeeeeveereeereeseeseeseeeeeeeeeseeeeseee s eeneenes 5-10
LT1134M, 4-Driver/4-Receiver RS232 TransCeiver .........ccocvevvwevervenenne. . 5-10
LT1135C, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump 5-10
LT1135M, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump ... . 5-10
LT1136C, 4-Driver/5-Receiver RS232 Transceiver with Shutdown ..............cococoveimrevveccnnn. Referto LT1136A '94DB  5-10
LT1136M, 4-Driver/5-Receiver RS232 Transceiver with Shutdown ...............cocoooveeicireiae, Refer to LT1136A '94DB  5-10
LT1137C, 3-Driver/5-Receiver RS232 Transceiver with SUtdOWN ...........oococevvvereveicren Referto LT1137A '94DB  5-20
LT1137M, 3-Driver/5-Receiver RS232 Transceiver with ShUtdown .............ccooovevvercincnienne Refer to LT1137A '94DB  5-20
LT1138C, 5-Driver/3-Receiver RS232 Transceiver with SHUtAOWN ...........ovoveveeee e Referto LT1138A '94DB  5-10
LT1138M, 5-Driver/3-Receiver RS232 Transceiver with Shutdown ...............cooccovvieicececcnnn, Referto LT1138A '94DB  5-10
LT1139C, 4-Driver/4-Receiver RS232 Transceiver with Shutdown ..... .. Referto LT1139A '94DB  5-10
LT1139M, 4-Driver/4-Receiver RS232 Transceiver with Shutdown ...............cccoevvevvvreiviennnns Referto LT1139A '94DB  5-10
LT1140C, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump ........coccoceveervvvneee. Refer to LT1140A '94DB  5-10
LT1140M, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump ........ccccevveeenennne Referto LT1140A '94DB  5-10
LT1141C, 3-Driver/5-Receiver RS232 Transceiver without Charge Pump ........c.cccovvevevvernnnnn. Referto LT1141A '94DB  5-10
LT1141M, 3-Driver/5-Receiver RS232 Transceiver without Charge Pump .......cccovevveievneens Referto LT1141A '94DB  5-10
LT1170C, 100kHz, 5A High Efficiency Switching REGUIALON .......cecvueveieiieccerece et 4-433
LT1170HVC, 5A High Efficiency 100kHz Switching Regulator .... 4-433
LT1170HVM, 5A High Efficiency 100kHz Switching Regulator ... 4-433
LT1170M, 5A High Efficiency 100kHz Switching Regulator ........ . 4-433
LT1171C, 2.5A High Efficiency 100kHz Switching ReQUIALOT .............coooviccereerie et ennae 4-433
LT1171HVC, 2.5A High Efficiency 100kHz Switching ReguItor ..............c..oovooveeieeieeecceeecee e 4-433
LT1171HVM, 2.5A High Efficiency 100kHz Switching Regulator 4-433
LT1171M, 2.5A High Efficiency 100kHz SWitching REQUIALOT .......c.coovvevimoreeee it 4-433
LT1172C, 1.25A High Efficiency 100KHZ Switching Regulator ....... . 4-433
LT1172HVC, 1.25A High Efficiency 100KHZ Switching Regulator ...... . 4-433
LT1172HVM, 1.25A High Efficiency 100KHZ Switching Regulator . . 4-433
LT1172M, 1.25A High Efficiency 100KHZ Switching REGUIION ...............coevivevrevirree et et 4-433
LT1178AC, 17uA Max, Dual, Single Supply, Precision Operational Amplifier 2-112
LT1178AM, 17uA Max, Dual, Single Supply, Precision Operational Amplifier 2-112
LT1178C, 17uA Max, Dual, Single Supply, Precision Operational Amplifier...........ococoeomvevmveecmreeceveeec e 2-112
LT1178M, 17uA Max, Dual, Single Supply, Precision Operational Amplifier ...... . 2-112
LT1179AC, 17uA Max, Quad, Single Supply, Precision Operational Amplifier 2-112

Note: "92DB = LTC’s 1992 Databook Supplement and "94DB = LTC's 1994 Databook Volume IIl.
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LT1179AM, 171A Max, Quad, Single Supply, Precision Operational Amplifier ... ettt '92D0B  2-112
LT1179C, 17uA Max, Quad, Single Supply, Precision Operational AMPIfIEr ...........c...covimmiinmmmeesencnnicnnnnnns 9208 2-112
LT1179M, 17uA Max, Quad, Single Supply, Precision Operational AMPHfIer ... '92DB  2-112
LT1180C, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors......... Referto LT1180A '94DB  5-27
LT1180M, Advanced Low Power 5V R$232 Dual Driver/Receiver with Small Capacitors........ Refer to LT1180A '94DB  5-27
LT1181C, Advanced Low Power 5V R$232 Dual Driver/Receiver with Smail Capacitors......... Referto LT1181A '94DB  5-27
LT1181M, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors ....... Referto LT1181A '94DB  5-27
LT1188C, 1.5A High SiAE SWILCR .......oveevrerresererrresecemesresssesecsssesmsssesssisens s ssss et ssss s paessssassssss s inssenss '92DB  4-48
LT1188M, 1.5A High SI08 SWICH ......occsierseriesersrrsirecrsecsssesseresssessssssssesssssss st s es s isssesossens s ssbesssssessasanses '92DB  4-48

LT1280C, Advanced Low Power 5V RS232 Dual Driver/Receiver
LT1280M, Advanced Low Power 5V R5232 Dual Driver/Receiver
LT1281C, Advanced Low Power 5V RS232 Dual Driver/Receiver

...Referto LT1280A '94DB  5-41
....Referto LT1280A '94DB  5-41
...Referto LT1281A '94DB  5-41

LT1281M, Advanced Low Power 5V RS232 Dual Driver/RECRIVET ...........cccovvreininecnienminannns Referto LT1281A '94DB  5-41
LT1431C, Programmable REfEIENCE ..........ccvrrvrciimimimiiies sttt s ssss s ‘9208 7-13
LT1431M, Programmable Reference ...........c.ccecunvecees '92DB 713
LT1524, Regulating Pulse Witth MOGUIATON .........c.vvm ittt sttt s aba s 5-85
LT1525A, Regulating Pulse Width MOGUIBLOT ............coueivimiiieniincisecsert e ssn s s st 5-97

LT1526, Regulating Pulse Width MOGUIBLOT .......ccriircriiireiiitenis s s snees .5-105

LT1527A, Regulating Pulse Width MOGUIBLOE ..........ccccoviiviirmmreiisi st rne s .. 597
LT1846, Current Mode PWM Controller ............. .5-113
LT1847, Current MOde PWIM COMIIOMED .......ccovuueiereecucieceererieemeermeeeemssisrec s e s s s s st ssss e s s i sssensesseanssssnase 5-113
LT3524, Regulating Pulse Width MOQUIBLOE .........ccvmiiiiieiie st s 5-85
LT3525A, Regulating Puise Width MOAUIAION ..., ..5-97

LT3526, Reguiating Puise Width MOAUIALOT ...ttt nsesssnnesies .5-105
LT3527A, Regulating Pulse Width Modulator .
LT3846, Current Mode PWM Controller
LT3847, Current Mode PWM Controller
LTC201AC, Quad CMOS SPST Low Charge Injection Analog SWItCh .........ccecciincniinnnnns
LTC201AM, Quad CMOS SPST Low Charge Injection Analog SwWitch ...........coceveriiiinninnenn.
LTC201C, Quad CMOS SPST Low Charge Injection Analog Switch ....
LTC201M, Quad CMOS SPST Low Charge Injection ARalog SWItCh .......ccoorvriimemenr s
LTC1040C, Dual MICTOPOWET COMPATATON .....curcecrrcerreencacerretecer s treressisssbess s st ses s b s es s bbb on
LTC1040M, Dual Micropower Comparator ..........c.cccovmcverirnevininnne
LTC1041C, BANG-BANG CONrOHEr ......ccouveeeeemrncerincieiriiencienens
LTC1041M, BANG-BANG Controller ...
LTC1042C, WINAOW COMPATALON ....cvvevuivevecisremtesssissearssesesssesesscasesesassessetsssas s estsisssasisssessossnssssassassssesssssssnssassnssssanssessessssssssons
LTC1042M, WINAOW COMPATALON .......oovvrerreeereureseesersesereeseeseessesessersasssessssssenesssssssnessaassss ansss st snssesssbassssansssessssasnssnssssessssanes
LTC1043C, Dual Precision Instrumentation Switched Capacitor Building Block ....
LTC1043M, Dual Precision Instrumentation Switched Capacitor Building Block .......
LTC1043CS, Dual Precision Instrumentation Switched Capacitor Building Block ......
LTC1044C, Switched Capacitor VOItage CONVEMET ........c...c.cuiimiiinerisniisisisesiesssarsssssss s saesse s enssss st nensssnsssnss
LTC1044CS8, Switched Capacitor VORHAGE CONVEIET ........coccoiiiimiiiisiiissc et sttt s st
LTC1044M, Switched Capacitor Voltage Converter
LTC1045C, Programmable Micropower Hex Translator/RECIVEI/DIIVEN .........ccevivermiciiisrinnmnsn s
LTC1045M, Programmable Micropower Hex Translator/ReCeIVEI/DIIVEN ...

Note: '92DB = LTC's 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume [Il.
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LTC1049C, Low Power Zero Drift Operational Amplifier with Internal Capacitors .............ooooovo.vveoooomeoovrooo '92DB  2-299
LTC1049M, Low Power Zero Drift Operational Amplifier with Internal Capacitors ...........cooovoovoeeeoooooeooeoo ‘9208  2-299
LTC1050AC, Precision Zero Drift Op Amp with Internal Capacitors .

LTC1050AM, Precision Zero Drift Op Amp with Internal Capacitors
LTC1050C, Precision Zero Drift Op Amp with INternal CAPACHOTS ...........o.vveeeeveereees oo eeees oo
LTC1050M, Precision Zero Drift Op Amp with InterNal CAPACIIOTS .......o..vcuvereerreeeeeesoeeeeees oo oeeeee oo
LTC1051C, Dual Precision Zero Drift Operational Amplifier with Internal Capacitors................veveeeeoooveeeoo, '92DB  2-306
LTC1051M, Dual Precision Zero Drift Operational Amplifier with (nternal Capacitors ........cooovvvvveeroovveeoooe '92DB  2-306
LTG1052C, Chopper StabiliZEd OP AMP.........coveeceeeeeverecsseeeseeereeesseeeeseeeessssssseesssesssssssssassesssessees s sesseeesese e eeeeeesoees 2-197
LTC1052CS, ChopPer StALIIZEA 0P AMP ......o.ouuceecereeeneceeeeenessessssesmesssoessesseessseeesssesssssssessesssesoees e esseseoeess e ssse e ssseeeenn 2-217
LTC1052M, Chopper StabiliZed OP AMP ..........oceeioieeeeeeeresseeeecoeieeeeeeeessseesessesssessssess e sssessses e sees s eseee e eeeeeeeseneeeeeeo 2-197
LTC1059AC, High Peformance Switched Capacitor URIVRrSal FIHET ....................ovveoereeeeeeeoe oo oee e soesosesseessesnes 7-3
LTC1059AM, High Peformance Switched Capacitor UNIVEISAl FIET ...........oovoovvseveereeesoeeses oo 7-3
LTC1059C, High Peformance Switched Capacitor Universal Filter ........ o 7-3
LTG1059CS, High Performance Switched Gapacitor UNIVErSal FIREE ..............oovveoeeomoveeeee oo oeeoee oo 7-11
LTC1059M, High Peformance Switched Capacitor UNIVETSal FIHET .................oc..evverereeeeeecreeeeeeeeeeeeeoeee oo sseoons 7-3
LTG1060AC, Universal Dual Filter Building Block...................cceenn..

LTC1060AM, Universal Dual Filter Building Block

LTC1060C, Universal Dual Fiter BUHAING BIOCK ................oovmeoceeereeeeeseeeeseeeseseeeeerssseesesssesens .
LTC1060CS, Universal Dual Filter BUIAING BIOCK..................ereverirseerssneeosseeees s eeeesecreeeeseneeseseseeeeeessseeessssesssssessssesssesssssnes

LTC1060M, Universal Dual Fiter BUIIAING BIOCK ..........vveev.vemreeessertes e eeeseeeeeses e eeesseseeeeeseseesseess s seeesesseseseeesssesessesessssan,
LTC1061AC, High Performance Triple Universal Filter Building Block
LTC1061AM, High Performance Triple Universal Filter Building Block
LTC1061C, High Performance Triple Universal Fitter BUlding BIOCK ..............c..roveeeeorereereereeeeseseeressessesressesssssessssessens
LTC1061CS, High Performance Triple Universal Filter Building Block
LTC1061M, High Performance Triple Universal Filter Building Block.....

LTC1062C, 5th Order Lowpass FIlter ..............ccooueveevnrererseeesseecenenas

LTC1062CS, 5th Order LOWDASS FIlLEI «.........ccoeumvermreririerieieiscesceestesseemsesseeseesesaseessesssastesseenssessssessesssssessessssseens

LTC1062M, 5th Order LOWPASS FIlLEI ...........c...cvoereieeeeeeeeeeececereeeeeese s ereseeseeesresseeessesseeses s sseeeseeseesssessss

LTC1064C, Low Noise, Fast, Quad Universal Fier BUIGING BIOCK .........ooorioveeeeoveeeeeeees e eeeeeres e essesaesessmes st essssessessses e
LTC1064M, Low Noise, Fast, Quad Universal Filter BUIlGING BIOCK ....................o.ceevvmeevcenensemerneseeeseeseeseseesseeeeeseeeseessseesssenns
LTC1064-1C, Low Noise, 8th Order, Clock Sweepable EHIptic LOWPASS FIET .......coveeveeeeeeeeeeeee e eeeeeeeseneeeeesns s erese e 7-89
LTG1064-1M, Low Noise, 8th Order, Clock Sweepable Elliptic LOWPasS FIEr ............oocoomvveoeeooeeeeee oo eeeesseerene, 7-89
LTC1064-2C, Low Noise, High Frequency, 8th Order Butterworth LOWpass FIET .........oc.ovcveeerer e resennns 8-5
LTC1064-2M, Low Noise, High Frequency, 8th Order Butterworth LOWpass FIHEr .........c..evveeeveoreeereoseeererrorenn '92DB 8-5
LTG1064-3, Low Noise, High Frequency, 8th Order Linear Phase LOWPass FIler ........cooeeeereveereese s, '92DB  8-13
LTC1064-4, Low Noise, 8th Order, Clock Sweepable Cauer LOWDasSs FIHE ............oveeeeuevereeesrreeesseesoseeessssisnns '92DB  8-21
LTC1090AGC, Single Chip 10-Bit Data ACGUISIHION SYSIBM ........o.e.veecrieseceeie e eees e eeseessereseessseeseseses e essesssssessssseses s s 9-5
LTC1090AM, Single Chip 10-Bit Data ACUISITION SYSTBM ...........ooerieeeeeeeeeeees oo eeeeeeeesee s eeeeeeseeeeees s eeesessesssessser s 9-5
LTG1090C, Single Ghip 10-Bit Data ACGUISIION SYSTEM .........oo.m.vorem ettt eeeseciseeesesessessesesesssesesssses e sssseese e
LTC1090M, Single Chip 10-Bit Data Acquisition System ..............

LTG1091AG, 1-Channel, 10-Bit Serial 1/Q Data ACGUISHION SYSTEIM 1u.rveveevreemreereeeerereeeeeesreeeseeseseesre e eessesss s eee e seesese oo
LTC1091AM, 1-Channel, 10-Bit Serial 1/0 Data ACQUISIEION SYSIBM ............ovveiceeveercereeece e eerseeeeeeesseeeesesssseee s seesssesres 9-29
LTG1091C, 1-Channel, 10-Bit Serial 1/0 Data ACGUISIION SYSIEM ..vvc.eeerruroeeeeeeeeesrereseseeeeesesessresssssesssseeeeeseeesosseseoeeeoeen 9-29
LTC1091M, 1-Channel, 10-Bit Serial /0 Data ACQUISIEION SYSTBM .......vvvcreeeereeesieeemeeeeeseeeeeseesee e eee e ees e sesssesens 9-29

Note: '92DB = LTC's 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume lil.
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LTC1092AC, 2-Channel, 10-Bit Serial 1/0 Data ACQUISTHON SYSIBIMI ......cvu. vt 9-29
LTC1092AM, 2-Channel, 10-Bit Serial 1/0 Data ACQUISTEION SYSTBIME ......cvuiviriieiiei e 9-29

LTC1092C, 2-Channel, 10-Bit Serial /0 Data ACQUISItION SYSEEM ..o s 9-29
LTC1092M, 2-Channel, 10-Bit Serial 1/0 Data AcqUIiStion SYSIEBM ........c..ovoorieceein e 9-29
LTC1093AC, 6-Channel, 10-Bit Serial I/0 Data ACQUISTEION SYSTBIT .....uruuriurieeeccmenscrriisitinis s 9-29
LTC1093AM, 6-Channel, 10-Bit Serial 1/0 Data ACQUISTtION SYSIEM w....u.ivriveiiiniiii i 9-29
LTC1093C, 6-Channel, 10-Bit Serial |/0 Data ACqUISIioN SYSIBM ..o s ...9-29
LTC1093M, 6-Channel, 10-Bit Serial /0 Data AcquiSition SYSIEM ........coouerrmeiecinncnencn e ..9-29
LTC1094AC, 8-Channel, 10-Bit Serial I/0 Data Acquisition System ............cceoveniinenne ..9-29
LTC1094AM, 8-Channel, 10-Bit Serial 1/0 Data Acquisition SyStem ..........c.covevvmieiinrrneiinneas ...9-29
LTC1094C, 8-Channel, 10-Bit Serial 1/0 Data Acquisition System ........ ...9-29
LTC1094M, 8-Channel, 10-Bit Serial /0 Data ACQUISTHION SYSIEM ......cooviviierreiirre st 9-29
LTC1095BC, Complete 10-Bit Data Acquisition System with On Board ReferenCe .......cc.covwueeeneerccrenmicrimimnicnnnmissinsnees 9-57
LTC1095BM, Complete 10-Bit Data Acquisition System with On Board REIEreNCE ......ovcveveeerrircrminncississemsissieriinines 9-57
LTC1095CC, Complete 10-Bit Data Acquisition System with On Board RefBrence............co.crvveceniineisssnninscsissiiinnens 9-57
LTC1095CM, Complete 10-Bit Data Acquisition System with On Board Reference ............ooveevevrececnnininncens .9-57
LTC1099AC, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold ............coooviinnncninsnccnnees .9-81

LTC1099AM, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold .
LTC1099C, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold ....

LTC1099M, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold ............ccoovrrnnrnciins 9-81
LTC1100, Precision, Zero-Drift, Instrumentation AMPIfier ... '92DB 3-4
LTC1150C, 15V Chopper Stabilized Op Amp with Internal Capacitors ..........coveveeeiveriemcinnn e '92DB  2-32
LTC1150M, £15V Chopper Stabilized Gp Amp with Internal Capacitors ..........ccocuvevvieiesecnnennnseesneens '92DB  2-32
LTC1290BC, Single Chip 12-Bit Data ACQUISIION SYSEEM ... e

LTC1290BM, Single Chip 12-Bit Data Acquisition SYStem ............cccoemrrercnrnnissnsseinns

LTC1290CC, Single Chip 12-Bit Data Acquisition SYStEM ..........ccvuvimiinieiieeceice s

LTC1290CM, Single Chip 12-Bit Data Acquisition System ............

LTC1291, 1-Channel, 12-Bit Serial /0 Data Acquisition System...

LTC1292, 2-Channel, 12-Bit Serial 1/0 Data Acquisition System..........

LTC1293, 6-Channel, 12-Bit Serial 1/0 12-Bit Data ACQUISTEION SYSBM ........coeimmiuieniennirrre e '92DB  6-113
LTC1294, 8-Channel, 12-Bit Serial |/0 12-Bit Data AcqQuiSition SYStEM ... '92D8 6-113
LTC7652C, Chopper Stabilized 0D AMP ..ot sre st st st 2-197
LTC7660, Switched Capacitor VOItage CONVEMET ...........ccreirmeerice st snse et s 5-9

LTKAQOC, Thermocouple Cold Junction Compensator and Matched Amplifier ...
LTKAOOM, Thermocouple Cold Junction Compensator and Matched Amplifier ...

LTKAO1C, Thermocouple Cold Junction Compensator and Matched Amplifier .... ...11-3
LTKAO1M, Thermocouple Cold Junction Compensator and Matched AmpHfier ... 11-3
LTKOO1AC, Thermocouple Cold Junction Compensator and Matched AmPhfier............ooov e 11-3
LTKOO01AM, Thermocouple Cold Junction Compensator and Matched AMPlIfier ... 11-3
LTK001C, Thermocouple Cold Junction Compensator and Matched AMPIIfier ...t 11-3
LTKOO1M, Thermocouple Cold Junction Compensator and Matched Amplifier ... 113
LTZ1000AC, Ultra Precision Reference .. SO OO TSSOV OPRR O 39
LTZ1000C, UItra PreCiSion REFETENCE ......cvovevvurveciieerieeeeieie e esi s eae et st s b st s sbs s seas e b sasb st sea s anasasnanies 39
0P-05, Internally COMPENSAtEd OP AMP .....ovvceireereicerireieereirire et st sescsrss s es b sas st e e ms s e s nna s ses 2-321
OP-05A, Internally COMPENSAtd 0P AMID ...ttt istrre et s e st sras sma s e en s bbb 2-321

Note: '92D8 = LTC's 1992 Databook Supplement and '94DB = LTC’s 1994 Databook Volume IIl.
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0P-05C, Internally GOMPENSated OB AP .........oooceevovereeeemeereseeoeeseeerereeeseeeoeses oo eoee oo oo oo 2-321
OP-05E, Internally Compensated Op Amp
OP-07, Precision 0P AMP .......oveeeveeeeeeeoooesoe
OP-07A, Precision Op Amp.....
OP-07C, Precision Op Amp....
0P-07CS8, Precision Op Amp ..
OP-07D, Precision Op Amp
OP-07E, Precision Op AMP ......coeveeeeeeeeeeeee oo soeeesseeees
OP-15A, Precision, High Speed JFET Input Op Amp
0P-15B, Precision, High Speed JFET Input Op Amp
0P-15C, Precision, High Speed JFET Input Op Amp
OP-15E, Precision, High Speed JFET Input Op Amp
OP-15F, Precision, High Speed JFET Input Op Amp
OP-15G, Precision, High Speed JFET input Op Amp
OP-16A, Precision, High Speed JFET Input Op Amp
0P-16B, Precision, High Speed JFET Input Op Amp
OP-16C, Precision, High Speed JFET Input Op Amp
OP-16E, Precision, High Speed JFET Input Op Amp
OP-16F, Precision, High Speed JFET Input Op Amp
OP-16G, Precision, High Speed JFET Input Op Amp..
OP-27A, Low Noise, Precision Op Amp ..................
OP-27C, Low Noise, Precision Op Amp
OP-27E, Low NOISE, PTECISION 0P AMP ......vveoeeee e eeeeeeseeeeee e seeeer s s seees oo ee s oo e
0P-27G, Low Noise, Precision Op Amp ......
OP-37A, Low Noise, High Speed Op Amp...
OP-37C, Low Noise, High Speed Op Amp...
OP-37E, Low Noise, High SPEed OP AMP .........ovveeeeeeesieneeeeeeeeeeereeeeee oo esoe oo oes oo
OP-37G, Low Noise, High SPEEA 0P AMD ..........oeoeeeeeeeeeree oo eeeeseee s ee oo
OP-215A, Dual Precision JFET Input Op Amp
0P-215C, Dual Precision JFET Input Op Amp
OP-215E, Dual Precision JFET Input Op Amp
0P-215G, Dual Precision JFET Input Op Amp
OP-227A, Dual Matched, Low Noise Op Amp
0P-227C, Dual Matched, Low Noise Op Amp .....

0P-227E, Dual Matched, Low Noise 0p AMP ..o
0P-227G, Dual Matched, Low Noise 0p AMP ......coovvereeererveneesreenn
0P-237A, Dual High Speed, Low Noise Op Amp
0P-237C, Dual High Speed, Low Noise Op Amp
OP-237E, Dual High Speed, Low Noise Op Amp
0P-237G, Dual High Speed, Low Noise Op Amp
REF-01, Precision Voltage Reference

REF-01E, Precision Voltage Reference
REF-01H, Precision Voltage Reference

Note; °92DB = LTC's 1992 Databook Supplement and "94DB = LTC's 1994 Databook Volueme (i,
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REF-02, PreCiSion VOIA0E RETBIBNCE .....c.uvwereereereercurcmsira it ms b s s essss s s s bR s s
REF-02A, PreciSion VOIAQE RETBIBICE ......c.eierirecrmmierrinisssisssbaisiassss s svasessrersss s snas bbb st bt e
REF-02C, Precision VOIage REEFBNCE ..........cvcrerririirriccimisie et sses s st st s bassm s b b
REF-02D, Precision VOtage REFETBNCE ...ttt st
REF-02E, Precision Voltage REfBIBNCE ..........cccviieeriiiirmiiiisie st

REF-02H, Precision Voltage Reference ..........cccovvivevencnneineniacnnnes

SG1524, Regulating Pulse Width Modulator ...,

SG1525A, Regulating Pulse Width Modulator .
SG1527A, Regulating Pulse Width Modulator ....
$G3524, Regulating Puise Width Modufator ....
§G3524S, Regulating Pulse Width MOGUIBLOT .........c.vimmiimciicitiniins i
SG3525A, Regulating Pulse Witth MOGUIBIOT .........ocovmrieciinrirete st srecesnecse s s s sissccassnesnssssssss st ssssses
SG3527A, Regulating Pulse Width Modulator .........cooeervverneciencnnennenns

Note: '92D8 = LTC's 1992 Databook Supplement and '94DB = LTC's 1994 Databook Volume Il
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SURFACE MOUNT PRODUCTS .

LF39888, Precision Sampleand Hold Amplifier . . ... ........ ... . ... .. . .. .. .. . 9-113
LM318S8, HighSpeed ODAMD .. . ... ..ot 2-319
LM33488, Constant Current Source and Temperature Sensor .. ..................oo oo 3-99
LM38588-1.2, Micropower Voltage Reference . . ................... ... .. ... oo 3-113
LM385S8-2.5, Micropower Voltage Reference . ............... ... . ... ... . 3-113
LT1001CS8, Precision ODAMD . ... ..ot e 2-23
LT1004CS8-1.2, Micropower VOIage Reference . ........... ... 3-25
LT1004CS8-2.5, Micropower Voltage Reference .. ......... ... ..o or e 3-25
LT1006S8, Precision Single Supply OpAMD . . .. ... oot 2-53
LT1007CS, Low Noise, High Speed Precision OpAMp . . ... ... oo 2-69
LT1009S8, 2.5VOILREIBrenCe . . . ... ... .. e e 3-31
LT101258, Picoamp Input Current, Microvolt Offset, Low NOise OPAMP. . . ... ... oo 2-117
LT1013DS8, Dual Precision Op AMD . . . .. ... 2-141
LT1016CS8, Ultra Fast Precision Comparator .. .............. ... .. .. . e, 6-41
LT1017CS, Micropower Dual Comparator . ... .......... . ... e 6-53
LT1018CS, Micropower Dual Comparator . . ... ... ... ... ..o 6-53
LT1020CS, Micropower Regulatorand Comparator . .. ............... ... ... . 4-45
LT1021DGS8, Precision REfErenCe .. ......... ... . oo 3-57
LT1028CS, Uttra-Low Noise Precision High Speed OpAMP ... ... ... ... o e, 2477
LT1030CS, Quad Low Power Line Driver. . . ... ... . . i 10-9
LT1034CS8-1.2, Micropower Dual Reference . . . ... ... . . . e 3-81
LT1034CS8-2.5, Micropower Dual Reference . .. ....... ... ... 3-81
LT1037CS, Low Noise, High Speed Precision Op AMD . . ... ... ..ot e 2-69
LT1054CS, Switched Capacitor Voltage Converterwith Regulator . ................... ... ... ... . ... .. ... 5-35
LT1054IS, Switched Capacitor Voltage Converterwith Regulator ... .................. ... ... .. .. ... .. ... 5-35
LT105588, Precision, High Speed, JFET InputOpAmp . ... ... ... 2-231
LT1056S8, Precision, High Speed, JFETINPULOPAMD . . .. .. ... . i 2-231
LT1057S, Dual JFET Input Precision High Speed OPAMP . ... ... o 2-247
LT10571S, Dual JFET Input Precision High Speed OpAMP ... ... ot 2-247
LT1080CS, 5V Powered RS232 Driver/ReceiverwithShutdown . .............. . ... . . . . . . . . . . ... 10-51
LT1081CS, 5V Powered RS232 Driver/Receiverwith Shutdown .. ... ... . ... ... . . . . 10-51
LTC1043CS, Dual Precision Instrumentation Switched-Capacitor BuildingBlock . . . .. ......................... 11-31
LTC1044CS8, Switched Capacitor Voltage Converter .. .......... ... ... ... oo 5-21
LTC1052CS, Chapper-Stabilized OpAmp (CSOA™) . . .. ... . 2-217
LTC1059CS, High Performance Switched Capacitor Universal Filter . . . ................. .. .. .. .. . ... ... ... 7-11
LTC1060CS, Universal Dual Filter Building Block . ............... ... ... .. . . ... .. . . i, 7-35
LTC1061CS, High Performance Triple Universal Filter BuildingBlock . .. ............... ... . ... ... . . . ... .. ... 7-55
LTC1062CS, 5thOrder Low PassFilter . .. ... .. ... . . 7-71
OP-07CS8, PrecisionOpAMD . ... ..o 2-337
SG35248, Regulating Pulse Width Modulator . .. ..... ... . ... .. .. .. . . . 5-93
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GENERAL ORDERING

7 Ll”EAD |NFORMM

TECHNOLOGY

I ORDER ENTRY
Orders for products contained herein shouid 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 $500.00.
Each item must be ordered using the complete part number exactly as listed on the datasheet.

F.O.B.: Milpitas, Galifornia.

HWl. RELIABILITY PROGRAMS
Linear Technology Corporation currently offers the following Reliability Programs:
A. JAN QPL devices.
B. DESC drawings.

C. MIL-STD-883, Level B, Revision C for all military temperature range devices.
D. “R-Flow” Burn-In Program for commercial temperature range devices. Consult Factory regarding burn-in program.

IV. PART NUMBER EXPLANATION

XXX XXXX X X J/8838
\ I—— Screening to MIL-STD-883, Level B, Revision C
Package Style (see Cross Reference on Page 12-3)
Temperature Range
M for Military

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

V. PACKAGE SUFFIX EXPLANATION

Letter Designator  Description
D 14, 16, 18 and 20 Pin Side Brazed Hermetic DIP
D8 8 Pin Side Brazed Hermetic DIP

Multi Lead Metal Can

14, 16, 18 and 20 Pin Ceramic DIP

8 Pin Ceramic DIP

TO-3 Metal Can (Steel)

14, 16, 18 and 20 Pin Molded DIP

8 Pin Molded DIP

TO-3P Molded (3 lead)

8 Lead Small Outline (SO) package (Note 1)

16, 18, 20 Pin Small Outline (SO) package (Note 1,2)

TO-220 Molded (3 lead, 5 lead)

11 Pin Molded SIP

10 Pin Flatpack (Cerpak)

TO-92 Molded (3 lead)

NE<-H0POVEZXREGT

Note 1: Pin-out and electrical specifications may differ from dard cc ial grade N8 packag
See SO datasheet for specific information.

Note 2: These devices are delivered in either 150 MIL (SO) or 300 MIL (SO-L) wide packages depending
on device die size. See specific SO datasheet for pin counts and package dimensions.
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’ ALTERNATE SOURCE
I_,”EAD CROSS REFERENCE GUIDE

TECHNOLOGY

AMD FSCPIN LTCDIRECTREPL -{ INTERSILP/N LTC DIRECTREPL | MOTOPIN LTC DIRECT REPL
AMDPIN LTC DIRECTREPL { «A108 LM108 LM111 LM111 MC1558 LT1013M*
LT1008M* LT111A* MC78T05  LM323T
AM885 LT685 #A108A LM108A LT1011M* LT323AT*
ﬁm%%ﬁ t;}g;ﬁ LT1008M* LM124 LT1014M* OP27A oT|='2076x7 an
A111 (M111 LM .
LT1055M* . LT111A* MAXIM oP27B LT1007M*
LF1SSA  LE1SSA u- N Lrlo1iM: MAXIMPIN  LTC DIRECTREPL | OP27C or2TC 4
17 LM11
LF156 LF156 # LTt17A" AD7820 LTC1099* OP27E OP27E
LT1056M #A124 LT1014M* ICL7650 LTC1052** LT1007AC*
LF156A LE156A #A148 LT1014M* ICL7652 LTC7652 OoP27F LT1007C
LT1056AM #A308A LM30BA ICL7660 LTC1044*~ OP27G OP27G
LF198 " LF198 LT1008C** MAX232 LT1081* LT1007C*
LF355, ﬁ?ggA o #A311 LM311 MAX235 LT1130*" OP37A op37A
SA LT311A* MAX237 LT1132* LT1037AM
LF356A t;?ggé\A o LT1011C* MAX238 LT1134** 8;373 "?30735 M*
A317 LM317 MAX239 LT1133** 37 O
LF398 LF398 “ LT317A* MAX4 1001 LT1037M*
LM108 tm)%as - uA318 |_¥|31s MAX4gg chso OP37E 8%307357 AC
LT318A* MA 10! :
LM108A LM108A . uA714 OPO7 MA%;&Z) t;?ozestot QP37F LT1037C*
LT1008M LT1001M* MF10 LTC1060 OP37G Op37G
LM111 LM111 . #AT14C OP07C OP07 0P07 LT1037C*
LT111A , LT1001C* oP27 oP27 SG1524 SG1524
LM118 ":310‘131 ' HATI4E ETP? 070E C MOTOROLA SG1525A S1(:511552245'A
Cr
LT118A* #ATI4L OP07D LT1525A*
LM119 LM119 LT1001C* MOTO PIN LTC DIRECTREPL | sG1527A SG1527A
LM148 H:&% KATSSEM  LTIO13M: LF155 LF155 5G3524 SGoead
LM308A LM308A HARRIS LF155A t}}ggi"" LT3524"
LT1008C* SG3525A  SG3525A
LM311 LM311 HARRISPIN  LTC DIRECT REPL LF1ss bT:l ggSAM LT3525A
LT311A" - SG3527A  SG3527A
. HA2510 LT118A LT1056M
LT1011C e LT3527A"
LM118 LF156A LF156A
LM318 LM318 -
LT318A" HA2512  LT118A™" LT1056AM NATIONAL SEMICONDUCTOR
LM319 LM319 LM118A LF355A LF355A
[T319A" HAZtS  LT318A": LF386A  LF3S6A NSCPIN LTC DIRECT REPL
- 101A LM101
ANALOG DEVICES HAS1302  OPO7A LM107 LM107 ADC032 LTC1001
LT1001AM LM108 LM108 ADC0820  LTC1099
ADPIN LYC DIRECTREPL | HA5130-5 E%ogos c LT1008M* LF155 I[ﬂ SgSM .
. LM108A LM108A
ﬁggom L"gg;"é HA51352  OPO7 LT1008M* LF155A LF156A
104 OPO7E* | LT1001M* LM111 M1t LT1055AM
LT1001c HA51355  OPO7C LT111A" LF156 LF156
AD510K LT1001AC LT1001C* LT1011Mme LT1056M*
ﬁgg}gg (l:’TP})O‘L‘ Ac* HAOPO7  OPO7 LM117 LM117 LT1022M*
CT1001AM" P LA M LT1ITA” LF1%6A LTios6aM:-
LM123 LM123
AD517 OPO7** LT1001AM* . LT1022AM*
L11001* HAOPO7C  OPO7C lI:E(ZJSQM . LF198 LF198
AD518 LM118*~ LT1001C* LM124 LT1014M* LF198A LF198A
LT118A** HAOPOTE  OPO7E LM137 LM137 LF355A LF355A .
AD580 L7580 LT1001C* LT137A* LT1055AC
ADSS1 LTi081 INTERSIL LT1033M:" LFOSBA  Tioseac
. LM148 LT1014M* :
ADseey  LTiose~ INTERSILPIN_LTCDIRECTREPL | LM150  LMis0 LF398 LT1022AC
ADORO7  OFO7 e ICL232 LT1081 LM158 LT1013M* LF398A LF3SBA
ADOPO7A  OPO7A IGL7650 8-Pin L TC1050* LM308A  LM308A Ehiobos LF100m+
LT1001AM" |SLI8528-PinLTCT652. LM311 Liaope [HO044  LT1001M*
ADORO7G e IClogoc  LMBs12 Lsiia: L0
ADOPO7D  OPOTD o+ ICLB0GOM  LM185-1.2 LM317  LMB17 pzioe, Lhews
LT1004M-1.2* LT317A
ADOPO7E  OPOTE . LF185 LF155 LM323 LM323 LM10 LM10
LF155A LF155A LT323A* LM108B LM10B
FAIRCHILD LF156 LF156 1,003(;- . LtM10C LM10C
LF156A LF156A LM337 LM33 LM101A Lm101A
FSCPIN LTC DIRECTREPL | LF355A LF355A LT537a" LM107 Lm1o7
SH123 LM123 Lr3sea Lraces LM mgf?c? e Hos tTM&!sBM .
LH2108 LH2108 350 LM
LT123A LH2108A  LH2108A LT350A* LM108A LM108A
LT1003M* * LM101A LM101A MC1400U2  LT1019CN8-2.5* LT1008M*
SH323 LM323 LM107 LM107 MC1400AU2 LT1019CN8-25* | LM111 LM111
LT323A" LM108 ._ng MC1400U5  LT1019CN8-5* LT111A
LT1003M** LT1008M* MGC1400AU5 LT1019CN8-5** LT1011Mm
uA78HO5C  LT1003C** LM108A LM108A MC1400U10 LT1019CN8-10* | LM112 LT1012M*
#A101A LM101A LT1008M* MC1400AUT0 LT1019CN8-10** | LM113 LT1004M-1.2*
#A107A LM107 MC145406  LT1039-16* LM117 t¥111177A.

*LTC Improved MPhumom 100% Pin-for-pin with better {
**Similar lease consult the data sheet t the sui of the for specific
tConsuIl tactory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

NSCPIN LTC DIRECT REPL | NSCPIN LTC DIRECT REPL | PMIPIN LTC DIRECTREPL | PMIPN LTC DIRECT REPL
LM117HV  LM117HV LM338 LM338 OP16G OP16G PM2108A  LH2108A
LT117AHV* LT338A* LT1056C* REFO1 REFO1 "
LM118 LM118 LM350 LM350 OP27A OP27A LT1019M-10
LT118A* LT350A* LT1007AM LT1021-10
LM119 LM119 LM36850  LT1019AC-5* 0oP278 LT1007M REFO1A REFO1A
LT119A" LM368Y-5.0 LT1019ACS* or27C OP27C LT1021-10
LM123 LM123 LM368-10.0  LT1019C-10** LT1007M REF01C REFOIC
LT123A* LM368Y-10.0 LT1019010" OP27E OP2TE LT1019C-10"
LT1003M* LM385-1.2  LM385-1. LT1007AC LT1021-10
LM124 LT1014M* T10040-1 2* OP27F LT1007C REFO1E REFOIE
LM120A LM129A LM38525  LM3B5-2. oP27G OP27G LT1021-10
LM129B LM129B 7100402 5* LT1007C* REFOTH REFOTH
LM129C LM129C LM385BX-1.2 LT1034BC-1.2* | OPS7A OP37A LT1019C-10"
LM133 LT1033M* LM385BY-1.2 LT71034C-1.2* LT1037AM LT1021-10
LM134 LM134 LM385BX-2.5 LT1034BC-25* | OP37B 7A REF02 REF02
LM134-3 LM134-3 LM385BY-2.5 LT1034C-2.5* LT1037M* LT1019M5'
LM134-6 LM134-6 M396 LT1038C** OP37C OP37C LT1021-5
LM136A LM136A M399 LM399 LT1037M' REF02A FO2A
1009M* LM399A LM399A OP37E OP3 . LT1021-5
LM136-25  LM136-25 LM399A-20  LM399A-20 LT1037AC REF02C REF02C
T1009M* LM399A-50  LM399A-50 OP37F ] LT1019C-5
LM1365 LT1020M** LM1524 SG1524 LT1037C' LT1021-6**
LM137 LM137 LT1524* OP37G 0oP37G REF02D LT1019C5"
LT137A LM2935 LT1005** LT1037C" LT1021-5
LT1033M** LM3524 SG3524 OP77A LT1001AM** REF02E REFO2E
LM137HV  LM137HV LT3524" oPTIB LT1001M** LT10215*
LT137AHV* MF5 LTC1059* OP77E LT1001AC** REF02H REF02H
LM138 LM138 MF10 LTC1060* OP77F LT1001C** LT1018C-5*
LT138A" OP77G LT1001C** LT1021-5**
LM148 LT1014M* PMI 8:%;3 H}%‘m REF03 LT1019-25
LM150 LM150 X
M L e RAVTHEOM
L 13M* CMPO1 LT1011** *
LM168BY-5.0 LT1018M-6** | éMmpo2 LT1011** OP215A  OP215A RAYTHPIN _ LTC DIRECT REPL
LM168BY-10.0LT1019M-10"* OP04 LT1013" LT1057AM* LM101A LM101A
LM185-1.2 LM185-1.2 OPO05 OPO5 OP215B OP215A" . LM107 LM107
B T1004M 1.2* LT100tM* LT1057AM LM111 LM111
LM185-2.5  LM185-25 OPO5A OPO5A OP215C OP215C LT111A"
LT1004M-2.5* LT1001M* LT1057M* LT1011M*
LM185BX-1.2 LT1034BM-1.2* | OPO5C OPO5C OP215E OP215E LM124 LT1014M*
LM185BY-1.2 LT1034M-1.2* LT1001C* LT1057C* LM148 LM1014M*
LM185BX-2.5 LT1034BM-2.5* | OPOSE OPOSE OP215F OP215E* LM311 LM311
LM185BY-2.5 LT1034M-2.5* LT1001C* LT1057C* LT311A"
LM196 LT1038M** oPo7 OPO7 OP215G OP215G LT1011C*
LM199 LM199 LT1001M* LT1057C* OPOS OP05
LM199A LM199A OPO7A PO7A 0P220 LT1078" LT1001M*
LM192A-20 LM199A-20 LT1001AM* oP221 LT1013* OPO5SA OPO5A
LM234-3 LM234-3 OPO7C PO7C OP227A oP227, LT1001AM*
LM234-6 LM234-6 LT1001C* opP2278 OP227A 0P05C OP05C
LM308A LM308A OPO7E OPO7E 0OP227C op227C LT1001C*
LT1008C* LT1001C* OP227E OP227E OPOSE OPOSE
LM311 LM311 OP10 LT1002M* OP227F OP227E LT1001C*
LT311A" OP10A LT1002AM* OP227G OP227G | oP07 OPO7
LT1011C OP10C LT1002C* OP290 LT1078 LT1001M*
LM317 LM317 OP10E LT1002C OP400A LT1014AM** OPO7A 7A
LT317A" OP11 LT1014* OPA0OE LT1014AC** LT1001AM®
LM317HV  LM317HV OP12A LT1012M* OP400F LT1014AC** OPO7C OPO7C
T317AHV' OP12B LT1012M* 0P420 LT1079° LT1001C*
Lm318 LM318 oP12C LT1012M" 0P421 LT1014° OPO7E OPO7E
LT318A OP12E LT1012C* 0P490 LT1079 LT1001C"
LM319 LM319 | OP12F LT1012C* PM108 m108 OP27A OP27A
LT319A OP12G LT1012C* LT1008M LT1007AM*
LM323 LM323 OP15A P15A PM108A LM108A oP27B OP27A
LT323A" LT1055AM* LT1008M* LT1007M
LT1003C OP158B P15B PM155 LF155 oP27C QoP27C
e i A s - o L
0oP15C OP15C M1 OP27E OP27E
LM329C LM329C LT1055M* LT1055M* LT1007AC*
LM329D0 LM3290 | OP15E OP1SE PM156 156 OP27F OP27F
M333 LT1033C LT1055AC" LT1056M* LT1007C*
LM333A LT1033C OP15F OP1T1055C* PM1SBA LF156A oP27G OP27G
M334 LM334 OP15G OP15G LT1056M* LT1007C*
LM336-25  LM336 LT1085C* PM308A LM308A OP37A P37A
LT1009C OP16A OP16A LT1008C* LT1037AM*
LM336B2.5 LM336B LT1056AM* PM355A LF355A OP37B OP37A
LT1009C OP16B OP16B LT1055C* LT1037M
LM336-5 LT1020C LT1056M" PM356A LF356A OP37C 0P37C
LM337 LM337 OP16C P16C LT1056C* LT1037M*
LT337A* LT1056M* PM1008 71008 OP37E OPa7E
LT1033C OP16E OP16E PM1012 LT1012 LT1037AC*
LM337HY LM337HY LT1056AC" PM1558 LT1013M* OP37F OP37E
LT337AHV OP16F OP16F PM2108 LH2108 LT1037C*
LT1056C*
*LTC improved Replacement: 100% Pin-for-pin with better el
**Similar : Please consult the data sheet to the of the tor specific

tConsuIt tactory for guaranteed TC devices.
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ALTERNATE SOURCE CROSS REFERENCE GUIDE

RAYTHPN  LTCDIRECTREPL | SILGENPIN LTCDIRECTREPL | TIPIN LTC DIRECT REPL
oP37G OP37G $G1526 LT1526 OP27B LT1007M*
LT1037C* SG1527A  SG1527A 0P27G OP27C
RC714CH  OPO7C LT1527A" LT1007M
LT1001C* $G1558 LT1013M* OP27E OP27E
RC714EH  OPO7E SG3524 $G3524 LT1007AC*
LT1001C* LT3524* OP27F LT1007C*
RM714H OP07 SG3525A  SG3525A 0P27G OP27G
LT1001M* LT3525A" LT1007C*
RM1558 LT1013M* $G3526 LT3526 OP37A OP37A
SIGNETT SG3527A  SG3527A* LT1037AM*
. e S e
SIGNETICS PIN LTC DIRECTREPL |  TELEDYNE SEMICONDUCTOR LT1037M"
Lfxe  LEme TSCPIN  LTCDIRECTREPL | OP37E OP3TE ot
LM101A LM101A TSC04 LM385-1.2 g;WF LT1037C
LM111 LM111 TSCO05 LM385-2.5 37G OP37G o
LT111A" TSC232 LT1080** SGi52 5211%327
9 IEIA11O1191 w TSCO11 'E'Tré%}ao ' '-T15244 y
LM11
LT119A" TSC913 LT1078"* SG1525A  SG1525A
LM124 LT1014M" 1SC914 LT1079** sG ‘8-23552’253‘\
LM158 LT1013M* TSC918 LTC7652** 3524 ez,
LM311 LM311 TSC7650  LTC1050 5G352 5535245 "
LT311A* TSC7652  LTC7652 5A Coos
LT1011C" LTC1052 LT3525
MC1558 LT1013M* TSC7660  LTC1044* UNITRODE
NE1037 LT1037 TSCO491  [M385-1.2
NE5534 op37* LT1004C-1.2 UNITRODE PIN LTC DIRECT REPL
LT1037* TSC9495  REF02
NES534A  OP37* LT1019M-5 ucti7 LM117
LT1037* LT1021 5¢ LT117A*
SES534 OPa7* TSC9496  REFOIE uc13? LM137
SESS3A  OPSTY AL CHoaame*
LT1037* TEXAS INSTRUMENTS uc150 LM150
SGas24 G354 TIPIN LTC DIRECT REPL | \yca17 LTsoA
LT317A
SILICON GENERAL LM101A LM101A uc3s? LM337
LM107 LM107 LMas7 .
SILGENP/N  LTCDIRECTREPL | LM108A LM108A LTi035G"
LM111 LM111 uCas S
SG101A LM101A LT111A* 0 e
$G108 LM108 LT1011M* ue 5231-‘324
LT1008M* LM124 LT1014M* 1524 A
SG108A LM108A LM148 LT1014M" UC1525 §G 15245 A
LT1008M* LM158 LT1013M* 525A e A
sem LMLt LM185-25  LMIB5:25 UC1S27A  SG1527A
LT111A LM311 LM311 palo2ra,
LT1011M* LT311A* {11846
SG117 LM117 LT1011C* gg‘g“g LTisae
SG117A LT117A LM317KC  LM317T ch 4 o
i Oian e = D
1 LM318
LT1003M** LT318A° UCS25A  SGISISA,
SG124 LT1014M* LM323 LM323 UC3s2TA S
5G137 LM137 LT323A" DT,
SG137A LT137A LM350 LM350 UC3sds L1304t
LT1033M** LT350A* 3848
SG138 LM138 LT1004 LT1004 uc3e47 L1384
SG138A LT138A LT1007 LT1007
SG150 LM150 LT1008 LT1008
5G150A LT150A LT1009 LT1009
SG311 LM311 LT1011 LT1011
LT311A" LT1013 LT1013
LTi011C* LT1016 LT1016
$G317 LM317 LT1028 LT1028
SG317A LT317A LT1037 LT1037
5G323 LM323 LT1070 LT1070
$G323A LT323A LTC1044  LTC1044
LT1003C"* LTC1052  LTC1052
S$G337 LM337 MC1558 LT1013M*
SG337A LT337A OP07/714C  OPO7C
LT1033C** LT1001C*
5G338 LM338 OPQ7/714D  OPQ
SG338A LT338A LT1001C*
5G350 LM350 OPO7/T14E
SG350A LT350A LT1001C*
5G1524 $G1524 OP27A OP27A
LT1524* LT1007AM*
5G1525A  SG1525A
LTi525A"

Mr lacement: 100% Pin-for-pin compatible with better aleclm:ai specifications.
- ‘Slmlllr Device: Please consult the data sheet to determine the suitability of the for specitic
1Consult tactory for guaranteed TC devices.
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TECHNOLOGY

SECTION 2—0PERATIONAL AMPLIFIERS

LT1006S8, Precision, Single Supply Op Amp
LT1007, Low Noise, High Speed Precision Op Amp
LT1007CS/LT1037CS, Low Noise, High Speed Precision Op Amps
LT1008, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp

LT1010, Fast + 150mA Power Buffer

LT1012, Picoamp Input Current, Microvelt Offset, Low Noise Op Amp
LT101288, Picoamp Input Current, Microvoit Offset, Low Noise Op Amp
LT1013, Dual Precision Op Amp
LT1013DS8, Dual Precision Op Amp
LT1014, Quad Precision Op Amp
LT1022, High Speed, Precision JFET Input Op Amp
LT1024, Dual, Matched Picoampere, Microvolt Input, Low Noise Op Amp
LT1028, Uitra-Low Noise Precision High Speed Op Amp
LT1028CS, Ultra-Low Noise Precision High Speed Op Amp
LT1037, Low Noise, High Speed Precision 0p Amp
LTC1049, Low Power Chopper Stabilized Op Amp with Internal Capacitors
LTC1050, Precision Chopper Stabilized Op Amp with Internal Capacitors
LTC1051, Dual Precision Chopper Stabilized Op Amp with Internal Capacitors
LTC1052, Chopper Stabilized Op Amp
LTC1052CS, Chopper Stabilized Op Amp (CSOA™)
LT1055, Precision, High Speed, JFET Input Op Amp
LT1056, Precision, High Speed, JFET Input Op Amp
LT105558/L.T1056S8, Precision, High Speed, JFET Input Op Amps
LT1057, Dual JFET Input Precision, High Speed Op Amp
LT10575/LT10571S, Dual JFET Input Precision, High Speed Op Amp
LT1058, Quad JFET Input Precision, High Speed Op Amp
LT1077, Micropower, Single Supply, Precision Op Amp

LT1078, Micropower, Dual, Single Supply, Precision Op Amp

LT1079, Micropower, Quad, Single Supply, Precision Op Amp
LTC1100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain = 100)
LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain=1Qor 100}
LT1102, High Speed, Precision, JFET input Instrumentation Amplifier (Fixed Gain=10or 100)
LTC1150, + 15V Chopper Stabilized Op Amp with Internal Capacitor
LT1178, 17 A Max, Dual Single Supply, Precision Op Amp

LT1179, 17 pA Max, Quad Single Supply, Precision Op Amp

LY



ENHANCED AND SECOND SOURCE PRODUCTS

LF155/LF355, JFET Input Op Amp, LOW Supply CUTFERT. . ..o 2-271
LF155A/LF355A, JFET Input Op Amp, Low Supply CUFTERT ... ..o 2-271
LF156/LF356, JFET INputOp AMP, HIGNSPEEA . . . ..ttt 2-2M1
LF156A/LF356A, JFET InputOp Amp, HIG SPEEA . . .. ..o\ oir it 2-271
LF412A, Dual Precision JFETINPULOPAMD . ...« o oottt e e e e e e e e sttt 2-275
LH2108A, Dual LMAOBOBAMD . . ..o ettt e oo s e st s st 2-279
LM10/B(L)/C(L), Low Power Op AMPand REfErBNCE . . . . .. ... ..vuee et 2-281
LM101A/LM301A, Uncompensated General PUrpose OPAMD . ... ..o iooiiini e 2-297
LM107/LM307, Compensated General PUrpOSB OPAMP .. ... ... ..iunnn b 2-297
LM108/LM308, SUPEr GAIMOPAMD . .« .. ..ottt e et e e et e s st 2-303
LM108A/LM308A, SUPEr GAIMOPAMD . .. ..ottt a e e e e s 2-303
LM118/LM318, High Slew RatE OPAMD . . . ..o o ettt et 2-311
LM31858, HIGRSPEEA OPAMP . . ...\ e ce ittt e e e s e ettt 2-319
LT118A/LT318A, Improved LMTTBODAMD . ... o ettt ettt et 2-311
LTC7652, Chopper-Stabilized ODAMD . . . .. ... ..ttt et et 2-197
OP-05, OP-05A, OP-05C, OP-05E, Internally Compensated OPAMD . ... ... .o oot e 2-321
0P-07, OP-07A, OP-07C, OP-07E, Precision OP AMD . . . . .. ..o oottt ettt e 2-329
OP-07CS8, PreciSIONOPAMP ... ..o\ttt et e e e ettt et e e 2-337
0P-15A, OP-158, OP-15C, OP-15E, OP-15F, OP-15G, Precision, High Speed JFETInputOpAmp . .. ... 2-341
OP-16A, OP-16B, OP-16C, OP-16E, OP-16F, OP-16G, Precision, High Speed JFETInputOpAmp ... ..o 2-341
0OP-27A, OP-27C, OP-27E, OP-27G, Low Noise, Precision 0P AMD . ... ... .o oottt 2-345
0P-37A, OP-37C, OP-37E, OP-37G, Low Noise, High Speed OpAMP . ... ... .ot 2-345
OP-215, Dual Precision JFET INPULOPAMD . .« oot e et 2-275
QP-227A, OP-227C, OP-227E, OP-227G, Dual Matched, Low NOise OPAMD .. ... ..o 2-357
OP-237A, 0P-237C, OP-237E, OP-237G, Dual High Speed, Low NoiSE OPAMD ... ...ooooviiiii e 2-357
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OP AMP SELECTION GUIDE

TECHNOLOGY
MILITARY
ELECTRICAL CHARACTERISTICS
Vos TC i AvoL SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES

PART NUMBER V) (VI0) (nA) (VimV) {Vis) (nVIVH2) AVAILABLE IMPORTANT FEATURES
SINGLE
LT1001AM 15 0.6 20 450 0.15 18 H,J8 Extremely Low Offset Voitage
LT1001M 60 1.0 38 400 0.15 18 H,J8 Low Noise, Low Drift
LT1006AM 50 1.3 15 1000 0.25 ut H,J8 Single Supply Operation, Fully
LT1006M 80 18 2% 700 025 4t H,J8 Specified for +5V Supply
LT1007AM 25 06 35 7000 1.7 45 H, J8 Extremely Low Noise, Low
LT1007M 60 1.0 55 5000 1.7 45 H, J8 Drift
LT1008M 120 15 01 200 0.1 30 H Low Bias Current, Low Power
LT1010M 9OmV o0.6mviect 150pA 0.995 75 9ot H,K High Speed Buffer, Drives

+ 10V into 750.
LT1012M 3 15 01 200 0.1 30 H Low Vos, Low Power
LT1022AM 250 5.0 005 150 23 50 H Very High Speed JFET Input
LT1022M 600 90 0.05 120 18 60 H gp Amp with Very Good DC
LT1028AM 40 08 90 7000 1 17 H, Ji oise, High Speed,
LT1028M 80 10 180 5000 11 19 w Drift
LT1037AM % 06 3 7000 11 4, ) Extrerggly Low Noise, High
LT1037M 60 1.0 55 5000 11 H,J8
LT1055AM 150 4 0.05 150 1 t Offset, JFET Input
LT1055M 400 8 0.05 120 60 Op Amp Combines High
LT1056AM 180 4 0.5 12 H Speed and Precision
LT1056M 450 8 0 9 H
LT1077AM 40 0. 9 250 0. 40 H,J8 Micropower, Single Supply,
LT1077M 60 4 1 2 29t H,J8 Precision, Low Noise
LTC1050AM . 0.035 4t 0.6pVp-p™* H,J8 No External Caps Required,
LTC1050M 0.05 4t 0.62Vp-p** H,J8 Chopper Stabilized
LTC1052M 5 0 0 1000 3t 0.5:Vpp** H,J,J8 Chopper Stabilized Low Noise
LF155A 0.05 75 5 251+ H JFET Inputs, Low ! Bias, No
LF155 15 0.10 50 5 95t H Phase Reversal, Guaranteed
LF156A 5 005 7 10 151+ H TCVos onali Grades
LF156 3500 15 0.10 50 9 15t H
LM10 2000 ot 2 120 sot H,J8 On-Chip Reference Operates

with + 1.2V Single Battery
LM101A 2000 15 75 25 0.3 28t H,J8 Uncompensated Gen. Purp.
LM107 2000 15 75 % 0.3 28t H,J8 Compensated Gen. Purp.
LM108A 500 5 2 40 0.1 3ot H Low Bias Current, Low
LM108 2000 15 3 2 04 ot H Supply Current
LM118 4000 250 % 50 42t H High Speed, 15MHz
LT118A 1000 250 200 50 42t H,J8 High Speed, 15MHz
OP-05A 150 09 2 300 01 18 H,J8 Low Noise, Low Offset Drift
OPL05 500 20 3 200 0.1 18 H,J8 with Time
OP-07A 25 06 2 300 0.1 18 H,J8 Low Initial Offset, Low Noise,
oP07 75 13 3 200 0.1 18 H,J8 Low Drift
OP-15A 500 5 0.05 100 10 20t H Precision JFET input, Low |
OP-158 1000 10 0.1 75 15 20t H Blas, No Phase Reversal
OP-15C 3000 15 02 50 5 201+ H
OP-16A 500 5 05 100 18 20t H Precision JFET input, High
OP-16B 1000 10 01 75 12 20t H Speed, No Phase Reversal
OP-16C 3000 15 02 50 9 208+ H
OP-27A 25 0.6 40 1000 1.7 55 H,J8 Very Low Noise, Unity Gain
0P-27C 100 18 80 700 17 80 H,J8 Stable
OP-37TA 25 08 40 1000 1 55 H,J8 Very Low Noise, Stable for
OP-37C 100 18 80 700 1" 80 H,J8 Gains 25

2-4
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OP AMP SELECTION GUIDE

MILITARY
r [ ELECTRICAL CHARACTERISTICS
Vos € Ig AvoL SLEW RATE NOISE
MAX Vos MAX NIN MIN MAX 10Hz PACKAGES
PART NUMBER V) VI°C) (nA) vimv) (Vius) nVIVH2) AVAILABLE IMPORTANT FEATURES
DUAL
LT1002AM 60 08 30 400 015 20 J 4 Dual, Matched LT1001 High.
LT1002M 100 13 45 350 0.15 2 J CMRR, PSRR Matching
LT1013AM 150 2.0 20 1500 0.2 24t H,J8 Precision Dual Op Amp in
LT1013M 300 25 30 1200 02 ut H,J8 8-Pin Package
LT1024AM 50 15 0.12 250 0.1 3 D Low Yos, Low Power,
LT1024M 100 20 0.20 180 0.1 33 D Matching Specs
LT1057AM 450 7 0.05 150 10 75 H,J8 Low Offset, JFET Input
LTA05TM 800 12 0075 100 8 80 H,J8 Multiple Op Amps Combine
High Speed and Excellent DC
Specs
LT1078AM 70 20 0.25 250 .07t 40 H,J8 Micropower, Precision, Single
LT1078M 120 25 0.3 200 o7t 2t H,J8 Supply, Low Noise Dual
LT1178AM 70 22 5 140 0.013 75 H, J8 17, Max, Single Supply,
LT1178M 120 30 6 110 0.013 50t N Dual
LF412AM 1000 10 0.1 100 10 20t H ormance Dual JFET
[nput Op Amp
LH2108A 500 5.0 2 40 0.1 30 D Dual, Ly Bias Current, Side
LH2108 2000 15.0 2 % 0.1 D ckage
OP-215A 1000 10 01 150 1 * lerformance Dual JFET
0OP-215C 3000 20 02 50 201+ input Op Amp
0P-227A 80 10 4 17 f Dual Matched OP-27
0P-227C 180 18 17 J
OP-B7A 80 19 ) 3000 | 6 J Dual Matched OP-37
0P-237C 180 8 80 9 J
QUAD
LT1014AM 20 02 24t J Precision Quad Op Amp
LT1014M 00 1200 0.2 ut J in 14-Pin Package
LT1058AM 600 1 0.05 150 10 75 J Low Offset JFET Input
LT1058M 15 0.075 100 8 80 J Multiple Op Amps Combine
High Speed and Excellent DC
Specs
LT1079AM 120 20 0.25 250 0.07t 40 J Micropower, Precision, Single
LT1079M 150 25 0.35 200 o.07t 20t J Supply, Low Noise Quad
LT1179AM 100 22 3 140 0.013 75 J 174 Max, Single Supply,
LT1179M 150 30 6 110 0.013 507 J Precision Quad
1 Typical Spec
* 100Hz Noise
** DC to 1Hz Noise
COMMERCIAL
ELECTRICAL CHARACTERISTICS
Vos TC Is AvoL SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES
PART NUMBER 1)) (wvIeC) (nA) (VimV) (Viss) {nVIVHz) AVAILABLE IMPORTANT FEATURES
SINGLE
LT1001AC 25 06 20 450 0.15 18 H,J8, N8 Extremely Low Offset Voltage
LT1001C 80 1.0 38 400 0.15 18 H,J8, N8, S8 Low Noise, Low Drift
| LT1006AC 50 13 1§ 1000 0.25 4t H,J8 Single Supply Operation, Fully
LT1006C 80 18 % 700 025 ut H, J8, N8 Specified for + 5V Supply
LT100658 400 35 2 700 025 % S8
LT1007AC 25 06 35 7000 17 45 H,J8, N8 Extremely Low Noise, Low
LT1007C 60 1.0 55 5000 1.7 45 H,J8,N8,5 Drit
LT1008C 120 15 | 0.1 200 0.1 30 H, N8 Low Bias Current, Low Power
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OP AMP SELECTION GUIDE

COMMERCIAL
ELECTRICAL CHARACTERISTICS
Vos TC Ig AvoL SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX10Hz PACKAGES
PART NUMBER W) uVI°C) {nA) vimv) Vius) {(n"ViWHz) AVAILABLE IMPORTANT FEATURES
SINGLE
LT1010C 100mV 0.6mvroct 2504A 099 75 9ot HKT High Speed Buffer, Drives
+10V into 758.
LT10124 % 06 100 300 0.1 30 H,N8 Low Vos, Low Power
LT1012C 50 15 0.15 200 0.1 30 H, N8
LT1012D 60 17 150 200 0.1 3 H,N8
LT101288 120 18 0.28 200 0.1 30 58
LT1022AC 250 5.0 0.05 150 3 50 H Very High Speed JFET Input
LT1022CH 600 90 0.05 120 18 60 H Op Amp with Very Good DC
LT1022CNB 1000 150 0.05 100 18 60 N8 Specs
LT1028AC 40 08 90 7000 11 1.7 H,J8, N8 Lowest Noise, High Speed,
LT1028C 80 1.0 180 5000 11 19 H,J8,N8,S Low Drift
LT1037AC 25 0.6 B 7000 1 45 H,J8,N8 Extremely Low Noise, High
LT1037C 60 1.0 55 5000 11 45 H,J8,N8,S Speed
LT1055AC 150 4 0.05 150 10 50 H Loggagt Offset, JFET Input
LT1085C 400 8 0.08 120 75 [ H ﬁCOmbir}e§ High
LT1055CN8 70 12 005 120 75 60 paP¥and Precision
LT105558 1500 15 0.1 120 75 10
LT1056AC 180 4 0.05 150 12 H “
LT1056C 450 8 0.05 120 9 H
LT1056CN8 800 12 0.05 120 60
LT105658 1500 15 0.1 9. 70
LT1077AC 40 0.4 0.12 H,J8, N8, S8 Micropower, Single Supply,
LT1077C 80 04 00 0 H, J8,N8, S8 Precision, Low Noise
LTC1050AC 5 0 0.03 3162 0.6pVp-p** H, J8, N8, S8 No External Caps Required,
LTC1050C 05 0.050 08uVpp** H,J8, N8, S8 Ghopper Stabilized
LTC1052C 0.05 3t 0.5:Vpp** H, N8, N Chopper Stabilized, Low Noise
LTC7652C 0.0 | 1000 at 0.5:Vp-p** H,N8
LF355A 2000 .05 75 5 251+ H, N8 JFET Inputs, Low | Bias, No
LF356A 0.05 75 10 151+ H,N8 Phase Reversal
LM10B ot 20 120 - 50t H,J8 On-Chip Reference, Operates
LM10BL 2000 of 2 60 - 50t H,J8 with + 1.2V Single Battery
LM10C 4000 st 0 80 - 501 H, J8, N8
LM10CL 4000 st 30 4 — sot H, J8, N8
LM308A 500 5 7 60 0.1 3ot H,N8 Low Bias, Supply Current
LT318A 1000 250 200 50 4t H, 48, N8 High Speed, 15MHz
LM318 10000 500 % 50 49t H, 8, N8, S8 High Speed, 15MHz
0OP-05C 1300 45 7 120 0.1 20 H,J8 N8 Low Noise, Low Offset Drift
OP-05E 500 20 4 200 01 18 H, J8, N8 with Time
OP-07C 150 18 7 120 0.1 20 H, 8, N§, S8 Low Initial Offset, Low Noise,
OP-7E 75 13 4 200 0.1 18 H, J8, N8 Low Drift
OP-15E 500 5 0.05 100 10 201+ H, N8 Precision JFET Input, Low |
OP-15F 1000 10 0.1 75 75 20t~ H, N8 Bias, No Phase Reversal
OP-15G 3000 15 0.2 50 5 20t+ H,N8
OP-16E 500 5 0.05 100 18 201+ H, N8 Precision JFET Input, High
OP-16F 1000 10 041 7% 12 201+ H, NS Speed, No Phase Reversal
OP-16G 3000 15 02 50 9 201+ H, N§
OP-27E 2 06 40 1000 17 55 H,J8, N8 Very Low Noise, Unity Gain
OP-27G 100 18 80 700 17 8.0 H,N8 Stable
_OP-37€ 25 06 40 1000 1 55 H,J8, N8 Very Low Noise, Stable for
OP-37G 100 18 80 700 11 80 H, N8 Gains =5
DUAL
LT1002AC ) 09 0 [ e 0.15 20 N | Dual, Matched LT1001 High
LT1002C 100 13 45 | 30 0.5 20 IN |  CMRR, PSRR Matching

2-6
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OP AMP SELECTION GUIDE

cOmmeERcCIAL
ELECTRICAL CHARACTERISTICS ]
Vos c s Avor SLEW RATE NOISE
MAX Vos MAX MIN MIN MAX 10Hz PACKAGES

PART NUMBER W) (R3] (nA) (VimV) (Vius) {aVivHz) AVAILABLE IMPORTANT FEATURES
DUAL
LT1013AC 150 20 20 1500 0.2 24t H,J8 Precision Dual Op Amp
LT1013C 300 25 ) 1200 0.2 ut H,J8, N8 in8-Pin Package
LT1013D 800 50 30 1200 0.2 24t N8, S8
LT1024AC 50 15 0.12 250 0.1 3 N Low Vs, Low Power,
LT1024C 100 20 020 180 0.1 3 N Matching Specs
LT1057AC 450 1 005 150 10 5 H,38 Low Offset JFET lnput
LT1057ACNS 450 10 0.05 150 10 75 N8 Multiple Op Amps Combine
LTI087C 800 12 04075 100 8 80 H,J8 g")ge';ss"”d and Excellent DC
LT1057CN8 800 16 0075 100 8 80 N8
LT1057S 2000 5t 0.1 100 8 13 S
LT1057IS 2000 st 0.1 100 8 13 S
LT1078AC 70 20 8 20 o.07t 40 H, J8, N8 Micropower, Precision,
LT1078C 120 25 10 200 o7t 2ot H, J8, N8 Single Supply, Low Noise Dual
LT1178AC 70 22 5 140 0.013 75 H, 48, N8 174A Max, Single Supply,
LT1178C 120 30 [] 10 0.013 50t H, J8, N8 n Dual
LF412AC 1000 10 01 100 10 20t H i@™Performance Dual JFET
0P-215E 1000 10 0.1 150 10 20t+ Input Op Amp
OP215G 3000 20 02 50 8 b J5, N8
OP-227E 80 1.0 490 3000 17 N hed OP-27
OP-227G 180 18 80 2000 9
OP-237E 80 1.0 4 6 Dual Matched OP-37
OP-237G 180 18 80 10 4N
QUAD
LT1014AC 180 | 2 20 1500 ut J Precision Quad Op Amp
LT1014C 300 25 3 . 24t 4N in 14-Pin Package
LT1014D .0 02 ut N
LT1058AC 10 10 75 J Low Offset JFET Input
LT1058ACN 600 ! 150 10 75 N Multiple Op Amps Combine
LT41058C 1 0075 10 8 m 3 High Speed and Excellent DC
(TA058CN 2 0075 100 8 8 N Specs
LT1079AC 12 20 8 250 007t 40 N Micropower, Precision, Singie
LT1078C 150 25 10 20 oort 2t LN Supply, Low Noise Quad
LT1179AC 100 22 5 140 0.013 75 N 17,A Max, Single Supply,

| Lriirec 150 30 6 10 0013 5ot 4N Precision Quad

1 Typical Spec
* 100Hz Noise
** DC 1o 1Hz Noise
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OP AMP SELECTION GUIDE

SELECTION BY DESIGN PARAMETER

LOW OFFSET VOLTAGE
Max Input Offset Voltage (T4 = 25°C)
<15,V <25V <75V <150pV <imV
LT1001AM LT1001AC LT1001 LT1002 LT1013(D)
LTC1050A LT1007A LT1002A (D) LT4006 LT1014(Q)
LTC1050 LT1012A LTI006A LT1008 LTH014A (Q)
LTC1052 LT1037A LT1007 LT101258 LT1022 ALL
LTC7652 OPA7A LT1012 LT1013A (D} LT1055C
OP-27A LT10120 LT1024 (D) LT1055M
OP-27E LT101258 LT1028 LT1056AM
OP-37A LT1024A D) LT1055AM LT1056AC
OPA37E LT1037 LT1055AC LT1056M
LT1077 LT10794 (Q) LT1056C
LT1078A (D) LT178(D) LT1057 ALL (D)
LT178A(D) LT1179A(Q) LT1058 ALL (@)
OP-07E LTH179(Q) LT1078 (D)
OP-07 OP-05A LT1079 (Q)
OP07C,D LF412A
0oP27C LH2108A (D)
OP37C LM108
OP-227A, £ (D)
OP-237A, E(D)
0P-215A,E(D)
LOW BIAS CU ﬁ“ ‘Sﬁp
Max input Bi =25°C) Ev
<0.2nA <5nA <10nA
LT1008 LT1001A LT1001 LTI077A
LT1012ALL LT1002A (D) LT1002(D) LT1078A (D)
LT1022ALL LT1006 ALL LT1178A (D) LT1079A (Q)
LT1024 ALL (D) LM108 LT1179A(Q) LT1078(D)
LT1055 ALL LM108A OP-05E LT1079(Q)
LT1056 ALL OP-05A OP7E LT1178(D)
LT1057 ALL (D) OP05 LT1178(Q)
LT1058 ALL (Q) OP-07A OP-05C
LF155 ALL 0oP07 LM308A
LFA56 ALL
LF412A ALL
LTC7652
LTC1050
LTC1052
OP-15ALL
0P-16ALL
OP-215 ALL (D)

(D}—Dual Op Amp
(Q)—Quad Op Amp

LY R



OP AMP SELECTION GUIDE

SELECTION BY DESIGN PARAMETER

LOW NOISE
Typ Equivalent Input Noise Voltage

LOW POWER
Maximum Supply Current (per Amplifier)

pervHz, £ = 10Hz, Rs =1000
<50:A <60:A <imA
<tnVHz <25nVWHz LT1078A (D) LTW;Z . tgggg
{THOMA(Q) LT1078(D)
LTI02B ALL LT1001 ALL LT1178A (D) LT1073(Q) LT012ALL
LTI002ALL(D)
L LTH78(D) {T1013 (D)
LTIo0e LTHI9A(Q) LT1014(Q)
PR LT LTH79(Q) LT1024(0)
LTI007 ALL LTI013ALL (D) LM0GR, o
LT1087 ALL L1014 ALL(D)
OP27 ALL (T1022 ALL
OPSTALL LTC1050
OP227 ALL(D) {TC1052
0P237 ALL (D “(T1085 ALL
© oL HIGH GAIN
LTC7652 Typ Open Loop Gain
*LFI5ALL ¥p Open Loop
*LF355 ALL
*LF156 ALL 200
OP-05 ALL mv
OPOT ALL LTi00] £T1006A
*OP-15ALL n@ LT1007
OPGALL | b¢1 T ‘
" - T4008 Ry
100Hz Noise e LT1012ALL
a (Ty8A LT1037
HIGH SLEW RATE s 1 [\ 1 ooz
Typ Slew Rate ‘0 DA P47 0P221(D)
D LT4077 0P237(D)
5 LT1078(D) LTC1050
‘ (T1079(Q) LTC1052
LTH178(D) LTCT652
LT037 ALL LTI79Q)
LT105 ALL
LT1056A (D)—Dual Op Amp
OP-37 ALL {Q)-—Quad Op Amp
QP-16A,8
OP-16E. F
OP237 ALL(D)
LF412A (D)
OP-2154, E(D)
LTI087A D)
LT1058A (Q)
PACKAGES
agg
p | e |em| e (e e (ol o | e
S| G | P | S| e | W | W | | |
H ) J NE N D8 D ) s s W
705 | HERMETIC | HERMETIC | PLASTIC | PLASTIC | HERMETIC | HERMETIC | PLASTIC | PLASTIC PLASTIC CERPAK
BLEAD DIP DIP DIP DIP DIP DIP S0 50 soL 10LEAD
WLEAD | BLEAD | 14LEAD | SLEAD | 14LEAD | BLEAD | 14LEAD | BLEAD | 14LEAD 16 LEAD
16LEAD 16 LEAD 16 LEAD 16LEAD 18LEAD
18LEAD 18 LEAD 18LEAD 20LEAD
20LEAD 20LEAD 24 LEAD
| 24 LEAD 24 LEAD BLEAD

LY R 2-9
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FEATURES

» Guaranteed Low Offset Voltage
LT1001AM 15uV max
LT1001C 60uV max

Guaranteed Low Drift
LT1001AM  0.6uV/°C max
LT1001C 1.0xV/°C max

Guaranteed Low Bias Current

LT1001AM 2nA max

LT1001C 4nA max
a Guaranteed CMRR

LT1001AM 114dB min

LT1001C 110dB min
w Guaranteed PSRR

LT1001AM 110dB min

LT1001C 106dB min
= Low Power Dissipation

LT1001AM 75mW max
LT1001C 80mW max
Low Noise 0.3uVp.p

APPLICATIONS

Thermocouple amplifiers
Strain gauge amplifiers

Low level signal processing
High accuracy data acquisition

#
Precision Operational
Amplifier

DESCRIPTION

The LT1001 significantly advances the state-of-the-
art of precision operational amplifiers. In the design,
processing, and testing of the device, particular atten-
tion has been paid to the optimization of the entire dis-
tribution of several key parameters. Consequently, the
specifications of the lowest cost, commercial tempera-
ture device, the LT1001C, have been dramatically im-
proved when compared to equivalent grades of
competing precision amplifiers.

Essentially, the input offset voltage of all units is less
than 50.V (see distribution plot below). This allows
the LT1001AM/883 to be specified at 15.V. Input bias
and offset currents, common-mode and power supply
rejection of the LT1001C offer guaranteed perfor-
mance which were previously attainable only with ex-
pensive, selected grades of other devices. Power
dissipation is nearly halved compared to the most
popular precision op.amps, without adversely affect-
ing noise or speed performance. A beneficial by-prod-
uct of lower dissipation is decreased warm-up drift.
Output drive capability of the LT1001 is also enhanced
with voltage gain guaranteed at 10 mA of load current.
For similar performance in a dual precision op amp,
with guaranteed matching specifications, see the
LT1002. Shown below is a platinum resistance ther-
mometer application.

Linearized Platinum Resistance Thermometer
with +0.025°C Accuracy Over 0 to 100°C

Typical Distribution
of Offset Voltage

1MEG.* * Vs= i15V,TA=25°C
+15 A
l R plat.t ‘ 1 1T T 1T 71
1kQ = 0°C 954 UNITS
* s
1.2 T 200 l FROM THREE RUNS
2 ® |
AAA Z 150
10k * 6 re
3 10k * o
s ouTPUT & 400
= LINEARITY 010 10V = 2
TAM 010 100°C =
90k * 20k 50
LM129 OFFSET TRIM
’, w?ﬁr&x 105A WIREWOUND + Trim sequence: trim offset (0°C= 1000.08), -60 -40 -20 0 20 40 60
b wim linearity (35°C=1138.7Q), trim gain
t  PLATINUM RTD (100°C=1§92469). Repeat ur:til prifd INPUT OFFSET VOLTAGE (MICROVOLTS)
118MF (ROSEMOUNT, INC.) points are fixed with % .025°C.
LT HER 2.11




LT1001

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage. . ...................... +22V
Differential Input Voltage . .. ............. +30V
InputVoltage . ........................ +22V
Output Short Gircuit Duration........... Indefinite
Operating Temperature Range

LT1001AM/LT1001M. ... ..... —55°C to 150°C

LT1001AC/LT1001C ............ 0°Cto 125°C

Storage: All Devices.......... —65°C to 150°C
Lead Temperature (Soldering, 10 sec.). .. ... 300°C

PACKAGE/ORDER INFORMATION

OP VIEW
OFFSETT ORDER PART NUMBER
ADJUST
LT1001AMH/883
LT1001MH
LT1001ACH
LT1001CH
V— (CASE)
H PACKAGE
METAL CAN
TOP VIEW
Vos Vos
TRM 4 g TRM LT1001AMJ8/883
-N 2 7 v+ LT1001MJ8
+N 3 6 our LT1001ACJ8
v- 4 5 N LT1001CJ8
J8 PACKAGE
8 PIN HERMETIC DIP
NB PACKAGE LT1001ACNS8
8 PIN PLASTIC DIP LT 1 00 1 CN8

€ELECTRICAL CHARACTERISTICS v, — - 15V, 1, = 25°C, unless otherwise noted

LT1001AM/883
LT1001AC LT1001M/LT1001C
SYMBOL PARAMETER CONDITIORS MIN  TYP MIN  TYP MAX UNITS
Vos Input Offset Voltage Note 1 LT1001AM/883 76 8 60 W
LT1001AC 10 25
AV, Long Term input Offset Voitage
A Time Stability Notes 2 and 3 0.2 1.0 0.3 1.5 #V/month
los Input Offset Current 0.3 2.0 0.4 38 nA
ty Input Bias Current +05 +20 +0.7 +4.0 nA
[ Input Noise Voitage 0.1Hz to 10Hz (Note 2) 0.3 0.6 0.3 0.6 wVpp
[ Input Noise Voltage Density fo = 10Hz (Note 5) 103 180 105 180
' fa = 1000Hz (Note 2) 96 110 98 110 | ™Vh
AvoL Large Signal Voltage Gain R = 2kQ, Vo = £ 12V 450 800 400 800 Vimv
R = Kk, Vo = 10V 300 500 250 500
CMRR Common Mode Rejection Ratio Vew = +13V 114 126 110 126 dB
PSRR Power Supply Rejection Ratio Vg = +3Vio =18V 110 123 106 123 dB
Rin Input Resistance Ditferential Mode | (Note 4) 30 100 15 80 MQ
Input Voltage Range +13 +14 +13 +M4 v
Vour Maximum Output Voltage Swing {R_ = 2k +13 +14 +13 +14 v
R = 1kQ +12  +135 +12 +135
Sk Slew Rate R, = 2k (Note 4) 0.1 0.25 0.1 0.25 Vius
GBW Gain-Bandwidth Product (Note 4) 04 0.8 0.4 0.8 MHz
Py Power Dissipation No load 46 75 48 80 W
No load, Vg = +3V 4 6 4 8
See Notes on page 3.

2-12
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ELGCTRICHL CHHRHCTEBISTICS Vg = =15V, —55°C < T, < 125°C, unless otherwige noted

LT1001AM/883 LT1001M
SYMBOL PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP UNITS
Vos Input Offset Voltage [ 30 60 45 160 uV
AVgs Average Offset Voltage Drift [ ) 0.2 06 03 1.0 uV/°C
A Temp
los Input Offset Current ) 0.8 40 1.2 76 nA
Ig Input Bias Current ® +10 +40 +15 +80 nA
AvoL Large Signal Voltage Gain R = 2kq, Vo = =10V ®| 300 700 200 700 VimV
CMRR Common Mode Rejection Ratio Vo = £ 13V e| 110 122 106 120 dB
PSRR Power Supply Rejection Ratio Vs = +3to +18V eo| 104 117 100 117 dB
Input Voltage Range ®[+13 +14 +13  +14 v
Vour Output Voltage Swing R, = 2kQ ®|+125 +135 +120 +135 \
Py Power Dissipation No load [ 55 90 60 100 mwW
Vg = =15V, 0°C < T, < 70°C, unless otherwise noted
LT1001AC LT1001C
SYMBOL PARAMETER CONDITIONS MiN TYP MIN e MAX UNITS
Vos Input Offset Voltage [ 20 60 30 110 uV
AV, Average Offset Voltage Drift ) 0.2 0.6 03 1.0 wI°C
A Temp
los Input Offset Current [ 0.5 35 0.6 5.3 nA
[ Input Bias Current [ +0.7 =35 +10 55 nA
AvoL Large Signal Voltage Gain RL = 2k, Vo = £ 10V ®| 35 750 250 750 VimV
CMRR Common Mode Rejection Ratio Vo = +13V e| 110 124 106 123 dB
PSRR Power Supply Rejection Ratio Vg = £3Vto +18V e 106 120 103 120 dB
Input Voltage Range @13 +14 +13 +14 v
Vour Output Voltage Swing R. = 2kQ @®|+125 +13.8 +125 +138 \
Py Power Dissipation No load [ 50 85 55 90 mW

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

Note 1: Offset voltage for the LT1001AM/883 and LT1001AC are
measured after power is applied and the device is fully warmed up.
All other grades are measured with high speed test equipment,
approximately 1second after power is applied. The LT 1001AM/883
receives 168 hr. burn-in at 125°C. or equivalent.

Note 2: This parameter is tested on a sample basis only.

Note 3: Long Term Input Offset Voltage Stability refers to the
averaged trend line of V5 versus Time over extended periods after
the first 30 days of operation. Excluding the initial hour of operation,
changes in V,s during the first 30 days are typically 2.5uV.

Note 4: Parameter is guaranteed by design.

Note 5: 10Hz noise voltage density is sample tested on every lot.
Devices 100% tested at 10Hz are available on request.

—
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LT1001

TYPICAL PERFORMANCE CHRARACTERISTICS

Typical Distribution of Offset
Voitage Drift with Temperature

100 TTTTTd
265 UNITS
80 TESTED
£ |
2o L
5 }_L
&
g )
20
I N
L o |
-1.0 -06 -02 0+02 +06 +1.0
OFFSET VOLTAGE DRIFT (2V/°C)
0.1Hz to 10Hz Noise
%
]
=
g i
0 2 4 8 8 10

TiME (SECONDS)

Input Bias and Offset Current
vs Temperature

14 T }
212 -
2 Vg = = 16V
g 1.0
o \
5 08 \ N
5
06
£ BIAS CURRENT
2 04
& N
= o
§ 02 OFFSET CUF]RENT

-50 -2 0 25 50 75 100 125
TEMPERATURE (°C}

(V)

OFFSET VOLTAGE

|
8

]
[£]
=]

-40

VOLTAGE NOISE nV/\/Hz

INPUT BIAS CURRENT (nA)

Oftset Voltage Drift with Temperature
of Representative Units

1] 174001
Vs~ + 15V P P
, \,
- LT1001A
]
.
o T10014 P
L
A K LT1001

-50 -25 0 256 50 75 100 125

100

8

S

15

1.0

05

[
~
o
X

||

TEMPERATURE (°C)

Noise Spectrum

FTa=25°C
Fvs = +310 £ 18V

FRNTT

| 1/ CORNER
A4z

Il

w

.
rl
7
5
:
R
5
CURRENT NOISE pA/\/FZ

11 CORNER -]

_CURRENT

pr= 0.1
1 10 100 1000

FREQUENCY (Hz)

Input Bias Current
Over the Common Mode Range

o™

DEVICE WITH POSITIVE INPUT CURRENT
Vg = =15V

— :
Ta = 25°C

DEVIGE WITH NEGATIVE INPUT CURRENT
.

COMMON-MODE 28y
INPUT RESISTANCE ~ STy = 280G

5 -10 -5 0 5 10 15
COMMON-MODE INPUT VOLTAGE

Warm-Up Drift

4 Vg~ +15V
Ta=25°C

l
METAL CAN (H) PACKAGE

CHANGE IN OFFSET VOLTAGE (MICROVOLTS)

N« I
| 1
£ DUAL-IN-LINE PACKAGE
1 [ PLASTIC (N) OR CERDIP (J) —|
o 1 2 3 4 5

TIME AFTER POWER ON (MINUTES)

Long Term Stability of Four
Representative Units

28 ——— ~
:
8 0 -
= o
2
o
@ o
&5
—10
Q 1 2 3 4 5
TIME (MONTHS)
Input Bias Current vs.

Differential Input Voitage

30

1T
Vg =+ 15V I
Ta=25°C
2. f ; /
EE
E% 20
oF
£
éé 10 \ l '4'
= /
Ig =1 nA to VpIFF = 0.7V /
£

0.1 0.3 1.0 3.0 10 30
+DIFFERENTIAL INPUT (VOLTS)
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TYPICAL PERFORMANCE CHARACTERISTICS

Open Loop Voltage Gain Open Loop Voltage Gain
vs Temperature Frequency Response Gain, Phase Shift vs. Frequency
I Wl [T " L1
120 NS 100
< 120 RS Ta- 25°C 16 PHASE 25°C
3 -
< 1000k z 10 12 120 @
I 2 —
3 Vg = =15V, Vg = 212V 3 o g N l Hh\ g
& 800k L o Vg = = 15V Z 3 N EﬁAgE 140 &
=< = - -
g - ‘ |j\ g% = NN Hran %
— =23V, Vo =1V — = 60° ~
g oo Vs = +3V Vo 2 4 Bl g4 GAIN 125°C 0 160 2
g /r/ L 8 L g GAIN 25°C & -55°C E 4
2 400k ~  Z 2 0 : 180
£ g \ Vg =215V NN 200
200k 0 4 | PHASE MARGIN 55°C - 63
[ 1e5C- 87
0 ~20 -8 1 220
-50 -25 0 25 50 75 100 125 01 1 10 100 1k 10k 100k 1M 10M 0.1 0.2 0.5 1 2
TEMPERATURE (°C) FREQUENCY (Hz) FREQUENCY (MH2)
Common Mode Limit Common Mode Rejection Ratio Power Supply Rejection Ratio
vs Temperature vs Frequency vs Frequency
vt \ ‘ l 140 T 140
-0.2 | Ve 15V = 1V \
-0.4 120 ~, S == = Wpp__|
. T _ = 120 = Ta = 25°
@2 -08 V- 12104V — g g \\ A= 25°C
38 -08 _— E Z 100 N |
za ~10 i = 100 2 N \ |
= —H vt = 1210 18V o Q \ NEGATIVE SUPPLY
1 F 2 2 w0 N
g & 1\ (L L g o ; = POSITVE SUPPLYNG
g2 L = = V5 = £ 15V 60 N
zg V-1 2 Ta-25°C 3 N
Zm +10 o Z g0 @
=& =] ~ o« N
£ +8 i = & 40 ~
oy 6 T 2 =
o& ™ V== 1210 -4V 8 e
+.4 I - l 40 20
+.2 | [
' 1 20 0
-50 -25 0 25 50 75 100 125 1 10 100 1k 10k 100k M 0.1 1.0 10 100 1k W0k 100k
TEMPERATURE °C . FREQUENCY (Hz) FREQUENCY (Hz)
Output Short Circuit Current
Supply Current vs Supply Voitage Output Swing vs. Load Resistance vs Time
16 ; T 50
‘ - a0 P 0]
L i ] -55°C
20 NEGATIVE SWING L7 Z5 g0 e
= 3 Zo 20
£ 45 |- T g > g
& / T25°C g POSITIVE SWING S wr
= z 8 = -
o 7 & 5 w0l—
Z10 5 &2
& g S
=1 5 = 20
@ S 4 52
05 [N =2 0 — ~56°C
Vg == 15V A oo
\ Ta - 25°C || 40 T —
L o \ L il 5 \
+3 +B6 9 +12 215 £18 =21 100 300 1000 3k 10k 0 1 2 3 4
SUPPLY VOLTAGE (V) LOAD RESISTANCE () TIME FROM OUTPUT SHORT (MINUTES)
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TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Follower Overshoot

Small Signal Transient Response

vs Capacitive Load

Small Signal Transient Response

100 [

Vg - + 15V
Th - 25°C
80— yy-100mv ——
RL > 50k

/

PERCENT OVERSHOOT

40 /
20 |

1000
Ay = +1,CL = 50pF

CAPACITIVE LOAD (PICOFARADS)

10,000 100,000

Ay = +1, 0 = 1000pF

Maximum Undistorted

Large Signal Transient Response

Output vs. Frequency

Closed Loop Output Impedance

==l

o |\

T |
IRIERET) '

1

100 T
yas

Ta = +25°C

I
10 T 74
A - 1004, /
4 |

y
w;/
0.1 At /

OUTPUT IMPEDANGE(2)

} Ip==1mA
t e Vg = = 15V —|

QUTPUT VOLTAGE, PEAK-TO-PEAK (VOLTS)

Ta - 25°C

]
|
l
Ul

FREQUENCY (kHz)

0.001

10 100 1k 10k
FREQUENCY (Hz}

100 1000 100k

APPLICATIONS INFORMATION

Application Notes and Test Circuits

The LT1001 series units may be inserted directly into
OP-07, OP-05, 725, 108A or 101A sockets with or
without removal of external frequency compensation
or nulling components. The LT1001 can also be used
in 741, LF156 or OP-15 applications provided that the
nulling circuitry is removed.

The LT1001 is specified over a wide range of power
supply voltages from +3V to + 18V. Operation with
lower supplies is possible down to = 1.2V (two Ni-Cad
batteries). However, with + 1.2V supplies, the device
is stable only in closed loop gains of +2 or higher (or
inverting gain of one or higher).

Unless proper care is exercised, thermocouple effects
caused by temperature gradients across dissimilar

metals at the contacts to the input terminals, can ex-
ceed the inherent drift of the amplifier. Air currents
over device leads should be minimized, package leads
should be short, and the two input leads should be as
close together as possible and maintained at the same
temperature.

Test Circuit for Offset Voitage and its Drift with Temperature
Ri

*50k

AAA

+15v

R2 &
1000 1

pb— Vo

* RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL.

R3

50k ** THIS CIRCUIT IS ALSO USED AS THE BURN-IN

CONFIGURATION FOR THE LT1001, WITH SUPPLY
VQLTAGES INCREASED TO 20V, R1=R3=10k,
R2=2000, Ay=100,

N ST

Vo = 1000 Vos

2-16
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Offset Voltage Adjustment

The input offset voltage of the LT1001, and its drift with tem-
erature, are permanently trimmed at wafer test to a low level.
owever, if further adjustment of Vos is necessary, nulling with

a 10k or 20k potentiometer will not degrade drift with tempera-

ture. Trimming to a value other than zero creates a drift of (Vos/

300) wV/°C, &.0. if Vos is adjusted to 300 uV, the change in drift

will be 1 xV/°C. The adjustment range with a 10k or 20k pot is

approximately +2.5mV. If less adjustment range is needed, the
sensitivity and resolution of the nulling can be improved by us-
ing a smaller pot in conjunction with fixed resistors. The exam-

ple below has an approximate null range of + 100 V.

Improved Sensitivity Adjustment

+15v

INPUT
OUTPUT

—15v

0.1Hz to 10Hz Noise Test Circuit

VOLTAGE GAIN = 50,000

(Peak to Peak noise measured in 10 Sec interval)

The device under test should be warmed up for three minutes
and shielded from air currents.

DC Stabilized
1000v/usec Op Amp
2.2, +15v
TANTALUM |+
I ag W
L —api AuF
woe X 2000" 200’9'_.]_. '-—”—_L
1 2N5180 ) =
} anases 22uF TANTALUM
VWA 1

15v

HHT Lo |

N840 T

Y aussoajq
1 003 L
001 2N3904 358
L
2 470 L
1 S50
2naoos 4

OUTPUT

MK
22
VWA Kzuswo
e
| e— 2N3866
A%
9 200pF
4 1 2N4440
| 20092 }j:' | 22uF  TANTALUM
by 303 $1 L
15-60pF rois Y 1t
TUSONKX # 519-3188 0.1uF
~15v
AAA-
1K
p FULL POWER *ADIUST FOR
BANDWIDTH BMHz BEST SQUARE WAVE
AT QUTPUT

LY
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TYPICAL APPLICATIONS

Microvolt Comparator with TTL Output

+5v

5k 5%

OUTPUT

2N3904

—5v

Positive feedback to one of the nulling terminals cre-
ates 5 u to 20 xV of hysteresis. input offset voltage is
typically changed by less than 54V due to the
teedback. -

Precision Current Source

AAA . .

Photodiode Amplifier
100pF
1+

AAA

VW
500K 1%

OUTRUT
W/uA

100pF

Precision Current Sink

VWA

5K

2N3685
YK N2219

Oto (V= + 1) <
10K
:

V- =—210 —35V
lout =

<
|

V+ = 21035V

2N2219

Strain Gauge Signal Conditioner with Bridge Excitation

415V + 18V
>
2 1000

Ne219

REFERENCE OUT

070 10V

T

ninm

2 340k *

<
2 11k*

TR

* RNGOC FILM RESISTORS

2-18
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Large Signal Voltage Follower
With 0.001% Worst-Case Accuracy

rejections. Worst-case summation of guaranteed
specifications is tabulated below.

+12to +18V
OUTPUT ACCURACY
LTI001AM  LTI001C  LTIOOIAM  LT1001C
/883 /883
S 25°¢ 25°C 5614 125°C 018 70°C
—10to + 10V
INPUT w Error Max. Max. Max. Max.
—10to +10V
Oto 10K Offset Voltage 15V 804V 804V M0V
1210 — 18V Bias Current 20pV 40uV 40,V 55uV
© Common-Mode Rejection 20V 30uV 30uV 504V
. . . . Power Supply Rejection 18uV 30uV 36V 42uV
The voltage follower is an ideal example illustrating Voltage Gain 2 254 BV P
the overall excellence of the LT1001. The contributing oy
. . y 185V 199, 297,
error terms are due to offset voltage, input bias cur- Wostcaseun L DY W g
rent, voltage gain, common-mode and power-supply (=20v) 00005%  00009%  00010%  0.0015%
Thermally Controlled Nicad Charger
-7 S~ 10V, 1.2 AMP HR
- v SN NCAD STACK
~ 0.1uF
—
BATTERY  AMBENT - =
* ~
N
820K
— 15V 2N6387 ]
— 4
CIRCUIT USES TEMPERATURE DIFFERENCE VV¥
BETWEEN BATTERY PACK MOUNTED I
THERMOCOUPLE AND AMBIENT THERMO- |——-
COUPLE TO SET BATTERY CHARGE < 0.6Q
CURRENT. PEAK CHARGING :, 100 1uF 5W
CURRENT IS 1 AMP.
L* * SINGLE POINT GROUND *L
- THERMOCOUPLES ARE -
40,:V/°C CHROMEL-ALUMEL
(TYPEK)
Precision Absolute Value Circuit
10k 10k 10k
0.1% 0.1%
INPUT 10K IN4 148
— 1010 10V 0.1%
OUTPUT
el
Oto 10V

0.1%
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22k*

Precision Power Supply with Two Outputs
(1) 0o 10V in 100,V STEPS

VW

(2) 010 100V in TmV STEPS
+15
1009 5W
2k QUTPUT
2N2218 0-1ov

N 25mA
914 L

TRIAD TY-90

i
HE 538
" =L

90k*
<

ouTPUT 2
0-100V, 25mA

KELVINAARLEY
—ev DIVIDER
ESHOP311
* JLE RSCH. LABS
#R44 25K
D

CLK
74074

|
1

= 22uf
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LT1001

Instrumentation Amplifier with + 300V
Common Mode Range and CMRR > 150dB
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3)* FILM RESISTOR DIFFERENTIAL SIGNAL AT A HIGH COMMON
4)% * POLYPROPYLENE CAPACITORS MODE VOLTAGE TO A SINGLE ENDED SIGNAL AT
5) ADJUST R1 for 93 Hz AT TESTPONT A THELT1001 QUTPUT.
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SCHEMATIC DIRGRAM

LT1001 Schematic Diagram

+ Ok —— o — - Py - -—
v ' L*l EJ Jl P‘J
< 29
1 :; €k 027 o Q24
o O:h N 025
>
S a0k 0k 15k 3 )
9 2k 3
o 012
™ o a4
3
3k
4“; AAA- Q31
55
oF 033
20pF
ale 1 026 *
30pF s our
kg
6
20
021
034
016 032
915 Q22
p Q23
% g 2
T )
1gog| (020 7 018 30 120 240
N g ] v @
8k
2 B - SN
4 y S— : '3
H Package J8 Package N8 Package
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic
gggm - .1 = ?LJ_\ 3 l‘ﬂ —
DiA—= _
[ o305 %’ E - %
5 8 I
D ] J 1_7
Fe— 0.055 MAX
be——— ©.405 MAX
g%ngﬂ ‘_’» 0.005 N
S
i T " |‘
pra g0 i o
12! 00 [': w

150°C | 150°C/W

5
)
JL \\/ t/ouris -
ou)oasc M 0.320
we = 020

HOTE: DIMENSIONS W INCHES UNLESS OTHERMSE NOTED.
“LEADS WITHIN 0.007 OF TRUE POSITION (TP} AT GAUGE PLANE

Tymax 9,

150°C | 100°C/W

Tmax Gla
100°G | 130°C/W

LY NR



LT1001CS8

LT R

FEATURES

m Guaranteed Low Offset Voltage 604V Max.
w Guaranteed Low Drift 1.04V/°C Max.

» Guaranteed Low Bias Current 4nA Max.

» Guaranteed CMRR 110dB Min.

w Guaranteed PSRR 106dB Min.

= L ow Power Dissipation 80mW Max.

= Low Noise 0.3,Vp-p

APPLICATIONS

w Thermocouple Amplifiers

= Strain Gauge Amplifiers

® Low Level Signal Processing

= High Accuracy Data Acquisition

Precision Operational
Amplifier

DESCRIPTION

The LT1001 significantly advances the state-of-the-art of
precision operational amplifiers. In the design, proces-
sing, and testing of the device, particular attention has
been paid to the optimization of the entire distribution of
several key parameters. Gonsequently, the specifications
of the lowest cost, commercial temperature device, the
LT1001C, have been dramatically improved when
compared to equivalent grades of competing precision
amplifiers.

Essentially, the input offset voltage of all units is less than
504V (see distribution plot below). Input bias and offset
currents, common-mode and power supply rejection of the
LT1001C offer guaranteed performance which were previ-
ously attainable only with expensive, selected grades of
other devices. Power dissipation is nearly halved com-
pared to the most popular precision op amps, without ad-
versely affecting noise or speed performance. A beneficial
by-product of lower dissipation is decreased warm-up
drift. Output drive capability of the L1001 is also enhanced
with voltage gain guaranteed at 10mA of load current.

Linearized Platinum Resistance Thermometer
with +0.025°C Accuracy Over 0 to 100°C

Typical Distribution
of Offset Voltage
Vs = £ 15V, Ty = 25°C

1MEG.* *
+15 A
R plat. f \ | T 17T T T
1*Q = 0°C » 954 UNITS
3[k* 20 200 I FROM THREE RUNS
A apr— AN
TRIM " ‘
1 1“f f % 150 _.r_][_ al —
2 K 2 7 |
o i
(] o [: :
LT1001 ouTPUT & L
4 0o 10V g
+ 3 UNEARITY  Oto 10V = :
2 2002 | M 010 100°C 2 l—-A |
= \ ;
j;wk' 0 _l 1
i L il

* ULTRONIX 105A WIREWOUND
** 1% FILM
1 PLATINUM RTD

118MF (ROSEMOUNT, INC.)

points are fixed with +.025°C.

+ Trim sequence: trim offset (0°C=1000.00),
trim finearity (35°C=1138.7Q), tim gain
(100°C=1392.6Q). Repeat until all three

-60 -40 -20 0 20 40
INPUT OFFSET VOLTAGE (MICROVOLTS)

60
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ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

SuppiyVoltage ..........ccoovveviiniiiineinnnn, =22V TOP VIEW ORDER
Differential Input Voltage ........................ 30V PART NUMBER
INPULVOIAgE  ...eevvvvreeeeiiie e, +20V & Vos TR
- : s 7] v+ LT1001CS8
Output Short Circuit Duration ................. Indefinite 5 our
Operating Temperature Range ............... 0°Gto 70°C
5] Ne
Storage Temperature Range.............. - 65°C t0 150°C PART MARKING
i 0
Lead Temperature (Soldering, 10 sec.). ............. 300°C 8 PACKAGE 1001
€ELECTRICAL CHARACTERISTICS vs= = 15V, 1, <25°C, unless otherwise noted
LT1001C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage 18 60 W
AVgg Long Term Input Offset Voltage Note 1 and Note 2 0.3 15 sVimonth
ATime Stability
los Input Offset Current 0.4 38 nA
Iy Input Bias Current +0.7 140 nA
€n Input Noise Voitage 0.1Hz to 10Hz (Note 1) 0.3 0.6 wpp
[N Input Noise Voltage Density f,=10Hz(Note 1) 10.5 18.0 nVAHz
f,= 1000Hz (Note 1) 9.8 110
AvoL Large Signal Voltage Gain R 22k, Vo= 212V 400 800 Vimv
R =1k, V= 210V 250 500 VimV
CMRR Common-Mode Rejection Ratio Voy= 213V 110 126 dB
PSRR Power Supply Rejection Ratio Vs= £3Vto £ 18V 106 123 dB
Riy Input Resistance Differential Mode 15 80 MQ
Input Voltage Range +13 +14 v
Vour Maximum Output Voltage Swing R, 22k +13 +14 v
R =1kl 12 +135 \
Sp Slew Rate R 22k (Note 3) 0.1 0.25 Vius
GBW Gain-Bandwidth Product (Note 3) 0.4 0.8 MHz
Py Power Dissipation No Load 48 80 mw
No Load, Vg= 3V 4 8 mwW
ELGCTI“CHL CHHBHCTG HISTICS Vg = =15V, 0°C <Tp <70°C, unless otherwise noted
LT1001C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage [ ] 30 110 W
AVog Average Offset Voltage Drift [ 0.3 1.0 wvi°c
ATemp
log Input Offset Current [ 0.6 5.3 nA
I input Bias Current [ ] +1.0 +55 nA
AvoL Large Signal Voltage Gain R 22k8,V,= 210V L4 250 750 Vimv
CMRR Common-Mode Rejection Ratio Voy= £13V [ 106 123 dB
PSRR Power Supply Rejection Ratio Vg= £3Vio +18V [ 103 120 d8
Input Voltage Range [ +13 14 \
Vour Output Voltage Swing R 22k} |® +125 138 v
Py Power Dissipation No Load D 55 90 mw
The @ denotes the specifications which apply over the full operating tem- operation, Excluding the initial hour of operation, changes in Vgg during the
perature range. first 30 days are typically 2.5V,

Note 1: This parameter is tested on a sample basis oniy.
Note2: Long Term Input Offset Voltage Stability refers to the averaged
trend line of Vg versus Time over extended periods after the first 30 days of

Note 3: Parameter is guaranteed by design.
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TECHNOLOGY Dual, Matched Precision

FEATURES

s Guaranteed low offset voltage
LT1002A 60V max
LT1002 100V max

m Guaranteed offset voltage match
LT1002A 404V max
LT1002 80V max

Guaranteed low drift
LT1002A 0.9.V/°C max
LT1002 1.3uV/°C max

» Guaranteed CMRR
LT1002A 110dB min
LT1002 110dB min
s Guaranteed channel separation
LT1002A 132dB min
{71002 130dB min

m (uaranteed matching characteristics
= Low noise 0.35.V p-p

APPLICATIONS

Thermocouple Amplifiers

Strain Gauge Amplifiers

Low level signal processing

Medical instrumentation

Precision dual limit threshold detection
Instrumentation amplifiers

Operational Amplifier
DESCRIPTION

The LT1002 dual, matched precision operational amplifiers
combine excelient individual amplifier performance with tight
matching and temperature tracking between amplifiers.

in the design, processing, and testing of the device, particular
attention has been paid to the optimization of the entire distri-
bution of several key parameters and their matching. Conse-
quently, the specifications of even the low cost commercial
grade (the LT1002C) have been spectacularly improved com-
pared to presently available devices.

Essentially, the input offset voltage of all units is less than
80xV, and matching between amplifiers is consistently better
than 60V (see distribution plot below). input bias ‘and offset
currents, channel separation, common mode and power supply
rejections of the LT1002C are all specified at levels which were
previously attainable only on very expensive, selected grades of
other dual devices. Power dissipation is nearly halved com-
pared to the most popular precision duals, without adversely
affecting noise or speed performance. A by-product of lower
dissipation is decreased warm-up drift. For even better perfor-
mance in a single precision op amp, refer to the LT1001 data
sheet. A bridge signal conditioning application is shown below.
This circuit illustrates the requirement for both excellent
matching and individual amplifier specifications.

Strain Gauge Signal Conditioner With Bridge Excitation Distribution of Offset Voltage Match

+15v +15¥

1009 5w

2N2219

3500 BRIDGE —>|—_ p.
2

r1
O

| g |
r . >
2

Vg - =16V
Ta = 25°C
e o T x
287 UNITS TESTED
A/D CONVERTER
50 — ]

NUMBER OF UNITS

010 10V
out 20 |-

-
g 340k

2N2907

10092
5w

£ — 15V

0 s e
Tkt -100-80-60-40-20 0 20 40 60 80 100

= INPUT OFFSET VOLTAGE MATCH (V)

*RNGOC FILM RESISTORS

2-25
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ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Supply Voltage (Note 6) ................. +22V TOP VIEW OFFSET

Differential InputVoltage . . .............. +30V wew 1] ~— B ORDER | VOLTAGE

Input Voltage Equal to Supply Voltage L 20 Haourw | PART NO. MAX

Output Short Circuit Duration. .......... Indefinite —N® 35 — 3 12 V= at 25°C
. +IN(A) 4 11 +IN(@B)

Operating Temperature Range . . v s O 1o Cwe | LT1002AMS | 604V
LT1002AM/LT1002M. . ....... —55°Ct0125°C | o erd ~Bownp | LT1002M | 100V
LT1002AC/LT1002C ............. 0°Cto 70°C v+ 8 700 e e | LT1002ACJ | 60V

Storage Temperature Range I[Hggg% N 128#\6
AliGrades ................. —65°C to 150°C whiee W | T10020N | 1004V

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

NOTE: Device may be operated even if insertion
is reversed; this is due to inberent symmetry of
pin locations of amplifiers A and B. (Note 6)
ELECTRICAL CHRARACTERISTICS, INDIVIDUAL AMPLIFIERS
Vs = =15V, Ty = 25°C, unless otherwise noted
LT1002AM/LT1002AC LT1002M/LT1002C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP  MAX UNITS
Vos Input Offset Voltage Note 1 20 60 25 100 uV
AVgs Long Term input Offset Voltage
A Time Stability Notes 2 and 3 0.3 15 04 2.0 uVimonth
los Input Offset Current 0.3 2.8 04 4.2 nA
lg Input Bias Current +06 +3.0 +0.7 45 nA
€, Input Noise Voltage 0.1Hz to 10Hz (Note 2) 035 07 038 0.75 #Vpp
-9 Input Noise Voltage Density f, = 10Hz (Note 5) 103 200 105 200 -
fo = 1000Hz (Note 2) 9.6 11.5 9.8 12.0 nVVHz
Avor Large Signal Voltage Gain Ry = 2kQ, Vo = =12V 400 800 350 800 Vimv
R = ko, V, = =10V 250 500 220 500
CMRR Common Mode Rejection Ratio Vou = =13V 110 126 110 126 dB
PSRR Power Supply Rejection Ratio Vg = +3Vto 18V 108 123 105 123 dB
Rin Input Resistance Differential Mode | Note 4 20 100 13 80 MQ
Input Voltage Range +13 +14 +13 +14 v
Vour Maximum Qutput Voltage Swing | R_ = 2k +13 +14 +13 +14 v
Ry = kO +12  +135 +12  +135
SR Slew Rate R = 2k (Note 4) 0.1 0.25 0.1 0.25 Vius
GBW Gain Bandwidth Product Note 4 0.4 0.8 04 0.8 MHz
Pa Power Dissipation No load 46 75 48 85 mw
per amplifier No load, Vs = =3V 4 7 4 8
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LT1002

€LECTRICAL CHARACTERISTICS, INDIVIDUAL AMPLIFIERS

Vs = +15V, —55°C < T, < 125°C, unless atherwise noted

LT1002AM LT1002M
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MN  TYP  MAX UNITS
Vos Input Offset Voltage Note 1 [ 30 150 45 230 uV
AVgs Average Input Offset Voltage Drift ® 0.2 0.9 0.3 1.3 wVi°C
A Temp
los Input Offset Current [ 0.8 5.6 1.2 8.5 nA
Ig Input Bias Current [ +10 60 +15 90 nA
AvoL Large Signal Vottage Gain R = 2kQ, Vo = =10V ®| 300 700 200 700 V/imV
CMRR Common Mode Rejection Ratio Veu = =13V e!| 106 122 104 120 dB
PSRR Power Supply Rejection Ratio Vg = +3Vio + 18V e 102 117 96 117 dB
Input Voltage Range ®{+x13 +14 +13 +#4 \
Vour Output Voltage Swing Ry = 2kQ @®|+125 +135 +120 +135 v
[ Power Dissipation No load ] 55 90 60 100 mw
per amplifier
Vs = +15V, 0°C < T, < 70°C, unless otherwise noted
LT1002AC LT1002C
SYMBOL PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP UNITS
Vos Input Offset Voltage Note 1 [ 20 100 30 160 w
AVps Average Input Offset Voltage Drift ° 0.2 0.9 0.3 13 uVI°C
A Temp
los Input Offset Current ® 0.5 42 0.6 5.7 nA
Ig Input Bias Current ® +0.7 45 +10 +6.0 nA
Avor Large Signal Voltage Gain RL = 2k, Vo = =10V e! 350 750 250 750 vimV
CMRR Common Mode Rejection Ratio Ve = =13V eo| 108 124 106 123 dB
PSRR Power Supply Rejection Ratio Vs = +3Vto + 18V e 105 120 100 120 dB
Input Voltage Range JE R +13 +14 v
Vour Output Voltage Swing B = 2kQ el+125 +138 +125 +13.8 v
Py Power Dissipation No load [} 50 85 55 90 mw
per amplifier

The ® denotes the specifications which apply over the fuli operating
temperature range.

For MIL-STD components, please refer to LTC 883C data sheet for test
listing and parameters.

Note 1: Offset voltage measured with high speed test equipment,
approximately 1 second after power is applied.

Note 2: This parameter is tested on a sample basis only.

Note 3: Long Term Input Offset Voltage Stability refers to the averaged
trend line of V,, versus Time over extended periods after the first 30
days of operation. Excluding the initial hour of operation, changes in
Vs during the first 30 operating days are typically 2.5uV.

Note 4: Parameter is guaranteed by design.

Note 5: 10Hz noise voltage density is sample tested on every lot.
Devices 100% tested at 10Hz are available on request.

Note 6: The V + supply terminals are completely independent and may
be powered by separate supplies if desired (this approach, however,
would sacrifice the advantages of the power supply rejection ratio
matching). The V— supply terminals are both connected to the
common Substrate and must be tied to the same voltage. Both V— pins
should be used.
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LT1002

mm CHlnG CHHBHCTEBIS‘I‘ICS atVg = =15V, T, = 25°C, unless otherwise noted

LT1002AM/AC LT1002M/C

SYMBOL PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP MAX UNITS

Input Offset Voitage Match — 15 40 — 25 80 uV
lg* Average Non-lnverting Bias

Current —  +06 35 —  #07 =x48 nA
los™ Non-nverting Offset Current - 0.6 35 — 0.7 6.0 nA
los™ Inverting Gffset Current — 0.8 3.5 — 0.7 6.0 nA
ACMRR Common Mode Rejection Ratio

Match Voy = =13V 110 132 - 108 132 - dB
APSRR Power Supply Rejection Ratie

Match Vs = +3Vto £ 18V 108 130 — 102 128 - dB

Channel Separation f < 10Hz (Note 4) 132 148 — 130 146 - dB
mm CHII'IG CHHRHCTGBISTICS at Vg = 15V, —85°C < T, < 125°C, unless otherwise noted

LT1002AM LT1002M

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS

Input Offset Voltage Match o — 50 140 — 60 230 uV

Input Offset Voltage Tracking e — 03 1.0 — 0.4 15 wVi°t
'y Average Non-Inverting Bias

Current ® — +15 +6.0 —  +18 +100 nA
los Non-Inverting Offset Current e — 1.5 6.5 — 1.8 12.0 nA
los Inverting Offset Current o) — 15 8.5 — 1.8 12.0 nA
ACMRR Common Mode Rejection Ratio

Match Vem = 13V ®| 106 126 — 102 124 - dB
APSRR Power Supply Rejection Ratio

Match Vs = +3Vto +18V @ 102 122 - 94 120 — dB
MATCHING CHARACTERISTICS Vs = + 15V, 0°C < T < 70°C, unless othorwise noted

LT1002AC LT1002¢

SYMBOL PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP MAX UNITS

Input Offset Voltage Match o — 30 85 — 45 150 wV

Input Offset Voltage Tracking e — 0.3 1.0 — 04 1.5 wV/°C
Ig* Average Non-Inverting Bias

Current ®| — +10 =45 —  *12 =70 nA
log Non-Inverting Offset Current e - 1.0 5.0 - 12 85 nA
log Inverting Offset Current e — 1.0 5.0 — 12 8.5 nA
ACMRR Common Mode Rejection Ratio

Match Vem = =13V e 108 130 - 105 128 - dB
APSRR Power Supply Rejection Ratio

Match Vs = +3Vto +18V ®| 105 126 — 98 124 — dB
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LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

Distribution of Offset Voitage Drift

Distribution of Offset Voltage of with Temperature Distribution of Offset Voltage
Individual Amplifiers (Individual Amplifiers) Match Drift with Temperature
100 70 — 35 —
vstsv Vg = =15V Vg = £ 15V
Ta = 25°C 60 P 30 +
80 574 UNITS TESTED) 260 UNITS TESTED 130 UNITS TESTED
. 50 25
g £ £
> R 3 20
S ] &
8 £ a0 S 15
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z 2 2
20 — 10
20
10 5
1] g
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LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

Matching and Individual Amplifier

Bias and Offset Currents vs Temperature
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LT1002

TYPICAL PERFORMANCE CHARACTERISTICS

Channe! Separation vs Frequency
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Ay = +1, C = 1000pF
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TYPICAL PERFORMANCE CHARACTERISTICS

Output Swing vs. Load Resistance

[l AR
ZAIm

H J'
Vg = =18
Ta = 25°C
0 LIl

100 300 1000 3 10k
LOAD RESISTANCE (2

S

OUTPUT SWING (VOLTS)
©

~

Output Short Circuit Current

vs Time
50 l
40 - -
< —— -55°C
— ——
EE %0 \\ — o 25°C
53 o M= T25°C__
& ]
é 10 L — Vs- 1+ 15V —
= - ut
=3 S S S E—
g 1 125°C q
1=} T
Eo 2 pu—r
28 w — ‘*fslsTc _
® /bf —
0 ]
0 1 2 3 4

TIME FROM OUTPUT SHORT (MINUTES)

RAPPLICATIONS INFORMATION

The LT1002 dual amplifier may be inserted directly
into OP-10, 0P207, OP227 sockets with or without re-
moval of external nulling potentiometers.

Ofiset Voltage Adjustment The input offset voltage of the
LT1002, and its drift with temperature, are permanent-
ly trimmed at wafer testing to a low level. However, if
further adjustment of Vg is necessary, nulling with a
10k or 20k potentiometer will not degrade drift with
temperature. Trimming to a value other than zero cre-
ates a drift of (Vos/300) uV/°C, e.g. if Vos is adjusted
to 300V, the change in drift will be 1uV/°C. The ad-
justment range with a 10k or 20k pot is approximately
+2.5mV. If less adjustment range is needed, the sen-
sitivity and resolution of the nulling can be improved
by using a smaller pot in conjunction with fixed resis-
tors. The example has an approximate null range of
+100uV.

In matching applications, both amplifiers can be
trimmed to zero, or the offset of one amplifier can be
trimmed to match the offset of the other. Offset adjust-
ment, however, slightly degrades the gain, common-
mode and power-supply rejection match between the

two op amps. Fortunately, the guaranteed offset volt-
age match of the LT1002 is very low, in most applica-
tions offset adjustment will be unnecessary.

Standard Adjustment
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APPLICATIONS INFORMATION

Test Circuit for Offset Voltage and its Drift with Temperature

R2 < L_ v
1000 °
] * RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL.
R3 £
50K <

1
Wy

This circuit is also used as the burn-in configuration for =

the LT1002, with supply voitages increased to +20V,
R1=R3 =20k, R2=2009Q, Ay =100.

Unless proper care is exercised, thermocouple effects,
caused by temperature gradients across dissimilar
metals at the contacts to the input terminals, can ex-
ceed the inherent drift of the amplifier. Air currents
should be minimized, package leads should be short,
the two input leads should be as close together as pos-
sible and maintained at the same temperature.

Channel Separation

This parameter is defined as the ratio of the change in
input offset voltage of one amplifier to the change in
output voltage of the other amplifier causing the offset
change.

At low frequencies the LT1002's channel separation is
an almost unmeasurable 148dB. As frequency in-
creases, pin to pin capacitance of the package, be-
tween the output of one amplifier and the inputs of the
other, becomes dominant. Since these pins are non-
adjacent, the capacitance is only 0.02pF. To maintain
the LT1002’s excellent channel separation at higher
frequencies, the socket and PC board capacitances
should be minimized.

0.1Hz to 10Hz Noise Test Circuit

The device under test should be warmed up for three
minutes and shielded from alr currents. Turn the de-
vice 180° to measure the noise of side B.

VOLTAGE GAN = 50.000

(Peak to Peak noise measured in 10 Sec interval)

Power supplies

The LT1002 is specified over a wide range of power
supply voltages from +3V to +18V. Operation with
lower supplies is possible, down to * 1.2V (two Ni-
Cad batteries). However, with + 1.2V supplies, the de-
vice is stable only in closed loop gains of +2or higher
(or inverting gain of one or higher).

The V+ supply terminals are completely independent
and may be powered by separate supplies if desired
(this approach, however, would sacrifice the advan-
tages of the power supply rejection ratio matching).
The V— supply terminals are both connected to the
common substrate and must be tied to the same volt-
age. Both V— pins should be used.
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APPLICATIONS INFORMATION

Advantages of Matched Dual Op Amps In many applica-
tions the performance of a system depends on the
matching between two operational amplifiers 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. Output offset is a function of the dif-
ference between the offsets of the two halves of the
LT1002. This error cancellation principle holds for a
considerable number of input referred parameters in
addition to offset voltage and its drift with tempera-
ture. Input bias current will be the average of the two
non-inverting input currents (Ig™). The difference be-
tween these two currents (lps™ ) is the offset current of
the instrumentation amplifier. The difference between
the inverting input currents (lps™) will cause errors
flowing through R1, R2, and R3. Common-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 re-
jection ratio match (ACMRR and APSRR) are best
demonstrated with a numerical example:

Assume CMRR, = + 1.0uV/V or 120dB,

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

then ACMRR = 0.25.V/V or 132dB;

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

Clearly, the LT1002, by specifying and guaranteeing
all of these matching parameters, can significantly
improve the performance of matching dependent
circuits.

Three Op Amp Instrumentation Amplifier

INPUT
R6
A

W
10k
1%

2.1k
1%

$ R10
g F 3 o | Lo
2009 c1

+
100pF

—— OUTPUT

10k
1% Gain = 1000

< 9.76k
2

INPUT 1%

RS

P,
R9 ﬂ» 2002

+

Trim R8 for gain
Trim R9 for DC common mode rejection
Trim R10 tor AC common mode rejection

Typical performance of the instrumentation amplifer:

Input offset voltage = 25uV

Input bias current = 0.7nA

Input resistance = 200 GQ

Input offset current = 0.6nA

Input noise = 0.5uV p-p

Power bandwidth (Vo = = 10V) = 80kHz

2-34
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APPLICATIONS INFORMATION

Precision = 10V Reference

130k :L
%
%3 3.3

AAA

+15V

ouT 1

VWA~

5%

LM129A

10.000v

ouT 2
—10.000v

The LT1002 contributes less than 5% of the total drift
with temperature, noise and long term drift of the ref-

erence. The accuracy of the — 10V output is limited by
the matching of the two 10k resistors.

Dual Limit Microvolt Comparator

+15V

UPPER
LiMIT

5%
FLV117

A

YaCA3118

INPUT

LOWER
LIMIT

When the upper or lower limit is exceeded the LED
lights up. Positive feedback to one of the nulling termi-
nals creates 5 to 20uV of hysteresis on both amplifi-
ers. This feedback changes the offset voltage of the

74CA3118

LT1002 by less than 5uV. Therefore, the basic accura-
cy of the comparator is limited only by the low offset
voltage of the LT1002.
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APPLICATIONS INFORMATION

Two Op Amp Instrumentation Amplifier

RS

~AAA
VWA

2.2+
R1 R2 R4

AA AAA
VWV g

100k * 10k 100k

R3

AA
WA

10k
+
* TRIM FOR COMMON-MODE REJECTION
-+ TRM FOR GAN

A 1, R , R3, R+R
Gan = 22 [1+ (' ) ns ]zwo

b— oureur

Precision Amplifier Drives 5000 Load to + 10V

1.1R; +0.1Rg

A

INPUT

This application utilizes the guaranteed 10mA load
driving capability of the LT1002. The offset voitage of
amptifier A is the offset of the configuration. Amplifier
B provides the additional 10mA load current. When
load resistor Ry is removed, amplifier A sinks this cur-
rent without affecting accuracy. In the gain of 1000
configuration shown, approximately 0.3% gain accu-
racy can be realized.
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APPLICATIONS INFORMATION

Dead Zone Generator
INPUT
o
. . Vser BIPOLAR SYMVETRY IS EXCELLENT
100k 10k DEAD Z0NE BECAUSE ONE DEVICE, 02, SETS BOTH LMITS
CONTROL
0to5V
.k
0k | 5 L 3
3
LM301A A7k .
47
A‘A'Aﬁ . 3 8 = J'
100k 1
30pF 10k**
24393 1K** | 49
ot WA
NO14 10k 1
A N
+15V > 10k
b—» [ 2n4303
4Tk
{ 06
4.7k ‘) Ver - v
VWA 05 T‘ o
*®S
1 |

INPUT 10k
—10t0 10V 0.1%

—15V

1% FILM
* % RATIO MATGH 0.05% /
02,3,4,5 CA 3006 TRANSISTOR ARRAY

Precision Absolute Value Circuit

10k

10k 10k
—AAN
0.1%

IN4148

13

IN4148

—AV-
0.1%

T m

A ]]
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RAPPLICATIONS INFORMATION

A 15 Dual Precision Power Supply
. {1) 0to 10V in 1004V Steps
1008 (seiect) 10002 5W (2) 0 to 100V in 1mV Steps
= OUTPUT1
= 2N2219 0-10v
+ 18V 25mA
) . TRIAD TY-90
r & DIODES =
] *i C SEMTECH #
¢
mass: é -« q g FF-15
' 0000 = C
00— =
[ - + UTPUT 2
99998+ 1 N-46 . r,; s . 0-100V, 25mA
= = C = I :: 90k
—15v = & =
KVD = ESHSDP311 I
+ = JULIE RSCH. LABS 2 10k* (select)
#R-44 25Kk 1
A~ 0.1
SATRIM— 100V
" 1!’ 1000
+ ’ e
+15V
1.8k
2N2907
cLaweseT—7 1% ot
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v+ D— 1 — o - . A
>
b3 3 ];l J .,J a2e j
{ 1 a1 024
L B t (‘ 02'9\ ™ K oo
n Ié o 3 152 !
) 25k €
T v >
K o
Q13
" —¥
a7 8 o
3 04 55pF
I
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m
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p
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PHCKHGG DGSCB'P"O" Dimensions in inches (millimeters) unless otherwise noted.

14-Lead Molded DIP (N)

0.770

. 4>"_—‘(19A558)A‘.1
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NOM o] o] (7] (G (o] G1 (3

i D 0.250 +0.005
6350 =0.127)
LOTE G ETETT
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llﬁ( 95° +5° g&
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0020
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0.900 +0.010 m0—F =
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LTIO0ZACN] 125°G | 100°Cw
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0018 +0.003 MmN

0.290—0.320
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0. 385+0 025
19 779 £0.635)
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0785
(19.939) | 0.310
Max ' 7878
(] [=] [} [v] [w] To1 [o] MAX
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(0.635) 0.291
Ao s 7391
MAX
TI T T 1
0.160 0200
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SEALANT - (1628 x0.12) -" I ""‘ 0.020—0.070
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0100

0008 0.012
10.203—0.305)

JL
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2540 087 *005\)"“" 015
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LT1002CJ
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L] TECHNOLOGY

FEATURES

= Single Supply Operation
Input Voltage Range Extends to Ground
Output Swings to Ground while Sinking Current

» Guaranteed Offset Voltage 50,V Max.
® Guaranteed Low Drift 1.3uVI°C Max.
® Guaranteed Offset Current 0.5nA Max.
m Guaranteed High Gain
5mA Load Current 1.5 Million Min.
17mA Load Current 0.8 Million Min.
w Guaranteed Low Supply Current 520uA Max.

» Supply Current can be Reduced by a Factor of 4

= | ow Voitage Noise, 0.1Hz to 10Hz 0.55,Vp-p
Low Current Noise—
Better than OP-07 0.07pA/NHz at 10Hz
= High Input iImpedance 250MQ Min.
= Guaranteed Minimum Supply Voltage 2.7V Min.

APPLICATIONS

= Low Power Sample and Hold Gircuits

m Battery Powered Precision instrumentation
Strain Gauge Signal Conditioners
Thermocouple Amplifiers

® 4mA-20mA Current Loop Transmitters

& Active Filters

Precision, Single Supply
Op Amp
DESCRIPTION

The LT1006 is the first precision single supply operational
amplifier. Its design has been optimized for single supply
operation with a full set of specifications at 5V. Specifica-
tions at + 15V are also provided.

The LT1006 has low offset voltage of 20xV, drift of
0.24V/°C, offset current of 120pA, gain of 2.5 miltion, com-
mon-mode rejection of 114dB, and power supply rejection
of 126dB.

Although supply current is only 3404:A, a novel output stage
can source or sink in excess of 20mA while retaining high
voltage gain. Common-mode input range includes ground to
accommodate low ground-referenced inputs from strain
gauges or thermocouples, and output can swing to within a
few millivolts of ground. If higher slew rate (in excess of
1Vius) or micropower operation (supply current down to
904A) is required, the operating currents can be modified by
connecting an external optional resistor to Pin 8.

For similar single supply precision dual and quad op amps,
please see the LT1013/LT1014 data sheet. For micropower
dual and quad op amps, please see the LT1078/LT1079 data
sheet.

LT1006 Single Supply, Micropower Sample and Hold

+9v

Distribution of Input Offset Voltage

20 T T T 7
18 V=5V, OV
Tx=25°C
e ] S 16 350 LT1006s TESTED
360k HCD4066 %CD40BE  Q 360K FROM TWO RUNS
1 1 14 J AND N PACKAGES
] ; _n '
3900 ) 83 AN 3900 £
o—.——r—o @ 10
< ER
6
§7 %CD4066 2Pl 4
7
b E4—outeut 2] 1
5 . 7% 3 0= L—!
o -8 —40 0 10 80
’I)NPg‘; | SZI _L INPUT OFFSET VOLTAGE (4V)
- 0.01
= ! l ACQUISITION TIME 20us
1 HOLD SETTLING TIME 1045
%CDAOEE - S-H OFFSET mv
SAMPLE-HOLD COMMAND HOLD SUPPLY CURRENT 25004
HIGH =SAMPLE SAMPLE SUPPLY CURRENT 5.0mA
LOW =HOLD 1kHz SAMPLE RATE CURRENT  800A
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ABSOLUTE MAXIMUM RATINGS

SupplyVoltage ...........cevvvveniniininrininnnn, 2V
Input Voltage ........... Equal to Positive Supply Voltage
......... 5V Below Negative Supply Voltage
Differential Input Voltage...........................s 30v
Output Short Circuit Duration.................. Indefinite
Operating Temperature Range
LT1I006AM,M ..., -55°C t0 125°C
LT1006AC,C...........civiiinnenene. 0°Cto70°C
Storage Temperature Range
AllDevices ............cocvvvnnnen. -65°Cto 150°C
Lead Temperature (Soldering, 10sec) .............. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW

orue ORDER PART
i) NUMBER
LT1006AMH
LT1006MH
LT1006ACH
LT1006CH
H8 PACKAGE T0-5 METAL CAN
TOP VIEW
s | s
- Ve 1
+::§:[>L%Zm LT1005ACJ8
" oy | LTI006CI8
JB PACKAGE NB PACKAGE LT1 OOGC N8
HERMETIC DIP PLASTIC DIP

€ELECTRICAL CHRRACTERISTICS vs= 5v, vy =0V, Vour=1.4Y, T = 25°C, unless otherwise noted.

LT1006AM/AC LT1006M/C
SYMBOL PARAMETER CONDITIONS MIN TYp MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 20 50 30 80 v
AVog Long Term Input Offset 0.4 05 #ViMo
ATime Voltage Stability
los Input Offset Current 0.12 0.5 0.15 09 nA
lg Input Bias Current 9 15 10 25 nA
8, Input Noise Voltage 0.1Hz to 10Hz 0.55 0.55 wVp-p
Input Noise Voltage Density fo=10Hz(Note 3) P2} 32 2 32 nVivHz
fo = 1000Hz (Note 3) 22 25 22 25 nViHz
I Input Noise Current Density f,=10Hz 0.07 0.08 pANHz
Input Resistance (Note 1)
Differential Mode 180 400 100 300 Mo
Common-Mode 5 4 GO
Input Voltage Range 35 38 35 38 v
0 -03 0 ~-0.3 v
CMRR GCommon-Mode Rejection Vou=0V1035V 100 114 97 12 dB
Ratio
PSRR Power Supply Rejection Vg=12Vtio £18V,Vy=0V 106 126 103 124 d8
Ratio
AyoL Large Signal Voltage Gain Vp=0.03Vto 4V, R, = 10k 10 25 0.7 20 Vigv
Vo=0.03V103.5V, R, =2k 05 20 0.3 18 ViV
Maximum Output Voltage Output Low, No Load 15 25 15 25 mv
Swing Output Low, 6000 to GND 5 10 5 10 mv
Output Low, gy = 1mA 220 350 220 350 mv
Output High, No Load 40 44 40 44 v
OQutput High, 6002 to GND 34 40 34 40 v
SR Slew Rate 0.25 0.4 0.25 0.4 Vis
Is Supply Current = 340 520 350 570 #A
Rger=180k Pin8to Pin 7 a0 0 uA
{Note 2)
Minimum Supply Voitage 2.7 2.7 v
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ELECTRICAL CHARACTERISTICS

Vg =5V, 0V, Vem=0.1V, Vo = 1.4V, - 55°C <Tp <125°C, unless otherwise noted.

LT1006AM LT1006M
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage [ 40 180 80 20 W
AVos input Offset Voltage Drift [ 02 13 03 18 wVI°C
ATemp
log Input Offset Current ® 04 20 05 40 nA
lg Input Bias Current [ ] 13 25 16 40 nA
AvoL Large Signal Voltage Gain Vo=0.05V 1035V, R =2k e| 025 08 015 07 VigV
CMRR Common-Mode Rejection Ven=0.1Vto 3.2V o] % 103 87 102 dB
Ratio
PSRR Power Supply Rejection Vg= 2 2V1o £18V,Vo=0V e 100 117 97 116 dB
Ratio
Maximum Output Voltage Output Low, 8002 to GND [ 6 15 [} 18 mv
Swing Output High, 6000 to GND e| 32 38 31 38 \
I Supply Current (] 380 630 400 680 $A
Vg = 5V, 0V, Vom = 0V, Vo =14V, 0°C < Ta <70°C, unless otherwise noted.
LT1006AC LT1006C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage [ 30 110 45 160 v
LT1006N8 ° 50 190 WV
AVos Input Offset Voltage Drift [] 02 13 03 18 avi°C
ATemp LT1006N8 ) 05 25 wI°C
log Input Offset Current [ 025 1.2 03 25 nA
lg Input Bias Current [ 11 12 30 nA
AvoL Large Signal Voltage Gain Vo=0.04V1t0 35V, R =2k e| 035 13 025 12 VigV
CMRR Common-Mode Rejection Vou=0Vto3.4V o % 109 92 108 dB
Ratio
PSRR Power Supply Rejection Vg= +2Vio 18V, Vo=0V e | 101 120 97 118 dB
Ratio
Maximum Qutput Voltage Output Low, 6000 to GND [ ] 6 13 6 13 mV
Swing Output High, 6000 to GND el 33 39 32 39 v
Is Supply Current [ ] 30 570 360 620 uA

The ® denotes the specifications which apply over the full operating tem-

perature range.

Note 1: This parameter is guaranteed by design and is not tested.

Note 2: Regular operation does not require an external resistor. In order to
program the supply current for low power or high speed operation, connect
an external resistor from Pin 8 to Pin 7 or from Pin 810 Pin 4, respectively.
Supply current specifications (for Rger = 180k) do not include current in

Rser:

Note 3: This parameter is tested on a sample basis only. All noise parame-
ters are tested with Vg = 2.5V, Vo=0V.

Note 4: Optional
nected between the trim terminals and the wi

offset nulling is accomplished with a potentiometer con-
per to V™. A 10k pot (providing

anullrange of +6mV) is recommended for minimum drift of nulled offset
voltage with temperature, For increased trim resolution and accuracy, two
fixed resistors can be used in conjunction with a smaller potentiometer.
For example: two 4.7k resistors tied to pins 1and 5, with a 5000 pot in the
middle, will have a null range of % 150.V.

LTI




LT1006

EI.G CTI“CHL CHHBHCTE HIS‘I‘ICS Vs = 15V, Ty = 25°C, unless otherwise noted.

LT1006AM/AC LT1006M/C
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP  MAX UNITS
Vos Input Offset Voltage 30 100 50 180 W
log Input Offset Current 0.1 0.5 015 0.9 nA
Ig Input Bias Current 15 12.0 8.0 20.0 nA
Input Voltage Range 135 138 135 138 v
-160 -153 -150 -153 Vi
CMRR Common-Mode Rejection Ratio Vo= +13.5V, — 15V 100 17 97 116 dB
PSRR Power Supply Rejection Ratio Vs=£2Vto 18V, V=0V 106 126 103 124 dB
AvoL Large Signal Voltage Gain Vo= =10V,R =2k 15 5.0 1.2 40 VigV
Vg = = 10V, R, =6000 08 15 05 10 ViV
Vour Maximum Qutput Voltage Swing Ri=2k +13 14 +125 *14 v
SR Slew Rate Rggr= 025 04 026 04 Vius
Rger = 3900 Pin 8 to Pin 4 1.0 12 1.0 1.2 Vigs
ls Supply Current 360 540 360 600 $A
GLGCTBICHL CHHBHCTGH|STICS Vg = 215V, - 55°C <Tj <125°C, unless otherwise noted.
LT1006AM LT1006M
SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP  MAX | UNITS
Vos Input Offset Voltage [ 80 320 110 460 WV
AVos Input Offset Voltage Drift [ 05 22 06 28 pVI°G
ATemp
log Input Offset Current ® 0.2 2.0 0.3 30 nA
Ig Input Bias Current [J 9 18 1 27 nA
AvoL Large Signal Voltage Gain Vo= 210V,R =2k L 0.5 1.5 025 1.0 VigV
CMRR Common-Mode Rejection Ratio Vem= +13V, - 149V ® 97 114 94 13 dB
PSRR Power Supply Rejection Ratio Vg=+2Vto + 18V, Vo= 0OV [ ] 100 117 97 116 dB
Maximum Qutput Voltage Swing | R =2k ®| +12 £138 +115 =138 A
I Supply Current L] 400 650 400 750 #A
GLECTR|CHL CHHBHCTGRIS."CS Vs = 215V,0°C <T4 <70°C, unless otherwise noted.
LT1006AC LT1006C
SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP  MAX | UNITS
Vos Input Offset Voltage [ 50 200 75 300 w
LT1006N8 80 330 W
AVes Input Offset Voltage Dritt ] 0.5 22 0.6 2.8 wieG
ATemp LT1006N8 [} 07 35 wVI°C
log Input Offset Current ® 015 1.0 025 20 nA
Ig Input Bias Current [ ] 8.0 15 10 23 nA
AvoL Large Signal Voltage Gain Vo= +10V,R =2k [ 1.0 30 Q.7 25 VigV
CMRR Common-Mode Rejection Ratio Vou=13V, 15V [ 9% 116 94 114 dB
PSRR Power Supply Rejection Ratio Vg=22Vio £18V,Vo=0V ® 101 120 97 118 dB
Maximum Output Voltage Swing | R =2k ® | +125 +139 +115 +138 v
I Supply Current [ 370 600 380 660 uA
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TYPICAL PERFORMANCE CHARACTERISTICS

Oftset Voltage Drift with

Temperature of Representative Offset Voltage vs Balanced Vos vs Common-Mode Voltage vs
Units Source Resistor Temperature
150 10 = 500 T
5 5= 0 %:TE OV, —55°C 10 155703 [ ve=suos
120 Vepu=0.1V - T S—ﬁ" T T 400
90 = R
— J I e _MS,,,J - < 0
> w y, £
2 = L 810 32
w30 = E  Rs = =] 200
S o ™~ 8 F § 3 10 (DT=125"C
2 I Y, v // - L
§—30 —— = o _55001012?0\‘ / g o+ ®T=25 C ‘;®T=25oc
& 60 = Y 3 2 S L |
S \Q § ———+—2# —~100 ‘®T=125°C
- =
~120 =l Vg=+15Y,25°C]  —200 r(1)POSITIVE Vo]
i 001 I~ Vg=5v, 0V, 25°C | a0 (D NEGATIVE Vog
50 —25 0 25 S0 75 100 125 1k 3k 10k 30k 100k 300k 1M 3M 10M -04 0 04 08 1.0 14
TEMPERATURE (°C) BALANCED SOURCE RESISTANCE, Rs (Q) COMMON-MODE INPUT VOLTAGE (V)
Voltage Gain vs Load Resistance, Voltage Gain vs Load Resistance
Warm-Up Drift Vg=5V,0V with Vg = = 15V
2.0 10M 10M
T
V=5V, OV
- Ta=25°C
Y Ta=25°C
2 o Tp= —55°C
‘g < A= —55°C = 4R U“h
ja = ey = »
G 1o Z 1M L/ .} R y A s
e o —— w f 2 n
=1 2 v Ta=125°CI TR < -
= jar] H =
@ 2 7 h 2 m
E
=9
5 /
LT1006 METAL CAN (H) PACKAGE
LT1006 CERDIP (J) PACKAGE ] /
0 1 1 100K 100k
0 1 2 3 4 100 10k 100 1k 10k
TIME AFTER POWER ON (MIN}) LOAD RESISTANCE TO GROUND (@) LOAD RESISTANCE TO GROUND (©)
Input Offset Current vs Input Bias Current vs Common-
Input Bias Current vs Temperature Temperature Mode Voltage
18 ™ 0.5 o s 5 5o
Vou=0v M = 3
15 > 4 10
z 2 0.4 u|'|> h
£ = R =
g 12 2 s o 5
-4 z 0. b4 =
] Vg =5V, OV L~ 3 g £
° 9 5 g 2 0 8
s
2 202 V=51, 0 E 5
= Vg=+15V =1 = 2
S 6 1 = i S w
E g Vg= + 15V § 8
3 =01 z 0 Vs=5V, V. T=125° | 40 =
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TYPICAL PERFORMANCE CHARACTERISTICS

10Hz Voltage Noise Distribution Noise Spectrum 0.1Hz to 10Hz Noise
100 T 1000 LN — |
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e TIME (SEC)
0 B L 0
16 20 2% e S 1 10 100 1k
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Supply Current vs Temperature Reducing Power Dissipation Increasing Slew Rate (Rgerto V™)
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TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain vs Frequency

Gain, Phase vs Frequency

140
EA=25°C Ta=25°C
120 (= 106F 2 Vou=0v
J :§ C =10pF
100 P PHASE
g g 4 \‘ NN 215
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- - NN \
\
0 N ~10 AN
. N
0.0f 0.1 1 10 100 tk 10k 160k 1M 10M 0.1 X 1 3
FREQUENCY (Hz) FREQUENCY (MHz)
Large Transient Response, Large Signal Transient Response,
Vg=5V 0V Vs=5V,0V
4
v
o

104/0IV
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Rp=4.7k TO 5V

INPUT =0V TO 3.8V
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€ =10pF

R =6000 TO GND

INPUT =0V TO 100mV PULSE

10us/0IV
Ay=1
RL=4.7k TO GROUND
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LT1006

APPLICATIONS INFORMATION

The LT1006 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. Single supply operation, however, can
create special difficulties, both at the input and at the out-
put. The LT1006 has specific circuitry which addresses
these problems.

At the input, the driving signal can fall below 0V—inadver-
tently or on a transient basis. If the input is more than a
few hundred millivolts below ground, two distinct prob-
lems can occur on previous single supply designs, such as
the LM124, LM158, OP-20, OP-21, QP-220, OP-221, OP-420:

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
LT1006, the 4000 resistors, in series with the input (see
schematic diagram), protect the devices even when the in-
put 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 (21, Q22, 027, Q28), the LT1006's out-
put does not reverse, as illustrated below, even when the
inputs are at — 1.5V,

At the output, the aforementioned single supply designs
either cannot swing to within 600mV of ground (OP-20) or
cannot sink more than a few microamperes while swing-
ing to ground (LM124, LM158). The LT1006s all-NPN out-
put stage maintains its low output resistance and high
gain characteristics until the output is saturated.

In dual supply operations, the output stage is crossover
distortion-free.

Since the output 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 ImV 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.

Voltage Follower with Input Exceeding the Negative Common-Mode Range (Vs =5V, 0V)

6Vp-p INPUT, ~1.5V TO 4.5V

Gain 100 Amplifier

5V

AAA

3 99R
p=—100mvV

>
> 6000

AA

i

LM324, LM358, OP-20, OP-21
EXHIBIT OUTPUT PHASE
REVERSAL

LT1006
NO PHASE REVERSAL

Voltage Follower

5V

OUTPUT
p— SATURATED
=5mV

>
my 6002
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APPLICATIONS INFORMATION

In automated production testing the output is forced to
1.4V by the test loop; offset voltage is measured with a
common-mode voltage of zero and the negative supply at
zero (Pin 4). Without the test loop, these exact conditions
cannot be achieved. The test circuit shown ensures that
the output will never saturate even with worst-case offset
voltages (- 250xV over the —55°C to 125°C range). The
effective common-mode input is 0.3V with respect to the
negative supply. As indicated by the common-mode rejec-
tion specifications the difference is only a few microvolts
between the two methods of offset voltage measurement.

Test Circuit for Offset Voitage and
Ofiset Drift with Temperature

-0.3v

*RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL.

**THIS CIRCUIT IS ALSO USED AS THE BURN-IN
CONFIGURATION, WITH SUPPLY VOLTAGES
INCREASED TO 20V,

Vo=1000Vgs

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

| INPUT (V) OUTPUT (V)

Vg=5V, OV

50,5/DIV

Low Supply Operation

The minimum guaranteed supply voltage for proper oper-
ation of the LT1006 is 2.7V. Typical supply current at
this voltage is 320uA, therefore power dissipation is only
860W.

Noise Testing

For application information on noise testing and calcula-
tions, please see the LT1007 or LT1028 data sheet.

Supply Current Programming

Connecting an optional external resistor to Pin 8 changes
the biasing of the LT1006 in order to increase its speed or
to decrease its power consumption. If higher slew rate is
required, connect the external resistor from Pin 8 to Pin 4
[see performance curves for Increasing Slew Rate (Rsgr to
V-)}. For lower power consumption, inject a current into
Pin 8 (which is approximately 60mV above V=) as shown
on the Reducing Power Dissipation plot. This can be ac-
complished by connecting Rsgr to the positive supply, or
to save additional power, by obtaining the injected current
from a low voltage battery.

Comparator Applications

The single supply operation of the LT1006 and its ability to
swing close to ground while sinking current lends itself to
use as a precision comparator with TTL compatible
output.

Comparator Fali Response Time
to 10mV, 5mV, 2mV Overdrives

INPUT (m¥)  OUTPUT (V)

Vg=5V,0V  50us/DWV

LT VIR
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TYPICAL APPLICATIONS

Platinum RTD Signal Conditioner with Curvature Correction

+V  V=58V-10v

39k

LM334

= 100uA l

1.21k*

<&
N4S7 @ 12¢*

10k*

TRIM

<

50k 3 3
§°C '{ 3 e

1w
|-

LI

400°C
43.2¢**  TRIM
AKX

e AAA

+V

1

0.02VT0 4V QUT=
p—2°C TO 400°C
%0.25°C
s e

$ ag =
11
1 M
L T 1.21M

Rp=ROSEMOUNT 118MF
** =TRW MAR-6 0.1%
*=1% METAL FILM

v

Voltage Controlled Current Source with Ground
Referred Input and Output

Micropower 1MHz V- F Converter

VOLTAGE
CONTROLLED
GURRENT

SOURCE

TRIGGER

> 1000

Y2 LTC1043

0.001,F

\/
lour=1gtr

lI}-_<_I_

OPERATES FROM A SINGLE 5V SUPPLY

LM334

Ne
03 REFERENCE
20K 7
120k 1MHz
INPUT NP TRMg 2K o
sy WA WA
o = sy 100425
T CAPACITANCE
= \T1004-1.2
~_outeur
OMHz — 1Mz
05
1000pF (POLYSTYRENE)
Il
1 REFERENCE
{ P SWITCH
, [
+ =1% METAL FILM CHARGE PUMP 0.12% LINEARITY
280,A QUIESCENT CURRENT
e =1% METAL FILM. SELECTED = = 580 AT 1MHz

Po-=racra

2-50

LT R



LT1006

TYPICAL APPLICATIONS

Micropower Thermocouple Signal Conditioner with Cold Junction Compensation

100k

CATALYST
RESEARCH CORP. =<
MODEL 2736 ™
2.8V .‘

TYPE J THERMOCOUPLE

45V
(3AA CELLS)

TOTAL POWER CONSUMPTION < 500,W
*=TRW MAR-60.1%
Ry=YELLOW SPRINGS INST. CO
MODEL 44007 5k @25°C

i

5
10K 5%
6.2 #0°C
V—1.000V=
LT1004 F—0°c—
1235V 107k 0°C —100.0°C +0.25°C
= 51.1k
3.2 b 5000 |
> 100°C
m S
S $10%
4
1}
0001 T1=YELLOW SPRINGS #44201.
I, = ALL RESISTORS = TRW MAR-6 0.1% UNLESS NOTED.
+5V Precision Instrumentation Amplifier
sv
r_._ --1 w
+
q 8]
] [ - p—Vour
|
! !
OIFFERENTIAL| | oy —=1¥F | —5v
WeuTY | {EXTERNAL) |
| | .
i A1 R2
T &
H =
[)]  wucioss ] CMRR>12008ATOC
| CMRR>> 12008 AT 60Hz
0.01F | DUAL SUPPLY OR SINGLE 5V
_F_ﬁ.______J GAIN=1+R2/R1
Vos = 1504V
-5
3 ﬂ:z‘w-c

COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES
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LT1006 SCHEMATIC DIAGRAM
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LT1006S8

TECHNOLOGY

FEATURES

= Single Supply Operation
Input Voltage Range Extends to Ground
Output Swings to Ground while Sinking Current

m Guaranteed Offset Voltage 400V Max.
m Guaranteed Low Drift 3.54V/°C Max.
m Guaranteed Offset Current 0.9nA Max.
= Guaranteed High Gain
5mA Load Current 1.2 Miliion Min.
17mA Load Current 0.5 Million Min.
m Guaranteed Low Supply Current 5704A Max.

= Supply Current can be Reduced by a Factor of4

= Low Voitage Noise, 0.1Hz to 10Hz 0.55uVp-p
m {ow Current Noise—

Better than OP-07 0.08pAlHz at 10Hz
= High Input Impedance 100M2 Min.
» Guaranteed Minimum Supply Voltage 2.7V Min.

APPLICATIONS

= Low Power Sample and Hold Circuits

m Battery Powered Precision Instrumentation
Strain Gauge Signal Conditioners
Thermocouple Amplitiers

» 4mA-20mA Current Loop Transmitters

u Active Filters

Precision, Single Supply
Op Amp

DESCRIPTION

The LT1006S8 is the first precision single supply opera-
tional amplifier. Its design has been optimized for single
supply operation with a full set of specifications at 5V.
Specifications at + 15V are also provided.

The LT1006S8 has low offset voltage of 804V, drift of
0.7uVI°C, offset current of 150pA, gain of 2 million, com-
mon-mode rejection of 112dB, and power supply rejection
of 126dB.

Although supply current is only 350A, a novel output stage
can source ot sink in excess of 20mA while retaining high
voltage gain. Common-mode input range includes ground to
accommodate low ground-referenced inputs from strain
gauges or thermocouples, and output can swing to withina
few millivolts of ground. If higher slew rate (in excess of
1Vius) or micropower operation (supply current down to
90xA) is required, the operating currents can be modified by
connecting an external optional resistor to Pin 8.

For a similar single supply precision dual op amp in the SO
package, please see the LT1013DS8 data sheet.

171006 Single Supply, Micropower Sample and Hold

+W

360

2

% 3
%CD«)GG&— 1 CD4066 g 360k

Al N6

2-7\ chw&s 2_k7
$ _

i
weyt 31 1008 52
05V 4

SAMPLE-HOLD COMMAND

é 5 %CD4066
HIGH =SAMPLE ——4

LOW =HOLD

, e L3 W

_L 4 ACQUISITION TIME 2ps

oot L HoLD SETTLING TIME 104

S-H OFFSET 1my
HOLD SUPPLY CURRENT 2504
= SAMPLE SUPPLY CURRENT  5.0mA
THz SAMPLE RATE CURRENT  800uA

{SAMPLING FOR 204,

HOLDING FOR 300;5)

DROOP RATE 0.5mV/ms
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LT1006S8

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

SupplyVoltage...........ccovvvvnviiiiiiinnn, +22V

Input Voltage ........... Equal to Positive Supply Voltage — OF:Q%WBZ%RT
......... 5V Below Negative Supply Voltage Vos ] 05 e

Differential Input Voltage............................ 30V o EH AR LT100658

Qutput Short Circuit Duration.................. Indefinite +IN %—-;D'L@ or

Operating Temperature Range ............... 0°Cto 70°C v-[3 (51 785 o 0

Storage Temperature Range ............. -65°Cto 150°C S8 PACKAGE PART MARKING

Lead Temperature (Soldering, 10sec) ............... 300°C rosTeRe 1006

GLECTHICHL CHHBHCTEHISTICS Vs =5V, 0V, Vo = OV, Voyt = 1.4V, To =25°C, unless otherwise noted.

LT1006S8
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage 80 400 W
AVgs Long Term Input Offset 0.7 wViMo
ATime Voltage Stability
los Input Offset Current 0.15 0.9 nA
Iy Input Bias Current 10 25 nA
e Input Noise Voltage 0.1Hzto 10Hz 0.55 wpp
Input Noise Voltage Density f, = 10Hz (Note 3) 23 32 nVivHz
f, = 1000Hz (Note 3) 22 25 nVivHz
i input Noise Current Density f,=10Hz 0.08 pAiHz
Input Resistance (Note 1)
Differential Mode 100 300 MQ
Common-Mode 4 GQ
Input Voltage Range 35 38 Y
0 ~03 v
CMRR Gommon-Mode Rejection Ratio Vou=0Vto 3.5V 97 112 dB
PSRR Power Supply Rejection Ratio Vg= +2Vio £18V, Vo= 0V 103 124 dB
Avor Large Signal Voltage Gain Vo=0.03VtodV, R =10k 07 20 VigV
Vp=0.03V103.5V, R =2k 0.3 18 Vigv
Vour Maximum Output Voltage Swing Output Low, No Load 15 25 mv
Qutput Low, 6000 to GND 5 10 mv
Output Low, Igng = 1mA 220 350 mv
Output High, No Load 4.0 44 v
Output High, 6002 to GND 34 40 v
SR Slew Rate 0.25 0.4 Vius
I Supply Current Rggr= 350 570 #A
Rger = 180k Pin 8 to Pin 7 90 pA
{Note 2)
Minimum Supply Voltage 2.7 v

LY R



LT100658

GLGCTB|CRL CHHH“CTGB'ST'CS Vg = =15V, Ta =25°C, unless otherwise noted.

LT1006S8
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage 100 525 v
log input Offset Current 0.15 0.9 nA
lg Input Bias Current 8.0 20.0 nA
Input Voltage Range 135 138 v
-150 -153 v
CMRR Common-Mode Rejection Ratio Vou= +135V, 15V 97 116 dB
PSRR Power Supply Rejection Ratio Vg= £2V1o 18V, Vo=0V 103 124 dB
AyoL Large Signal Voitage Gain Vo= 210V, R =2k 12 40 Vi
Vo= £ 10V, R =6000 05 10 ViV
Vour Maximum Output Voltage Swing R =2k +125 14 v
SR Slew Rate Rggr = ® 0.25 04 Vips
Rggr = 3900 Pin 8 to Pin 4 10 12 Vigs
Is Supply Current 360 600 pA
ELECTRICAL CHARACTERISTICS
Vg =5V, 0V, Vo = OV, Vour = 1.4V, 0°C<To <70°C, unless otherwise noted.
LT1006S8
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage [ 10 560 W
AVos Input Offset Voltage Drift . 07 35 wVI°C
ATemp
los Input Offset Current ® 0.3 25 nA
lg Input Bias Current ° 12 30 nA
AvoL Large Signal Voltage Gain Vo =0.04V to 3.5V, R =2k ® 0.25 1.2 VigV
CMRR Common-Mode Rejection Ratio V=0V to3.4V L 92 108 dB
PSRR Power Supply Rejection Ratio Vg= £2V10 18V, Vo= 0V [ ] 97 118 dB
Vour Maximum Output Voltage Swing Output Low, 6000 to GND ] 6 13 my
Output High, 60002 to GND [ 32 39 v
Ig Supply Current ® 360 620 wh
LTI 2.55




LT1006S8

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

LT1006S8

SYMBOL PARAMETER CONDITIONS MIN TYP  MAX UNITS
Vos Input Offset Voltage ° 150 730 v

AVgg Input Oftset Voltage Drift L) 10 45 WG
ATemp
log Input Offset Current [ 025 20 nA
Iy Input Bias Current ® 10 23 nA
Avor Large Signal Voltage Gain Vo= +10V, R =2k [ 0.7 2.5 VigV
CMRR Common-Mode Rejection Ratio Voy =13V, 15V ® 9% 114 dB
PSRR Power Supply Rejection Ratio Vg= +£2Vto + 18V, Vo=0V [ 97 118 dB
Vour Maximum Output Voltage Swing R, =2k ® 1.5 +138 v
Ig Supply Current [ ] 380 660 #A

The @ denotes the specifications which apply over the full operating tem-
perature range. ‘

Idote 1: This parameter is guaranteed by design and is not tested.

Note 2: Regular operation does not require an external resistor. In order to
program the supply current for low power or high speed operation, connect
an external resistor from Pin 8 to Pin 7 or from Pin 8 to Pin 4, respectively.
Supply current specifications (for Rger = 180k) do not include current in
Rser

Note 3; This parameter is tested on a sample basis only. All noise parame-
ters are tested with Vg = + 2.5V, Vo =0V.

Note 4: Optional offset nulling is accomplished with a potentiometer con-
nected between the trim terminals and the wiper to V= A 10k pot (providing
anuli range of +6mV)is recommended for minimum drift of nulied offset
voltage with temperature. For increased trim resolution and accuracy, two
fixed resistors can be used in conjunction with a smaller potentiometer.
For example: two 4.7k resistors tied to pins 1 and 5, with a 5002 pot in the
middle, will have a null range of + 150V,

2-56
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FEATURES

Guaranteed 4.5 nV/ VHz 10 Hz noise
Guaranteed 3.8 nV/ VHz 1kHz noise
0.1 Hz to 10 Hz noise, 60 nV p-p, typical
Guaranteed 7 million min. voltage gain,

RL = 2kQ
Guaranteed 3 million min. voltage gain,

R, = 600Q
Guaranteed 25:V max. offset voltage
Guaranteed 0.6uV/°C max. drift with temperature
Guaranteed 11V/ usec min. slew rate (LT1037)
Guaranteed 117 dB min. CMRR

APPLICATIONS

= Low Noise Signal Processing

= Microvolt Accuracy Threshold Detection
= Strain Gauge Amplifiers

= Direct Coupled Audio Gain Stages

= Sine Wave Generators

a Tape Head Preamplifiers

= Microphone Preamplifiers

LT1007/LT1037
Low Noise, High Speed

Precision Operational Amplifiers

DESCRIPTION

The LT1007/LT1037 series features the lowest noise
performance available to date for monolithic oper-
ational amplifiers: 2.5nV/VHz wideband noise (less
than the noise of a 400 resistor), 1/f corner frequen-
cy of 2Hz and 60nV peak to peak 0.1Hz to 10Hz noise.
Low noise is combined with outstanding precision and
speed specifications: 10,V offset voltage, 0.2uV/°C
drift, 130 dB common-mode and power supply rejec-
tion, and 60MHz gain-bandwith-product on the de-
compensated LT1037, which is stable for closed loop
gains of 5 or greater.

The voltage gain of the LT1007/1037 is an extremely
high 20 million driving a 2k foad and 12 miltion driv-
ing a 6000 load to + 10V.

In the design, processing, and testing of the device,
particular attention has been paid to the optimization
of the entire distribution of several key parameters.
Consequently, the specifications of even the lowest
cost grades (the LT1007C and the LT1037C) have
been spectacularly improved compared to equivalent
grades of competing amplifiers.

The sine wave generator application shown below uti-
lizes the low noise and low distortion characteristics
of the LT1037.

Ultra-Pure 1kHz Sine Wave Generator

4302

AAA
VWA~

p—OUTPUT

= C

-l

4

#327 Lamp. % R
_r :E 1
'[ :

0.1 4t +.1%

t= 52RC Total Harmonic Distortion = < .0025%
i Noise = < .0001%

R = 158150 +.1%  Amplitude = =+ 8 volts

C= Qutput Frequency = 1.000kHz for values

L given +.4%

0.1Hz to 10Hz Noise

VOLTAGE NOISE (20nV/DIV)

0 2 4 6 8 10
TIME (SECONDS)

LT IER
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LT1007/LT1037

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage. . ...................... +22V
Input Voltage . ........... Equal to Supply Voltage
Output Short Circuit Duration. .......... Indefinite
Differential Input Current(Note 8). . ... .. .. +25mA
Lead Temperature (Soldering, 10 sec.). .. ... 300°C

PACKAGE/ORDER INFORMATION

Operating Temperature Range

LT1007/1037AM,M. .. ....... —55°C to 125°C

LT1007/1037AC,C .............. 0°Cto70°C
Storage Temperature Range

All Devices................. —65°C to 150°C

oo ORDER PART NUMBER
Vos o VO‘ o v
LT1007AMH LT1037AMH
@ ®oT | [T1007MH  LT1037MH
" LT1007ACH LT1037ACH
viEse LT1007CH  LT1037CH
METAL CAN H PACKAGE
T0P ViEw LT1007AMJ8 LT1037AMJ8
T:.".:%‘ 5w | LT1007MJ8  LT1037MJ8
7v+ | LT1007ACJ8 LT1037ACJ8
. o | LT1007CJ8  LT1037CJ8
" | LT1007ACN8 LT1037ACNS
PLASTIG DIP NB PACKAGE LT1007CN8 LT1037CN8

€ELECTRICAL CHARACTERISTICS v, — 15V T, = 25°C. uniess otherwise noted.

LT1007AM/AC LT1007M/C

LT1037AM/AC LT1037M/C
SYMBOL PARAMETER CONDITIONS M TYP MAX MiN  TYP MAX UMTS
Vos Input Offset Voltage {Note 1) 10 25 20 60 uV

AV Long Term input Offset Voltage

ATime Stability (Notes 2 and 3) 0.2 1.0 0.2 1.0 uV/Mo
los Input Offset Current 7 30 12 50 nA
lg Input Bias Current +10 35 +15 +55 nA
€, Input Noise Voltage 0.1Hz to 10Hz (Notes 3 and 5) 0.06 0.13 006 0.13 wVp-p
Input Noise Voltage Density f, = 10Hz (Notes 3 and 4) 2.8 4.5 2.8 4.5 v/ VHz
f, = 1000Hz (Note 3) 25 38 25 38 nV/ VHz
in Input Noise Current Density fo = 10Hz (Notes 3 and 6) 1.5 4.0 15 4.0 pA/ \/E
f, = 1000Hz (Notes 3 and 6) 04 0.6 0.4 0.6 pA/ VHz
Input Resistance — Common Mode 7 5 GQ
Input Voltage Range +11.0 +125 +110 +125 v
CMRR Common Mode Rejection Ratio Vom = =1V 17 130 110 126 dB
PSRR Power Supply Rejection Ratio Vs = +4Vio 18V 110 130 106 126 dB
Ayor Large Signal Voltage Gain Ry = 2kQ, Vg = =12V 70 200 5.0 20.0 ViuV
R = 1kQ, Vg = + 10V 5.0 16.0 35 16.0 VigV
R, = 600Q, Vo = 10V 3.0 12.0 2.0 12.0 ViV
Vour Maximum Output Voltage Swing | R, > 2kQ +130 +138 +125 =135 v
R, > 600Q +11.0 +125 +10.5 +125 v
SR Slew Rate LT1007 R = 2ko 17 25 17 25 ViuS
LT1037 AL =5 1 15 11 15 V/uS
GBW Gain-Bandwidth LT1007 f, = 100kHz (Note 7) 5.0 8.0 50 8.0 MHz
Product: LT1037 f, = 10kHz (Note 7) (Ayee = 5) 45 60 45 60 MHz
Z, Open Loop Output Resistance Vo=0,lp=0 70 70 Q
Py Power Dissipation LT 1007 80 120 80 140 mw
LT1037 80 130 85 140 mw
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ELECTRICAL CHARACTERISTICS v, -

+ 15V, —5§5°C < Ty < 125°C, unless otherwise noted.

LT1007AM/LT1037AM LT1007M/LT1037M
SYMBOL PARAMETER CONDITIONS MM TYP  MAX NN TYP MAX UNITS
Vos Input Offset Voltage (Note 1) [ ] 25 (Y 50 160 i
AVgs Average Input Offset Drift (Note 9) [ ) 0.2 0.6 0.3 1.0 uVI°C
ATemp
log Input Offset Current [ 15 50 20 85 nA
lg Input Bias Current [ +20 +60 +35 +95 nA
Input Voltage Range e|+103 +115 +103 +115 v
CMRR Common Mode Rejection Ratio Ve = +10.3V o 112 126 104 120 dB
PSRR Power Supply Rejection Ratio Vs = +45Vto +18V @] 104 126 100 120 dB
Avor Large Signal Voltage Gain RL = 2kQ, Vo = =10V e| 30 14.0 20 14.0 VigV
R = 1k, Vo = =10V ®| 20 10.0 15 10.0 ViV
Vour Maximum Output Voltage Swing | R, = 2k@ @125 +135 +120 +135 v
Py Power Dissipation ® 100 150 100 170 mwW
ELGCTBICHL CHHBRCTGBISTICS Vs = =15V, 0°C < T, =< 70°C, unless otherwise noted.
LT1007AC/LT1037AC LT1007C/LT1037C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TP MAX UNITS
Vog Input Offset Voltage (Note 1) [ 20 50 35 110 uV
AVog Average Input Offset Drift (Note 9) [ 0.2 06 03 10 uV/I°C
ATemp
los Input Offset Current [] 10 40 15 70 nA
Ig Input Bias Current @ +14  +45 +20 75 nA
Input Voltage Range e|+105 =118 +105 +118 v
CMRR Common Mode Rejection Ratio Ve = +£10.5V o 114 126 106 120 dB
PSRR Power Supply Rejection Ratio Vg = +4.5Vto +18Y @] 106 126 102 120 d8
AvoL Large Signal Voltage Gain R = 2kQ, V, = £ 10V ®| 40 18.0 25 18.0 VigV
R, = 1kQ, V, = £ 10V ®| 25 14.0 2.0 14.0 ViuV
Vour Maximum Output Voltage Swing | R, > 2kQ ®|+125 +136 +120 +136 \
Py Power Dissipation [ 90 144 90 160 mW
NOTES: Note 4: 10Hz noise voltage density is sample tested on every lot.

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

For MIL-STD components, please refer to LTC 883C data sheet for test
listing and parameters.

Note 1: Input Offset Voltage measurements are performed by
automatic test equipment approximately 0.5 seconds after
application of power. AM and AC grades are guaranteed 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 Vgg during the first 30 days are typically 2,54,V — refer
to typical performance curve.

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

Devices 100% tested at 10Hz are available on request.

Note 5: See the test circuit and frequency response curve for 0.1Hz to
10Hz tester in the Applications Information section.

Note 6: See the test circuit for current noise measurement in the
Applications Information section.

Note 7: This parameter is guaranteed by design and is not 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 + 0.7V, the input current should be
limited to 25mA.

Note 8: The Average input Offset Drift performance is within the
specifications unnulled or when nulled with a pot having a range of
8k to 20kq.

LT R
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TYPICAL PERFORMANCE CHARACTERISTICS
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LT1007/LT1037

TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain vs Frequency
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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LT1007/LT1037

APPLICATIONS INFORMATION

Gieneral

The LT1007/1037 series devices may be inserted di-
rectly into OP-07, OP-27, OP-37, and 5534 sockets
with or without removal of external compensation or
nulling components. In addition, the LT1007/1037
may be fitted to 741 sockets with the removal or modi-
fication of external nulling components.

Offset Voltage Adjustment

The input offset voltage of the LT1007/1037 and its
drift with temperature, are permanently trimmed at
walfer testing to a low level. However, if further adjust-
ment of Vgg is necessary, the use of a 10k nulling po-
tentiometer will not degrade drift with temperature.
Trimming to a value other than zero creates a drift of
(Vos/300) uV/°C, e.g., if Vgs is adjusted to 300V, the
change in drift will be 1uV/°C.

Standard Adjustment
INPUT

The adjustment range with a 10k pot is approximately
+2.5mV. If less adjustment range is needed, the sen-
sitivity and resolution of the nulling can be improved
by using a smaller pot in conjunction with fixed resis-
tors. The example has an approximate null range of
+200uV.

+15V

Improved Sensitivity Adjustment

—-15v
Offset Voltage and Drift

Thermocouple effects, caused by temperature gradi-
ents across dissimilar metals at the contacts to the in-
put 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 main-
tained at the same temperature.

The circuit shown to measure offset voltage is also
used as the burn-in configuration for the 1LT1007/
1037, with the supply voltages increased to +20V.

50k*

Yo Test Circuit for Offset Voltage
and Offset Voltage Drift with
Temperature

: —-15¥
1 Vo =1000 Vos

|_ *RESISTORS MUST HAVE LOW

= THERMOELECTRIC POTENTIAL

HE—AAA—9-AAA~$

Unity Gain Bufier Applications (LT1007 Only)

When R; < 100Q and the input is driven with a fast,
large signal pulse (>1V), the output waveform will
look as shown in the pulsed operation diagram.

Ry

\—— 2.8V/ uSEC
OUTPUT v

During the fast feedthrough-like portion of the output,
the input protection diodes effectively short the output
to the input and a current, limited only by the output
short circuit protection, will be drawn by the signal
generator. With R = 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 Ry > 2kQ, a
pole will be created with R; and the amplifier’s input
capacitance, creating additional phase shift and re-
ducing the phase margin. A small capacitor (20pF to
50pF) in paraliel with Ry will eliminate this problem.
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LT1007/LT1037

APPLICATIONS INFORMATION — NOISE

Noise Testing

The 0.1Hz to 10Hz peak-to-peak noise of the LT1007/
1037 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.

Measuring the typical 60nV peak-to-peak noise per-
formance of the LT1007/1037 requires special test
precautions:

(a) The device should be warmed up for at least five
minutes. As the op amp warms up, its offset volt-
age changes typically 3uV due to its chip tem-
perature increasing 10°C to 20°C from the
moment the power supplies are turned on. In the
10 second measurement interval these tempera-
ture-induced effects can easily exceed tens of
nanavolts.

{b) For similar reasons, the device must be well
shielded from air currents to eliminate the pos-
sibility of thermoelectric 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.

0.1Hz to 10Hz Noise Test Circuit

VOLTAGE GAIN
=50,000

* DEVICE UNDER TEST

NOTE: ALL CAPACITOR VALUES ARE FOR
NON-POLARIZED CAPACITORS DNLY. -

A noise-voltage density test is recommended when
measuring 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.

Current noise is measured in the circuit shown and
calculated by the following formula:
i [e%o—(130nV)?]

- IM2x100

The LT1007/1037 achieves its low noise, in part, by
operating the input stage at 120.A versus the typical
10u:A of most other op amps. Voltage noise is inverse-
ly proportional while current noise is directly propor-
tional to the square root of the stage current. Therefore
the LT1007/1037’s current noise will be relatively
high. At low frequencies, the low 1/f current noise
corner frequency (=~ 120Hz) minimizes current noise
to some extent.

In most practical applications, however, current noise
will not limit system performance. This is illustrated in

0.1Hz to 10Hz p-p Noise
Toster Froguoncy Response

- |

I\

w

]

&
GAIN (dB)

0.01 0.1 1.0 10
FREQUENCY (Hz)

LY e
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LT1007/LT1037

the total noise versus source resistance plot, where
total noise = [(voltage noise)® + (current noise X Rg)?
+ (resistor noise)]*

Three regions can be identified as a function of source
resistance:

(i} Rs = 4009. Voltage noise dominates
(i) 400 < Rs < 50kQ at 1kHz | Resistor noise
4002 < R, < 8kQ at 10Hz | dominates

(III) Rs > 50kQ at 1kHz Current noise
Rs > 8kQat 10Hz | dominates
Clearly the LT1007/1037 should not be used in region
(iii), where total system noise is at least six times high-

er than the voltage noise of the op amp, i.e., the low
voltage noise specification is completely wasted.

TYPICAL APPLICATIONS

Gain 1000 Amplifier with 0.01%
Accuracy, DC to SHz

-1V
INPUT RNGOC FILM RESISTORS

The high gain and wide bandwidth of the LT1037 and (LT1007) is useful in

low frequency high closed loop gain amplifier applications. A typical precision

Op Amp may have an open loop gain of one million with 500kHz bandwidth. As the

galn error plot shows, this device is capable of 0.1% amplifying accuracy up to 0.3Hz

nnly Even instrumentation range slunajs can vary at a faster rate. The LT1037's
*'gain precision — bandwidth product” is 200 times higher, as shown.

Microvolt Comparator with Hysteresis

15V
:, 3650
1%

—15v

Positive feedback to one of the nulling terminals creates approximately 5.V of
hysteresis. Output can sink 16mA.

Input offset voltage is typically changed less than 5V due to the feedback.

3650 1%

Galn Error vs Frequency
Closed Loop Gain = 1000
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Pracision Amplifier Drives 3000 Load to + 10V
10k
340k 1% 20k 5% v
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150
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INPUT

The addition of the LT1007 doubles the amplifier’s output drive to +33mA.
Gain accuracy is 0.02%, slightly degraded compared to above because of
seff heating of the LT1037 under load.
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TYPICAL APPLICATIONS

Phone Preamplifier Tape Hoad Amplifier
9 M
A ———] p——
+15V 7.87k 01 4F
1000 S 100 316k
033, 1
L -
05 ouTRUT
— L
4Tk QUTPUT
—15¥ TAPE HEAD
= INPUT
- MAG. PHONO ALL RESISTORS METAL FILM

INPUT
ALL RESISTORS METAL FILM

Infra-Red Detector Preamplifier

CHOPPED DETECTOR
UTPUT
Y nnnruue
— _ournut
IR RADIATION 3098 TO DEMODULATOR
—>
I PHOTO-CONDUCTIVE
INFRA-RED L 2 392K
OPTICAL DETECTOR N
CHOPPER HgCdTe TYPE SYNCHRONOUS
INFRA-RED ASSOGIATES, ING.
=  13eATTTXK 3 3020*
* w 1% METAL FILM -L
Strain Gauge Signal Conditioner
with Bridge Excitation
171000 2
L REFERENCE
= out
e e
3500 2
BRIDGE : 3 |
" '
t ) G g
| ¢ | 330t . 070 10V
i1 S ZER0 oUTPUT
TRIM L
301k
1.
* RNGOC FILM RESISTORS GAIN 4 S 4990
TRIM
L
_75v The LT1007 is capable of providing excitation current directly to bias the
=+ 35012 bridge at 5V. With ondy 5V across the bridge (as apposed to the

usual 10V) total power dissipation and bridge warm-up drift is reduced. The
bridge output signal is halved, but the LT1007 can amplify the reduced signal
accurately.
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SCHEMATIC DIAGRAM
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LT1007CS/LT1037CS

Low Noise, High Speed
Precision Operational Amplifiers

Y LINEAR

TECHNOLOGY

FEATURES

w Guaranteed 4.5nV/vHz 10Hz Noise

® Guaranteed 3.8nVivVHz 1kHz Noise

= (.1 Hz to 10Hz Noise, 60nVp-p, Typical

w Guaranteed 5 Million Min. Voltage Gain, R = 2ki)
m Guaranteed 2 Million Min. Voltage Gain, R, = 6000
» Guaranteed 60,V Max. Offset Voltage

® Guaranteed 1.0zV/°C Max, Drift with Temperature
w Guaranteed 11Viusec Min. Slew Rate (LT1037)

a Guaranteed 110dB Min. CMRR

APPLICATIONS

s Low Noise Signal Processing

= Microvolt Accuracy Threshold Detection
= Strain Gauge Amplifiers

= Direct Coupled Audio Gain Stages

= Sine Wave Generators

= Tape Head Preamplifiers

s Microwave Preamplifiers

DESCRIPTION

Next to the LT1028, the LT1007/LT1037 series features the
lowest noise performance available to date for monolithic
operational amplifiers: 25nVIVHz wideband noise (less
than the noise of a 4000 resistor), 1/f corner frequency of
9Hz and 60nV peak to peak 0.1Hz to 10Hz noise. Low noise
is combined with outstanding precision and speed speci-
fications: 204V offset voltage, 0.3,VI°C drift, 126dB
common-mode and power supply rejection, and 60MHz
gain-bandwidth-product on the decompensated LT1037,
which is stable for closed loop gains of § or greater.

The voltage gain of the LT1007/LT1037 is an extremely high
20 million driving a 2k load and 12 million driving a 6000
load to +10V.

In the design, processing, and testing of the device, par-
ticular attention has been paid to the optimization of the
entire distribution of several key parameters. Conse-
quently, the specifications have been spectacularly im-
proved compared to competing amplifiers.

The sine wave generator application shown below utilizes
the low noise and low distortion characteristics of the
L71037.

Ultra-Pure 1kHz Sine Wave Generator

0.1Hz to 10Hz Noise

4300
—WA
=
Q
- 3
S
o
£11037 p—— OUTPUT ]
3 i
=}
+ 1, . Y
2
#327 Lamp. % " T 2
_[ B4 1
c R t= 77RC Total Harmonic Distortion = < .0025%
_[ 1 o e SE=< 0001% o 2 4 6 8 1
= 1591.5Q . Amplitude = = 8 volts
C=01uf 1% Output Frequency = 1.000kHz for values TIME (SECONDS)
___L given + 4%




LT1007CS/LT1037CS

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage ............covivveviniiieene. +22V
Input Voltage ................... Equal to Supply Voltage
Output Short Circuit Duration.................. Indefinite
Difterential Input Current (Note 5)................ +25mA
Lead Temperature (Soldering, 10sec.).............. 300°C
Operating Temperature Range ............... 0°Cto 70°C
Storage Temperature Range

AlIDeVICeS. ..vveveiiieinnnen, -65°C o 150°C

PACKAGE/ORDER INFORMATION

TOP VIEW

ORDER PART NUMBER

fig] ne

1] NG

1] TRIM
[12] outeut
1] ne

[10] no

LT1007CS
LT1037CS

PART MARKING

516 PACKAGE
PLASTIC SOL

9] ne

LT1007CS
LT1037CS

E LGCTHIC“L CHHRHCTGB|ST|CS Vg = 15V, Ty = 25°C, unless otherwise noted

LT1007C
LT1037C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage (Note 1) 20 60 v

Vos Long Term Input Offset Voltage {Notes 2and 3) 0.2 1.0 uViMo
ATime Stability

log Input Offset Current 12 50 nA

ls Input Bias Current +15 +55 nA

€ Input Noise Voltage 0.1Hz to 10Hz {Note 3) 0.06 0.13 wp-p

Input Noise Voltage Density f, = 10Hz (Note 3) 28 45 nVIVHz

f,=1000Hz (Note 3) 2.5 38 nViVHz

i Input Noise Current Density f,= 10Hz (Note 3) 15 40 pAWHz

f, = 1000Hz (Note 3) 04 06 pAHz

Input Resistance—Common-Mode 5 G

Input Voltage Range +11.0 +125 v

CMRR Common-Mode Rejection Ratio Veu= 11V 110 126 dB

PSRR Power Supply Rejection Ratio Vg=+4Vto + 18V 106 126 dB

AvoL Large Signal Voltage Gain R =2ke, Vo= £12V 5.0 20.0 VigV

R z 1k, Vo= £ 10V 35 16.0 VigV

R =6008, Vo= £ 10V 20 120 VigV

Vour Maximum Output Voltage Swing R_=2k2 +12.5 +13.5 v

R, =6000 +10.5 +125 v

SR Slew Rate LT1007 R 22k 1.7 25 Vigs

LT1037 Ay =5 11 15 Vips

GBW Gain-Bandwidth LT1007 fo=100kHz (Note 4) 50 8.0 MHz

Product LT1037 fo = 10kHz (Note 4) (Avc =5) 45 60 MHz

Zy QOpen Loop Output Resistance Vo=0,lp=0 70 2

Py Power Dissipation LT1007 80 140 mw

LT1037 85 140 mwW

2-70
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LT1007CS/LT1037CS

ELGCTI“CﬂL CHHHHCTGBISTICS Vs = 15V, 0°C <T4 <70°C, uniess otherwise noted

LT1007C/LT1037C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage (Note 1) ® 35 110 W

MVos Average Input Offset Drift (Note 6) [ ] 0.3 1.0 uVI°C
ATemp

log Input Offset Current [ ) 15 70 nA

I Input Bias Curremt [ +20 +75 nA

Input Voitage Range [ ] +105 +118 \

CMRR Common-Mode Bejection Ratio Veu= £10.5V [ 108 120 dB

PSRR Power Supply Rejection Ratio Vg=£4.5Vto £ 18V [ ] 102 120 dB

AvoL Large Signal Vottage Gain R 22kQ, Vo= + 10V ® 25 18.0 VigV

Rz 1kQ, Vo= 210V ® 20 14.0 VigV

Vour Maximum Output Voltage Swing Ry 22kQ [ +120 138 v

Py Power Dissipation ® 90 160 mW

The ® denotes the specifications which apply over full operating tempera-
ture range.

Note 1: Input Offset Voltage measurements are performed by automatic
test equipment approximately 0.5 seconds after application of power.

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 Vog during
the first 30 days are typically 25,V.

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

Note 4; This parameter is guaranteed by design and is not tested.

Note5: Theinputs are protected by back-to-back diodes. Current limiting
resistors are not used in order to achieve low noise. If differential input volt-
age exceeds + 0.7V, the input current should be limited to 25mA.

Note 6: The Average Input Offset Drift performance is within the specifica-
tions unnulled or when nulled with a pot having a range of 8k to 20k0.

LT R
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TECHNOLOGY
FEATURES
» Guaranteed Bias Current
25°C . . 100pA max.
—~55°Ct0125°C ............. 600pA max.
a Guaranteed Offset Voitage . . . .. .. .. 120V max.
m GuaranteedDrift .. ........... 1.5uV/°C max.
» Low Noise, 0.1Hzto 10Hz . .. ..... ... 0.5uVp-p
m Guaranteed Low Supply Current . .. .600uA max.
m GuaranteedCMBRR ... ............ 114 dB min.
a GuaranteedPSRR .. ............. 114 db min.
m Guaranteed Voltage Gain with 5mA

load current

APPLICATIONS

Precision instrumentation

Charge integrators

Wide dynamic range logarithmic amplifiers
Light meters

Low frequency active filters

= Standard cell buffers

m Thermocouple amplifiers

LT1008

Picoamp Input Current,
Microvolt Offset,
Low Noise Op Amp

DESCRIPTION

The LT1008 is a universal precision operational ampli-
fier which can be used in practically all precision ap-
plications. The LT1008 combines for the first time
picoampere bias currents (which are maintained over
the full —55°C to 125°C temperature range) microvolt
offset voltage (and low drift with time and tempera-
ture), low voltage and current noise, and low power
dissipation. Extremely high common-mode and power
supply rejection ratios, and the ability to deliver SmA
load current with high voltage gain round out the
LT 1008's superb precision specifications.

The all around excellence of the LT 1008 eliminates the
necessity of the time consuming error analysis proce-
dure of precision system design in many applications;
the LT1008 can be stocked as the universal precision
op amp.

The LT1008 is externally compensated with a single
capacitor for additional fiexibility in shaping the fre-
quency response of the amplifier. It plugs into and up-
grades all standard LM108A/308A applications. For
an internally compensated version with even lower
offset voltage but otherwise similar performance see
the LT1012.

Input Amplifier for 4%z Digit Voltmeter

INPUT —

T0 1V FULL SCALE
ANALOG TO DIGITAL
CONVERTER

* RATIOMATCH +.01%

o
1000V o This application requires low bias current and offset
10k voltage, low noise, and low drift with time and
ALLEN BRADLEY
DECADE VOLTAGE DIVIDER temperature.

Input Blas Current vs Temperaturs

100

[Nl UNDERCANCELLED UNIT
ANCELL

0 ! J 1
OVERGANCELLED UNIT

INPUT BIAS CURRENT (pA)

_50 //1 BN

N N
—100 \
~150

-50 -2 0 25 50 75 100 125
TEMPERATURE (°C)

- LR
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LT1008

ABSOLUTE MAXIMUM RATING

SupplyVoltage........................ +20V
Differential Input Current (Note 1)......... +10mA
InputVoltage . ........................ +20V
Output Short Circuit Duration. .......... Indefinite
Operating Temperature Range

LT1008M ................. —55°C to 125°C

LT1008C ............ccvvnen.n. 0°Cto 70°C
Storage Temperature Range

All Devices................ —65°C to 150°C
Lead Temperature (Soldering, 10 sec.). .. ... 300°C

PACKAGE/ORDER INFORMATION

v ORDER PART NO.
LT1008MH
LT1008CH
V—(CASE)
METAL CAN H PACKAGE
TOPVIEW LT1008CN8
COMP1 1 8 COMP2
—IN 2 7 V+
+IN 3 6 0UT
V- 4 5 NC
PLASTIC DIP N8 PACKAGE

ELECTRICAL CHARACTERISTICS v, — -+ 15v. ey — OV, T, = 25°C, unless otherwiss noted.

LT1008M LT1008C

SYMBOL PARAMETER CONDITIONS MN  TYP  MAX MR TYP  MAX UNITS
Vos Input Offset Voltage 30 120 30 120 uV
Note 2 40 180 40 180 sV

Long Term Input Offset Voltage
Stability 0.3 0.3 uV/month
los Input Offset Current 30 100 30 100 pA
Note 2 40 150 40 150 pA
lg Input Bias Current +30  £100 +30 =100 pA
Note 2 +40  +150 +40 150 pA
€y Input Noise Voltage 0.1Hz to 10Hz 0.5 0.5 uVp-p
en Input Noise Voltage Density fy = 10Hz (Note 3) 17 30 17 30 nvvHz
fy = 1000Hz (Note 4) 14 22 14 22 nv VHz
in Input Noise Current Density fo = 10Hz 20 20 A/ VHz
AvoL Large Signal Voltage Gain Vour = =12V, R, = 10kQ 200 2000 200 2000 vimv
Vour = + 10V, R, = 2kQ 120 600 120 600 VimV
CMRR Common Mode Rejection Ratio Vew = = 13.5V 114 132 114 132 dB
PSRR Power Supply Rejection Ratio Vs = +2Vto +20V 114 132 114 132 dB
Input Voltage Range +135 +14.0 +13.5 +14.0 v
Vour Output Voltage Swing Ry = 10kQ +13 +14 +13  +14 \
Slew Rate C¢ = 30pF 0.1 0.2 0.1 0.2 V/usec
Is Supply Current Note 2 380 600 380 600 wA
2'74 L’ LEEJNOLOGY



LT1008

ELECTRICAL CHARACTERISTICS v, — 15V, vey = OV, 0°C < T, < 70°C for the LTI00EC and

—55°C < Ty < 125°C for the LT1008M, unless otherwise noted.

LT1008M LT1008C
SYMBOL PARAMETER CONDITIONS MM TYP MAX MN  TYP MAX UNITS
Vos Input Offset Voltage [ ] 50 250 40 180 wv
Note 2 ° 60 320 50 250 wV
Average Temperature Coefficient of
Input Offset Voltage [ 0.2 1.5 0.2 15 uV/°C
los Input Offset Current ® 60 250 40 180 pA
Note 2 ® 80 350 50 250 pA
Average Temperature Coefficient of
Input Offset Current [ 04 2.5 0.4 2.5 pA/°C
ls Input Bias Current [ ] +80 +600 +40 +180 pA
Note 2 ] +150 +800 +50  +250 pA
Average Temperature Coefficient of
Input Bias Current [) 0.6 6.0 04 25 pA/°C
AvoL Large Signal Voltage Gain Vour = + 12V, R = 10k@ o] 100 1000 150 1500 VimV
CMRR Common Mode Rejection Ratio Vew = +13.5V eo| 108 128 110 130 dB
PSRR Power Supply Rejection Ratio Vs = +2.5Vio +20V e| 108 126 110 128 dB
Input Voltage Range ®|+135 +135 v
Vour Qutput Voltage Swing R, = 10kQ ®|+13 +1 +13 +14 v
Is Supply Current [ 400 800 400 800 uA

The @ denotes the specifications which apply over the full operating temperature range.
Note 1: Differential input voltages greater than 1V will cause excessive current to flow through the input protection diodes unless cuirent limiting

resistors are used.

Nate 2: These specifications apply for +2V < Vg < +20V (+25V < Vg <

Vs = +=15V).

Note 3 10Hz noise voltage density is sample tested on every lot. Devices 100% tested at 10Hz are available on request.

Note 4: This parameter is tested on a sample basis only.

+20V over the temperature range) and —13.5V < Vew <13.5V (for

FREQUENCY COMPENSATION CIRCUITS

Standard Compensation Circuit

R1 R2
— Vo —AAA o AAA
ViN—WWv~ WA

L Vour

+Viy

R1C,
G=qirr

ot Co = 30 pF

** BANDWIDTH AND SLEW RATE ARE
PROPORTIONAL TO 1/C;

Alternate* Frequency Compensation

R1 R2

=V

L Vour

+Viy 8

cst*

I100pF

* IMPROVES REJECTION OF POWER
SUPPLY NOISE BY A FACTOR OF 5.

** BANDWIDTH AND SLEW RATE ARE
PROPORTIONAL TO 1/Cg

FOR %i— > 200 NO EXTERNAL FREQUENCY COMPENSATION IS NECESSARY
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LT1008
TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift vs Source Resistance Offset Voltage vs Source Resistance Input Bigs Current Over
2 0 (Balanced or Unbalanced) {Balanced or Unbalanced) Common Mods Range
. == 100 80 =T
w7 7 T, = 25°
= i — 7 —f- :
E = p s Vs==z1v__| 17 = DEVICE WITH POSITIVE INPUT CURRENT
= = 989 8
g, 1o T, =25 / f/ S | ]
o 5 A—F & Rpou = 2 X 10%0
£ E 4 3 0
z DEVICE WITH NEGATIVE INPUT CURRENT
H g x>/ 2
£, 0 0.1 = D20 — 1 1
&M 5 7 2 =l
g 0 = A g — = -
E - TYPICAL ~40 o
o | TYPICAL 001 .
%04 Tk 0k 100k M 10M  100M -
£tk 10k 100k M 10M 100M SOURCE RESISTANCE (OHMS) -t -0 -5 0 5 10 15
& SOURCE RESISTANCE (OHMS) (OHNS) COMMON-MODE INPUT VOLTAGE
Long Term Stability of Four Offset Voltage Drift with Temperature
Warm-Up Drift 0 Representative Units " of Four Representative Units
5
2 |
g Vs = 15V s s m |
g Ta=25°C B i ) < ~ L—
< 5 2 ol —r
43 2 2 <] L~
g I - o e N el E
I - 0
o2 | J— E -2 E \ il
# <7 [ METAL CAN (H) PACKAGE = . e E -
w — T
S | 7 ouALuNE proace g S |
Z1 PLASTIC (N) OR CERDIP (J)——| E —a0
] l { -8 1
5 —10 &0
0 1 2 3 4 5
0 1 2 3 4 5 TIVE (MONTHS) ~50 ~25 0 25 S0 75 100 125
TIME AFTER POWER ON (MINUTES) TEMPERATURE (°C)
Supply Curreat vs Supply Voltage . Output Short Circuit Current vs Time
500 1 T
] 12 J| —
- 2 —55°C
E g 9 25°C:
zZ =8 ¢
pst & [125°
& S 3
«© o
S 400 = 0
8 25°C 3 3
g 125°C g 25°C
1 - ]
@ —— g 25°C
& g -9 {rd ]
- bt T
12 l l -
300 —~15
0 £V 210V xSV x20V 0 1 2 3
SUPPLY VOLTAGE TIME FROM OUTPUT SHORT (MINUTES)
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LT4008

TYPICAL PERFORMANCE CHARACTERISTICS

0.1Hz to 10Hz Noise 000 Noiss Spectrum 00 Total Noise vs Source Resistance
T T B e .
Th=25°C . EHHE 1t e e
= Ta=25°C I _ —]
£ Vs£2V 1o + 20V §§ e +210 +20V[] E  [h=8C AT oAz
2 = > > fVs= =Vt 220V
=1 R O s v
o2 SR H E 0=
§ g5 CURPENT NS 2 P
& o - :::i>_ ]
g #2 [T VOLTAGE NOISE 8 =R |
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S I
2 23 A 120Hz a AT 1k RESISTORNOISE1——
T oy
0 2 4 3 8 10 1 10 100 1000 107 wasoungnss:sormcsﬂ();u m;o 10*
TIME (SECONDS) FREQUENCY (H2)
/
/
Bain, Phase Shift vs Frequency Gain, Phase Shift vs Fraquency
Voitage Gain vs Fraquency with Alternate Compensation with Standard (Feedback) Compensation
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120]— &05 = '°”'\ ﬂ u_m : ( hp-
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LT1008

Slow Rate vs Compensation Capacitance
10

Large Signal Transient Response

= Large Signal Transient Response

-

+

15V
5°C

=)

>0

i
n

Lt

2V/DIVISION
SLEW RATE (V/usec)

2V/DIVISION

0.1

U

0 20
Ay = +1, s = 100pF, 20use¢/DIV

Small Signal Transient Response

20mV/DIVISION
20mV/DIVISION

Ay = +1, Cs = 100pF, Cioap = 100pF, Susec/DIV

APPLICATIONS INFORMATION

Achleving Picoampere/Microvolt Performance

In order to realize the picoampere — microvolt level
accuracy of the LT1008, proper care must be exer-
cised. For example, leakage currents in circuitry exter-
nal to the op amp can significantly degrade
performance. High quality insulation should be used
(e.g. Teflon, Kel-F); cleaning of all insulating surfaces
to remove fluxes and other residues will probably be
required. Surface coating may be necessary to pro-
vide a moisture barrier in high humidity environments.

Board leakage can be minimized by encircling the in-
put circuitry with a guard ring operated at a potential
close to that of the inputs: in inverting configurations
the guard ring should be tied to ground, in non-invert-

COMPENSATION CAPACITOR (pF)

Small Signal Transient Response

Ay = +1,Cg = 100pF, C gap = 600pF, Susec/DIV

40 60 80 100
Ay = +1,C; = 30pF, 20usec/DIV

Small Signal Transient Response

20mV/DIVISION

Ay = +1,C; = 30pF, Croap = 100pF, 5usec/DIV

ing connections to the inverting input at pin 2. Guard-
ing both sides of the printed circuit board is required.
Bulk leakage reduction depends on the guard ring
width. Nancampere level leakage into the compensa-
tion terminals can affect offset voltage and drift with
temperature.
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APPLICATIONS INFORMATION

Microvolt level error voltages can also be generated in
the external circuitry. Thermocouple effects caused by
temperature gradients across dissimilar metals at the
contacts to the input terminals can exceed the inher-
ent drift of the amplifier. Air currents over device leads
should be minimized, package leads should be short,
and the two input leads should be as close together as
possible and maintained at the same temperature.

The LT1008 is specified over a wide range of power-
supply voltages from +2V to +18V. Operation with
lower supplies is possible down to =1 .0V (two Ni-Cad-
batteries).

Test Circuit for Offset Voltage and its Drift with Temperature

A1
*50k

AAA
VW=

+15V

_—

* RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL

*% THIS CIRCUIT IS ALSO USED AS THE BURN-IN
CONFIGURATION FOR THE LT1008, WITH SUPPLY
= Vo = 1000V VOLTAGES INCREASED TO %20V, R1=R3=20k
0 05 R2:=2009, Ay=100.

Noise Testing

The 0.1Hz to 10Hz peak-to-peak noise of the LT1008 is
measured in the test circuit shown. The frequency re-
sponse 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

* 171008 DEVICE UNDER TEST

NOTE: ALL CAPACITOR VALUES ARE FOR
NON—POLARIZED CAPACITORS ONLY. =

a2 Scg
! I ‘ l An=1Mg
““FI— 10k

A noise-voltage density test is recommended when
measuring 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.

Current noise is measured in the circuit shown and
calculated by the following formula where the noise of
the source resistors is subtracted.

L [e%, — (820nV)]*
" 40MQ X 100

* METAL
FILM

Jaion
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LT1008

APPLICATIONS INFORMATION

Fraquency Compensation

The LT 1008 is externally frequency compensated with
a single capacitor. The two standard compensation
circuits shown on page 3 are identical to the LM108A/
308A frequency compensation schemes. Therefore,
the LT1008 operational amplifiers can be inserted di-
rectly into LM108A/308A sockets, with similar AC
and upgraded DC performance.

External frequency compensation provides the user
with additional flexibility in shaping the frequency re-
sponse of the amplifier. For example, for a voltage gain
of ten, and C; = 3pF, a gain bandwidth product of
5MHz and slew rate of 1.2V/usec can be realized. For
closed loop gains in excess of 200, no external com-
pensation is necessary, and slew rate increases to
4V/usec. The LT1008 can also be overcompensated
(i.e. C; > 30pF or Cs > 100pF) to improve capacitive
load handling capability or to narrow noise band-

Inverter Feedforward Compensation

INPUT 'ﬁwv—mk

1000pF
* SOURCE RESISTANCE < 15k FOR STABILITY

width. In many applications, the feedback loop around
the amplifier has gain (e.g. logarithmic amplifiers);
overcompensation can stabilize these circuits with a
single capacitor.

The availability of the compensation terminals permits
the use of feedforward frequency compensation to en-
hance slew rate in low closed loop gain configurations.
The inverter slew rate is increased to 1.4V/usec. The
voltage follower feedforward scheme bypasses the
amplifier’s gain stages and slews at nearly 10V/ usec.

The inputs of the LT1008 are protected with back-to-
back diodes. Current limiting resistors are not used,
because the leakage of these resistors would prevent
the realization of picoampere level bias currents at ele-
vated temperatures. In the voltage follower configura-
tion, when 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 cur-
rent, limited only by the output short circuit protection
will flow through the diodes.

The use of a feedback resistor, as shown in the voltage
follower, feedforward diagram, is recommended be-
cause this resistor keeps the current below the short
circuit limit, resulting in faster recovery and settling of
the output.

2V/DIVISION

SV/DIVISION

5usec/DIVISION
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APPLICATIONS

R1
100k 3

52
100k \T

Logarithmic Amplifier
Q1B 124k* Ak
Ve J_ AN A + 15V
2o T L Lriono

30pF

+ = TEL.LABS, TYPE 081
* = 1%FILMRESISTOR
Q1 = 2N2979

Amplifier for Bridge Transducers

RS
vt —Eﬂvﬁ
A
st (7 P
100k \| &
< 1
A 2
1 o s
§ 4 oqureur
R4 3
510k
3 2 R RB
< 100k S6M
VOLTAGE GAIN
= 100

Amplifier For Photodiode Sensor

S—

Vour = 10V/pA

AAA

+

> 1k
| =

of voltage input logging.

Saturated Standard Cell Amplifier
+15V

~ 1.018235v

SATURATED 1000pF
STANDARD
CELL M
2101 2

EPPLEY LABS SR1
NEWPORLRI. |

=

The typicai 30pA bias current of the LT1008 will degrade the standard
cell by only 1 ppm/year. Noise is a fraction of a ppm. Unprotected”
gate MOSFET isolates standard cell on power down.

Five Decade Kelvin-Varley Divider Buffered by the LT1008

10V

100k
KELVIN-VARLEY
DIVIDER
£S1 #0P311
00000

99999 + 1

1000pF

Approximate error due to noise, bias current, common-mode rejection,
voltage gain of the amplifier is 1/5 of a least significant bit.

Low bias current and offset vottage of the LT1008 allow 4% decades
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Extended Range Charge Pump Voltage to Frequency Convarter
+ 15V

50k OPTIONAL

.01Hz TRiM

+15¢
-1V 22M

1.8k

1000pF (POLYSTYRENE)

1uf
VOLTAGE
INPUT
0- 10V — AR AAA—T
106" 63.4k*
u
ALL DIODES

1N4148
* 1% METAL FILM RESISTOR

0.01Hz to 10kHz
FREQUENCY
OUTPUT

The LT1008 integrator extends low frequency range. Total
dynamic range is 0.01Hz to 10kHz (or 120dB) with 0.01% linearity.

Precision, Fast Settling, Low Pass Filter

INPUT ————

FILTER CUT
IN ADJUST

10k 1

p—— OUTPUT

This circuit is useful where fast signal acquisition and
high precision are required, as in electronic scales.

The filter’s time constant is set by the 2KQ resistor
and the 1uF capacitor until comparator #1 switches.
The time constant is then set by the 1.5MQ resistor
and the 1uF capacitor. Comparator #2 provides a
quick reset.

* OFTO-MOS SWITCH The circuit settles to a final value three times as fast as
THETA~! CORP. a simple 1.5MQ — 1uF filter, with almost no DC error.
282 LTI
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10k*
INPUT

\1e 2TO8PF Fast Precision Inverters
AL
10k* INPUT 10k*
— A WA —AAA—
10k* E
> 10k Jll
1___-"——-—- 10pF
1N4148
zn(gsa
| +—— 15V
6 3006F 1000pF
QUTPUT et op ) L
3 OUTPUT

—15v

10k

AAA

INA148 (4)

VW—

Ammeter With Six Decade Range

01, 02, 03, 04, RCA CA3146 TRANSISTOR ARRAY.

10k —15V

:
L

e AAA

30pF
= *1% METAL FILM

FULL POWER BANDWIDTH = 2MHz
SLEW RATE = 50V/pusec

SETTLING (10V STEP) = 1245 T0 0.01%
BIAS CURRENT DC = 30pA

OFFSET DRIFT = 0.3xV/°C

OFFSET VOLTAGE = 30uV

SLEW RATE @ 100V/,S

SETTLING = 548 T0 .01%/10 VOLT STEP
OFFSET VOLTAGE = 30xV

BIAS CURRENT = 30pA

*1% METAL FILM

10k
—AAN—— + 15V

e =

CURRENT INPUT

CALIBRATION: ADJUST R1 FOR FULL SCALE
DEFLECTION WITH 1A INPUT CURRENT.

Ammeter measures currents from 100pA to 1004A
without the use of expensive high value resistors. Ac-
0uA is limited by the offset voitage be-
Q2 and, at 100pA, by the inverting bias

curacy at 10
tween Q1 and

current of the LT1008.

0.014F

5490
‘A LT 1004C—12
5490

549Q

5490
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SCHEMATIC DIAGRAM

m CCOMPENSATION 8 | COMPENSATION v
- - st
) 132 4.2k J J
22 22 01‘} - \nso
124 ﬂsp] q\'o 22 * \
o o
kt l)m *\021
'] 37
IT ‘ ? 1 04 4
o4 6002
L OUTPUT
@ [
o3ty * |
% ats 03 J a3
kS
@8 Q3
[ o eit o - b
— AT S0k ’ 5 we o
@ L Q12 ’ H
o 31 %2 033
3 | 039 :
16k
+ INPUT 017;‘1— 0195 ‘LJ Q19 035 N ; 0405__1
3.3 > 3.3k o - !
43K I 33K 3200 S 400
v— e 3300
E :
H Package J8 Package N8 Package
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic
%m———— B B e B
F e Ot
MAX 1]
- T

NOTE; DMENSKONS N NCHES LMLESS OTHERWISE NOTED.
“LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE

ijax 6,
150°C | 100°C/W

NOTE: DIMENSIONS IN INGHES UNLESS OTHERWISE NOTED.
“LEADS WATHIN 0.007 OF TRUE POSITION (TP} AT GAUGE PLANE.

Timax

100°C

6

130°CW
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‘7 LI”EAD LT1010
TECHNOLOGY Fast +150mA Power Buffer

FEATURES DESCRIPTION

s 20MHz Bandwidth The LT1010 is a fast, unity-gain buffer that can increase
m 75Vius Slew Rate the output capability of existing IC op amps by more than
w Drives +10Vinto 750 an order of magnitude. This easy-to-use part makes fast
= 5mA Quiescent Gurrent amplifiers less sensitive to capacitive loading, reduces
w Drives Capacitive Loads > 14F thermal feedback in precision dc amplifiers and is recom-
s Current and Thermal Limit mended for a wide range of fast and slow applications.

= Operates from Single Supply >4.5V

= Very Low Distortion Operation Designed to be incorporated within the feedback loop, the

buffer can isolate almost any reactive load. Internal
operating currents are essentially unaffected by supply or
ﬂPPUCﬂTlOﬂS output voltage, accounting for the 4.5V to 40V supply volt-

age range with unchanged specifications. Single-supply
= Boost Op Amp Output operation is also practical.

. nglatﬁ Capgcg:ve Loads This monolithic IC is supplied in an 8-pin miniDIP and three
" A";? Aongl_fa_t 8s standard power packages: the solid kovar base TO5
" i 0 A'“pr'f.'e's (T0-39), the steel TO-3 and the plastic T0-220. The low ther-
» PI eo Smplil ﬁrs mal resistance power packages are an aid in reducing
. oower . mal b otorss | operating junction temperatures. With the T0-3, T0-220,
. FE%’S‘P""‘ ower Supply and miniDIP packages, an option is available to raise
. river quiescent current and improve speed. The miniDIP version
is supplied for those applications not requiring high power
dissipation or where board space is a premium.

In the TO-39 package, the LT1010 can sometimes replace
the hybrid LH0002. With the exception of speed it exceeds
key specifications and fault protection is vastly superior.
Further, the lower thermal resistance package and higher
maximum operating temperature of the new monolithic
circuit allow more usable output.

Very Low Distortion Buffered Pre-Amplifier

v+
138V

€2
220F

R1 ] !
ik 3 7
WA .
J_ LT1056CN8,
R2 c1 2

™ 20F T m
~a ‘|0k

04
Vour=10Vp-p
I R\ =4000

000
p——AAN— OUTPUT

HARMONIC DISTORTION (%)

1k r
LM334 (5 R
| 0 =
! > Rggr= 10 100 1000
NOTE 1: ALL R's 1% METAL FILM. = $ 33.20 FREQUENCY
NOTE 2: SUPPLIES WELL BYPASSED AND LOW Zg, | 'sE7=2M 1%

v+
—18v
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ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage ..........covvvivinininennnnn. £22V  InputCurrent(Note2).............coevvivnnnnen, +40mA
Continuous Output Current .................... +150mA  Operating Junction Temperature
Continuous Power Dissipation (Note 1) TI01OM .. - 85°C o 150°C
LTH0IOMK oo 5.0W LT1010C. .. ..o, 0°Ct0125°C
LTI010CK ..o, 4.0W  Storage Temperature.................... ~65°Cto 150°C
LTI010CT e 40W  Lead Temperature (Soldering, 10sec) .............. 300°C
LTI010MH ... 3w
LT010CH ... 2.5W
LTI010CNB ... 0.75W
PRECONDITIONING
100% Thermal Limit Burn in
PACKAGE/ORDER INFORMATION
BOTTOM VIEW ORDER PART ORDER PART
|NPUT\{;;\/V+ NUMBER Ve FRONT VIEW NUMBER
0 O)-wsw | LTIOWOMK o VBl | oot
—, (e13 3 |E———3e—-V~-(TA8)
OUTPUT /&/\Bms LT1010CK 2103 IVN;UT
E
4-LEADK'I§§T§EZMtE?TAL CAN 5-LEADT1"J€-(;;8%ELASTIC
T LT1010MH Topview LT1010CN8
LT1010CH il lgwes
INPUT ouTRUT 8IAS % [7] nre
ouT |3 [ Rl
V—(CASE} veld % e
H PACKAGE N PACKAGE
4-LEAD TO-39 METAL CAN 8-LEAD PLASTIC DIP
{KOVAR BASE)}
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LT1010

ELGCTﬂ|CH|. CHHHHCTGHISTICS {See Note 3. Typical values in curves)

LT1010M LT010C
SYMBOL PARAMETER CONDITIONS (NOTE 3) MIN MAX MIN MAX UNITS
Vos Output Offset Voltage Note3 20 110 0 150 mv
® -10 220 -0 220 my
VS= +15Y, V|N=0 40 0 20 100 mV
lg Input Bias Current loyr=0 0 150 0 250 pA
loyr < 150mA 0 250 0 500 wA
[ 0 300 0 800 wA
Ay Large Signal Voltage Gain [ ) 0095 1.00 0995 1.00 VN
Rour Qutput Resistance logr= * 1mA [ 9 5 10 ]
loyr= *150mA 6 9 5 10 Q
® 12 12 Q
Slew Rate Vg= £16V, V= £ 10V
Voyr = £ 8V, R, = 1000 75 75 Vigs
Vsos® Positive Saturation Offset Note4, loyr=0 1.0 10 v
[ ] 1.1 1.1 \)
Vsos™ Negative Saturation Offset Note 4, lgyr=0 0.2 0.2 v
° 0.3 0.3 v
Rsar Saturation Resistance Note 4, lgyr= + 150mA 18 22 ]
. 24 28 Q
Veias Bias Terminal Voltage Note 5, Rgjag = 200 750 810 700 840 my
° 560 925 560 880 my
Is Supply Current lour=0, lpias=0 8 9 mA
[} 9 10 mA
Note1: Forcase temperatures above 25°C, dissipation must be derated Note 4: The output saturation characteristics are measured with 100mV
based on athermal resistance of 25°CIW with the K and T packages, output clipping. See applications information for determining available
40°C/W with the H package, and 130°C/W for N8 package for ambient output swing and input drive requirements for a given load.
temperatures above 25°C. See applications information. Note5: With the TO-3 and TO-220 packages, output stage quiescent cur-
Note2: In current limit or thermal limit, input current increases sharply fent can be increased by connecting a resistor between the bias pin and V*.
with input-output differentials greater than 8V: so input current must be The increase is equal to the bias terminal voltage divided by this
fimited. Input cutrent also rises rapidly for input voltages 8V above vtor resistance.
0.5V below V™.

Note 3: Specifications apply for 45V<Vg=<40V, V™ +08V<Vy <Vt -15V
and lgyy =0, unless otherwise stated. Temperature range is

~55°C <Tj=150°C, Te<125°C, for the LT1010M and 0°C=<Tj<125°C,
T¢<100°C, for the LT1010C. The @ denotes the specifications that apply
over the full temperature range.
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TYPICAL PERFORMANCE CHARACTERISTICS

Bandwidth
? [T
R =2000
40
N
g 04 —
i
=2 7
g 2 L~
[ pd
Viy=100mvpp
10 Cy=100pF
1 Ay=—-3dB |
Tj=25°C
0 L. 1
0 10 20 30 4
QUIESCENT CURRENT (mA)
Small-Step Response
150 .
R =1000
T;=25°C
100 v
£ 50
&
=
£ 0—npur ouTPUT
4
S50
=
—100
—150
0 10 20 30
TIME (ns)
Slew Response
D o
15 AL = 1002
Tj=25°C
1< 1MH2 POSITIVE
10
)
w 5
\
g 0 BiAs =0
=
§ -5
—10 NEGATIVE
Rpias =202
—15 'r
-2

~50 0 50 100 150 200 250
TIME (ns)

Phase Lag Phase Lag
g )ild g /
s 2 S 20
&8 R =500 / =3
=1 b Ry =500
€ / 2000 3 2009
2 / /
T 10 y 4 = 0
= 4 CLR=1°§§; 4 CL=100pF
s= Rs =500
Ipias=0 Reias =200
s Tj=25C s Tj=25°C
2 5 10 20 2 5 10 20
FREQUENCY (MHz) FREQUENCY (MH2)
Output impedance Capacitive Loading
100 lpas =0 10 Rg =500
Tj=25°C Igias =0
y Tj=25°C
= )
% / 5 o A M \
g > ™
5 10 d g A 100pF
= & N
E == g N
£ S-10 3nF
> 0.14F \
A
0.1 1.0 10 100 0.1 1.0 10 100
FREQUENCY (MHz) FREQUENCY (MH2)
Negative Slew Rate Supply Current
400 r————r— 80
Vo= 15V V= +15¢
0=V — 10V L ViN= £ 10V
=0
300 R =2000 680 | To=25°C
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0 0
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TYPICAL PERFORMANCE CHARACTERISTICS

Output Offset Voltage input Bias Current Input Bias Current
200 200 —— 200
T Vg= 2 15V
Vin=0 V=0 Ry =750
150 150 150 \
S s = -
= VAo 2 v+ =38 Y T=125°C —
wy = - —
2 V==V L~ g Vi=-2 4+ Z \\
g ~ = g LT o g 10 &€
- (&}
& /) p 2 W ] 2
V. (=] =
S 5 ,/ 50 A - I~ -s°c
T s T
Rt it il
o | [
0 0 0
~50 0 50 100 150 ~50 0 50 100 150 150 —100 -5 0 S0 100 150
TEMPERATURE (°C} TEMPERATURE (°C) QUTPUT CURRENT (mA) E
Voltage Gain Output Resistance Output Noise Voltage
1.00 12 200
Tour =0 ( loyt = 150mA r,»=r7_5'°(':
L
T Vs=40v 10
B oo
— | ~ 150
< - )
0.0% T g 8 2
= [y ’ ?_ /V/ z
z P | Vg =4.5V % 6 L § 10
= w L
3 ~-l_ £ CHEN
w
0.998 g ¢ g N TN Rg = e
=1 = 50 ~ }
2 ”P $N
Rs:SOﬂN
0.997 0 0 iy
-50 0 50 100 150 ~50 0 50 100 150 10 100 1 10k
TEMPERATURE (°C) TEMPERATURE (°C) FREQUENCY (Hz)
Positive Saturation Voltage Negative Saturation Voltage Supply Current
4 4 7
| V=0
t | lour=0 .
- . IL=150mA|_j—1~ -, , Tis =0 Tj= <55°C
> > =
W 1 prl L= —150mA__+ £ P
=< = = "4
2 2 Lt 2 25°C 1
Z 2 Z £ 5 e
2 50mA 2 s 1
5 E] ] 125°
3 9 5mA 3 —50mA 3,
— ______1\._—-—-'4 ] |
—5mA
0 0 ! 3
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TEMPERATURE (°C) TEMPERATURE (°C) TQTAL SUPPLY VOLTAGE (V)
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LT1010
TYPICAL PERFORMANCE CHRRACTERISTICS

Bias Terminal Voltage Total Harmonic Distortion Total Harmonic Distortion
10
T L rper- 08 s
Vg 220V —] £=10 kHz Vo= = 15V /
— 09 Vg= 15V Vour= =10V ,
F N g 03 loT2C £ 06 |T0=2C
g N 1 3 F3 /
g 0.8 \ Rpas = 1000 ‘g J-H —TTIH 'g:
2 200> 5 0.2 I5iag =0 5 04
= Ny a" AS ” 8
Y o y 4 e n=soo ) |
& Rpiag =
b 3N £ A 2 ]
3, Ny £ 01pA e £ 02 1
6 N !
05 0 0
-5 0 50 100 150 0.1 1.0 10 100 1 10 100 1k
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50 . 10 0.5 -
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RAPPLICATIONS INFORMATION

General

These notes briefly describe the LT1010 and how it is used;
a detailed explanation is given elsewhere*. Emphasis here
will be on practical suggestions that have resulted from
working extensively with the part over a wide range of
conditions. A number of applications are also outlined
that demonstrate the usefulness of the buffer beyond that
of driving a heavy load.

Design Concept

The schematic below describes the basic elements of the
buffer design. The op amp drives the output sink
transistor, Q3, such that the collector current of the output
follower, Q2, never drops below the quiescent value
(determined by |1 and the area ratio of D1 and D2). As a re-
sult, the high frequency response is essentially that of a
simple follower even when Q3 is supplying the load cur-
rent. The internal feedback foop is isolated from the ef-
fects of capacitive [oading by a smali resistor in the output
lead.

INPUT

p—— QUTPUT

=

The scheme is not perfect in that the rate of rise of sink
current is noticeably less than for source current. This can
be mitigated by connecting a resistor between the bias
terminal and V1, raising quiescent current. A feature of
the final design is that the output resistance is largely
independent of the follower quiescent current or the out-
put load current. The output will also swing 1o the nega-
tive rail, which is particularly useful with single-supply
operation.

*R. J. Widlar, “Unique 1C Buffer Enhances Op Amp Designs; Tames Fast
Amplifiers,” Linear Technology Corp. TP-1, April, 1984.

Equivalent Circuit

Below 1MHz, the LT1010 is quite accurately represented
by the equivalent circuit shown here for both small and
large signal operation. The internal element, A1, is an ide-
alized buffer with the unloaded gain specified for the
LT1010. Otherwise, it has zero offset voltage, bias current
and output resistance. Its output also saturates to the in-
ternal supply terminalst.

v+

INPUT

R =Rgar—Rout

T Vs

Loaded voltage gain can be determined from the unioaded
gain, Ay, the output resistance, Rout, and the load re-
sistance, Ry, using:

_ AR
Au= Rour +RL

Maximum positive output swing is given by:

Yo s _(V*-Vsos®) Ry
Rsar +RL

The input swing required for this output is:
Vint =Vour?* <1 +B%> - Vog+4AVos,

where AVqg is the 100mV clipping specified for the satura-
tion measurements. Negative output swing and input drive
requirements are similarly determined.

t See electrical characteristics section for guaranteed limits.

LY
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APPLICATIONS INFORMATION
Supply Bypass

The buffer is no more sensitive to supply bypassing than
slower op amps, as far as stability is concerned. The 0.14F
disc ceramic capacitors usually recommended for op
amps are certainly adequate for low frequency work. As al-
ways, keeping the capacitor leads short and using a
ground plane is prudent, especially when operating at
high frequencies.

The buffer slew rate can be reduced by inadequate supply
bypass. With output current changes much above 100mA/
1S, using 10,F solid tantalum capacitors on both supplies
is good practice, although bypassing from the positive to
the negative supply may suffice.

When used in conjunction with an op amp and heavily
loaded (resistive or capacitive), the butter can couple into
supply leads common to the op amp causing stability
problems with the overall loop and extended settling time.
Adequate bypassing can usually be provided by 104F solid
tantalum capacitors. Alternately, smaller capacitors could
be used with decoupling resistors. Sometimes the op amp
has much better high frequency rejection on one supply,
$0 bypass requirements are less on this supply.

Power Dissipation

In many applications, the LT1010 will require heat sinking.
Thermal resistance, junction to still air is 150°G/W for the
TO-39 package, 100°C/W for the TO-220 package, 60°C/W
for the TO-3 package, and 130°C/W for the miniDIP pack-
age. Girculating air, a heat sink, or mounting the package
to a printed circuit board will reduce thermal resistance.

In dc circuits, buffer dissipation is easily computed. In ac
circuits, signal waveshape and the nature of the load
determine dissipation. Peak dissipation can be several

times average with reactive loads. It is particularly im-
portant to determine dissipation when driving large load
capacitance.

With ac loading, power is divided between the two output
transistors. This reduces the effective thermal resistance,
junction to case, to 30°C/W for the T0-39 package and
15°C/W for the TO-3 and T0-220 packages, as long as the
peak rating of neither output transistor is exceeded. The
typical curves indicate the peak dissipation capabilities of
one output transistor.

Overload Protection

The LT1010 has both instantaneous cutrent limit and ther-
mal overload protection. Foldback current limiting has not
been used, enabling the buffer to drive complex loads
without limiting. Because of this, it is capable of power
dissipation in excess of its continuous ratings.

Normally, thermal overload protection will limit dissipa-
tion and prevent damage. However, with more than 30V
across the conducting output transistor, thermal limiting
is not quick enough to insure protection in current limit.
The thermal protection is effective with 40V across the
conducting output transistor as long as the load current is
otherwise limited to 150mA.

Drive Impedance

When driving capacitive loads, the LT1010 likes to be driven
from a low source impedance at high frequencies. Certain
low power op amps (e.g., the LM10) are marginal in this re-
spect. Some care may be required to avoid oscillations,
especially at low temperatures.

Bypassing the buffer input with more than 200pF wili solve
the problem. Raising the operating current also works, but
this cannot be done with the TO-39 package.
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APPLICATIONS INFORMATION

Paraliel Operation

Vour

l Algyr

Parallel operation provides reduced output impedance,
more drive capability and increased frequency response
under load. Any number of buffers can be directly parai-
leled as long as the increased dissipation in individual
units caused by mismatches of output resistance and off-
set voltage is taken into account.

When the inputs and outputs of two buffers are connected
together, a current, Algyt, flows between the outputs:

o= Vosi~Vosz
Rout1+ Rou2

where Vog and Royr are the offset voltage and output re-
sistance of the respective buffers.

Normally, the negative supply current of one unit will in-
crease and the other decrease, with the positive supply
current staying the same. The worst case (Viy—V*)
increase in standby dissipation can be assumed to be
Algut V1, where Vris the total supply voltage.

Offset voltage is specitied worst case over a range of sup-
ply voltages, input voltage and temperature. it would be
unrealistic to use these worst case numbers above be-
cause paralleled units are operating under identical condi-
tions. The offset voltage specified for Vg= £ 15V, Viy=0
and Ta = 25°C will suffice for a worst case condition.

Output load current will be divided based on the output
resistance of the individual buffers. Therefore, the avail-
able output current will not quite be doubled unless output
resistances are matched. As for offset voltage, the 25°C
limits should be used for worst case calculations.

Parallel operation is not thermally unstable. Should one
unit get hotter than its mates, its share of the output and
its standby dissipation will decrease.

As a practical matter, paraliel connection needs only some
increased attention to heat sinking. In some applications,
a few ohms equalization resistance in each output may be
wise. Only the most demanding applications should re-
quire matching, and then just of output resistance at
25°C.

Isolating Capacitive Loads

The inverting amplifier above shows the recommended
method of isolating capacitve loads. Non-inverting ampli-
fiers are handled similarly.

At lower frequencies, the buffer is within the feedback
loop so that its offset voltage and gain errors are negligi-
ble. At higher frequencies, feedback is through C, so that
phase shift from the load capacitance acting against the
buffer output resistance does not cause loop instability.

Stability depends upon the RiCr time constant, or the
closed loop bandwidth. With an 80kHz bandwidth, ringing
is negligible for C,=0.0684F and damps rapidly for
C=0.33,F. The pulse response is shown in the graph.

LY R
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APPLICATIONS INFORMATION

Pulse Response
T T T
5 Gy =0.068yF
V]
=
W -5
5
=]
>
Z
g 5 /‘\ 0.33F
s U
o
° \
-5 /A
[ 50 100 150 200
TIME (gs)

Small signal bandwidth is reduced by Cy, but considerable
isolation can be obtained without reducing it below the
power bandwidth. Often, a bandwidth reduction is desir-
able to filter high frequency noise or unwanted signals.

The follower configuration is unigue in that capacitive
load isofation is obtained without a reduction in small
signal bandwidth, although the output impedance of the
buffer comes into play at high frequencies. The precision
unity-gain buffer above has a 10MHz bandwidth without
capacitive loading, yet it is stable for all load capacitance
to over 0.34F, again determined by R¢Cs.

This is a good example of how fast op amps can be made
quite easy to use by employing an output buffer.

Integrator

Alow pass amplifier can be formed just by using large Gy
in the inverter described earlier, as long as the increasing
closed loop output impedance above the cutoff frequency
is not a problem and the op amp is capable of supplying
the required current at the summing junction,

If the integrating capacitor must be driven from the buffer
output, the circuit above can be used to provide capacitive
load isolation. As before, the stability with large capaci-
tive loads is determined by R¢Ct.

Wideband Amplifiers

This simple circuit provides an adjustable gain video am-
plifier which will drive 1Vp-p into 750. The differential pair
provides gain, with the LT1010 serving as an output stage.
Feedback is arranged in the conventional manner, al-
though the 68yF ~ 0.01 combination limits dc gain to unity
for alf gain settings. For applications sensitive to NTSC re-
quirements, dropping the 250 output stage bias value will
aid performance.

+15¢ TYPICAL SPECIFICATIONS
1Vp-p INTO 75Q

ATA=2

%dB T0 10MHz

3dB DOWN AT 16MHz
ATA=10

Y2dB TO 4MHz
—3dB=8MHz

= 00,F

8% 250 8
< <

l; BIAS

224F

Lton.

Y 1
PEAKING €
spF-2spF § 2008
INPUT —Km 02\1
3866 A ]

2 <« 1k
@ /& GAIN SET

OUTRUT (75)

+
T 00 et

!

~15v
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APPLICATIONS INFORMATION

Your

This shows the buffer being used with a wideband ampli-
fier that is not unity-gain stable. In this case, C1 cannot be
used to isolate large capacitive loads. Instead, it has an
optimum value for a limited range of load capacitances.

The buffer can cause stability problems in circuits like
this. With the TO-3 and T0-220 packages, behavior can be
improved by raising the quiescent current with a 20Q resis-
tor from the bias terminal to V +. Alternately, devices in the
T0-39 package or miniDIP can be operated in parallel.

It is possible to improve capacitive load stability by
operating the buffer class-A at high frequencies. This is
done by using quiescent current boost and bypassing the
bias termina! to V - with more than 0.02F.

QUTPUT
INPUT —o

He—AAA

Putting the buffer outside the feedback loop as shown
here will give capacitive load isolation, with large output

capacitors only reducing bandwidth. Buffer offset, re-
ferred to the op amp input, is divided by the gain. If the
load resistance is known, gain error is determined by the
output resistance tolerance. Distortion is low.

INPUT

The 508 video line splitter here puts feedback on one
buffer, with the others slaved. Offset and gain accuracy of
slaves depend on their matching with master.

When driving long cables, including a resistor in series
with the output should be considered. Although it reduces
gain, it does isolate the feedback amplifier from the ef-
fects of unterminated lines which present a resonant load.

When working with wideband amplifiers,special attention
should a/ways be paid to supply bypassing, stray capaci-
tance and keeping leads short. Direct grounding of test
probes, rather than the usual ground lead, is absolutely
necessary for reasonabie results.

The LT1010 has slew limitations that are not obvious from
standard specifications. Negative slew is subject to
glitching, but this can be minimized with quiescent cur-
rent boost. The appearance is always worse with fast rise
signal generators than in practical applications.
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LT1010

APPLICATIONS INFORMATION
Track and Hold

The 5MHz track and hold shown here has a 400kHz power
bandwidth driving + 10V, A buffered input follower drives
the hold capacitor, C4, through Q1, a low resistance FET
switch. The positive hold command is supplied by TTL
logic, with Q3 fevel shifting to the switch driver, Q2. The
output is buffered by A3.

When the gate is driven to V- for HOLD, it pulls charge
out of the hold capacitor. A compensating charge is put
into the hold capacitor through C3. The step into hold is
made independent of the input level with R7 and adjusted
to zero with R10.

INPUT

Q2
2N2222

Since internal dissipation can be quite high when driving
fast signals into a capacitive load, using a buffer in a
power package is recommended. Raising buffer quiescent
current to 40mA with R3 improves frequency response.

This circuit is equally useful as a fast acquisition sample
and hold. An LF156 might be used for A3 to reduce drift in
hold because its lower slew rate is not usually a problem
in this application.

ouTPUT

g A1
{62k

*2N2369 EMITTER BASE JUNCTION
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LT1010

APPLICATIONS INFORMATION

Current Sources

A standard op amp voltage to current converter with a
bufter to increase output current is shown here. As usual,
excellent matching of the feedback resistors is required to
get high output resistance. Output is bi-directional.

R1 A2
100k 100k lour=
0.01%

R2(Va—Vy)
0.01% RiR4

VWA lout

This circuit uses an instrumentation amplifier to eliminate
the matched resistors. The input is not high impedance
and must be driven from a low impedance source like an
op amp. Reversal of output sense can be obtained by
grounding pin 7 of the LM163 and driving pin 5.

our=
OUT= ~om1
Vin '}(‘)
7 2l 01%
6 e VWA~ fout
LM163
10X 13
+

Output resistances of several megohms can be obtained
with both circuits. This is impressive considering the

+150mA output capability. High frequency output char-
acteristics will depend on the bandwidth and slew rate of
the amplifiers. Both these circuits have an equivalent out-
put capacitance of about 30nF.

Voltage/Current Regulator

This circuit regulates the output voltage at Vy until the
load current reaches a value programmed by V|. For heav-
ier loads, it is a precision current reguiator.

- R3
20
At AR
LT118A VA~ QUTPUT
. b R4
<%
Toin SRS
ot ~ >3
1N457 <0.1%
A3
LT118A
R1 c2 02 +
% -I—pr 1N457 Lre
& 98.8k
vy ¢ 1’041%
Y ‘r;;&k
< H. Vi
9 0.1% 1omA/v

With output currents below the current limit, the current
regulator is disconnected from the loop by D1, with D2
keeping its output out of saturation. This output clamp en-
ables the current regulator to get control of the output cur-
rent from the buffer current limit within a microsecond for
an instantaneous short.

In the voltage reguiation mode, A1 and A2 act as a fast
voltage follower using the capacitive load isolation tech-
nique described earlier. Load transient recovery as well as
capacitive load stability are determined by C1. Recovery
from short circuit is clean.

Bi-directional current limit can be obtained by adding an-
other op amp connected as a complement to A3.

Ly
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LT1010

APPLICATIONS INFORMATION

Supply Splitter

Dual supply op amps and comparators can be operated
from a single supply by creating an artificial ground at half
the supply voitage. The supply splitter shown here can
source or sink 150mA.

1

Ci
1nF

AA

_.l

The output capacitor, C2, can be made as large as neces-
sary to absorb current transients. An input capacitor is

also used on the buffer to avoid high frequency instability
that can be caused by high source impedance.

High Current Booster

The circuit below uses a discrete stage to get 3A output
capacity. The configuration shown provides a clean, quick
way to increase LT1010 output power. It is useful for high
current loads, such as linear actuator coils in disk drives.

The 330 resistors sense the LT1010’s supply current, with
the grounded 100Q resistor supplying a load for the
LT1010. The voltage drop across the 33Q resistors biases
Q1 and Q2. Another 1000 value closes a local feedback
loop, stabilizing the output stage. Feedback to the LT1056
contro} amplifier is via the 10k value. Q3 and Q4, sensing
across the 0,180 units, furnish current limiting at about
3.3A.

10k
INPUT ==eAAA—¢

HEAT SINK OUTPUT TRANSISTORS

Q1
MJE2955

Q2
MJE3055
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LT1010

Wideband FET Input Stabilized Buffer

The figure below shows a highly stable unity gain buffer
with good speed and high input impedance. Q1 and Q2
constitute a simple, high speed FET input buffer. Q1 func-
tions as a source follower, with the Q2 current source load
setting the drain-source channel current. The LT1010
buffer provides output drive capability for cables or what-
ever load is required. Normally, this open loop configura-
tion would be quite drifty because there is no dc feedback.
The LTC1050 contributes this function to stabilize the cir-
cuit. It does this by comparing the filtered circuit output to
a similarly filtered version of the input signal. The ampli-
fied difference between these signals is used to set Q2's
bias, and hence Q1’s channel current. This forces Q1's
Vgs to whatever voltage is required to match the circuit’s
input and output potentials. The 2000pF capacitor at Al
provides stable loop compensation. The RC network in
AT’s output prevents it from seeing high speed edges cou-
pled through Q2's collector-base junction. A2's output is
also fed back to the shield around Q1's gate lead, boot-
strapping the circuit's effective input capacitance down to
less than 1pF.

Gain Trimmable Wideband FET Amplifier

A potential difficulty with the previous circuit is that the
gain is not quite unity. The figure labelled (A) on the next
page maintains high speed and low bias while achieving a
true unity gain transfer function.

This circuit is somewhat similar, except that the Q2-Q3
stage takes gain. A2 dc stabilizes the input-output path,
and A1 provides drive capability. Feedback is to Q2's emit-
ter from A1's output. The 1k adjustment allows the gain to
be precisely set to unity. With the LT1010 output stage
slew and full power bandwidth (1Vp-p) are 100V/xs and
10MHz, respectively. —3dB bandwidth exceeds 35M Hz. At
A=10{e.g., 1k adjustment set at 500) full power bandwidth
stays at 10MHz while the — 3dB point falls to 22MHz.

With the optional discrete stage, slew exceeds 1000Viys
and full power bandwidth (1Vp-p) is 18MHz. ~3dB band-
width is 58MHz. At A = 10, full power is available to 10MHz,
with the — 3dB point at 36MHz.

LTWR
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LT1010

Figures A and B show response with both output stages.
The LT1010 is used in Figure A (Trace A=input, Trace
B =output). Figure B uses the discrete stage and is slightly

15V

a1
2N5486

INPUT

Q2

‘\7 2N3%04

faster, Either stage provides more than adequate perfor-
mance for driving video cable or data converters, and the
LT1012 maintains dc stability under all conditions.

1k
GAIN
ADJ

—
AN

< < P4 < <
::10M ::10k 2k 3000 & 502 ::5.6k s 3k

AA
v

—15V

<

1k

\ A4

A

B)

Gain Trimmable Wideband FET Amplifier

A=0.2v/DIV
8=0.2v/DIV

HORIZONTAL = 10ns/DIV

Figure A. Waveforms Using LT1010

A=0.2V/0IV
B=0.2v/DIV

HORIZONTAL = t0ns/DIV

Figure B. Waveforms Using Discrete Stage
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LT1010

DEFINITION OF TERMS

Output Offset Voltage: The output voltage measured with
reference to the input.

Input Bias Current: The current out of the input terminal.

Large Signal Voltage Gain: The ratio of the output voltage
change to the input voltage change over the specified in-
put voltage range.”

Output Resistance: The ratio of the change in output volt-
age to the change in load current producingiit.”

Output Saturation Voltage: The voltage between the out-
put and the supply rail at the limit of the output swing to-
ward that rail.

Saturation Offset Voltage: The output saturation voltage
with no load.

Saturation Resistance: The ratio of the change in output
saturation voltage to the change in current producing it,
going from no load to full load."

Slew Rate: The average time rate of change of output voit-
age over the specified output range with an input step be-
tween the specified limits.

Bias Terminal Voltage: The voltage between the bias
terminaland V*.

Supply Current: The current at either supply terminal with
no output loading.

*Pulse measurements (~ 1ms) as required to minimize thermal effects.

SCHGmﬂTIC D'HGﬂﬂm {excluding protection circuits)

A v+
il > R10
< «
an L 3 2 200 18
<R5
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LT1010

PHCKHGG DGSCH'PT'O“ Dimensions in inches (millimeters) unless otherwise noted.

H Package K Package
4-Lead TO-39 Metal Can 4-Lead TO-3 Metal Can
{Kovar Base) (Steel)
e 2:330 20370, 0.320--0.350 u_%;‘;‘;_:?%
(8. BQODMQ .398) m ‘]
0.305—0.335

0.165-0.185 — ZoE—aag (e —
0.165-0.185 (7.747-8.509) 0.050 r 1
{@.191-4.70) DIA {270

AX

A
¥

o116
4 —[_ l l 17 {2.946)
0.500 MAX
B 0420-0480  0.038-0.043
MIN 0.016-0.019 ) }
i {0.406-0.483) (067-12.19)  {0.965—1.092)
DIA 3 LEADS
A 1.177-1.197
080 {29.90~30.40)

0100

(2 540) 0.220-0.235

(5.588 —5.969)

0.152—-0.162

0.445—0.465 (3.860—4.114)
0.029—0.045 {11.30-11.81) RTYP
©7a=1.14)
100
10.028-0.034 0034 2540} 0.167-0.177
{0.711=0.864) /( 241 4.45]
RTYP
H3(39)188 Ka188
Tmax | 6
LT1010M | 150°C | 4oecw T | O
o T1zvc | woom LTI010M | 150°C | 25°CW
LT010C | 125°C | 25°CIW
T Package
5-Lead TO-220 Plastic
0.390-0.410
—> Exe_wan < 0.170-0,180
0.100-0.120 {4.318-2.572)
0.570-0.610 0.147~0,151 Z540-3.048) 0045 0.055
{14.48-15.49) (3,734~3.83V *" r“ T43-1.397)
©) r j
1 0.460-0.500
(1168 12.70) 0 ol
0.880—0.910 (1575 (1503
_ (22.35-23.11)
087021050
0.355-0.370 | {24.64—26 67) ||
{8.047-9.388) L
0.062-0.072 4l e D080
{1.574-1.829) | 000000 0.013-0.0% @28
> (0.762-1.016) 0:330-0.635)
| om-otss
{4315 -4.659)
0.327-0.335
(8.306-8.509) Tsves
T]mlx eic

ATH010C | 1265°C | 26°CW
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LT1010

PHCHHGG DESCBIPTIO(I Dimensions in inches (millimeters) unless otherwise noted.

e 0.300—0.320
{7.620-8.128)

+0.028

0 oo
+0.635
8.255 _0.351)

N Package
8-Lead Plastic DIP
0.400
{10.160)
MAX
B EIGLE
025020010
{6.35020.254)
JagERgE o
0.045-0.065 0.130+0.005
= (3.30220.127)
oo 1 1.651)—’1 l"_ = 0020
= (0.508)
(11-_5?)1) i | | w
0.009-0015 o |
0.225-0.381) N
0.04520015 | M
{143 0.381)
0100+ 0.010 0.018.£0.008
(254020.258) {0.457 20.076)
NB188

Timax Oj
150°C 130°CIW
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TECHNOLOGY

FEATURES

a OP-07 Type Performance
at 1/8th of OP-07’s Supply Current
at 1/20th of OP-07’s Bias and Offset Currents

= Guaranteed Offset Voltage 25V Max
m Guaranteed Bias Current 100pA Max
w Guaranteed Drift 0.6,V/°C Max
w Low Noise, 0.1Hz to 10Hz 0.5uVp-p
» Guaranteed Low Supply Current 5004A Max
m Guaranteed CMRR 114dB Min
» Guaranteed PSRR 114dB Min

w Guaranteed Operation @ =+ 1.2V Supplies

APPLICATIONS

= Replaces OP-07 While Saving Power

= Precision Instrumentation

a Charge Integrators

= Wide Dynamic Range Logarithmic Amplifiers
m Light Meters

= Low Frequency Active Filters

a Thermocouple Amplifiers

LT1012A/LT1012

Picoamp Input Current,

Microvolt Offset,
Low Noise Op Amp

DESCRIPTION

The LT1012 is an internally compensated universal
precision operational amplifier which can be used in
practically all precision applications. The LT1012
combines picoampere bias currents (which are
maintained over the full —55°C to 125°C tempera-
ture range), microvolt offset voltage (and low drift
with time and temperature), low voltage and current
noise, and low power dissipation. The LT1012
achieves precision operation on two Ni-Cad batter-
ies with 1mW of power dissipation. Extremely high
common mode and power supply rejection ratios,
practically unmeasurable warm-up drift, and the
ability to deliver 5mA load current with a voltage
gain of one million round out the LT1012’s superb
precision specifications.

The all around excellence of the LT1012 eliminates
the necessity of the time consuming error analysis
procedure of precision system design in many ap-
plications; the LT1012 can be stocked as the univer-
sal internally compensated precision op amp.

Protected by U.S. patents 4,575,685 and 4,775,884

+ 250V Common Mode Range Instrumentation Amplitier (Ay=1)

R5

R1

™
—mM

<
P4
<

50k OPTIONAL
CMRR
TRIM

R3 ouT

M
COMMON iy n.._lvw_-
MODE 7]
INPUT
%250V

63 LINCOLN HIGHWAY
MALVERN, PA 19355

COMMON MODE REJECTION RATIO = 74dB (RESISTOR LIMITED)
WITH OPTIONAL TRiM = 130dB
OUTPUT OFFSET (TRIMMABLE TO ZERQ) =500,V
OUTPUT OFFSET DRIFT =10xV/°C
INPUT RESISTANCE = 1M

R1-R6:VISHAY 444 ACCUTRACT THIN FILM
[X] :visHaY 444 PIN NUMBERS

VISHAY INTERTECHNOLOGY, INC.

Typical Distrubution of Input

Oftset Voltage
200 — ———
1140 UNITS | Vg= 15V
FROM THREE - Tp=25°C
160 | RUNS — Vem=0v
w
=
2 120
5
SIP NETWORK 5
2 &
>
=2
40
]

—40 -20 0 20

INPUT OFFSET VOLTAGE {uV})

40

LT

2-105




LT1012A/LT1012

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage.........ccevevevennnenen..n. +20V
- Differential Input Current (Note 1)........... +10mA

InputVoltage..................coniis 20V

Output Short Circuit Duration. ............. Indefinite

Operating Temperature Range

LT1012AM, LT1012M. ........... -55°C t0 125°C
LT1012AC, LT1012C,
LT1012D, LT1012S8. .............. 0°Ct070°C
Storage Temperature Range
AllDevices.........ooevvvvennns ~-65°G to 150°C
Lead Temperature (Soldering, 10 sec.)........ 300°C
ORDER PART
Top ViEW NUMBER
Vos Iy 3] Vos
i E_ %U‘i” LT101258
+IN E—):Du B8] out
- Toow | PARTMARKING
S0 PACKAGE
8-LEAD PLASTIC SOIC
1012

PACKAGE/ORDER INFORMATION

Top viEw ORDER PART
NUMBER
LT1012AMH
LT1012MH
LT1012ACH
LT1012CH
{CASE) LT1012DH
H PACKAGE
8-LEAD TO-5 METAL CAN
TOP VIEW
TX.%%E i o LT1012ACN8
~'"é:l>.,_§v+ LT1012CN8
+IN{3 61out
2 Do LT1012DN8
N PACKAGE
8-LEAD PLASTIC DIP

ELECTRICAL CHARACTERISTICS v,-

+15V, Vom =0V, To =25°C, unless otherwise noted.

LT1012AMIAC LT1012M LT1012C

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX| UNITS
Vos input Offset Voitage 8 25 8 35 10 50 v
(Note 2) 20 90 20 90 25 120 W
Long Term Input Offset 0.3 03 0.3 aVimonth

Voltage Stability
log Input Offset Current 15 100 15 100 20 150 pA
(Note 2) 25 150 25 150 30 200 pA
Ig Input Bias Current +25 100 +25  +100 +30 150 pA
{Note 2) +35 =150 +3  +150 =40 200 pA
€ Input Noise Voltage 0.1Hz to 10Hz 0.5 0.5 0.5 qu;p
[ Input Noise Voltage Density fo= 10Hz (Note 3) 17 30 17 30 17 30 nVvHz
f, = 1000Hz (Note 4) M 2 2 2 nVvHz
in Input Noise Current Density | f,=10Hz 2 20 20 tAWHz
AvoL Large Signal Voltage Gain Vour= +12V, R =10k | 300 2000 300 2000 200 2000 Vimy
Vour= + 10V, B 22k@ 300 1000 200 1000 200 1000 Vimv
CMRR | Common Mode Rejection Ratio | Vgy= +13.5V 14 132 14 132 1o 132 dB
PSRR Power Supply Rejection Ratio | Vg= +1.2Vio +20V 14 132 14 132 10 132 dB
Input Voltage Range +135 140 +135 +14.0 +135 +140 v
Vour Output Voltage Swing R =10kg +13 x4 13 14 13 x14 v
Slew Rate 0.1 0.2 0.1 0.2 0.1 0.2 Vipsec
Ig Supply Current 370 500 380 -~ 380 — pA
(Note 2) 380 600 380 600 380 600 wA
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LT1012A/LT1012

€ELECTRICAL CHRARACTERISTICS vs= = 15V, Vo =0V, T = 25°C, unless otherwise noted.

LT1012D LT1012S8
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 12 60 15 120 W
(Note 2) 25 — 25 180 v
Long Term Input Offset 0.3 04 uVimonth

Voltage Stability

log Input Offset Current 20 150 50 280 pA
(Note 2) 30 — 60 380 pA
lg Input Bias Current +30 +150 +80 +300 PA
(Note 2) +40 — +120 +£400 pA
€ Input Noise Voltage 0.1Hz to 10Hz 05 0.5 wpp
e Input Noise Voltage Density f,=10Hz(Note 4) 17 30 17 30 nVWHz
= 1000Hz (Note 4) 14 2 14 2 nVvHz
in Input Noise Current Density f,=10Hz 20 20 fAINHz
AyoL Large Signal Voltage Gain Vour= £ 12V, R 210k 200 2000 200 2000 VimV
Vour= + 10V, R =2k0 200 1000 120 1000 VimV
CMRR Common Mode Rejection Ratio Vou= £13.5V 110 132 110 132 dB
PSRR Power Supply Rejection Ratio Vg= +1.2Vio £ 20V 110 132 110 132 dB
Input Voltage Range +135 #1140 +135 +140 v
Vour Output Voltage Swing Ry =10kR +13 +14 +13 +14 v
Slew Rate 0.1 0.2 0.1 0.2 Vipsec
I Supply Current {Note 2) 380 600 380 600 pA

ELECTRICAL CHRARACTERISTICS vs= = 15V, Ve =0V, -55°C<Ta<125°C, unless otherwise noted.

LT1012AM LT1012M
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX | UNITS
Vos Input Offset Voltage L] 30 60 30 180 v
(Note 2) [ 40 180 40 250 W
Average Temperature Coefficient of [ ] 0.2 0.6 0.2 1.5 wViIeC
Input Offset Voltage
los Input Offset Current [ 30 250 30 250 pA
(Note 2) [ 70 350 70 350 pA
Average Temperature Coefficient of [ 0.3 25 0.3 25 pAI°C
Input Offset Current
Ig Input Bias Current L *80 =600 £80 =600 pA
(Note 2) [ ] +150 +800 +150 +800 pA
Average Temperature Coefficient of [ ] 06 6.0 06 6.0 pAI°C
Input Bias Current
AvoL Large Signal Voltage Gain Vour= £12V,R 210k | @ 200 1000 150 1000 Vimv
Vour= + 10V, R 22k ® 200 600 100 600 VimV
CMRR Common Mode Rejection Ratio Veu= +13.5V [ 110 128 108 128 dB
PSRR Power Supply Rejection Ratio Vg= +1.5Vto 20V [ 110 126 108 126 dB
Input Voltage Range [ +135 +135 v
Vour Output Voltage Swing R, =10k [ +13 14 +13 14 v
Is Supply Current [ ) 400 650 400 800 uh

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

Note 1 Differential input voltages greater than 1V will cause excessive cur-
rent to flow through the input protection diodes unless limiting resistance
is used.

Note 2: These specifications apply for Vyy < Vs< £20V and

— 135V <Vey=13.5V (for V= + 15V). Vyy = £ 1.2V at 25°C, +1.3V from
0°C to 70°C, = 1.5V from - 55°C to 125°C.

Note 3; 10Hz noise voltage density is sample tested on every lot. Devices
100% tested at 10Hz are available on request.

Note 4: This parameter is tested on a sample basis only.
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LT1012A/LT1012

ELECTRICAL CHARACTERISTICS v;- = 15V, Vo =0V,0°C <Ta<70°C, unless otherwise noted.

LT1012AC LT1012C
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX | UNITS
Vos Input Offset Voitage L] 20 60 20 100 w
(Note 2) [ 30 160 30 200 W
Average Temperature Coefficient of (] 0.2 06 0.2 1.0 wVI°G
Input Offset Voltage
los Input Offset Current L 25 230 35 230 pA
(Note 2) [ 40 300 45 300 pA
Average Temperature Coefficient of [ 0.3 25 03 25 pAI°C
Input Offset Current
lg Input Bias Current L] +35  +230 +35  +230 pA
(Note 2 L4 +50 +300 +50 +300 pA
Average Temperature Coefficient of [ 0.3 2.5 0.3 25 pA/°C
Input Bias Current
Avor Large Signal Voltage Gain Vour=+12V,R 210kQ | ® 200 1500 150 1500 VimV
Voyr= + 10V, Ry 22k0 L 200 1000 150 800 VimV
CMRR Common Mode Rejection Ratio Vou= £135V ® 10 130 108 130 dB
PSRR Power Supply Rejection Ratio Vg= £1.3Vio + 20V [ 110 128 108 128 dB
Input Voltage Range [ +135 +13.5 \
Vour Output Voltage Swing Ry = 10k2 [ 13 14 13 +14 v
I Supply Current ® 400 ‘ 600 400 800 #A
GLGCTH|CHL CHARACTERISTICS Vg = 215V, Vom =0V, 0°C <T4 <70°C, unless otherwise noted.
LT10120 LT101288
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX | UNITS
Vos Input Offset Voltage L 25 140 30 200 WV
(Note 2) ° 40 — 45 270 W
Average Temperature Coefficient of L] 03 1.7 0.3 1.8 WG
Input Offset Voltage
los Input Offset Current [ 35 380 60 380 pA
(Note 2) [ 45 - 80 500 pA
Average Temperature Coefficient of L] 035 40 04 4.0 pA/°C
Input Offset Current
la Input Bias Current ® +50 x40 100  +420 pA
(Note 2) [ +65 - +150  £550 pA
Average Temperature Coefficient of L] 04 5.0 05 50 pAI°C
Input Bias Current
AyoL Large Signal Voltage Gain Vour= +12V,R z10kg | @ 150 1500 150 1500 VimV
Vour= % 10V, R 22k ® 150 800 100 800 Vimv
CMRR Common Mode Rejection Ratio Vou= £135V o 108 130 108 130 dB
PSRR Power Supply Rejection Ratio Vg= +£1.3Vto 20V [ 108 128 108 128 dB
Input Voltage Range [ +135 +135 v
Vour Output Voltage Swing R =10k [ +13  +14 13 114 \
Is Supply Gurrent [d 400 800 400 800 ph

5k TO 100k
POT

Optional Ofiset Nulling and Over-Compensation Circuits
Input offset voltage can be adjusted over a + 800,V
range with a 5k to 100k potentiometer.

The LT1012 is internally compensated for unity gain
stability. The over-compensation capacitor, Cs, can
be used to improve capacitive load handling capa-
bility, to narrow noise bandwidth, or to stabilize cir-
cuits with gain in the feedback loop.
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LT1012A/LT1012

TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage vs Source .
Resistance (Balanced or Typical Distribution of Input Bias Typical Distribution of Input
Unbalanced) Current Offset Current
1000 =—== 200 T ‘ T T 200 ——T 7 I
1 + T L vg==15v 1020 UNITS 1 | Vg==+15V__| 1020 UNITS
i 7 Ty=25°C FROM THREE Tp=25°C FROM THREE
Z 100 10 [ voy=0v RUNS 1 180 [ Vem=0V  — RUNS 7
g > o 1] 1 e
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LT1012A/LT1012

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1012A/LT1012

TYPICAL PERFORMANCE CHARACTERISTICS
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Time Capacitor Closed Loop Output Impedance
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LT1012A/LT1012

APPLICATIONS INFORMATION

The LT1012 may be inserted directly into OP-07,
LM11, 108A or 101A sockets with or without removal
of external frequency compensation or nulling com-
ponents. The LT1012 can also be used in 741, LF411,
LF156 or OP-15 applications provided that the nul-
ling circuitry is removed.

Although the OP-97 is a copy of the LT1012, the
LT1012 directly replaces and upgrades QOP-97 ap-
plications. The LT1012C and D have lower offset
voltage and drift than the OP-97F. The LT1012A has
lower supply current than the OP-97A/E. In addition,
all LT1012 grades guarantee operation at +1.2V
supplies.

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere/microvolt level
accuracy of the LT1012, proper care must be exer-
cised. For example, leakage currents in circuitry
external to the op amp can significantly degrade
performance. High quality insulation should be used
(e.g. Teflon, Kel-F); cleaning of all insulating
surfaces to remove fluxes and other residues will
probably be required. Surface coating may be neces-
sary to provide a moisture barrier in high humidity
environments.

Board leakage can be minimized by encircling the in-

put circuitry with a guard ring operated at a potential

close to that of the inputs: in inverting configura-

tions the guard ring should be tied to ground, in

non-inverting connections to the inverting input at

pin 2. Guarding both sides of the printed circuit
OFFSET TRIM

v+ l/\
QuTPUT \ 7 1
G .

OVER COMP @ 5

board is required. Bulk leakage reduction depends
on the guard ring width. Nanoampere level leakage
into the offset trim terminals can affect offset volt-
age and drift with temperature.

Microvolt level error voltages can also be generated
in the external circuitry. Thermocouple -effects
caused by temperature gradients across dissimilar
metals at the contacts fo the input terminals can ex-
ceed the inherent drift of the amplifier. Air currents
over device leads should be minimized, package
leads should be short, and the two input leads
should be as close together as possible and main-
tained at the same temperature.

Noise Testing
For application information on noise testing and
calculations, please see the |.T1008 data sheet.

Frequency Compensation

The LT1012 can be overcompensated to improve
capacitive load handling capability or to narrow
noise bandwidth. In many applications, the feedback
foop around the amplifier has gain (e.g. logarithmic
amplifiers); overcompensation can stabilize these
circuits with a single capacitor.

The availability of the compensation terminal per-
mits the use of feedforward frequency compensa-
tion to enhance slew rate. The voltage follower
feedforward scheme bypasses the amplifier's gain
stages and slews at nearly 10V/ys.

The inputs of the LT1012 are protected with back-
to-back diodes. Current limiting resistors are not
used, because the leakage of these resistors would
prevent the realization of picoampere level bias cur-
renis at elevated temperatures. In the voitage fol-
lower configuration, when the input is driven by a
fast, large signal pulse (>1V), the input protection
diodes effectively short the output to the input dur-
ing slewing, and a current, limited only by the output
short circuit protection will flow through the diodes.
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LT1012A/LT1012

APPLICATIONS INFORMATION

The use of a feedback resistor, as shown in the volt-  short circuit limit, resulting in faster recovery and
age follower feedforward diagram, is recommended  settling of the output.
because this resistor keeps the current below the

Test Circuit for Offset Voltage Pulse Response of Feedforward
and its Drift with Temperature Foliower Feedforward Compensation Compensation

50k* e

10k

AAA
V-

SV/DIV

5k
IN =————AAA—4

50k* —15V

= Vo=1000Vos Sus/DIV
*RESISTORS MUST HAVE LOW THERMOELECTRIC
POTENTIAL
Ammeter with Six Decade Range
10k
ANA——15V
03
14
Q%K
Ome 1
METER %
100pA O=—tg
P >
25490
RANGE 1
-L—QI Q2
1nA
10k 4
A = i: se00 72 LT1004C
P!
CURRENT INPUT A 1o
33 $
3 5490
<
04 100nA O—¢
$ 5400
01, 02, 03, 04, RCA CA3146 TRANSISTOR ARRAY. PIN 13 b2
CALIBRATION: ADJUST R1 FOR FULL SCALE CA3146 1k Ot
DEFLECTION WITH 1A INPUT CURRENT. = A [
b3
AMMETER MEASURES CURRENTS FROM 100pA b S
TO 100A WITHOUT THE USE OF EXPENSIVE 104 Ot
HIGH VALUE RESISTORS. ACCURACY AT 100,A
IS LIMITED BY THE OFFSET VOLTAGE BETWEEN & 5400
Q1 AND Q2 AND, AT 100pA, BY THE INVERTING b
BIAS CURRENT OF THE LT1012. 1005
L
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LT1012A/LT1012

TYPICAL APPLICATIONS

Kelvin-Sensed Platinum Temperature Sensor Amplifier

R1
REFERENCE - LT1021-10 5 182k I
AAA- AN — 5K 10k
<
1' < >
S 235k T
R2Q S ’ 3 654k j L
00 S WA— VWA— >3 3243k
So $
<
< r-i 4.75k Vour=100mv/°C
| ~50°C 70 150°C
ROSEMOUNT
s | ps $ ~15V * =WIRE WOUND RESISTORS
N B | ALL OTHER RESISTORS ARE 1% METAL FILM
. EQUIVALENT < TRIM R2 AT 0°C FOR Vo=0V
- (| $61% TRIM R3 AT 100°C FOR Vo= 10V
- L— TRIM R4 AT 50°C FOR Vg =5V
IN THE ORDER INDICATED
T POSITIVE FEEDBACK (R1) LINEARIZES THE
INHERENT PARABOLIC NONLINEARITY DF
4 THE PLATINUM SENSOR AND REDUGES
ERRORS FROM 1.2°G T0 0.004°C OVER
THE —50°C TO 150°C RANGE
Saturated Standard Cell Amplifier Amplifier for Bridge Transducers
A5
56M
v+ AN
sif e
| 100k6:>
RIS
< R3
100k 2 510k
e A~
101823 T SATURATED R2 Ra Ed—our
STANDARD A 310k
CELL WA~
#101 2
erpLey Laps SM |
NEWPORT, R.I. s2(7e SR R6 VOLTAGE GAIN
100k \ @ < 100k 56M =100
L

THE TYPICAL 30pA BIAS CURRENT OF THE LT1012 WILL DEGRADE THE

STANDARD CELL BY ONLY 1ppm/YEAR.
ppm. UNPROTECTED GATE MOSFET 1501
POWER DOWN.

NOISE IS A FRACTION OF A
LATES STANDARD CELL ON

Amplifier for Photodiode Sensor

—0UT
Vour =10V/4A

Buffered Reference for A to D Converters

15Y

LM399

*THE tk PRELOAD
MINIMIZES GLITCHES
INDUGED BY TRANSIENT
LOADS
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LT1012A/LT1012

TYPICAL APPLICATIONS

instrumentation Amplifier with = 100V Common Mode Range Low Power Comparator with <10sV Hysteresis
Ao 1o0a
w :E 100k -L-
- L—OUT

+IN

—15v

Ay=100
- ALL RESISTORS 1% OR BETTER

Input Amplifier for 4 1/2 Digit Voltmeter m

s mmm sy

/ /
/ /
/
/
Y) 15V /
N / 2 7 A
ow 6 owv 7
P
5% 3 v
4 P 4 PO
v ok 10V
oM 5 —15v 1 —0
100V
sy 1000pF o0y T0 1V FULL SCALE
JUNCTION o T s 3 e ANALOG TO DIGITAL
AT AMBIENT 900k = s CONVERTER
MOUNT R1 IN AIRFLOW. _L
ADJUST R2 SO OUTPUT 100V =
GOES HIGH WHEN AIRFLOW 90K
srgps. “RATIO MATCH 0.01%
1000V
10k FNSO7 THIS APPLICATION REQUIRES LOW BIAS CUR-
ALLEN BRADLEY RENT AND OFFSET VOLTAGE, LOW NOISE, AND
4 DECADE VOLTAGE DIVIDER LOW DRIFT WITH TIME AND TEMPERATURE.
Resistor Multiplier “No Trims” 12-Bit Multiplying DAC Output Amplifier

RiN
160

12-BIT CMOS
R o MULTIPLYING —out
RIS 3 R
TS Sk
An=R1 (1+ )
w T2 WHEN THE REFERENCE INPUT DROPS T0 0.1V,
THE LEAST SIGNIFICANT BIT DECREASES TO
3 THE MICROVOLT/PICOAMPERE RANGE.
< p
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LT1012A/LT1012

SCHEMATIC DIAGRAM
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J U

FEATURES
= |nternally Compensated
m Guaranteed Offset Voltage 120uV Max.
w Guaranteed Bias Current
25°C 300pA Max.
0°Ct070°C 380pA Max.
m Guaranteed Drift 1.8gV/°C Max.
a | ow Noise, 0.1Hz to 10Hz 0.5:Vp-p
m Guaranteed Low Supply Current 600xA Max.
= Guaranteed CMRR 110dB Min.
m Guaranteed PSRR 110dB Min.

» Guaranteed Voltage Gain with 5mA Load Current

APPLICATIONS

= Precision Instrumentation

m Charge Integrators

= Wide Dynamic Range Logarithmic Amplifiers
= Light Meters )

= | ow Frequency Active Filters

= Standard Cell Butfers

= Thermocouple Amplifiers

LT101258

Picoamp Input Current,
Microvolt Offset,
Low Noise Op Amp

DESCRIPTION

The LT1012 is an internally compensated universal preci-
sion operational amplifier which can be used in practically
all precision applications. The LT1012 combines picoam-
pere bias currents (which are maintained over the full 0°C
to 70°C temperature range), microvolt offset voltage {and
low drift with time and temperature), low voltage and cur-
rent noise, and low power dissipation. Extremely high
common-mode and power supply rejection ratios, practi-
cally unmeasurable warm-up drift, and the ability to deliv-
er 5mA load current with a voltage gain of a miltion round
out the LT1012's superb precision specifications.

The all around excellence of the LT1012 eliminates the
necessity of the time consuming error analysis procedure
of precision system design in many applications; the
LT1012 can be stocked as the universal internally compen-
sated precision op amp.

Kelvin-Sensed Platinum Temperature Sensor Amplifier

+10V &

Oftset Voltage vs Source Resistance
(Balanced or Unbalanced)

REFERENCE 5K 182K La
< . _ s S5k 3K 1000
R 10M 2% 3 654K B <
100K v M 3K S243¢
+20V < // y
ES
) 2y 7 - é 100 _A
=7
. 0063 _ S 77
2 5K o LT1012 g2 7
refe 3 Vour = 100mV/ € Z o700 7
ROSEMOUNT | w0 * d —50°Cto +150°C & L
785 | R 1009 | £ P
caomment] oo | W 5 10 % —
- o [0 G 619K z —25°C }
. L} -J *WIRE WOUND RESISTORS = V= 215V T—]
ALL OTHER RESISTORS: |
19 METAL FILM l l
Positive feedback (R,) linearizes the in- -l- Trim Ry at 0°C for Vg = OV 1

1k 3k 10k 30k 100k 300k 1M 3M 10M
SOURCE RESISTANCE {(f2)

R, at 100°C for Vg = 10V
R, at 50°C for Vo = &V
in the order indicaied

herent parabolic nonlinearity of the
platinum sensor and reduces errors
from 12°C to 0.004°C over the
—50°C to 150°C range.
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LT101258

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

Sppply Voltage .......ooiveiiini i 20V ORDER PART
Differential input Current (Note 1)................. +10mA TOP VIEW NUMBER
Input Voltage........... et reataareraans +20V
Output Short Circuit Duration..................... Indefinite | '™ o Voo TAN LT101258
Operating Temperature Range ................ 0°Cto70°C oy
Storage Temperature Range............. ~65°Ct0150°C gz:;cwp
Lead Temperature (Soldering, 10 sec.).............. 300°C PART MARKING
S8 PACKAGE
PLASTIC SO 1 01 2

ELECTB'CHL CHRARACTERISTICS Vs = £ 15V, Vom = 0V, Ta =25°C, unless otherwise noted.

LT101258

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage 10 120 v
Note 2 25 180 uV

Long Term Input Offset Voltage Stability 0.3 uVimonth

log Input Offset Current 50 280 pA
Note 2 60 380 pA

lg Input Bias Current +80 +300 pA
Note 2 +120 +400 pA

[ Input Noise Voltage 0.1Hz to 10Hz 0.5 awVp-p
e Input Noise Voltage Density fo=10Hz(Note 3) 17 30 niVHz
fo= 1000Hz (Note 3) 14 2 nVivHz

in Input Noise Current Density fo=10Hz 20 {AIHz
AvoL Large Signal Voltage Gain Vour= £ 12V, R 2 10kQ 200 2000 vimV
Vour= £ 10V, R 22k 120 1000 Vimv

CMRR Common-Mode Rejection Ratio Vou= 135V 110 132 dB
PSRR Power Supply Rejection Ratio Vg=+2Vio £20V 110 132 dB
Input Voltage Range +135 +14.0 v

Vour Output Voltage Swing R, =10k +13 +14 v
Slew Rate 0.1 0.2 Vius

ls Supply Current Note 2 380 600 #A
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LT101258

ELECTRICAL CHARACTERISTICS v - : 15V, Vou=0V,0°C s, Ta<70°C, unless otherwise noted.

LT101258
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage [ ] 20 200 w
Note 2 [ 30 270 vV
Average Temperature Coefficient of input ® 0.2 18 wieC
Offset Voltage
los Input Offset Current [ 60 380 pA
Note 2 [ 80 500 pA
Average Temperature Coefficient of Input ® 04 4 pAI°C
Offset Current
Ig Input Bias Current [ ] +100  +420 pA
Note 2 [ ] +150  +580 pA
Average Temperature Coefficient of ® 05 5 pAI°C
Input Bias Gurrent
Avor Large Signal Voltage Gain Vour= £ 12V, R 210kl [ ] 150 1500 VimV
Vour = * 10V, R 22k0 [J 100 800 VinV
CMRR Common-Mode Rejection Ratio Voy= £13.5V ® 108 130 dB
PSRR Power Supply Rejection Ratio Vg= +25Vto £ 20V ® 108 128 dB
Input Voltage Range [J +135 v
Vout Output Voltage Swing R, =10k [ +13 +14 v
Iy Supply Current [ ] 400 800 pA
The ® denotes the specifications which apply over the full operating tem- Note 2: These specifications apply for +2V<Vg=< +20V(x 25V<Vgs
perature range. +20V over the temperature range) and — 13.5V <Vey<13.5V (for
Note 1: Differential input voltages greater than 1V will cause excessive cur- V= £ 15V).
rent to flow through the input protection diodes unless limiting resistance Note 3: This parameter is tested on a sample basis only.

is used.
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LT1013/LT1014

TECHNOLOGY

FERTURES

= Single Supply Operation
Input Voltage Range Extends to Ground
Output Swings to Ground while Sinking Current
= Pin Compatible to 1458 and 324 with Precision Specs

w Guaranteed Offset Voltage 1504V Max.
m Guaranteed Low Drift 2uV/°C Max.
» Guaranteed Offset Current 0.8nA Max.
m Guaranteed High Gain

5mA Load Current 1.5 Million Min.

17mA Load Current 0.8 Million Min.
m Guaranteed Low Supply Current 500pA Max.
= Low Voltage Noise, 0.1Hz to 10Hz 0.55uVp-p

= Low Current Noise—Better than OP-07, 0.07 pA/vHz

APPLICATIONS

= Battery-Powered Precision | D
Strain Gauge Si itidmer.
Thermo 5 ‘sﬁo
Instru Amplifier v

= 4mA-20mA Curre T

a Multiple Limit etection
m Active Filters

= Multiple Gain Blocks

Quad Precision Op Amp (LT1014)
Dudl Precision Op Amp (LT1013)

DESCRIPTION

The LT1014 is the first precision quad operational
amplifier which directly upgrades designs in the industry
standard 14-pin DIP LM324/LM348/0P-11/4156 pin
configuration. it is no longer necessary to compromise
specifications, while saving board space and cost, as
compared to single operational amplifiers.

The LT1014’s low offset voltage of 50V, driftof 0.3uV/ °C,
offset current of 0.15nA, gain of 8 million, common-mode
rejection of 117dB, and power supply rejection of 120dB
qualify it as four truly precision oper. jonal amplifiers. Par-
ficutarly important is the low ge, since no offset
null terminals are e quad configuration.
Although suWe 1only 350y Ager amplifier, a new
outgut s WeBidh source xcess of 20mA of
rrent, while i oltage gain.
the first precision dual op amp in

e Similarly, e
t;t‘rpa“ Ar:x#&ﬂstry standard configuration, upgrading the

mance of such popular devices as the MC1458/
1558, LM158 and OP-221. The LT1013’s specifications
are similar to (even somewhat better than) the LT1014’s.

Both the LT1013 and LT1014 can be operated off a single
5V power supply: input common-mode range includes
ground; the output can also swing to within a few
millivolts of ground. Crossover distortion, so apparent on
previous single-supply designs, is eliminated. A full set
of specifications is provided with +15V and single 5V
supplies.

3 Channel Thermocouple Thermometer

W
@
AAA

4K

USE TYPE K THERMOCOUPLES. ALL RESISTORS =1% FILM.
COLD JUNCTION COMPENSATION ACCURATE

TO +1°C FROM 0°C —60°C.

USE 4TH AMPLIFIER FOR QUTPUT C.

LT1014 Distribution of Offset Voitage

700
Vg= = 15V

TpA=25°C

425 LT1014s

(1700 OP AMPS) gy
TESTED FROM =
THREE RUNS

J PACKAGE

QUTPUT A

10mY/°C 400

300

NUMBER OF UMTS

200

om
i s

0 Seliee da
—300 —200 —100 100 200 300

ITPU
quTRLTS INPUT OFFSET VOLTAGE (uV)

10mv/°C
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LT1013/LT1014

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

SuppiyVoltage . . ....................... +22V
Differential InputVoltage . .. ............... + 30V e
InputVoltage ........ Equal to Positive Supply Voltage
...... 5V Below Negative Supply Voltage
Output Short Circuit Duration ............. Indefinite H—} 8} gﬁmH
Operating Temperature Range LT1013ACH
LT1013AM/LT1013M/ V™ (CASE) LT1013CH
LT1014AM/LT1014M ... ... .. —55°C10125°C METAL CAN 1 PACKAGE
LT1013AC/1013C/1013D TOP VIEW
LT1014AC/1014C/1014D ... ... . .. 0°C1070°C ouruT A ] v+ T oate
Storage Temperature Range -In AIZ [ove | 74013 AC?S
AllGrades................... —65°C10150°C +NALE HEl-ne LT1013CJ8
Lead Temperature (Soldering, 10sec.). . .. .. .. 300°C v-[ <HE] +in8 LT1013CN8
HERMETIC DIP J8 PACKAGE [_T‘] 01 3DN8
PLASTIC DIP N8 PACKAGE
TOPVIEW
output A[T] 1] ouTPUT D
—ina[Z] T3] -mo
rapllger | o
v+[al [~ LT1014ACd
+|~BE 0] +1n ¢ LT1014CJ
~in 8 [8] I@s ~INC LT1014CN
outPuT B[7 8] outPuT C LT1014DN
HERMETIC DIP 314 PACKAGE
PLASTIC DIP N14 PACKAGE
ELECTRICAL CHARACTERISTICS
Vs= +£15V, Vem =0V, Ta=25°C unless otherwise noted
LT1013AM LT1013M/LT1013C
LT1013AC LT1013DN8
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT1014C UNITS
LT1014AC LT1014DN
MIN  TYP O MAX | MIN  TYP  MAX
Vos Input Offset Voltage LT1013 - 40 150 — 60 300 W
LT1014 - 50 180 - 60 300 W
LT1013DN8/LT1014DN — - — - 200 800 W
Long Term Input Offset Voltage — 0.4 - — 0.5 - uV/Mo.
Stability
los Input Offset Current - 0.15 0.8 — 0.2 1.5 nA
s Input Bias Current - 12 20 — 15 30 nA
[N Input Noise Voitage 0.1Hz to 10Hz — 0.55 — — 0.55 — wp-p
e, Input Noise Voltage Density to=10Hz - 24 - — 24 — v/ VHz
fo=1000Hz — 22 - - 2 - nv/vhz
in Input Noise Current Density fo=10Hz - 0.07 - — 0.07 - pA/VHz
Input Resistance—Differential (Note 1) 100 400 - 70 300 - MQ
Common-Mode — 5 — — 4 - G
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LT1013/LT1014

€LECTRICAL CHARACTERISTICS

Vg= +15V, Vgm =0V, Ta=25°C unless otherwise noted

LT1013AM LT1013M/LT1013C
LT1013AC LT1013DN8
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT1014C uNITS
LT1014AC LT1014DN
MIN TYP MAX MIN TYP MAX
Ayor Large Signal Voltage Gain Vo= £ 10V, R =2k 1.5 8.0 — 1.2 7.0 — ViV
Vo= + 10V, Ry =6009 0.8 2.5 — 0.5 2.0 — v/
Input Voltage Range +13.5 +13.8 - +135 +1338 - v
—150 -—153 s —-150 —153 — v
CMRR Common-Mode Rejection Ratio Veu=+13.5V, —16.0V 100 17 — 97 114 - dB
PSRR Power Supply Rejection Ratio Vg=+2Vio =18V 103 120 - 100 117 - dB
Channe! Separation Vo=+10V, Ry =2k 123 140 — 120 137 - dB
Vour Output Voltage Swing R =2k +13 +14 - +125 =14 — v
Slew Rate 0.2 0.4 - 0.2 0.4 - Vius
Is Supply Current Per Amplifier —_ 0.35 0.50 - 0.35 0.55 mA
Note 1: This parameter is guaranteed by design and is not tested.
Typical parameters are defined as the 60% yieid of parameter distribu-
tions of individual amplifiers; i.e., out of 100 LT1014s {or 100
LT1013s) typically 240 op amps for 120) will be bstter than the in-
dicated specification.
Vg'= +5V, V§=0V, Voyr =1.4V, Vem =0V, Ta=25°C unless otherwise noted
LT1013AM LT1013M/LT1013C
LT1013AC LT1013DN8
SYMBOL | PARAMETER CONDITIONS LT1014AM LT1014M/LT1014C UNITS
LT1014AC LT1014DN
MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage LT1013 — 60 250 — 90 450 w
LT1014 - 70 280 - 90 450 w
LT1013DN8/LT1014DN - - - - 250 350 w
los Input Offset Current — 0.2 1.3 - 0.3 2.0 nA
Ig Input Bias Current - 15 35 = 18 50 nA
AvoL Large Signal Voltage Gain Vo=5mV to 4V, R, =500Q - 1.0 - — 1.0 - i
input Voltage Range +35 +3.8 - +3.5 +3.8 —_ Vv
0 —03 — 0 -0.3 — v
Vour Output Voitage Swing Output Low, No Load - 15 25 - 15 25 mv
Qutput Low, 600% to Ground - 5 10 - 5 10 mv
Output Low, Igx=1mA - 220 350 - 220 350 mv
Output High, No Load 4.0 4.4 — 4.0 44 — v
Output High, 6002 to Ground 34 4.0 - 3.4 4.0 - Vv
ls Supply Current Per Amplifier - 0.31 0.45 0.32 0.50 mA

L%




LT1013/LT1014

ELECTRICAL CHARACTERISTICS vs— - 15V, vow =0V, —55°C <Ta <125°C unless otherwise notod

SYMBOL | PARAMETER CONDITIONS LT1013AM LT1014AM LT1013M/LT1014M UNITS
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vos Input Offset Voltage e - 80 300 — 90 3/0 | — 110 550 w
Vs=+5V, OV; Vo= + 1.4V
—55°C =T, <100°C [ - 80 450 | — 90 480 | - 100 750 w
Vou=0.1V, TA=125°C - 120 450 | — 150 480 | — 200 750 w
Vom=0V, Ty=125°C - 250 900 | — 300 960 | — 400 1500 w
Input Offset Voitage Drift | (Note 2) ] — 04 201} — 04 20 - 05 25 | w/reC
los Input Offset Current e - 03 25| — 03 28| — 04 50 nA
Vg=+5V, 0V; Vg=+14V |@| — 06 60| — 07 70| - 09 100 nA
ig Input Bias Current o — 15 30 - 15 30 - 18 45 nA
Vs=+5V,0V; Vo= +1.4V |@ 20 80 25 90 - 28 120 nA
AvoL (Iiaé.rge Signal Voltage Vo= +10V, R =2k el 05 20 -— 04 20 -— 025 20 - V/uV
in
CMRR | Common-Mode Rejection | Voy=+13.0vV, —14.9V  |@] 97 114 — | 96 114 — | 94 113 — dB
PSRR Power Supply Rejection | Vg= +2V to +18V e 100 117 -— 100 117 — 97 16 — dB
Ratio
Vour Output Voltage Swing R =2k e| £12 +138 — |12 =138 — |+11.5=+138 — v
Vg=+5V, OV;
R =6002 to Ground
Output Low ® - 6 15 —_ 6 15 - 6 18 mv
Output High e 32 3. - 3.2 38 -— 31 38 - v
lg Supply Current ° 0.38 0.60| — 0.38 0.60] — 038 07 mA
Per Amplifier Vg=+5V,0V; Vg=+1.4V |@ - 0.34 0550 — 0.34 0.5 = 034 0.65 mA

ELECTRICAL CHRRACTERISTICS v;

+15V, Vem =0V, 0°C <T, <70°C unless otherwise noted

LT1013C/LT1013DN8
LT1013AC LT1014AC
SYMBOL | PARAMETER CONDITIONS LT1014C/LT1014DN | yNITS
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX

Vos Input Offset Voltage e - 55 240 | — 65 270 [ — 80 400 w

LT1013DN8, LT1014DN e -— - - - - - - 230 1000 wv

Vg=+5V, 0V; Vo=1.4V je] — 75 3%0 | — 85 380 | — 110 570 wv

LT1013DN8, LT1014DN o — — — — — — — 280 1200 n

Average Input Offset {Note 2) * - 03 201 — 03 20 ) — 04 25 uN/°C

Voltage Orift LT1013DN, LT1014DN e — - - — — - - 0.7 50 |av/°C

los input Offset Current e -— 02 15| — 02 17| — 03 28 nA

Vg=+5V, OV; Vo=1.4V o — 04 35| — 04 40| — 05 6.0 nA

ig Input Bias Current e -— 13 25 - 13 25 - 16 38 nA

Vs=+5V, OV, Vo=1.4V @] — 18 55 - 20 60 — 24 90 nA

AvoL Large Signal Voltage Gain | Vo= = 10V, R =2k [} 1.0 50 ~— 1.0 50 - 07 40 - ViV

CMRR | Common-Mode Rejection | Vo= +13.0V, —15.0¥ e 9 16 - 98 116 — 94 13 - dB
Ratio

PSRR Power Supply Rejection | Vo= +2V to +18V el 10t N8 — 101 g — 97 116 — dB
Ratio

Vour Output Voltage Swing Ri=2k o| £125 +13.9 — [|#125 %139 — |£120 £139 — v

Vs= +5V, 0V; R, =6000

Output Low o -— 6 13 - 6 13 - 6 13 my

OQutput High e/ 33 39 -— 33 39 - 32 39 - \

Is Supply Current per ° 036 055 — 036 055 — 0.37 0.60 mA

Amplifier Vs=+5V, 0V, Vp=1.4V |@| — 032 050 — 032 050 — 0.34 055 mA

Note 2: This parameter is not 100% tested.
The @ denotes the specifications which apply over the full operating
temperature range.
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LT1013/LT1014

TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift with
Temperature of Representative Offset Voltage vs Balanced ]
Units Source Resistance Warm-Up Drift
. 10 T : 5
Vo= =15V = Yomx 1V
20 Vg5V, OV, —55°C TO 125°C _ A=
_ = R W z 4
2 E T 55°C 10 125°C W
2 0 . E Vg= =15V, —55°C T0 125°C W
w — W10 E
< = t T 1 y 2 3
5 —— ] T T L7, S
[=} (=3 { T Z Z,
> 0 E 1l } 7z /7 E LT1013 METAL CAN (H) PACKAGE
- @
E —— £ Vs=5V, 0V, 25°C 177 A 5 , o
™ =2
8 - e S ; 0.1 o LT1014
2~ <
2 = z = | 2 ]
N [Vs= *15"[ 25 Cl_: 5 1 LT1013 CERDIP (J) PACKAGE
~200 n —w-
(X)) 1]
~50 —-25 O 25 5% 75 100 125 1k 3k 10k 30k 100k 300k 1M 3M 10M 1 3 4 5
TEMPERATURE (°C) BALANCED SOURCE RESISTANCE () TIME AFTER POWER ON (MINUTES)
Common-Mode Rejection Ratic Power Supply Rejection Ratio
vs Frequency vs Frequency 0.1Hz to 10Hz Noise
120 120
T ™~ TpA=25°C
_ Ta=25°C = N Vg=£2VT0 +18V
2 100 R 2100
o \ =3 \ =
g z NEGATIVE POSITIVE =
s W Vg=5V, OV y=xV—  z B SUPPLY sy | 2
5 =i &
w w —
560 N g 80 &
= 2 N g
w > ]
=) E w =
3 AN 2 3
E & Vg= i+ 16V + 1Vp-p SINE WAVI g
22 R pa RTINS —
) I
0 0
10 100 1k 10k 100k ™ 0.1 1 10 100 1k 10k 100k 1M 0 2 4 6 8 10
FREQUENCY {Hz) FREQUENCY (Hz) TIME (SECONDS)
10Hz Voltage Noise
Noise Spectrum Distribution Supply Current vs Temperature
1 ™
000 Fe—75et i 200 Vo= 215V 460
_ Vg=+2VT0 +18V 180 Ta=25°C -
@ & 160 328 UNITS TESTED 32
FROM THREE RUNS & 420
<3 %0 2
Es Q ) 140 =
22 | N m _l_ ERF 2 w0 ey
4 =
HE 0 N I_ é 100 W §=% //
w CURRENT NOISE & =
82 i, 2 sl — D 340 +
5; THIST = © % P Vg=5V, 0V | P
28 4, VOLTAGE NOISE >
é é N ~ 40 % 300
0 i i
10 0 260
1 10 100 1k 10 20 30 40 50 60 -5 -25 0 25 50 75 100 125
FREQUENCY (Hz} VOLTAGE NOISE DENSITY {nV/~Hz} TEMPERATURE (°C)

LT R
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LT1013/LT1014

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias Current vs
Common-Mode Voitage

o ey 1

w
s
5]

2 F——Vs= 215V} Vs=5Y, OV

=]

|
3]

COMMON-MODE INPUT VOLTAGE, Vg= +5V, OV (V)

0 \\
0 -5 =10 -15 -20
INPUT BIAS CURRENT (nA)

-25 =30

Output Saturation vs Sink

Current vs Temperature
0 R —5vTo 3oV
V—=0V
s Igink=10mA
1.0 !
?_ ——
] Ysink=5mA
> | gl
s ) 1mA
= =1m
=z SINK
= 041
&
5B Ising=100uA
Isink=10pA
=0+
0.01
-50 -25 0 25 50 75 100 125
TEMPERATURE (°C)
Small Signal Transient
Response, Vs =5V, OV
100mV
50mV —

20u8/DIV
=500 TO GROUND
INPUT =0V TO 100mV PULSE

Ay=+1
Ry

t
=]

COMMON-MODE INPUT VOLTAGE, Vg

1
-
&

15V (V)

Input Offset Current vs Input Bias Current vs
Temperature Temperature
1.0 — -30
Veu=0v Vom=0v
—-25
g% z
= g -2
= 0. -
§ 6 g V=5V, OV vs/=#2‘5"
Py 3 -15
2 04 A ] 2 Lt
: X Vg=+15V
S v =5v,o\174%¢%1§ 5 -10 T Vs=x
S // =
0.2 5
Vg= %15V
0 0
~-50 -26 0 25 50 75 100 125 -5 -25 0 25 50 75 100 125

TEMPERATURE (°C)

Small Signal Transient
Response, Vg= £ 15V

20my/DivV

2us/DIV

Large Signal Transient
Response, Vg =5V, OV

Ay=+1
RL=4.7k o5V
INPUT =0V TO 4V PULSE

104870

TEMPERATURE (°C)

Large Signal Transient
Response, Vg= +15V

5V/DIV

505/ DIV

Large Signal Transient
Response, Vg =5V, 0V

-

-

ov-—

10p8/0V

Ay=+1
NO LOAD
INPUT =0V TO 4V PULSE
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LT1013/LT1014

TYPICAL PERFORMANCE CHARACTERISTICS

Output Short Circuit Current Voltage Gain vs Load
vs Time Resistance Voltage Gain vs Frequency
Rl T Vo= 215V 1o S oE s A 0 Th=257C
30 P~ 25°C [k Bt 120 < Gy.=1000F
2 1 LIBBLURR]
2% » 125°C e 100
£ o
E é B /,' A= 55" .v|s=15\!. wl. [
& 10 = P ™1 TII1 2 80
& = Ta=25°C, Vg =5V, IV 5
8 0 = A pet ) V=5V, OV Ng Vg = % 16V ——
g % I =125 VI =5V, OV- é
g -1 125°C = vy A = n
»‘i et I =] VA7 y, >
TE-2 25°C / VAl 2
& g — - Vo= = 10V WITH ls=l*|5\
% -3 — =550 YomtomiT0 850 0
I WITH Vg =5V, OV
0 1 2 s 1 = oo 0 100 1k 10k 100k 1M 1OM
00101 1 10 100 1k 10k
TIME FROM OUTPUT SHORT TO GROUND (MINUTES) LOAD RESISTANCE TO GROUND (2) FREQUENCY (Hz)
Channel Separation vs
Gain, Phase vs Frequency Frequency
80 160
TA=2%‘;IC Vg= 215V
Vem= Ta=25°C
% N ¢, = 100pF | ‘%0 TN Vin=20vpp TO 5kHz
NS L phase 120 3 g™ AN RuL=2k 1
NN T N
& & = LIMITED BY
g— 10 \ Ve N 15V L 140 o .§I120 | THERMAL N N
S GAIN N\ \\ z = INTERACTION \ Rs=1000
3 N 160 = = Rg=1kQ
8 N g & ] ™
Z o 100 T
g 0 & RN 5V, 0V 1 2 g LIMITED BY
NN \ & E PIN TO PIN
\\ \ H 200 3w CAPACITANCE N
—10 I H \
60
0.1 - 1 3 10 10 100 1k 10k 100k 1M
FREQUENCY (MH2) FREQUENCY (H2)

APPLICATIONS INFORMATION
Single Supply Operation

The LT1013/1014 are fully specified for single supply  afew hundred millivoits below ground, two distinct prob-
operation, i.e., when the negative supply is OV. input  lems can occur on previous single supply designs, such
common-mode range includes ground; the outputswings  as the LM124, LM158, OP-20, OP-21, OP-220, OP-221,
within a few millivolts of ground. Single supply operation, ~ OP-420:

however, can create special difficulties, both at the input

2nd atthe output. The LT1013/LT1014 have specificcir-  2) Wnen the input is more than a diode drop below
cuitry which addresses these problems. ground, unlimited current will flow from the substrate

(V— terminal) to the input. This can destroy the unit. On

the LT1013/ 1014, the 4002 resistors, in series with the

At the input, the driving signal can fall below OV—inad-  input (see schematic diagram), protect the devices even
vertently or on a transient basis. If the input ismorethan  when the input is 5V below ground.
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LT1013/LT1014

APPLICATIONS INFORMATION

{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 (021, Q22, Q27, 028), the
LT1013/1014’s outputs do not reverse, as illustrated
beiow, even when the inputs are at —1.5V.

There is one circumstance, however, under which the
phase reversal protection circuitry does not function:
when the other op amp on the LT1013, or one specific
amplifier of the other three on the LT1014, is driven hard
into negative saturation at the output.

Phase reversal pratection does not work on amplifier:

A when D’s output is in negative saturation. B’s and C’s
outputs have no effect.

B when C’s output is in negative saturation. A’s and D’s
outputs have no effect.

C when B’s output is in negative saturation. A’'s and D's
outputs have no effect.

D when A’s output is in negative saturation. B’s and C’s
outputs have no effect.

At the output, the aforementioned single supply designs
either cannot swing to within 600mV of ground (0P-20)
or cannot sink more than a few microamperes while
swinging to ground (LM124, LM158). The LT1013/
1014’s all-NPN. output stage maintains- its low output
resistance and high gain characteristics until the output
is saturated.

In dual supply operations, the output stage is crossover
distortion-free.

Comparator Applications

The singie supply operation of the LT1013/1014 lends
itself to its use as a precision comparator with TTL com-
patible output:

In systems using both op amps and comparators, the
LT1013/1014 can perform multiple duties; for example,
on the LT1014, two of devices can be used as op amps
and the other two as comparators.

Voltage Follower with Input Exceeding the Negative Common-Mode Range

6Vp-p INPUT, —1.5V T0 4.5V

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

OUTPUT (V)

INPUT (mV}

Vg=5V, 0V

50ps/DIV

LM324, LM358, OP-20
EXHIBIT OUTPUT PHASE
REVERSAL

LT1013/LT1014
NO PHASE REVERSAL

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

OUTPUT (V)

INPUT (V)

LT R




LT1013/LT1014

APPLICATIONS INFORMATION
Low Supply Operation

The minimum supply voltage for proper operation of the
LT1013/1014 is 3.4V (three Ni-Cad batteries). Typical
supply current at this voltage is 290uA, therefore power
dissipation is only one milliwatt per amplifier.

Noise Testing

For application information on noise testing and calcula-
tions, please see the LT1007 or LT1008 data sheet.

Test Circuit for Offset Voitage and
Offset Drift with Temperature

LT1013
ORLT1014

-18V

“RESISTORS MUST HAVE LOW
THERMOELECTAIC POTENTIAL.

**THIS CIRCUIT IS ALSO USED AS THE BURN-IN
CONFIGURATION, WITH SUPPLY VOLTAGES
INCREASED TO £ 20V.

Vo=1000Vgs

TYPICAL APPLICATIONS

INPUT
300mV —
10Vems

BRN

+5V

50MHz Thermal rms to DG Converter

o0

0.01

AA

T1A
GRN

ov-4v
QUTPUT

2% ACCURACY, DC—50MHz.

100:1 CREST FACTOR CAPABILITY.
*0.1% RESISTOR.

T1-T2 = YELLOW SPRINGS INST. CO. THERMISTOR COMPOSITE #44018.

ENCLOSE T1 AND T2 IN STYROFOAM.

7.5mW DISSIPATION.

5V Single Supply Dual Instrumentation Amplifier

+INPUT

—INPUT

OFFSET = 1504V

GAN=RZ +1.

CMRR =120 dB.

COMMON-MODE RANGE IS OV TO 5V.

LT SR
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LT1013/LT1014

TYPICAL APPLICATIONS

oV-10V=

Hot Wire Anemometer
02-05
A3046
a2 PIN3TQ —15V
= Q3 Qs
1000pF l o
< A2k S0k
:: 33K Vv W
1
T
ZERO "
FLOW 33
—18V
500K
REMOVE LAMP'S GLASS ENVELOPE FROM 328 LAMP.
A1 SERVOS #328 LAMP TO CONSTANT TEMPERATURE.
A2-A3 FURNISH LINEAR QUTPUT vs FLOW RATE.
*1% RESISTOR.

Liquid Flowmeter

1ok S RESPONSE  0-1000 FEET/MINUTE
2 e
ADJUST
w100k
FULL:
SCALE
FLOW
AN

3.2k
AAA- "
! AMA
& 3.2k™
+15V
150 |
DALE "
HL25 6.25k
> >
< 2
? 3
m
100
J_ 2N4391 300pF
= 1 OUTPUT
[ ) 1 }—1—0Hz-3mnz=
LT1004 01 0~ 300ML/ MIN
-1.2 asake |
.L_K AN +15v
=+ e 8l 00k |1y 4
< 2.7k
3 10, 14
—18V 100k 13
. 1
= —15v
T 150 HEATER RESISTOR T2 *1% FILM RESISTOR.
FLOW I | **SUPPLIED WITH YS| THERMISTOR NETWORK.

L

— FLOW

T1, T2 YSI THERMISTOR NETWORK = #44201.
FLOW IN PIPE IS INVERSELY PROPORTIONAL TO
RESISTANCE OF T1-T2 TEMPERATURE DIFFERENCE.
A1-A2 PROVIDE GAIN. A3~A4 PROVIDE LINEARIZED
FREQUENCY QUTPUT.
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LT1013/LT1014

TYPICAL APPLICATIONS

5V Powered Precision Instrumentation Amplifier

+5V

20k

— INPUT 3
‘b
t RPN
200k*
1uF AN
=1ls
t
7
20K 5
+ INPUT
t *1% FILM RESISTOR. MATCH 10k’s 0.05%
400,000
GAl A= 1.
N IN EQUATION: A= 225 +
1FOR HIGH SOURCE IMPEDANGES,
USE 2N2222 AS DIODES.
9V Battery Powered Strain Gage Signal Conditioner
15k
AP ey
»
+9v *1N4148::22M l__l.
—2 4 ] o A=
. 3300 1~
o.oﬁsf ! AN~ 2N2219
3 |
= " 4 0.01 T0 A/D RATIO
L S o0k I T REFERENCE
= 100K
100K $ 100
1 3500 <74 1%
4 smanaceg 2 LS
T 3 BRIDGE 7] 499 s
5k 1 2 M4 10470
1k 15 13 12
+OV WA 439
0.068 W AAS
14
l__ 100k
-3.“. 7 74C221
0.068 B
__| |_5. 9
>/

15
TOA/D
CONVERT COMMAND

4

-__t SAMPLED OPERATION GIVES LOW AVERAGE OPERATING CURRENT ~ 650pA.

SAAA.

4.7k-0.01pF RC PROTECTS STRAIN BRIDGE FROM LONG TERM DRIFTS DUE TO

HIGH AV/AT STEPS.

LTI
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LT1013/LT1014

TYPICAL APPLICATIONS

5V Powered Motor Speed Controller
No Tachometer Required

+5V 47
1h
ook s =
VWA~ < 1k - l
b 03
W 2N5023
2k o
330k <
< 2N3904
- -
= 1N4001
0.068 1/4 CD4016
1N4001

MOTOR =CANON — FN30 —R13N1B.
A1 DUTY CYCLE MODULATES MOTOR.
A2 SAMPLES MOTORS BACK EMF.

5V Powered EEPROM Puise Generator

+5V
DALE 1N4148
4Tc10.00 TN4198 1N4148 r
P}
20k
= 0.33
1N4148 I
2N2222 | = <3
47k 2N2222 g 1000
S = 2700 2100k
820 Wy
i = 8203 AT
1N4148
1N4148 TTL INPUT 1
2N2222
21V
MEETS ALL Vpp PROGRAMMING SPECS WITH NO TRIMS AND OUTPUT _/_ I
RUNS OFF 5V SUPPLY—NO EXTERNAL HIGH VOLTAGE SUPPLY REQUIRED.
SUITABLE FOR BATTERY POWERED USE (600yA QUIESCENT CURRENT). 100K* 600us RC

*1% METAL FILM.

6.19K
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LT1013/LT1014

TYPICAL APPLICATIONS

Methane Concentration Detector with Linearized Output

+5V

1
’_o/o_—. - —
o~ o -~ *1% METAL FILM RESISTOR.
SENSOR = CALECTRO-GC ELECTRONICS #J4-807 OR FIGARQ #813.
S
| iM

LT1004 = l——{ _iy |
1.2 0.0 1N4148 (4)
300 | g CD4016 . |
. 55 1.931(,. : 74604
>
27
= 74004
5 8 I L
b LTC1044 45V a0F S0k a7opF
4§ 104F 2 _L3 _L +5V
T 104F A= =
I+

CA3046

[ 3
= — 0 osj—-%-

1N4148

- QUTPUT
500ppm-10,000ppm
5V ! 50Hz — 1KHz
AN/ |—'—
Sk 1} O ] 16 -
1000ppm 7 AAAM > . =
TR LD WVoN Wvo
5
- 12

+9V INPUT 2N2905 L R sV
20mA
10k _L 390k
AA- N4148 _] 47 ‘i b

e HP5082-2811
:; 10k

L1 00pA

> 120k
> 1%

L=DALE TE-3/Q3/TA.

SHORT CIRCUIT CURRENT =30mA.
~=75% EFFICIENCY.

SWITCHING PREREGULATOR CONTROLS DROP ACROSS FET TO 200mV.
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LT1013/LT1014

TYPICAL APPLICATIONS

5V Powered 4mA-20mA Current Loop Transmitter t

+5V
03
2N2905
8200
T
1N4002 (4)
s
:,68(1
02
2N2905
0.33
'L . 00k
+5V M
[P E:wk'
4 2 1 ‘L L S
2N2222 " ;, 20mA 1000
3 TRIM
100pF A |
4 1k S
L. o g ama 6 S8k
= 1 TRIM .
= +5v_.:'53,‘§,_ L4 —> 4mA-20mA OUT
L1004 5 = T0 LOAD
—p 2.2k2 MAXIMUM
v
112-BIT ACCURACY. =
“1% FILM. INPUT
T1=PICO-31080. 0TO 4V

Fully Fioating Modification to 4mA-20mA Current Loop t

1N4002 (4)
TO INVERTER 7
DRIVE
4mA-20mA OUT
. FULLY FLOATING
10K*
3
4.3k ok
+5V—MN—-+ A Eg?M'A
to
LT1004 4 8-BIT ACCURACY.
12V :
= Lox
4mA
TRIM
INPUT
ov-4v
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LT1013/LT1014

TYPICAL APPLICATIONS

5V Powsred, Linearized Platinum RTD Signal Conditioner

1670 OUTPUT
V-4V =
0°6-400°C

02 £0.05°C

2N4250
2

1.5k SENSOR

1L rosemount
= 118MF

+5V
2.4k
5%
LT1009
2.5V

ALL RESISTORS ARE TRW-MAR-6 METAL FILM.
RATIO MATCH 2M-200K +:0.01%.
TRIM SEQUENCE:
SET SENSOR T0 0° VALUE.
ADJUST ZERO FOR OV OUT.
SET SENSOR 70 100°C VALUE.
ADJUST GAIN FOR 1.000v OUT.
SET SENSOR T0 400°C.
ADJUST LINEARITY FOR 4.000V OUT, REPEAT AS REQUIRED.

Strain Gage Bridge Signal Conditioner

1.2Voyr REFERENCE
70 A/D CONVERTER

L 10k FOR RATIOMETRIC GPERATION
VRer S 7ERD 1mA MAXIMUM LOAD
I3 mm
301k
- <
4 4 J00k
O YA VA
L ® OUTPUT  QV-3.5V
Opsi-350psi
+ PRESSURE 0.33
100F LTC1044 4 TRANSDUCER 7
2 s
4 3500
V= —Vagr s l——l
= >,
g ‘ © ‘{5( GAIN TRIM
i 3
1004F 3
I a6k
*1% FILM RESISTOR.
PRESSURE TRANSDUCER~—BLH / DHF—350. e
GIRCLED LETTER IS PIN NUMBER. $ 1000
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LT1013/LT1014

TYPICAL APPLICATIONS

LVDT Signal Conditioner

0.005 ok 0005 -
= o8
5V FREQUENCY = =
30k )5 1.5kHz
= 7 YEL-BLK
5
—5V
p
10k [
A Ng14
LT1004
M43/ oy
1.2k[ 104F T
' e ouT
3 V-3V
= 200k
1k
100k b 70 PIN 16, LT1043
PHASE % 10k

LVDT = SCHAEVITZ E-100.

Triple Op Amp Instrumentation Amplifier with Bias Current Cancellation

JRTYL.TT} —— 3
LN
>
>
::gn ZR3
< 10M
e OUTPUT
+INPUT
SR - 2R1> 83
:: M GAIN (1 +Re) B2
2R
)g'ﬁ INPUT BIAS CURRENT TYPICALLY < 1nA

M INPUT RESISTANCE =3R =15M FOR VALUES SHOWN
NEGATIVE COMMON-MODE LIMIT =V - + {5 x 2R+ 30mV
=150mV for V— =0V
Ig=12nA

10

VWA
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LT1013/LT1014

TYPICAL APPLICATIONS

Voltage Controlied Current Source with

Low Dropout Regulator for 6V Battery Ground Referred Input and Output
+12 OUTPUT +5V
|
1
g 5V OUTPUT
0.003,F {
< 120k
L
Zroon
3:30,( l Iyt =0mA TO 15mA
0.009V DROPOUT AT 5mA OUTPUT. & 50
0.108Y DROPOUT AT 100mA OUTPUT. A& QuTPUT ADVUST
IouiEsCeNT =8508A. *L FOR BIPOLAR OPERATION,
= RUN BOTH ICs FROM
A BIPOLAR SUPPLY,
6V to =15V Regulating Converter
tuF
o
el
r— W
+V o CLK 2 2N4391
100KHZ INPUT = CLK 1 74C74 02 ] +15Vour
D1 0 D2 02 > 1.4M
b3
I.((200!(
¥ Vour
L ADS

L1=24-104 AIE VERNITRON

Pof= 184148

+5mA QUTPUT
75% EFFICIENCY




LT1013/LT1014

L

TYPICAL APPLICATIONS

Low Power, 5V Driven, Temperature Gompensated Crystal Oscillator (Txc0)’f

+5V
3 8
1
) OSCILLATOR SUPPLY
4 3  STABILIZATION
4 3.4K* [
+5V—AAA WA j:w-
s & $Fn 216 g . B
25¢ $3.% _%. g™ =
= 4.20M* ‘
= TEMPERATURE A 5V ‘
= COMPENSATION < ‘
GENERATOR a0k S;g_MHz $ 100k Ly \
AL
N 100k N
\r [] + N2222
6.25k M ! l
VAN Y OSCILLATOR 510pF
‘D
> 560k 3.5MHz OUTPUT
, 3 Mv-200 3. o¢. 0°0-70°
i $ m $ a.22M [ 0.03pem/°C, 0°C-70°C
1 1 L = S10pF Q680D
- <
4% FILM _L—1
= == 3.5MHz XTAL=AT CUT—35°20" =+
MOUNT Ry NEAR XTAL
3mA POWER DRAIN
TTHERMISTOR-AMPLIFIER-VARACTOR NETWORK GENERATES
A TEMPERATURE COEFFICIENT OPPOSITE THE CRYSTAL TO
MINIMIZE OVERALL OSCILLATOR DRIFT
Step-Up Switching Regutator for 6V Battery
OUTPUT
15V
50mA
2N2222
LT1004 [0
oo 200K
5 8
L 7
™| 220 30k 6
VA AMA Vv 4
.
1. L =
: l ! 0.1
I = 5.6k 11
= < il

NAAA
1=V~

L1 =AE—VERNITRON 24-104
78% EFFICIENCY
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LT1013/LT1014

SCHEIIIHTIC DIHGBHI'II

2 LT1013, % LT1014

V+
1.6k 1. 16k 8000
06 013 a4 036
ﬁ N Q;ﬂ I.! q
4 N _‘:
033 Q37
21pF|- o
a az7 A 1 26 £
3 4000 g— [ 24 1803
1 038
4
N oy 1 —{1 o
oUTRUT
k‘ ;:14k
Q28 D
a2
039
[+ 4000 l
m Q12 T4pF 40
022 ) W g ¢~ a3
028 010 ‘%_2‘(
Q11 Q19 034 < 4
10pF — —100pF 42k:, 6000 <
09
u 08 Q7 023 024
020
v T75"F 5 Sk % 13k % 300
J Package 14 Lead Cavity DIP N Package 14 Lead Molded DIP
1?%% (?97; L - %
MAX MAX “’iﬂzﬁ) MAX
5LASS [ie]_f13] [
3 {ie] [ [ol [s] [o] i
) 025020005
r?%:‘) % (6.35020.127)
Mr RAD
THEAHEHEET o
P
0.3
0.200-0.320 KSM:E’ %‘% nrens /‘7 .
e =826, 1.016) X
l"”“’“ ‘2“"1 { ogu-ogty _o&%% ] ) (‘:.—:%
s #j 10508 1.778) W 7S] (g»;a:gigg g 3 i
F — *—,—‘—f——
T_ ? ° \gs 2 i)
090015 T smews 018 20,
@—;‘3‘;%’3«1—3, MAX Bmﬁ - 3,—";}%22—?,—* 1 o _:;n%; (\:gﬁ*z g:) _.l %ﬁ%
0.385 £0.025 0.100:0.010 0.018.£0.002 M — 0.100 +:0.010
[9.779.£0635) 12540 £0.254) 10.457 £0.050) —(“55:035) (254050.254)
Timax A

Timax
150°C 100°C/W

A
100°C 100°C/W
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LT1013/LT1014

PACKAGE DESCRIPTION

H Package J8 Package
Metal Can 8 Lead Hermetic DIP
0.355-0.370
T
~ . 0178 30 N
0 5
uum 03%
[~ 7.747—g.509) ™ 0.220-0.310
0.040 o 8.220-0.310
f1.015) {5.588—7.874)
MAX 8050 [)
(1.270) 0.165—0.185 ol 4
y u:x #.191-4.699 | e
—= ' -
SEATING ) 0.055
PLANE 1 PIH———— S 5 50020950 I~
0.010~0.045 l][] U l]l] f {12.70-19.05) MAX
0.2541.183 0.405
|l 2016-0.021 0.405 )
0.406-0.533) 0.200 (0.2
™w 5.000) D05-0.060 0.005
MAX (0.381—1.524) =
MIN
25°TYP < 0.027-0.045
0.027-0.034 {0.685-1.123)
{0:586—0.864 v ; .
\ s 0.125-0.200 f 150 i !
— e 3 3“]
b {3.175-5.060) w80 " W
- 7 N
-0 & s oaso 0.008-0,015
! D00 ‘_’ 0.762-1.778] ‘775) 0T *_(u.znar;:.am
% ‘zsz‘c“.’ | 001-0.028 n 023 | 2800520 |
0.120-0.160 BSC* "~ {0.356-0.568) {7.366-8.128)
3.008=4.060) RAD TYP VP
i NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED
*LEADS WITHIN 0.007 OF TRUE POSITION (TP} AT GAUGE PLANE
NOTE: DIMENSIONS IN INCHES (MILLIMETERS)
Tjmax Oia O Timax %
o o
150°C 150°C/W | 45°C/W 50°e 100°G/w
N8 Package
8 Lead Plastic
e B Bl T
1 7
1 0.240-0.260
E._ {6.096—7.112)
5 8 T
o ‘
0.040 0.060
=g (1,524
S0
0.370 —0.400
2020 %0200 10.16)
i0.500) il 005 age
MIN (D 127) el |
7
1550475
P.937_a.825)
p b
etstass i L\
0.175-0.138 eu15-0.185
a175-3302) {2.021-3.683) il .'.
1 u
|« 0.030-0.060 - 0.008-0.015
m ‘l ~ ez _1.520) To2—1.524 s {0.2m=0.387)
- TvP
(:ssg?’ 0014 n 023 0.200-0.310
03560534 {7.356-7.878)

NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED
*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE

Timax
100°C

L]
130°C/W
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LT1013DS8

LINEAR

TECHNOLOGY

FEATURES

= Single Supply Operation
Input Voltage Range Extends to Ground
Output Swings to Ground while Sinking Current
= Pin Compatible to 1458 and 324 with Precision Specs

w Guaranteed Offset Voltage 800xV Max.
w Guaranteed Low Drift 5gVi°C Max.
» Guaranteed Offset Current 1.5nA Max.
» Guaranteed High Gain
5mA Load Current 1.2 Million Min.
17mA Load Current 0.5 Million Min.
w Guaranteed Low Supply Current 5504A Max.

= Low Voltage Noise, 0.1Hz to 10Hz 0.554Vp-p
a Low Current Noise—Better than OP-07, 0.07pAI\/ﬁ§

APPLICATIONS

w Battery-Powered Precision Instrumentatj \—£Crossov d
* Puﬁ D%ﬁi 2liminated. A full set of specifications is

Strain Gauge Signal Conditio o
Thermocouple Amplif *
Instrumentaf

= 4mA-20m oop Transi v

= Muitiple Liffit Threshol teﬂﬁ

= Active Filters

= Multiple Gain Blgkso

1SEP

Dual Precision Op Amp

DESCRIPTION

The LT1013 is the first precision dual op amp in the 8-pin
small outline (SO) package, upgrading the performance of
such popular devices as the MC1458, L M358 and OP-221.

The LT1013's low offset voltage of 200V, drift of 0.74V/°C,
offset current of 0.2nA, gain of 7 million, common-mode
rejection of 114dB, and power supply rejection of 117dB
qualify it as two truly precision operational amplifiers. Par-
ticularly important is the low offset voltage, since no off-
set null terminals are provided in the dual configuration.
Although supply current is only 350uA per amplifier, anew

output stage design sources an ﬁ excess of 20mA
of load current, while relg) ge gain.
The LT10mr ed off a Sinale®V power supply:
m "Mode rangas nd; the output
0 swingd & f& millivolts of ground.
ol 0 apparent on previous single-sup-
ifbd with = 15V and single 5V supplies.

3 Channel Thermocouple Thermometer

3k 299

+ 5V =AM =AAA-
LT1004 s
1.2V 16849::

QUTPUT A
10mv/°C

h
LT1013

§
j=]
AAA
VWV

@
=

AA
\4

k]
171013

OUTPUT B
10mv/°C

USE TYPE K THERMOCOUPLES. ALL RESISTORS =1% FILM. *

COLD JUNCTION COMPENSATION ACCURATE
TO =1°C FROM 0°C—60°C.
USE 4TH AMPLIFIER FOR OUTPUT C.

LTI




LT1013DS8

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage ............ovivvvieiei e, +22V
Differential Input Voltage ......................... =30V
Input Voltage ........... Equal to Positive Supply Voltage
......... 5V Below Negative Supply Voltage
Output Short Circuit Duration.. ................. Indefinite
Operating Temperature Range ............... 0°Cto70°C
Storage Temperature Range
AllGrades ............ocviininnnns -65°Cto 150°C
Lead Temperature (Soldering, 10sec.).............. 300°C

PACKAGE/ORDER INFORMATION

TOPVIEW ORDER PART
%_.NA NUMBER
7] QUTA
o LT1013DS8
5] outs
S8 PACKAGE
PLASTIC 50 PART MARKING
NOTE: THIS PIN CONFIGURATION DIFFERS FROM 1013
THE STANDARD 8-PIN DUAL-IN-LINE CONFIGURATION

GLGCTBICHL CHHBHCTGBISTICS Vg = 215V, Voy =0V, T =25°C, unless otherwise noted.

LT1013D
SYMBOL PARAMETER CONDITIONS MiIN TYP MAX UNITS
Vos Input Offset Voltage 200 800 w
Long Term Input Offset Voltage Stability 05 uViMo.
log Input Offset Current 0.2 1.5 nA
Ig Input Bias Current 15 30 nA
€, Input Noise Voltage 0.1Hz to 10Hz 0.55 wpp
e Input Noise Voltage Density fo=10Hz 24 nVivHz
fo=1000Hz 2 nVivHz
in Input Noise Current Density fo=10Hz 0.07 pAWHz
Input Resistance—Differential {Note 1) 70 300 MQ
Common-Mode 4 GO
AvoL Large Signal Voltage Gain Vo= +10V,R 22 1.2 7.0 ViV
Vo= =10V, R =600 0.5 20 VigV
Input Voltage Range +135 +138 v
-150 -15.3 v
CMRR Common-Mode Rejection Ratio Vey= +13.5V, —15.0V 97 114 dB
PSRR Power Supply Rejection Ratio Vg=+2Vto 18V 100 17 dB
Channel Separation Vo= =10V, R =2k 120 137 dB
Vour Qutput Voltage Swing RL=2k +125  +14 v
Slew Rate 0.2 0.4 Vigs
I Supply Current Per Amplifier 0.35 0.55 mA

2-142
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LT1013DS8

ELECTRICAL CHARACTERISTICS

Vgt = +5V,Vg~ =0V, Vour=14V, Ve =0V, Ta=25°C, unless otherwise noted

LT1013D
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage 250 950 WV
los input Offset Current 03 2.0 nA
Ig Input Bias Cutrent 18 50 nA
AvoL Large Signal Voltage Gain Vo=5mV to 4V, R = 5000 1.0 VigV
Input Voltage Range +35 +38 v
0 -03 v
Vour Output Voltage Swing Qutput Low, No Load 15 25 mv
Output Low, 6002 to Ground 5 10 mv
Output Low, lgjn = 1mA 220 350 mv
Output High, No Load 4.0 44 v
Output High, 6002 to Ground 34 4.0 v
Ig Supply Current Per Amplifier 0.32 0.50 mA

€LECTRICAL CHARACTERISTICS vs= 15V, von =0, 0°C<Ta<70°C unless otherwise noted

L11013D

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos Input Offset Voltage ® 230 1000 w

Vg= +5V,0V; Vo=14V o 280 1200 WV

Average Input Offset Voltage Drift (Note 2) [ ] 0.7 5.0 aVi°C

los Input Offset Current [ 0.3 28 nA

Vg= +5V,0¥; Vo=1.4V ° 05 6.0 nA

lg Input Bias Current [ 16 38 nA

Vg= +5V,0V; Vo= 1.4V . 24 90 nA

AvoL Large Signal Voltage Gain Vo= +10V,R =2k [ 0.7 4.0 ViV

CMRR Common-Mode Rejection Ratio Vey= +13.0V, —15.0V [ 94 13 dB

PSRR Power Supply Rejection Ratio Vg= 22Vio £18V [ ] 97 116 dB

Vour Output Voltage Swing R =2k [ ] +120 +139 v
Vg= +5V,0V; R, =6000

OutputLow [ ] 8 13 mv

Output High [ 32 39 v

[ Supply Current per Amplifier ) 037 0.60 mA

Vg= +5V,0V;Vo=14V ® 0.34 0.55 mA

The ® denotes the specifications which apply over the full operating tem-
perature range.

Note 1: This parameter is guaranteed by design and is not tested. Typical
parameters are defined as the 60% yield of parameter distributions of
individual amplifiers; i.e., out of 100 LT1013s typically 120 op amps will be
better than the indicated specification.

Note 2: This parameter is not 100% tested.
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LINEAR
TECHNOLOGY High Speed, Precision
JFET Input Operational Amplifier

FEATURES DESCRIPTION
= Guaranteed Slew Rate 23V/ ps Min. The LT1022 JFET input operational amplifier combines

s Guaranteed Offset Voltage 250V Max.
—55°C10125°C 750V Max.
m Guaranteed Drift 5uV/°C Max.
= Guaranteed Bias Current
70°C 180pA Max.
125°C 4nA Max.
= Gain-Bandwidth Product 8.5MHz Typ.
= Settling Time to 0.05% (10V Step) 0.9us Typ.

APPLICATIONS

» Fast D/A Output Amplifiers (12, 14, 16 Bits)
= High Speed Instrumentation

® Fast, Precision Sample and Hold

= Voltage-to-Frequency Converters

= | ogarithmic Amplifiers

high speed and precision performance.

A26V/ ps slew rate and 8.5MHz gain-bandwidth product
are simultaneously achieved with offset voltage of typical-
ly 80xV, 1.5pV/ °C drift, bias currents of 50pA at 70°C,
500pA at 125°C. The output delivers 20mA of load cur-
rent without gain degradation.

The 2504V maximum offset voltage specification repre-
sents less than ¥» least significant bit error in a 14-bit,
10V system.

The LT1022A meets or exceeds all OP-16A and OP-16E
specifications. It is faster and more accurate without
stability problems at cold temperatures.

The LT1022 can be used as the output amplifier for 12-bit
current output D/ A converters, as shown below.

For a more accurate, lower power dissipation, but slower
JFET input op amp, please refer to the LT1055 data
shest.

12-Bit Voltage Output D/A Converter

B4 w +15V
bS

0D lZ

OmA T0 2mA

OR 4mA 3

12-BIT CURRENT OUTPUT D/A
CONVERTER (e.g., 6012, 565 OR DAC-80)

6 OUTPUT
Qv TO 10V

Cg=15pF TO 33pF
SETTLING TIME TO 2mV (0.8 LSB)=1.545 TO 2us

Large Signal Response

SV/DIV

Ay=1, C.=100pF, 0.5ps/DIV
Tp=25°C, Vg= + 15V

LTI




LT1022

ABSOLUTE MAXIMUM ARATINGS PACKAGE/ORDER INFORMATION

SupplyVoltage. . ....................... + 20V TOP ViEW ORDER PART
Differential InputVoltage ................. +40V NUMBER
inputVoltage . . ........................ + 20V
Qutput Short Circuit Duration ............ Indefinite l&} gggm’:H
Operating Temperature Range LT1022ACH
LT1022AM/1022M . .......... —-55°Ct0125°C LT1022CH
LT1022AC/1022C................ 0°Cto70°C
Storage Temperature Range METAL CAN H PACKAGE
AliDevices.................. —65°Cto150°C
. . = LT1022CN8
Lead Temperature (Soldering, 10sec.) ....... 300°C s [T 5] /e
-n[Z] [7]v+
+INn[E] 5] our
v-[2] 5] BAL
PLASTIC DIP N8 PACKAGE
Vg= 215V, T4 =25°C, Vo =0V unless otherwise noted
LT1022AM i
LT1022AC
LT1022CN8
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX | MIN  TYP MAX | UNITS
Vos Input Offset Voltage (Note 1) H Package - 80 250 - 100 600 w
N8 Package - — - — 160 1000 w
log Input Offset Current Fully Warmed Up ~ 2 10 — 2 20 pA
Ig Input Bias Current Fully Warmed Up - =10 £50 - +10 x50 pA
Vo= +10V - +30 4100 - +30  +150 pA
Input Resistance—Differential — 107 — — 107 — 0
~Common-Mode | Vey= —11V 1o +8V - 10— - 10?2 - Q
Vou=+8Vto +11V — 10" — — 10" - Q
input Capacitance — 4 — — 4 - pF
€n Input Noise Voltage 0.1Hz to 10Hz - 2.5 - — 2.8 — wVp-p
e Input Noise Voltage Density fo=10Hz {Note 2) - 28 50 — 30 60 {nv/vHz
fg = 1kHz (Note 3) — 14 20 — 15 22 |nv/vHz
in Input Noise Current Density fo=10Hz, 1kHz (Note 4) - 1.8 4 | — 1.8 4 tA/vHz
AvoL Large Signal Voltage Gain Vo=x10V R =2k 150 400 - 120 400 - V/imy
R =1k 130 300 — 100 300 — v/mv
] Input Voltage Range +10.5 x12 = +105 =12 - v
CMRR Common-Mode Rejection Ratio Vem=+10.5V 86 94 - 82 92 — dB
PSRR Power Supply Rejection Ratio Vg= =10V io =18V 38 104 — 86 102 - dB
Vour Output Voltage Swing R =2k +12 2132 — |12 x132 — v
SR Slew Rate 23 2 - 18 24 - V/us
GBW Gain-Bandwidth Product f=1MHz - 8.5 - — 8.0 - MHz
Is Supply Current - 5.2 7.0 - 5.2 7.0 mA
Settling Time A=+10rA= -1
10V Step to 0.05% - 0.9 - — 0.9 - ps
10V Step to 0.02% — 1.3 - - 13 - s
Offset Voltage Adjustment Range Rpgr= 100k - +7 - - £7 - mv
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LT1022

E€LECTRICAL CHARACTERISTICS v 15V, Vgy =0V, 0°C<To<70°C unless otherwise noted

LT1022AC LTz
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Vos input Offset Voltage H Package e — 140 480 - 180 1000 w
(Note 1) N8 Package e — - - - 300 1700 w
Average Temperature H Package o — 1.3 5.0 —_ 1.8 9.0 u/°C
Coefficient of Input Offset N8 Package (Note 5) o — - - - 3.0 15.0 | uwv/°C
Voltage
los Input Offset Current Warmed Up,Tp=70°C | — 15 80 — 18 100 pA
ig Input Bias Current Warmed Up, Ty=70°C [ ] — +50 + 200 — + 60 + 250 pA
AvoL Large Signal Voltage Gain Vo= +10V, R =2k e 80 250 — 60 250 - vV/mv
CMRR Common-Mode Rejection Ratio Vem= = 10.4V o 8 93 - 80 91 — dB
PSRR Power Supply Rejection Ratio Vg=+10Vto = 18V e 86 103 — 84 101 - dB
Vout Output Voltage Swing R.=2k ® (12 +£13.1 - +12 +13.1 - v

ELECTRICAL CHARACTERISTICS v;= 15V, Voy=0V, —55°C<Tp=125°C unless otherwise noted

LT1022AM LT1022M

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Vos Input Offset Voitage (Note 1) | — 230 750 - 300 1500 w

Average Temperature (Note 5) ol — 1.5 5.0 - 2.0 9.0 w/°C

Coefficient of Input Offset

Voltage
los Input Ofiset Current Warmed Up, Tp=125°C |® [ — 0.3 2.0 - 0.30 3.0 nA
Ig input Bias Current Warmed Up, Tp=125°C | @ | — +05 +4.0 - +0.7 6.0 nA
AvoL Large Signal Voltage Gain Vo= + 10V, R =2k e | 40 120 - 35 120 - v/mv
CMRR Common-Mode Rejection Ratio Vem= +10.4V e | 8 92 - 80 90 — dB
PSRR Power Supply Rejection Ratio Vg= = 10Vto =17V e | 86 102 — 84 100 - a8
Vour Output Voitage Swing R =2k o |12 +12.9 — +12 +12.9 - v
The @ denotes the specifications which apply over the full operating Note 3: This parameter is tested on a sample basis only.
temperature range. Note 4: Current noise is calcutated from the formula: iy = (2qig)*, where
Note 1: Offset voltage is measured under two different conditions: g=1.6x 10~ coulomb. The noise of source resistors up to 1GQ
(a) approximately 0.5 seconds after application of power; swamps the contribution of current noise.
(b) at Ty=25°C, with the chip self-heated to approximately 45°C to Note 5: Offset voltage drift with temperature is practically unchanged
account for chip temperature rise when the device is fully warmed up. when the offset voltage is trimmed to zero with a 100k potentiometer be-
Note 2: 10Hz noise voltage density is sample tested on every lot of A tween the balance terminals and the wiper tied to V* . Devices tested to
grades. Devices 100% tested at 10Hz are available on request. tighter drift specifications are available on request.
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LT1022

TYPICAL PERFORMANCE CHARACTERISTICS

Phase Margin, Gain Bandwidth
Product, Slew Rate vs

Gain vs Frequency Gain, Phase Shift vs Frequency Temperature
0 Vg= 15V ® e !
= X2 Vg=
120 CLM»});=500')1';«J 100 = Cﬁ:‘\d(:);gv
=+ w =~
N £ 30 12 E
100 2 §‘ ! W £ ) SLEW 2
Ta=25°C N | g = — 1y
o B A} C\ =10pF MWE = 2
g & \ \ J I 20 10.2
g % Ja=—55°C E 1 s;; ! 160 E —~J._caw (f=1MHz) 9 ?—:
= = E —iWhz
40 T=125"Ce__| g NN s w0 B o0 8 5
20 N \CL=300pF 28 7 &
o WE = 2
Vg= £ 15V \ B 6 3
0 —Ta=25°C N 20 b
| | tu=so0pF CL=10pF = l
-2 -10 Cwiews 4l S e Bao |
110 100 1tk 10k 100k 1M 10M 100M 1 3 10 30 100 £ -0 -25 0 25 5 75 100 125
FREQUENCY (Hz) FREQUENCY (MHz) TEMPERATURE (°C)
Undistorted Qutput Swing vs
Frequency Small Signal Response Settling Time
» 1o T
A 10mV/ [ /
Vem & 15V £ ]
s Tf;zim 3 smvfomy | fimv fo.5my
g > ]
& 5 £
w18 > 2 4 T
2 & z, Vg=£15V]
3 \ W v TA=25°C
E 12 s \
] 2 \ X
e 5 -5
% 5 AN £ sR\ \
) Ay= +1, C=100pF, 0.25/DIV 5 '\ )
P, Ta=25°C, Vg= & 15V e 1 \
10my T 1V 0.5mV
0 ~10 " )
100k M 10M 0 1 2 3
FREQUENCY (Hz) SETTLING TIME (s)

The typical behavior of many LT1022 parameters is identical to the LT1056. Please refer to the LT1055/ 1056 data sheet
for the following typical performance characteristics:

Input Bias and Offset Currents vs Temperature OQutput iImpedance vs Frequency
input Blas Current Over the Common-Mode Range Common-Mode Range vs Temperature
Distribution of Input Offset Voitage (H and N8 Package) Common-Mode and Power Supply Rejections vs
Distribution of Offset Voltage Drift with Temperature Temperature
Warm-Up Drift Common-Mode Rejection Ratio vs Frequency
Long Term Drift of Representative Units Power Supply Rejection Ratio vs Frequency
0.1Hz to 10Hz Noise Voltage Gain vs Temperature
Voltage Noise vs Fraquency Supply Current vs Supply Voltage

Output Swing vs Load Resistance

Noise vs Chip Temperature
. Short Gircuit Current vs Time
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LT1022

APPLICATIONS INFORMATION

The LT1056 applications information is directly applicable
to the LT1022. Please consult the LT1055/1056 data
sheet for details on:

(1) plug-in compatibility to industry standard devices
(2) offset nulling

(3) achieving picoampere/ microvolt performance

(4) phase-reversal protection

(5) high speed operation (including settling time test
circuit)

(6) noise performance

(7) simplified circuit schematic.

TYPICAL APPLICATIONS

Fast Piezoelectric Accelerometer

ENDEVCO #2215
ACCELEROMETER

1pF-5pF
] lr

AT

AAA

2

ok

S

3

1000
+15V

7 L
§ OUTPUT

—15v

10Hz to 1MHz Voltage-to-Frequency Converter

1
(POLYSTYRENE)

1.8k

+15v

2N2222

+15V

ivpuT ¥
ovT0 10v 2 L"‘ZVZV_ =
(METAL FLM)

HH—AAA
I—VWv

—Pf— =1N4148

<
10pF $%
11 b3
3
S TTL OUTPUT
W22
1.8k N i:l]k

—15v

—-15V
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LT1022

TYPICAL APPLICATIONS

10K* 10k*

AAA

PIN Photodiode-to-Frequency Converter

5pF
FULL-SCALE TRIM

2N2222

SCALE FACTOR =
10W/Hz AT 900 NANGMETERS FROM 20nW TO 2mW

§ * =HEWLETT PACKARD PHOTODIODE HP5082-4204

<t = 1N4148
POLYSTYRENE
“SELECT VALUE FOR 2mW IN = 2MHz OUT.

Wide Bandwidth Absolute Value Circuit

10k*

AAA

VA

10pF

1N4148

4

L A4 s

10pF

15V
ouTPUT
"oV TO +10V
LY
“0.1%
1% ACCURACY TO 300kHz

5% ACCURACY TQ 700kHz

+15V
‘b
Sl
j"FL { 3w
I
< TIL QUTPUT
+15V S0k 20Hz — 2MHz
2
L\K '8 W g,
T iy S0 W $
—15v
1.8k 1.8k
—15v +15V

Fast, Differential input Current Source

*MATCH 10 0.01% =
FULL-SCALE POWER BANDWIDTH
=1MHz FOR {gyrR=28Vp-p
— 400kHz FOR | gu7R = 20Vp-p
MAXIMUM lgyr=10mAp-p
COMMON-MODE VOLTAGE AT LT1022 INPUT = Youtp-pX Rt
2
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TYPICAL APPLICATIONS

High Output Current Op Amp Low Distortion Sine Wave Oscillator

+15V I 15V | #327 LAMP
c $ 10k

LOUTPUT 0.0334F%
— |2

SLEW RATE =26V/ps

lour=150mA
C( CAN BE 14F
Av=+1, Cp=10000F 530S *1% FILM
Ay= 1. Gr=100F 1’ [ 10k DUAL POTENTIOMETER —
L | MATCH TRACKING T0 0.1%
10k 5, - MATCH CAPACITORS T0 0.1%

5kHz T0 50kHz RANGE
DISTORTION < 0.1%
AMPLITUDE = 18Vp-p.

Fast, Precision Sample-Hold

AR
\ SAMPLE-HOLD
SIGNAL PATH 2N4393
LT1010
11
INPUT r'y
2%
- LEVEL SHIFT Vv
N | b— OUTPUT
. 3k s Sisk
. . LR
39p|F_ HPs0B2-2810 %, o : 2
2222 2N2907 j 1000pF
1k POLYSTYRENE
mg# M2369 1000pF I
1 i -
>
$ 1 I w 2N2369
1N4148 L4
1 . I ‘E 8200 |
—15 ) 82008 1 S0k
L} 1
HOLD STEP = e
COMPENSATION 2°| " 313 T
5.0k
HP5082-2810 -
LT318A
16ns APERTURE TIME N2222
2u5 ACQUISITION TIME TO 0.01% 5k S35k
SAMPLE-HOLD OFFSET < 250,V <
HOLD STI <
HOLD SETTLING < 100ns COMPSNSA%S,': -~ __L
TRIM
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LT1022

PACKAGE DGSCB'P"O" Dimensions in inches (millimeters) uniess otherwise noted.

H Package
Metal Can
0.35-0.370
™ om7-9.3%
DA
0.305-0.335
| {7.747—8.509) ~ |
0.040 )
( 0,050 i
max 0z 0.165-0.185
v MAX 4,191 4.699]

SEATING L)

PANE == - amlom
0010 0.5 I]l] l] m] {12.70-19.05)
0.254-1143) =T u—————'-m

{0.406-0.533)
™

win { ) Frmy
PERTIWA {0.636-1.143)

{0.686—0.864)
GLASS
G
0.100
2.540)
Ba-0180 Bsc*
{3.048—4,064} RAD TYP
INSULATING
STANDOFF
Tjmax b bic
150°C 150°C/W | 45°C/w
N8 Package
8 Lead Plastic
o M e
. =
d—i 0.240-0.280
6.0%-7.112)
5 8 —f
e v I
L 0.040 0.060
~ o™ [ 524
0.370-0.400
8020 110450 10.16)
0.508) il oo -
RIN (om) 705
| WIN
T
0.155-0.175
BI3T_a.425)
L i i
0.125-0.130 8.15-0.145
BA75-3.32) a:m) (2 921 3.683) b o
.
0.030-0.060_ nosn 0.008-0.015
s (omz 1520 230380
‘2 ) 00180023 nuza 0.200-0.310
10.356—0.584) - 0.554 {7.366-7.874)
0°-15°

*LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE

Tjmax )
100°C 130°C/wW
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LINCAR

TECHNOLOGY

FERTURES
m Guaranteed Offset Voltage 50uV Max.
® Guaranteed Bias Current
25°C 120pA Max.
—55°C10125°C 700pA Max.
a Guaranteed Drift 1.5uV/°C Max.
= Low Noise, 0.1Hzto 10Hz 0.5uVp-p
m Guaranteed Supply Current 600pA Max.
a Guaranteed CMRR 112dB Min.
m Guaranteed PSRR 112dB Min.

= Guaranteed Voltage Gain with 5SmA Load Current
w Guaranteed Matching Characteristics

APPLICATIONS

® Strain Gauge Signal Conditioner

® Dual Limit Precision Threshold Detection

= Charge Integrators

= Wide Dynamic Range Logarithmic Amplifiers
» Light Meters

= | ow Frequency Active Filters

= Standard Cell Buffers

m Thermocouple Amplifiers

LT1024

Dual, Matched
Picoampere, Microvolt Input,
Low Noise Op Amp

DESCRIPTION

The LT1024 dual, matched internally compensated uni-
versal precision operational ampiifier can be used in prac-
tically all precision applications requiring multiple op
amps. The LT1024 combines picoampere bias currents
(which are maintained over the full —55°C to 125°C
temperature range), microvolt offset voltage (and low
drift with time and temperature), low voltage and current
noise, and low power dissipation. Extremely high com-
mon-mode and power supply rejection ratios, practically
immeasurable warm-up drift, and the ability to deliver
5mA load current with a voltage gain of a million round out
the LT1024’s superb precision specifications.

Tight matching is guaranteed on offset voltage, non-
inverting bias currents and common-mode and power
supply rejections.

The all-around excellence of the LT1024 eliminates the
necessity of the time-consuming error analysis procedure
of precision system design in many dual applications; the
LT1024 can be stocked as the universal dual op amp in
the 14-pin DIP configuration.

For a single op amp with similar specifications, see the
LT1012 data sheet; for a single supply dual precision op
amp in the 8-pin configuration, see the LT1013 data
sheet.

Two Op Amp Instrumentation Amplifier
RS R4

2.4 100k
" W VWA—
100k* 10k
= 3 A3
13} 10k ho
- = 5 &—oureut
INPUTS 11

R4 [,,1 (R2, R3) L R2+R3 TYPICAL PERFORMANCE:
GAN=Tx +5 R5+Ra) + a5 ) ='W

R3 { 2 (R + l OFFSET VOLTAGE =204V
BIAS CURRENT =  30pA

TRIM FOR COMMON-MODE REJECTICN OFFSET CURRENT = 30pA

TTRIM FOR GAIN

Input Bias Current vs
Temperature

I~ UNDERCANCELLED UNI

0 l
|
OVERCANCELLED UNIT \\

INPUT BIAS CURRENT (pA)

L
8
A

—150
-5 -25 0 25 50 75 100 125
TEMPERATURE (°C)

LT




LT1024

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage . . . ...................... +20V
Differential Input Current (Note 1) .. ... .. .. = 10mA
inputVoltage . ......................... + 20V
Output Short Circuit Duration. . ........... Indefinite
Operating Temperature Range

LT1024AM/LT1024M ......... —55°C10125°C

LT1024AC/LT1024C .............. 0°Cto70°C
Storage Temperature Range

AliDevices .................. —65°C10150°C
Lead Temperature (Soldering, 10sec.}........ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW
——
oo ] v+ ORDER PART
nut () [2] T3] out (4) NUMBER
SUGTE o 2] v- ()
+IN & 4] 77] + 1IN (B)
V*(B)E_—l— S =170l - @
out 8) [E] (9] NuLL (B)
v+ @[] T @) LT1024AMD
LT1024MD
D PACKAGE N PACKAGE
14 PIN HERMETIC 14 PIN PLASTIC LT1024ACN
(SIDEBRAZED) LT1024CN
NOTE: DEVICE MAY BE OPERATED EVEN IF INSERTION
IS REVERSED;. THIS IS DUE TO INHERENT SYMMETRY OF
PIN LOCATIONS OF AMPLIFIERS A AND B (NOTE 2).

GLGCTBKHL CHHBHCTGB'S"CS Vg= =+ 15V, Vem =0V, Top=25°C unless otherwise noted

Individual Amplifiers

LT1024AM /LT1024AC LT1024M/1L71024C
SYMBOL PARAMETER CONDITIONS MIN TYP. MAX | MIN TYP  MAX UNITS
Vos Input Offset Voltage 15 50 20 100 w
Long Term input Offset Voltage Stability 0.3 0.3 V/month
los Input Offset Current 20 100 25 180 pA
Ig Input Bias Current +25 x120 +30 +200 pA
ey Input Noise Voltage 0.1Hz to 10Hz 0.5 0.5 wp-p
e Input Noise Voltage Density fg=10Hz (Note 3) 17 33 17 33 nv/vHz
fg=1000Hz (Note 3) 14 24 14 24 nv/VHz
in Input Noise Current Density fo=10Hz 20 20 tA/~Hz
AyoL Large Signal Voltage Gain Vour= £ 12V, R =10k | 250 2000 180 2000 V/mv
Voup= + 10V, R = 2kQ 150 1000 100 1000 v/myv
CMRR Common-Mode Rejection Ratio Vem= £13.5V 112 132 108 132 dB
PSRR Power Supply Rejection Ratio Vg= +2Vto +20V 112 132 108 132 dB
Input Voltage Range +13.5 +£14.0 +13.5 +£14.0 v
Vour OQutput Voltage Swing Ry =10kQ +13 14 +13 14 v
Slew Rate 0.1 0.2 0.1 0.2 V/us
Is Supply Current per Amplifier 380 600 380 700 A
Matching Specifications
LT1024AM/LT1024AC LT1024M/LT1024C
SYMBOL PARAMETER CONDITIONS MIN  TYP  MAX | MIN  TYP  MAX UNITS
Input Offset Voltage Match — 20 75 — 25 150 v
gt Average Non-inverting Bias — +£30 +150 — x40 =250 pA
Current
los™ Non-inverting Offset Current - 30 150 - 30 300 pA
ACMRR Common Mode Rejection Ratio Vem= +£13.5V 110 132 - 106 132 - dB
Match
APSRR I;:wetr‘ Supply Rejection Ratio Vg=£2Vto 20V 110 132 - 106 132 - dB
ate
Channel Separation f= 10Hz (Note 3) 134 150 - 134 150 — dB
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LT1024

ELECTRICAL CHARACTERISTICS

Vg = +15V, Vou=0V, 0°C <Ta<70°C for the LT1024AC and LT1024C;

\
—55°C <Ta<125°C for the LY1024AM and LT1024M unless otherwise noted 1
individual Amplifiers “
LT1024AM /LT1024AC LY1024M /LT1024C }
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX UNITS |
Vos Input Offset Voltage 0°C to 70°C . 30 120 35 200 w ‘
—56°C t0 125°C . 40 200 50 300 v ‘
Average Temperature Coetficient of [ 0.25 1.5 0.3 2.0 wi/e°C \\
Input Offset Voltage '
los Input Offset Current 0°C to 70°C [ 40 250 50 300 pA \
—55°C to 125°C ° 80 350 100 500 pA '
Average Temperature Coefficient of [ 0.5 2.5 0.7 3 pA/=C
Input Offset Current
lg Input Bias Current 0°C to 70°C ) +40 250 +£50 +400 pA
—~55°C to 125°C ° £100 700 +200 1300 pA
Average Temperature Coefficient of 0°C to 70°C ° 0.4 3 0.5 4 pA/°C
Input Bias Current —55°C 10 125°C ) 1 6 2 12 pA/°C
AyvoL Large Signal Voltage Gain Vour= =12V, R = 10k |e@| 150 1000 150 1000 v/imV
Vouyr=+ 10V, R =2kQ [e| 100 600 100 600 V/mV
CMRR Common-Mode Rejection Ratio Voy= +13.5V e| 108 128 106 128 dB
PSRR Power Supply Rejection Ratio Vg=+2.5Vto £ 18V e 108 128 106 128 dB
Input Voltage Range e|+135 +13.5 v
Vour Output Voltage Swing R(=10kQ o|+13 x4 +13  +14 v
Is Supply Current L) 400 800 400 900 A
Matching Specifications
LT1024AM/LT1024AC LT1024M/LT1024C
SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX MIN  TYP  MAX UNITS
input Oftset Voltage Match 0°C to 70°C ') 35 170 45 300 my
--55°C 10 125°C e — 50 280 -~ 70 500 v
input Offset Voltage Tracking o — 0.3 2.0 - 0.4 3.5 wV/°C
gt Average Non-inverting Bias Current 0°C to 70°C [ +40  +300 +50 =500 pA
—55°C to 125°C e — +100 800 - +200 1400 pA
los ™ Non-Inverting Offset Current 0°C to 70°C ol — 40 300 - 50 500 pA
—55°C 10 125°C o] — 80 800 — 150 1500 pA
AGMRR Common-Mode Rejection Ratio Match | Vey= +13.5V e| 106 128 — 104 128 — dB
APSRR Pawer Supply Rejection Ratio Match V= +2.5V1to £18V e 106 128 - 104 128 - daB
The @ denotes the specifications which apply over the full operating Optional Offset Nulling Circuit
temperature range. v+

Note 1: Differential input voltages greater than 1V will cause excessive
current to flow through the input protection diodes unless timiting
resistance is used.

Nofe 2: The V* supply terminals are completely independent and may
be pawered by separate supplies if desired (this approach, however,
would sacrifice the advantages of the power supply rejection ratio
matching). The V~ supply terminals are both connected 1o the common
substrate and must be tied to the same voltage. Both V™~ pins should be
used.

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

INPUT QFFSET VOLTAGE CAN BE ADJUSTED
OVER A + 800,V RANGE WITH A 5k TO
100k POTENTIOMETER.
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LT1024
TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage vs Source ‘
Resistance (Balanced or fnput Offset Current vs Input Bias Current Over
Unbalanced) Temperature Common-Mode Range
1000 . 60 80 u
F=Vg= £ 15V Vg= 15V
- Vg= 15V w0 |A=%C
_ _ 0 ve=ov _ DEVICE WITH POSITIVE INPUT CURRENT
2 V i/ 2 z ]
5 100 = &u E 4w £ 2
g 5550 125°C —~ £ g Finow=2x 1070
; g £
& ngoc g «Z 0 " bevice WITH NEGATIVE INPUT CURRENT
(72 g b2l =
£ g N E 0
S 1 S 2 e~ =20 = -
g g N~ g
- T —40 " ~
1 0 ~60 S o .
%k 3k 10k 30k 100k 300k 1M 3M 1OM -50 -25 O 2% 5 7% 100 125 ~15 ~10 -5 0 5 10 15
SOURGE RESISTANCE (0} TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V)
Offset Voltage Drift and
Tracking with Temperature of Supply Current vs Supply
Warm-Up Drift Representative Units Voitage per Amplifier
5 60 500
T
Vg==15V vg=*1;v
Ta=25°C @
2 4 40 ————
8 o L "1 @~ =
2 2 20 P 3
S 2 3
g 3+— ] < O] z
& = — £
& g 0Ny @7 £ 400
5 2 E | e 25°C
= 2 . " " . g 125°C
o - 5 ~ 2 T
2, yd T —55°C
3 —40 F———( INDIVIDUAL AMPLIFIERS
@TRACKING (MATCH DRIFT}
0 —60 L1 1 | 300
1] 1 2 3 4 5 -50 ~25° ¢ 25 50 7% 100 125 0 +5 410 +15 +20
TIME AFTER POWER ON {MINUTES) TEMPERATURE (°C) SUPPLY VOUTAGE (V)
Totai Noise vs Source
0.1Hz to 10Hz Noise Noise Spectrum Resistance
T T 1000 10.0 :
Ta=25°C -7 ,=25°C FTa=25°C
Vs£2V 10 £ 20V e Vg2 T0 & 20V FVg= 22V T0 20V J——
] 2 = AT 10Hz
= =32 Z AT 1kHz
< E= 100 3z
2 zE g
g 32 CURRENT NOISE z
o & ™ 2 —~
' ™ 1S
g §:§ i VOLTAGE NOISE 111 5 V4
o ot 10 E1/1 CORNER 2
8 g5 254z R 2
g E 3 . THT AL =
=¥} 1/t CORNER I 2
120Kz RESISTOR NOISE—+———
. 1/ oot oty
0 2 4 [} 8 10 1 10 100 1000 102 103 104 105 106 107 108
TIME (SECONDS) FREQUENCY (Hz) SOURCE RESISTANCE ()
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TYPICAL PERFORMANCE CHRRACTERISTICS

Common-Mode Rejection and
CMRR Match vs Frequency
140

e
& 120
s ™\
= Lo MATCH |
£ 100 CMAR (ACMAR)
E w \
2
3 )
& gy —
5 N
Z AN
% ] ] N
=
= Vg==15V
8 W Ta=rmc

N

110 10 1k 1ok 100k M

FREQUENCY (Hz)

Voitage Gain vs Frequency

P Vg= 215V
120 \ Tp=25°C 4“
100
g
S g N
=
<<
L AN
2 N\
= 40 N
s \
20
0
—-20
0.01-01 1 10 100 1k 10k 100k 1M TOM

FREQUENCY (Hz)

Small Signal Transient
Response

20mV/ DIVISION

Ay=+1, G pap= 100pF, 5psec/Div

POWER SUPPLY REJECTION RATIO (dB)

GAIN (dB)

20mV/ DIVISION

Power Supply Rejection vs
Frequency
140

Vg= =15V
120 N Ty=25°C |
100 \\
80 \
POSITIVE ) NEGATIVE
SUPPLY SUPPLY
60 i

N

N

E

AN

N
=3

0.1 1 10 100 1k

FREQUENCY (Hz)

10k 100k

Gain, Phase Shift vs Frequency

m

40 TTTT
I Ta=25°C

3 \_ [ 11

Vg= 15V

| [

PHASE

~+ \

PHASE MARGI
=7

o

N\
0.1

FREQUENCY {MHz)

0
0.01

Small Signal Transient
Response

Ay=+1, Cygap=1000pF, 5usec/DIV

—
=3

g2 § § 8
PHASE SHIFT (DEGREES)

g

n
=1
=3

Channel Separation vs

Frequency
. Mo
150 e
F"1'=1m T 1111 Ta=25°C
g 140 \N
g 130 N basaoonﬂ*
3
£ 20 R
“ NN
g o i
E Rg=1k
S 100 kt
%0 N
80
100 1k 10k 100k 1™ m
FREQUENCY (Hz)
Voltage Gain vs Load
Resistance
10M —
[CVg= + 15V
Vo= 10V
a —55°C
- /1/ 25°C
<
@ 125°C
o 1M Z/
5 A
e -
7
o0 H£ [7
100k J
1 5 10 20
LOAD RESISTANCE (k)
Large Signal Transient
Response
g
123
=2
[=)
ES

Ay= +1, 20usec/ DIV

LT
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LT1024

APPLICATIONS INFORMATION

The LT1024 may be inserted directly into OP-10, OP-207
or 0P227 sockets with or without removal of external null-
ing components.

The LT1024 is specified over a wide range of power supply
voitages from + 2V to = 18V. Operation with lower sup-
plies is possible down to = 1.2V (two NiCad batteries).

Advantages of Matched Dual 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 dif-
ference between the offsets of the two halves of the
LT1024. This error cancellation principle holds for a con-
siderable number of input-referred parameters in addition
1o offset voltage and its drift with temperature. Input bias
current will be the average of the two non-inverting input
currents (Ig* ). The difference between these two cur-

rents (los* ) 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).

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

Assume CMRRa = +1.0puV/V or 120dB

and CMRRg = +0.5xV/V or 126dB,

then ACMRR=0.5xV/V or 126dB

if CMRRg = —0.5uV/V, which is still 1260B,
then ACMRR=1.5xV/V or 116.5d8B.

Typical performance of the instrumentation amplifier:
Input offset voltage =25uV.

Input bias current=30pA.

Input resistance = 1012Q.

Input offset current = 30pA.

input noise =0.7uVp-p.

Power bandwidth (Vo = = 10V)=80kHz.

Clearty, the LT1024, by specifying and guaranteeing all of
these matching parameters, can significantly improve the
performance of matching dependent circuits.

Three Op Amp Instrumentation Amplifier

+15V

INPUT -

R6
10k
1%

3 | Rt
12 S 10k
-5 17 +15V
-R:i (]
gan o =40
i ['._| |_,::"1° LHogz >b—outeut
fre L § 100k 5
2 wem < 4
] ~15v
RS GAIN=1000
1002
1%
VWA .
o 9.76k
> 10,
w 1%
- S 24
/5 5000
TRIM RS FOR GAIN. 1

TRIM RS FOR DG COMMON-MODE REJECTION.
TRIM R10 FOR AC COMMON-MODE REJECTION.
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APPLICATIONS INFORMATION

Achieving Picoampere/ Microvolt Performance

in order to realize the picoampere/microvolt level ac-
curacy of the LT1024, proper care must be exercised. For
example, leakage currents in circuitry external to the op
amp can significantly degrade performance. High quality
insulation should be used (e.g., Teflon, Kel-F); cleaning
of all insulating surfaces to remove fluxes and other resi-
dues will probably be required. Surface coating may be
necessary to provide a moisture barrier in high humidity
environments.

Board leakage can be minimized by encircling the input
circuitry with a guard ring operated at a potential close to
that of the inputs: in inverting configurations, the guard
ring should be tied to ground, in non-inverting connec-
tions, to the inverting input. Guarding both sides of the
printed circuit board is required. Bulk leakage reduction
depends on the guard ring width. Nanoampere level leak-
age into the offset trim terminals can affect offset voltage
and drift with temperature.

Microvolt level error voltages can also be generated in the
external circuitry. Thermocouple effects caused by tem-
perature gradients across dissimilar metals at the con-
tacts to the input terminals can exceed the inherent drift
of the amplifier. Air currents over device leads should be
minimized, package leads should be short, and the two
input leads should be as close together as possible and
maintained at the same temperature.

Test Circuit for Offset Voltage and its Drift with Temperature

50k*
AAA
VWA~

_VO

“RESISTORS MUST HAVE LOW
THERMOELECTRIC POTENTIAL.

<*THIS CIRCUIT IS ALSO USED AS THE BURN-IN
CONFIGURATION FOR THE LT1024, WITH SUPPLY
VOLTAGES INCREASED TO = 20V, R1=R3=20k,
/2=2000, Ay=100.
Vg =1000Vgs

R3 <
50K* &

L
= VVv

Direct Pressure Transducer to Digital Output Signal Conditioner

fouk 10kHZ
I 28 14k 0.0047,
TRANSDUCER T 00874E
ZERO p—our B
IN4148
10k
—AA—— 5V
)4 0.014F 10k
L [ 3 1 OUT A .
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a —AAA 10 7
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WA—{D  74C74 @
il 5 PRE CLR T
84 —15v
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Pl 10uF
A
2% 620 1 <
-L_M_T_M_a. = S0k
= ADJ 10k*
—ysv==dViy  LT137A  OUT =
1 --k
e \,
\
*1% METAL FILM RESISTOR S -7 2N3904
GATES =74C00 2N2979
TRANSDUCER=BLH # DHF-100 PS! 3 '&ﬂ ‘
PRESSURE TRANSDUCER 100k S100k Sk
0-100 PSI=0-1000 1
COUNTS FULL-SCALE AT CIRCUIT OUTPUT -
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SCHEMATIC DIRGRAM

Y2 LT1024
TRIM 8) TRM| 2 J{9)
3000 38000 1.3 Sax
020
2% % 2% s E LN
ay Ij [ [
o 08 022
1 4K ’\ :
I A 1
F
o * o 025
H kﬂ 027
@ Q6 R
Q16 ) 024
04
a3 %
Q13
IA‘
Q28
—INPUT L “\
o a2 [ 015 Sk 31
a0 1 il
@ Q12
L a Q32 w3
Q10
+INPUT 039
‘ L [ "
(n -
20k
a7 me; Q18 . 35 6 40
< 041
: 3.3 3.3k
034
4.3k 1 3.3k 3200 400
4 3300
® Som
V- e _
D14 Package 14-Lead Hermetic DIP (Sidebrazed) N14 Package 14-Lead Plastic
D78
(19.30)
MAX
. Q.770
(%2% £19.558)
MAX MAX
[ fio] [ el [5]1[] mmmmuu
0.25020.010
L8 6.35020.250) D
nuixm ™ :;Eo X P ;
i > T 8]
T T
L8 0.020-0.040 e
TR - £.045 0085 —_—
MAX 508 - 1.524) .300 - 0.320 Sy s
| s (72‘2% i i _’! |‘_(\ W31 N
1 {3.175)  MIN 013020005 I~
I l l LS 2302 20177
f L J_'__ ]
g T & g o T e L | |l gesee
le o300 ] By 010020010 | 0.035-0.02 0325 *00% _ 010020010
17.820) 12.5402.0.254) 19.381 -0.584) +0.535) (2.540 £0.254)
REF o b 0%y o
TIMAX O4A G TImAx LAY X
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FEATURES

= Voltage Noise 1.inVWHz Max. at 1kHz
0.85nV/\Hz Typ. at 1kHz
1.0nViVHz Typ. at 10Hz
35nVp-p Typ., 0.1Hz to 10Hz

= Voltage and Current Noise 100% Tested

= Gain-Bandwidth Product 50MHz Min.
= Slew Rate 11V/us Min.
s Qffset Voltage 40xV Max.
m Voltage Gain 7 Million Min.
= Drift with Temperature 0.8,V1°C Max.

Ultra-Low Noise Precision
High Speed Op Amp

DESCRIPTION

The LT1028 achieves a new standard of excellence
in noise performance with 0.85nVWHz 1kHz noise,
1.0nVAWHz 10Hz noise. This ultra low noise is combined
with excellent high speed specifications (gain-bandwidth
product is 75MHz), distortion free output, and true preci-
sion parameters (0.14V/°C drift, 104V offset voltage, 30
million voltage gain). Although the LT1028 input stage
operates at nearly 1mA of collector currents to achieve
low voltage noise, mput bias current |gly 25nA.

The LT1028's voltage an the noise of a 500

reslstor Ther, ry low gpurce impedance
APPLICATIONS tran mplifie s, the LT1028's
tlo tototal ﬁ e negligible.
m Low Noise Frequency Synthesizers \_e Q o&
= High Quality Audio ha A \
m |nfrared Detectors A“
= Accelerometer and D D
m 3500 Brid omng E
= Magnetic onlAmpI|f
= Hydrophone AmpIB“
Flux Gate Amplifier Voltage Noise vs Frequency
10
. L, sovoouusen S R
SYNC 5 MAXIMUM }
oureurto E - }‘ N [1/1 conner=14t:
> 1k 2 N
SQUARE FLUX GATE g 10
1kHz #203132 §
<E50ﬂ §
__—]- 0.1
‘ _L 0.1 1 10 100 1000

FREQUENCY (Hz)
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
=55°Ct0105°C ...t =22V
105°C10125%C v 16V
Differential Input Current (Note 8)................ +25mA
inputVoltage ... Equal to Supply Voltage
Output Short Circuit Duration .................. Indefinite
Operating Temperature Range
LTI028AMM. ... ~55°Ct0125°C
LT1028AC, G 0°Cto70°C
Storage Temperature Range
AllDevices.....oovvniiiiie -65°Cto 150°C
Lead Temperature (Soldering, 10sec.).............. 300°C

PRCKAGE/ORDER INFORMATION

oPview ORDER PART NUMBER
LT1028AMH
LT1028MH
LT1028ACH
LT1028CH
(CASE)
H8 PACKAGE T0-5 METAL CAN
o v LT1028AMJS
it O S v LT1028MJ8
""Ed>.|_3“ LT1028ACJ8
w3 (6] our LT1028CJ8
-2 5l oowe LT1028ACN8
18 PAGKAGE HERMETIC DIP LT1028CN8
N8 PACKAGE PLASTIC DIP

€LECTRICAL CHARACTERISTICS v;- -

15V, T =25°C, unless otherwise noted.

LT1028AM/AC LT1028MIC
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 1). 10 40 20 80 W
AVos Long Term Input Offset (Note 2) 0.3 03 uViMo
ATime Voltage Stability
log Input Offset Current Veu=0V 12 50 18 100 nA
Ig Input Bias Current Ven=0V +25  x% +30 =180 nA
[N Input Noise Voltage 0.1Hz to 10Hz (Note 3) 35 15 35 90 nvp-p
Input Noise Voltage Density f,= 10Hz (Note 4) 10 17 10 19 nVAHz
f,= 1000Hz, 100% tested 085 11 09 1.2 nViWHz
in input Noise Current Density = 10Hz (Notes 3 and 5) 47 10.0 47 120 pANHz
1,=1000Hz, 100% tested 1.0 16 10 18 pANHz
Input Resistance
Common-Mode 300 300 M@
Differential Mode 20 20 k@
Input Capacitance 5 5 pF
Input Voltage Range +110  £122 +110  +122 v
CMRR Common-Mode Rejection Ven= =11V 114 126 10 126 dB
Ratio
PSRR Power Supply Rejection Vg=+4Vio +18V 17 133 110 132 dB
Ratio
AvoL Large Signal Voltage Gain R 22k@, Vo= £ 12V 70 30.0 5.0 30.0 VigV
R =1k, Vo= £ 10V 5.0 200 35 200 VigV
R 26000, Vo= £ 10V 30 15.0 2.0 15.0 ViV
Vour Maximum Qutput Voltage R.22kQ +123 2130 +120 =£130 v
Swing R, 26000 110 +122 +105 £122 v
SR Slew Rate Ayer= -1 11 15 11 15 Vius
GBW Gain-Bandwidth Product {,= 20kHz {Note 6) 50 75 50 75 MHz
Z, Open Loop Output impedance Vo=0,1,=0 80 80 Q
Ig Supply Current 74 9.5 78 105 mA
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GLECTBKHL CHHHHCTGB'S"CS Vg= =15V, - 55°C <Tp <125°C, unless otherwise noted.

LT1028AM LT1028M
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 1) [ K] 120 45 180 W
AVpg Average Input {Note 7) [ ] 0.2 0.8 025 10 avI°C
ATemp Offset Drift
log Input Offset Current Veu=0V [ 25 90 30 180 nA
lg Input Bias Current Voy=0V [ ) +40 +150 50 +300 nA
Input Voltage Range o] 2103 117 103 =117 \)
CMRR Common-Mode Rejection Ven= 103V [ ] 106 122 100 120 dB
Ratio
PSRR Power Supply Rejection Vg= t4.5Vio £ 16V [ ] 110 130 104 130 d8
Ratio
Ayor Large Signal Voltage Gain Ry 22k, Vo= £ 10V L 30 140 20 140 VigV
Ry 21k0, V= 210V 20 10.0 15 100 ViV
Vour Maximum OQutput Voltage R =2k0 ®| +£103 =116 +103 +116 v
Swing
Ig Supply Current ] 87 11.5 9.0 13.0 mA
GLGCTBICHL CHHBHCTGH'ST'CS Vg = 15V, 0°C <T5 <70°C, uniess otherwise noted.
LT1028AC LT1028C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voitage (Note 1) ® 15 80 30 125 v
AVos Average Input {Note 7) ® 0.1 08 0.2 1.0 wVI°C
ATemp Offset Drift
los Input Offset Current Ven=0V [ ] 15 65 22 130 nA
Ig Input Bias Current Veu=0V [ ] +30  +120 +40 1240 nA
Input Voltage Range o 2105 =120 +105 +120 v
CMRR Common-Mode Rejection Veu= 105V [ ] 110 124 106 124 dB
Ratio
PSRR Power Supply Rejection Vg= +4.5Vio +18V ® 114 132 107 132 dB
Ratio
Avor Large Signal Voltage Gain R =22k, Vo= £ 10V L] 5.0 250 3.0 25.0 VigV
R 2 1k, Vo= £ 10V 40 180 25 180 ViV
Vour Maximum Output Voltage R_=2k2 o =115 =127 +115 +127 v
Swing R, 26000 (Note 9) +95 =110 80 x105 v
Is Supply Current ® 8.0 105 8.2 115 mA

The @ denotes the specifications which apply over the full operating tem-
perature range.

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

Note2: Long Term Input Offset Voltage Stability refers to the average trend
line of Offset Voitage vs. Time over extended periods after the first 30 days
of operation. Excluding the initial hour of operation, changes in Vos during
the first 30 days are typically 2.5zV.

Note3: This parameter is tested on a sample basis only.

Note4: 10Hz noise voltage density is sample tested on every lot. Devices
100% tested at 10Hz are available on request.

Note 5: Current noise is defined and measured with balanced source resis-
tors. 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 cur-
rent noise. Maximum 10Hz current noise can be inferred from 100% testing
at tkHz.

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. Gurrent limiting
resistors are not used in order to achieve low noise. If differential input volt-
age exceeds + 1.8V, the input current should be limited to 25mA.

Note 9: This parameter guaranteed by design, fully warmed up at

T =70°C. Itincludes chip temperature increase due to supply and load
currents.

LYNeR
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TYPICAL PERFORMANCE CHARACTERISTICS

10Hz Voltage Noise Distribution

Vg=+ 15V
160 —t 145 B0 Ty=25°C —
d 500 UNITS
MEASURED |
FROM 4 RUNS

NUMBER OF UNITS

9232 2 12 324 |1 1

0
06 08 1.0 1.2 14 16 18 20 22
VOLTAGE NOISE DENSITY (nV/VHz)

Total Noise vs Matched Source

Wideband Noise, DC to 20kHz

VERTICAL SCALE=0.5,V/DiV
HORIZONTAL SCALE =0.5ms/DIV

Total Noise vs Unmatched Source

Resistance Resistance
100 100 ——
= Bs F Rs
- ) r 1
— R =
= L__Rs |, / /] @ L 7
% 10 Zz10 L/ A
g 7 — > 7 Pg—
a ’ El 3 77 T .
2 @kiz— & 7 @1kHz |
& @10z L s @10z A ———
E 2 Rg NOISE ONLY @« //R NOISE ONLY
219 210
2 = Z =
'é i 2 pd
5= £ 15V P Vg=+ 15V
Tp=25°C Ta=25°C
0.1 0.1
1 3 10 30 100 300 1k 3k 10k 1 3 10 30 400 300 1k 3k 10k
MATCHED SOURCE RESISTANCE, Rg, (@) UNMATCHED SOURCE RESISTANCE, Rg, (2}
0.1Hz to 10Hz Voltage Noise 0.01Hz to 1Hz Voltage Noise
Vg & 15V Vgo £ 15V
[Ta=25°C [Ta=25°C
|
L)
I 1]
]
} T |
10nV 10nv
0 2 4 6 8 10 0 20 40 60 80 100
TIME (SECONDS) TIME (SECONDS)

RMS VOLTAGE NOISE (uV)

CURRENT NOISE DENSITY (pA/VHz)
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Wideband Voltage Noise
(0.1Hz to Frequency Indicated)

Vg=x15V
Ta=25°C

10

0.1 /

Wl

7
001 LA
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Current Noise Spectrum

100 ==y
—
%
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10
- 1/1 CORNER = 800Hz 1341
N o~
TYPICAL | [T~
1 f"‘
1/1 CORNER = 250H
!
I
0.1 1
10 100 i3 10K
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Voltage Noise vs Temperature

2.0
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1.6
12
T
T
-——‘_/
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0
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2-164

LTER



LT1028

TVYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift with Temperature

Distribution of Input Ofiset Voltage of Representative Units
0 50
V=% 15V V= 15V
18 | Ta=25°C 40
800 UNITS TESTED |
16 T FROM FOUR RUNS 30 ———
14 s 20 ]
= /’
g 12 f‘fg‘ 10 -~
@10 - g 0
= >
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8 - % 10 — L
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4 -30
2 —40
0 50
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3 2
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TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain vs Frequency
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TVPICAL PERFORMANCE CHARACTERISTICS

Large Signal Transient Response
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APPLICATIONS INFORMATION
—NOIS€

Voltage Noise vs Current Noise

The LT1028's less than 1nV/VHz voltage noise is three
times better than the lowest voltage noise heretofore
available (on the LT1007/1037). A necessary condition for
such low voltage noise is operating the input transistors
at nearly 1mA of coilector 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's current noise is significantly higher than on most
monolithic op amps.

Therefore, to realize truly low noise performance it is im-
portant to understand the interaction between voltage
noise (en), current noise (iy) and resistor noise (ry).

Total Noise vs Source Resistance
The total input referred noise of an op amp is given by
et=[en? + 1n? + (inReq) 12

where Req is the total equivalent source resistance at the
two inputs

and r=V4KTReq=0.13VReq innViHzat25°C

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

100Q 100k

Req = 1000+ 10001100k ~2000

rn =0.13v200 = 1.84nViVHz

en=0.85nViHz

in=1.0pAWHz

e=[0. 852+ 1.842+ (1.0 0212 = 2.04nViVHz

output noise = 1000 ey = 2.04xVIHz

At very low source resistance (Req<400) voltage noise
dominates. As Req Is increased resnstor noise becomes
the largest term-—as in the example above—and the
LT1028's voltage noise becomes negligible. As Reg is fur-
ther increased, current noise becomes important. At 1kHz,
when Req is in excess of 20kd, the current noise compo-
nent is larger than the resistor noise. The total noise ver-
sus 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 Req> 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> 1kQ total noise is not improved, however. This
is because bias current cancellation is used to reduce in-
put 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 is the optimum amplifier for noise
performance—provided that the source resistance is kept
low. The following table depicts which op amp manufac-
tured by Linear Technology should be used to minimize
noise—as the source resistance is increased beyond the
LT1028’s level of usefulness.

Best Op Amp for Lowest Total Noise

vs Source Resistance
SOURCE RESISTANCE BEST OP AMP
{Note 1) ATLOWFREQ(10Hz)  WIDEBAND (1kHz)
0104002 LT1028 LT1028
4000 to 4k LT1007/1037 LT1028
4kQ10 40k LT1001 LT1007/1037
40K to 500k LT1012 LT1001
500k to 5MQ LT1012or LT1055 LT1012
>5M LT1055 LT1055

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

Noise Testing—Voltage Noise

The LT1028'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 600 source
resistor and a 1.8kQ feedback resistor. The noise of
this resistor combination is 0.13vBB=10nViVHz. An
LT1028 with 0.85nV/VHz noise will read (0.852+ 1.02)12=
1.31nVIVHz. For better resolution, the resistors should be
replaced with a 100 source and 3000 feedback resistor.
Even a 100 resistor will show an apparent noise which is
8-10% too high.

The 0.1Hz to 10Hz peak-to-peak noise of the LT1028 is
measured in the test circuit shown. The frequency re-
sponse 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 con-
tributions from the frequency band below 0.1Hz.

0.1Hz to 10Hz Noise Test Circuit

10Q

VOLTAGE GAIN
= 50,000 0.14F

*DEVICE UNDER TEST

NOTE: ALL CAPACITOR VALUES ARE FOR
NON-POLARIZED CAPACITORS ONLY. =

Measuring the typical 35nV peak-to-peak noise perform-
ance of the LT1028 requires special test precautions:

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

(b) For similar reasons, the device must be well shielded
from air currents 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 meas-
uring noise on a large number of units. A 10Hz noise-volt-
age 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 1f
corner frequency.

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

Ry s

GAIN (dB)

0.01 0.1 1.0 10 100
FREQUENCY (Hz)

LT




LT1028

APPLICATIONS INFORMATION
—NOIS€

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

| _[ena?- (31 x 184nVIVIA12
n ——

20k x 31

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 as part of automated testing; the approximate fre-
quency response of the filters is shown. The limits on the
automated testing are established by extensive correla-
tion 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 andlor its
white noise is high. If that is the case then the 1kHz test
will fail.

Automated Tester Noise Filter

~10

( CURRENT VOLTAGE

NOISE \NOISE

B Q\
—50

100 1k 10k 100k
FREQUENCY {Hz)

NOISE FILTER LOSS (dB)

APPLICATIONS INFORMATION

General

The LT1028 series devices may be inserted directly into
QP-07, OP-27, OP-37, LT1007 and LT1037 sockets with or
without removal of external nulling components. In addi-
tion, the LT1028 may be fitted to 5534 sockets with the re-
moval of external compensation components.

Offset Voltage Adjustment

The input offset voltage of the LT1028 and its drift with
temperature, are permanently trimmed at wafer testing to
a low level. However, if further adjustment of Vog is neces-
sary, the use of a 1k nulling potentiometer will not degrade
drift with temperature. Trimming to a value other than zero
creates a drift of (Vos/300) gVI°C, e.g., if Vog is adjusted to
300V, the change in drift will be 1,V/°C.

15V

INPUT ouTPUT

—15V

The adjustment range with a 1k pot is approximately
+1.1mV.

Ofiset Voltage and Drift

Thermocouple effects, caused by temperature gradients
across dissimilar metals at the contacts to the input
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.
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LT1028

APPLICATIONS INFORMATION

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

Test Circuit for Offset Voltage
and Offset Voltage Drift with Temperature

AAA @ AAA

>
—15v
> *
S 10k Vo=100Vgg
_L *RESISTORS MUST HAVE LOW
- THERMOELECTRIC POTENTIAL
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 non-invert-
ing input is driven from a 500 source impedance. However,
when feedback is through a parallel R-C network (provided
C1<68pF), the LT1028 will be stable because of interaction
between the input resistance and capacitance and the
feedback network. Larger source resistance at the non-in-
verting input has a similar effect. The following voltage
follower configurations are stable:

Another configuration which requires unity gain stability
is shown below. When C is large enough to effectively
short the output to the input at 15MHz, oscillations can oc-
cur. The insertion of Rs2=5002 will prevent the LT1028
from oscillating. When Rg1=5000, the additional noise
contribution due to the presence of Rgy will be minimal.
When Rgy <1000, Rs; is not necessary, because Rs1 repre-
sents a heavy load on the output through the Ct short.
When 1000 <Rs1 <5000, Rsp should match Rgs. For exam-
ple, Rgy = Rsp = 3000 will be stable. The noise increase due
to Rgais 40%. ¢

=

If Gt 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 a gain of 10 (20dB). The following configura-
tion has a high (=70%) overshoot without the 10pF
capacitor because of additional phaseshift caused by the
feedback resistor—input capacitance pole. The presence
of the 10pF capacitor cancels this pole and reduces over-
shoot to 5%. 100F

Over-Compensation

The LT1028 is equipped with a frequency over-compensa-
tion 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 additional benefit
is increased capacitive load handling capability.
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LT1028
TYPICAL APPLICATIONS

Paralleling Amplifiers to Reduce Voltage Noise Low Noise Voltage Regulator

b 1219
LT317A |—<MMj-

3
2.3
10 9§ PROVIDES PRE-REG

[0 AND CURRENT
¥ g
2V | LIMITING

LT1021-10

1.5k

AAA,
VWA~

QUTPUT ING38T

1. ASSUME VOLTAGE NOISE OF LT1028 AND 7.50 SOURCE RESISTOR=0.90V/VFiz.
2. GAIN WITH n LT1028's IN PARALLEL =n x 200.
3. QUTPUT NOISE = Vit x 200 x 0.9nV/ V2.
4, INPUT REFERRED NOISE = QUTPUT NOISE_ 0.9 py/viiz,
nx 200 vn

5. NOISE CURRENT AT INPUT INCREASES Vi TIMES. v
_24

6. IF n=5, GAIN = 1000, BANDWIDTH = 1MHz, RMS NOISE, DC TO 1MHz,= 3 =0.9uV.

Strain Gauge Signal Conditioner with Bridge Excitation

15V

T

LT1021-5

REFERENCE
out

OV TO iov
OuTPUT

® 50,1k
< )

>
> 49.90*
<

-15V
THE LT1028's NO!SE CONTRIBUTION 1S NEGLIGIBLE COMPARED TO THE BRIDGE NOISE.
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LT1028

TYPICAL APPLICATIONS

Phono Preamplifier Tape Head Amplifier
| Joa 0.14F
‘ wag oo §

1 | 0k
: 15V
10Q
0.33uF
100pF 8 b quteuT =
|_ TAPE HEAD
INPUT
—15V
47k ALL RESISTORS METAL FILM
= MAG PHONO ALL RESISTORS METAL FILM
INPUT
Low Noise, Wide Bandwidth Instrumentation Amplifier
—INPUT
e A
< 1
8200 68pF
s
i
Fn
—-0UTPUT
+INPUT

10k
GAIN = 1000, BANDWIDTH = 1MHz
INPUT REFERRED NOISE = 1.5aV/~/Hz AT 1kHz
WIDEBAND NOISE—DC TO 1MHz = 3,VRMS

1F BW LIMITED TO DG TO 100kHz =0.554VRMS

Gyro Pick-Off Amplifier

GYRO TYPICAL—
NORTHRUP CORP.
GR-G5AH7-.58

SINE DRIVE —I:

OUTPUT TO SYNC.
OEMODULATOR

"
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LT1028

TYPICAL APPLICATIONS

Super Low Distortion Variable Sine Wave Oscillator

Chopper Stabilized Amplifier

m
c1
0.047 0. 047
1 2000 1VRMS OUTPUT
AANT—AAN, 1.5kHz— 15kHz
2%
T (= 5c)
_f a2 WHERE RIC1 =R202
L 4,7k :
- 2.4k 15¢ _L,_j_ 0].01
VW ! I |__
LT1004-1.2V
INTSB ey
—15v
= < <
. MOUNT 1N4148’s 3100k 1300 680 30k
..__, l._ N CLOSE S
3 PROXIMITY
>
a3 10:(00k - INPUT
s
5600 e WA LT1055 ouTPUT
1 ¥ TR . .
20k LOWEST
1 DISTORTION.
10k
R <0.0018% DISTORTION AND NOISE. 100
= MEASUREMENT LIMITED BY RESOLUTION OF L.
HP339A DISTORTION ANALYZER = =
Low Noise Infrared Detector
5V
* 1092
e 1004F
2 I
1 SYNCHRONOUS
g DEMODULATOR
IOPT!CAL 10K 10k*
= CHOPPER
/ WHEEL %79
— 10004F 5v
RADIATION __,,.
PHOTO-
ELECTRIC
PICK-OFF 3 10k DC ouT
9 4
INFRA RED ASSOCIATES, INC. —5v

HgCdTe IR DETECTOR
13Q@77°K

I AAA
HP—VW\~
]
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SCHEMATIC DIAGAAM
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LT1028

PHCKHGG DGSCB'PT'O“S Dimensions in inches (millimeters) unless otherwise noted.

(7.37-8.13)

0.008-0.018

.203—0.460) 015

0,385+ 0.025
(9.779.£0.635)

{7.620—8.128)

0.000-0.015
0.229-0.381)

0.325 +0.025

-0.01%
+0.635"
"(”55 —0.381)‘]

0.110-0.160
(2.784—4.0b4)
INSULATING
STANDOFF

NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN
THE REFERENCE PLANE AND SEATING PLANE.

J Package

8-Lead Ceramic DIP
Loyl |‘“
MIN 0.405
0.200 0287
; 2025
(0.635) 3] [7] 6] [5]
RAD TYP 7
1_-‘ 0.2 310
. {5.5887.874)
t
KN EAREI BEY|
0.014-0.0% 0055
{0.360-0.660) %53 RED) b
0.098-0.088 T MAX
X . |+ (.0
Raes=1727) = (2540 20,254 sotan
Timax [
165°C 100°CW
N Package
Y
8-Lead Plastic DIP
0.400
8:13040.006 “m)
Bazs0.120 0.020 o) [7]1 [6] [5
0.508)
v 025040010
) D ER02075E
| Qg CARERRL
0.045.40.015
(1-143.20.387) 4’1 o
0.10040.010 .018.4:0.008
(25400.254) {0257 20,0761 o
Tmax B
115°C 130°CW
H Package
8-Lead TO-5 Metal Can
0.335-0.370
509939
OiA
0.305-0.335
[*Tre—sam ™|
o0
(1018
Max (?1{—'5—73) nmsfa.‘as
MAX (4 191=4.699)
SEATING ;E:’E";ENCE
GAUGE
PANE T 0.50020.750
y DD un A (12.70-19.05}.

Tymax e O
175°C 140°0W

40°CwW
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LT1028CS

L] TECHNOLOGY

FEATURES

= Voltage Noise 1.2nVIVHz Max. at 1kHz
0.9nVAHz Typ. at 1kHz
1.0nVIVHz Typ. at 10Hz
35nVp-p Typ., 0.1Hz to 10Hz

» Voltage and Current Noise 100% Tested

= (ain-Bandwidth Product 50MHz Min.
= Slew Rate 11Vlus Min.
» QOffset Voltage 804V Max.
» Voltage Gain 5 Million Min.
s Drift with Temperature 1uVI°C Max.

APPLICATIONS

= Low Noise Frequency Synthesizers

Ultra-Low Noise Precision
High Speed Op Amp

DESCRIPTION

The LT1028 achieves a new standard of excellence
in noise performance with 09nVWHz 1kHz noise,
1.0nVIVHz 10Hz noise. This ultra low noise is combined
with excellent high speed specifications (gain-bandwidth
product is 75MHz), distortion free output, and true preci-
sion parameters (0.2,V/°C drift, 204V offset voltage, 30
million voltage gain). Although the LT1028 input stage

operates at nearly 1mA of collector gyrrents to achieve
low voltage noise, input bias cwgy 30nA.

The LT1028’s v, ess than the noise of a 500
re3|st n |n ve rce impedance
audno am jons, the LT1028’s

rlbut|on \—0 se will be negligible.

\E
= High Quality Audio 10 A ha
» |nfrared Detectors g ED

plifiers v‘s

w Accelero
w 3500 Brid onditioni

& Magnetic Search Cgj 'ﬁa
. HydrophoneAnf

path

Flux Gate Amplifier Voltage Noise vs Frequency

10 =
S Vo= 15V]
DEMODULATOR - Ta=25°C ]
by SYNC 12 MAXIMUM —1—
' N L
LT1028 p——p UTPUT 70 g NG 1/t comner=14hz
DEMODULATOR SO T <L ¥
- 1& 7] \ \
<1k =
SQUARE FLUX GATE 1 & 10
WAVE TYPICAL ] iz 171 CORNER = 3.5H
DRIVE SCHONSTEDT = =3
1kHz #203132 =]
=
\ 5
3 500 s
_——_l_ 0.1
| a.1 1 10 100 1000
O = = FREQUENCY (Hz)
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LT1028CS

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

SupplyVoltage ........ccooovviiiiiiniinnnn, 2V TOP VIEW

Differential Input Current (Note 4)................. +25mA o ORDER PART NUMBER

input Voltage.................... Equal to Supply Voltage 1 e

Output Short Circuit Duration.................. Indefinite ] re LT1028CS

Operating Temperature Range ................ 0°Ct070°C m ”i'M

Storage Temperature Range j‘ij Zmpur

ALDGVICES. ... ~65°C10160°C = S
Lead Temperature (Soldering, 10 sec.).............. 300°C T e PART MARKING
5] ne

516 PACKAGE LT102808
PLASTIC SOL

€L€CTBICHL CHﬂﬂHCTGBISTICS Vg = 215V, Tp =25°C, uniess otherwise noted.

LT1028CS
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 1) 20 80 wV
AVos Long Term Input Offset Voltage (Note 2) 0.3 uViMo
ATime Stability

los Input Offset Current Vou=0V 18 100 nA
Ig Input Bias Current Veu=0V +30 +180 nA
€ Input Noise Voltage 0.1Hz to 10Hz (Note 3} 35 90 nVp-p
Input Noise Voltage Density fo = 10Hz (Note 3} 1.0 1.9 nVivHz
f,= 1000Hz, 100% tested 09 12 nViWHz
in Input Noise Current Density f, = 10Hz (Notes 3 and 5) 47 120 pANHz
£, = 1000Hz, 100% tested 1.0 18 pAWHz

Input Resistance
Common-Mode 300 Mo
Differential Mode 20 kQ
Input Capacitance 5 pF
Input Voltage Range +11.0 +12.2 v
CMRR Common-Mode Rejection Ratio Voy= =11V 110 126 dB
PSRR Power Supply Rejection Ratio Vg= +4Vio £ 18V 110 132 dB
AyoL Large Signal Voltage Gain Ry z2kQ, Vo= =12V 5.0 30.0 VigV
R =2 1kQ, Vo= £10V 35 20.0 VipV
R 26000, V,= 10V 20 15.0 VigV
Vour Maximum Output Voltage Swing R =2k0 +120 +13.0 v
R_ 26000 £105 £122 v
SR Slew Rate AyoL= -1 1 15 Viys
GBwW Gain-Bandwidth Product f, = 20kHz {Note 6) 50 75 MHz
Z, Open Loop Output Impedance V=0,1,=0 80 0
Iy Supply Current 76 10.5 mA
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GLGCTB|CH|. CHHHHCTGBISTICS Vg = *15V,0°C<Ta<70°C, unless otherwise noted.

LT1028CS

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Vos input Offset Voltage (Note 1) ® 30 125 v

AVog Average Input Offset Drift {Note7) [ ] 0.2 10 wVi°C
ATemp

los Input Offset Current Vou=0V [ ] 22 130 nA

Ig Input Bias Current Vou=0V [ +40 +240 nA

Input Voltage Range ® +105 +120 v

CMRR Common-Mode Rejection Ratio Vou= +10.5V ] 106 124 dB

PSRR Power Supply Rejection Ratio Vg= +4.5Vio +18V ° 107 132 dB

AvoL Large Signal Voltage Gain R 22k, Vo= 10V [] 30 250 Vigv

R =1kQ, Vo= £ 10V 25 18.0 ViV

Vour Maximum Output Voltage Swing Ry =2k0 [ ] +115 +12.7 v

Is Supply Current [} 8.2 1.5 mA

The ® denotes the specifications which apply over the full operating tem-
perature range.

Note 1: Input Offset Voltage measurements are performed by automatic
test equipment approximately 0.5 sec. after application of power. In addi-
tion, at Ty = 25°C, offset voitage is measured with the chip heated to ap-
proximately 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 Vgg during
the first 30 days are typically 2.5,V.

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

Note 4: The inputs are protected by back-to-back diodes. Current limiting
resistors are not used in order to achieve low noise. If differential input volt-
age exceeds = 1.8V, the input current should be limited to 25mA.

Note §; Current noise is defined and measured with balanced source resis-
tors. 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 cur-
rent 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.

Ly HUeR
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TECHNOLOGY

FEATURES

= No External Components Required

» Noise Tested and Guaranteed

= | ow Aliasing Errors

= Maximum Offset Voltage 5V

= Maximum Offset Voltage Drift 0.54V/°C
= Low Noise 1.6xVp.p (0.1Hz to 10Hz)

= Minimum Voltage Gain, 130dB

= Minimum PSRR, 125dB

= Minimum CMRR, 120dB

= Low Supply Current ImA

= Single Supply Operation 4.75V to 16V

= |nput Common Mode Range Includes Ground
= Qutput Swings to Ground

= Typical Overload Recovery Time 3ms

APPLICATIONS

» Thermocouple Amplifiers

= Electronic Scales

= Medical Instrumentation

= Strain Gauge Amplifiers

= High Resolution Data Acquisition
m DC Accurate R, C Active Filters

LTC1050

Precision Chopper Stabilized
Operational Amplifier With
Internal Capacitors

DESCRIPTION

The LTC1050 is a high performance, low cost chopper sta-
bilized operational amplifier. The unique achievement of
the LTC1050 is that it integrates on chip the two sample-
and-hold capacitors usually required externally by other
chopper amplifiers. Further, the LTC1050 offers better
combined overall DC and AC performance than is avail-
able from other chopper stabilized amplifiers with or with-
out internal sample/hold capacitors

The LTC1050 has an offset voltage of 0.54V, drift of
0.014V/°C, DC to 10Hz, input noise voltage of 1.6uVp. and
a typical voltage gain of 160dB. The slew rate of 4V/us and
a gain bandwidth product of 2.5MHz are achieved with
only 1mA of supply current.

Overload recovery times from positive and negative
saturation conditions are 1.5ms and 3ms respectively,
which represents an improvement of about 100 times over
chopper amplifiers using external capacitors. Pin § is an
optional external clock input, useful for synchronization
purposes.

The LTC1050 is available in standard 8-pin metal can, plas-
tic and ceramic dual in line packages as well as an 8-pin
S08 package. The LTG1050 can be an improved plug in re-
placement for most standard op amps.

TYPICAL APPLICATION

High Performance Low Cost Instrumentation Amplifier

5V

-1
]

Wh

&
=

--
]

/2 1161043

DIFFERENTIAL
INPY

R1 R2

CMRR 12048 at DC
CMRR > 12008 at 60Hz
DUAL SUPPLY OR SINGLE 5¢
GAIN 1+R2/RY

2k

254V
COMMON MODE INPUT VOLTAGE
EQUALS THE SUPPLIES

Noise Spectrum

T
B A i
0
N
B
A
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B AT

10 100 10k 100k
FREOUENCV (H2)
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g
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LTC1050

ABSOLUTE MAXIMUM RATINGS

{Note 1)

Total Supply Voitage (V + to V-)
Input Voltage ...............
Output Short Circuit Duration

V+ +03V)to (V- - 0.3V)
.................. Indefinite

Operating Temperature Range

LTC1050 AMM .............ooell -55°Ct0 125°C
LTC1050ACIC .........ceviiinn -40°Ct085°C
Storage Temperature Range ............. ~-65°C o 150°C
Lead Temperature (Soldering, 10sec) ............. 300°C

PRACKAGE/ORDER INFORMATION

— ORDER PART NUMBER e ORDER PART NUMBER
O NN, [E]ne
.ffffm’ LTCIOEOANH o
i LTC1050MH [Elon
Mo ofd $wcx EXT GLOCK LTC1 050088
LTC1050ACH e
S LEAD N CAY LTC1050CH 8 LEAD PLASTIC SOIC
TOP VIEW
— LTC1050AMJ8
v e LTC1050MJ8
wg @ LTC1050ACJ8 LTC1050ACN
v Sl LTC1050CJ8 LTG1050CN
P e S LTC1050ACNS
LTC1050CN8 W PRGRAGE
14 LEAD PLASTIC DIP
Vs = £ 5V, Ty =operating temperature range unless otherwise specified.
LTC1050AM LTC1050AC
PARAMETER CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Ty=25°C (Note 3) 05 x5 +05 5 W
Average Input Offset Drift (Note 3) [ ] +001 =005 +0.01 =005 wI°C
Long Term Offset Voltage Drift 50 50 nVivMo
Input Offset Current Ta=25°C(Note 5) +20 260 +20 260 pA
° +150 +150 pA
Input Bias Current Ta=25°C (Note 5) 10 =30 +10 30 pA
[ 3 +800 +100 pA
Input Noise Voltage 0.1Hz to 10Hz (Note 6) 16 21 16 21 wop
DCto 1Hz 0.6 06 Wop
Input Noise Current f=10Hz{Note 4) 22 22 fAIHZ
Common Mode Rejection Ratio Vew=V-1to +2.7V,T,=25°C 120 140 120 140 dB
[ ] 120 120 . dB
Power Supply Rejection Ratio Vg= +2.375V10 £ 8V [ 126 140 126 140 d8
Large Signal Voltage Gain Ry =10k, Vour = £ 4V [ 130 160 130 160 dB
Maximum Output Voltage Swing Ry =10k ®| £47 485 +47 485 \)
R =100k2 +495 +4.95 v
Slew Rate Ry =10k, C, =50pF 4 4 Vigs
Gain Bandwidth Product 25 2.5 MHz
Supply Current No Load, Ty=25°C 1 15 1 15 mA
® 23 2.3 mA
Internal Sampling Frequency 25 25 kHz
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LTC1050

€LECTRICAL CHRARACTERISTICS

Vg = = 5V, T4 = operating temperature range unless otherwise specified.

LTC1050M LTC1050C

PARAMETER CONDITIONS MIN  TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Tp=25°C(Note 3) +05 5 +05 +5 W
Average Input Offset Drift (Note 3) [ ] +0.01 005 +001 005 wi°C
Long Term Offset Voltage Drift 50 50 nVivMo
Input Offset Gurrent Ta=25°C (Note 5} 20 £100 +20 =125 pA
° +200 +200 pA

Input Bias Current Ta=25°C (Note5) +10 *50 10 75 pA
) +1000 +150 pA

Input Noise Voltage Rg =1000, 0.1Hz to 10Hz {Note 6) 16 16 wWpp
Rg =100, DCto 1Hz 0.6 0.6 wWVpp

Input Noise Current f=10Hz (Note 4) 22 22 fARZ
Common Mode Rejection Ratio Vey=V-10 +27V, T =25°C 14 130 14 130 dB
[ ) 110 110 dB

Power Supply Rejection Ratio Vg= 2375V 10 8V ® 120 140 120 140 dB
Large Signal Voltage Gain Ry =10k@, Voyr= 24V o 120 160 120 160 dB
Maximum OQutput Voltage Swing R, =10k2 ® | 47 +485 +47  +485 v
R, = 100k +4.95 +4.95 \

Slew Rate Ry = 10k, C =50pF 4 4 Viys
Gain Bandwidth Product 25 25 MHz
Supply Current No Load, Tp=25°C 1 1.5 1 15 mA
[ 23 2.3 mA

Internal Sampling Frequency 2.5 2.5 kHz

The @ denotes the specifications which apply over the full operating tem-
perature range.

Note 1: Absolute Maximum ratings are those values beyond which life of
the device may be impaired.

Note 2: Connecting any terminal to voltages greater than V + or less than
V ~ may cause destructive latch-up. it is recommended that no sources
operating from external supplies be applied prior to power-up of the
LTC1050.

Note 3: These parameters are guaranteed by design. Thermocouple effects
preclude measurement of these voltage levels in high speed automatic test
systems. Vgg is measured to a limit determined by test equipment capability.
Note 4: Current Noise is calculated from the formula: In=V{2q * 1b) where
q=1.6x 1018 Coutomb.

Note 5: At T,<0°C these parameters are guaranteed by design and not
tested.

Note 6: Every lot of LTC1050AM and LTC1050AC is 100% tested for Broad-
band Noise @ 1kHz and sample tested for Input Noise Voltage @ 0.1Hz to
10Hz.

TEST CIRCUITS

Electrical Characteristics Test Circuit

DC-10Hz Noise Test Circuit

475k

1301050

0.14F
158k 316k 475k
A A P _
VW VWA~ VWA
| B LT1012 b— 10 X-¥
]_- 0.1 —I 0.14F N RECORDER

FOR 1Hz NOISE BW INCREASE ALL THE CAPAGITORS BY A FACTOR OF 10.

LTIER
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LTC1050

TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage vs Sampling

10Hzp., Noise vs Sampling

Common-Mode Input Range vs

Frequency Frequency Supply Voltage
10 ] 8 8
Vg= £ 7 T l 6 -
/
_ Vg= 45V
8 # 35 > s 4 et
< W =
f 6 r § 5 ug 2 J/
< L~
£ 5 ™ i
g S N z
£ / i g A
& a ) H \ Vom=V
~ S -4
2 V4 8 A N ™
1 -6
™~
0 0 -8
2 2.5 3 3. 4 4.5 100 1K 10k 0 +1 +2 £3 x4 35 26 27 28
SAMPLING FREQUENCY, fg (kHz) SAMPLING FREQUENCY, fg (Hz) SUPPLY VOLTAGE (V)
Sampling Frequency vs Supply Sampling Frequency vs
Voltage Temperature Overload Recovery
35 5 0.5ms
Vg= +5V- *I "_
_ Tp=25°C s s
] g4 —
s £ INPUT {200"“’
- o \ w—
> >
§ // § 3 v
g 2.5 g e QUTPUT
[
g / g ? ~5V—
a2 pas
2 i z
3 = 9
Ay=—100 Vg= =5V
1.5 0
4 6 8 10 12 14 16 -5 -25 0 25 50 75 100 125
TOTAL SUPPLY VOLTAGE, V+ TO V= (V) AMBIENT TEMPERATURE, T4 (°C)
Output Short Circuit Current vs
Supply Current vs Supply Voltage Supply Current vs Temperature Supply Voltage
15 T 2.0 6
Ta=25°C 18 Vg= 5V E V
1.25 15 5 4 Vour=V ~ et
g L g 14 = ISOURCE
% 1 % g e 7’
g / g2 3
& 75 £ 1.0 [ 50
= = =
8 / Sos 3
g 50 7 £ 6 5-10
= E e \
25 04 E-2 S Your=V+ /]
0.2 2
& Isink
0 0 -30
4 6 8 10 12 14 16 -5 -25 0.2 50 75 100 125 4 6 12 14 16

TOTAL SUPPLY VOLTAGE, V+ TOV— (V)

AMBIENT TEMPERATURE, T (°C)

TOTAL SUPPLY VOLTAGE, V+ TO V— (V)
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LTC1050

TYPICAL PERFORMANCE CHARACTERISTICS

Gain/Phase vs Frequency Small Signal Transient Response Large Signal Transient Response
120
[T Vg 45V, 1a=25°C
100 [H-H C\ =100pf, Ry = 1kQ 4
1]
80 EH: P
— >
g o [HI @
= I £
g 40 [ 3
3 S
=< m
§ 20 —H %
0 )__’__’_ @« Ay=+1 Ry =10kQ C_=100pF Vg=x5V Ay=+1 Ry =10k@ C =100pF Vg= 5V
-2 __r__
—40 »..JL..J
100 1k 10k 100k M 10M

FREQUENCY (Hz)

LTC1050 DC to 1Hz Noise

£ AP

Lﬂ—ﬂ) SEC —|

LTC1050 DC to 10Hz Noise

j—1sEC—>|
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LTC1050

APPLICATIONS INFORMATION
ACHIEVING PICOAMPERE/MICROVOLT PERFORMANCE

Picoamperes

In order to realize the picoampere level of accuracy of the
LTC1050, proper care must be exercised. Leakage currents
in circuitry external to the amplifier can significantly de-
grade performance. High quality insulation should be
used (e.g., Teflon, Kel-F); cleaning of all insulating sur-
faces to remove fluxes and other residues will probably be
necessary — particularly for high temperature perfor-
mance. Surface coating may be necessary to provide a
moisture barrier in high humidity environments.

Board leakage can be minimized by encircling the input
connections with a guard ring operated at a potential
close to that of the inputs: in inverting configurations the
guard ring should be tied to ground; in non-inverting con-
nections to the inverting input (see Figure 1). Guarding
both sides of the printed circuit board is required. Bulk
leakage reduction depends on the guard ring width.

>

OPTIONAL EXTERNAL 2
cLock @ 5

OUTPUT

GUARD
Figure 1.

Microvolts

Thermocouple effects must be considered if the LTC1050's
ultra low drift is to be fully utilized. Any connection of
dissimilar metals forms a thermoelectric junction produc-
ing an electric potential which varies with temperature
(Seebeck effect). As temperature sensors, thermocouples
exploit this phenomenon to produce useful information. In
low drift amplifier circuits the effect is a primary source of
error.

Connectors, switches, relay contacts, sockets, resistors,
solder, and even copper wire are all candidates for thermal
EMF generation. Junctions of copper wire from different
manufacturers can generate thermal EMFs of 200nV/°C —
4 times the maximum drift specification of the LTC1050.
The copperfkovar junction, formed when wire or printed
circuit traces contact a package lead, has a thermal EMF
of approximately 35,V/°C — 700 times the maximum drift
specification of the LTC1050.

Minimizing thermal EMF-induced errors is possible if
judicious attention is given to circuit board layout and
component selection. It is good practice to minimize the
number of juctions in the amplifier's input signal path.
Avoid connectors, sockets, switches and relays where
possible. In instances where this is not possible, attempt
to balance the number and type of junctions so that dif-
ferential cancellation occurs. Doing this may involve de-
liberately introducing junctions to offset unavoidable
junctions,

Figure 2 is an exampie ot the introduction of an unneces-
sary resistor to promote differential thermal balance.
Maintaining compensating junctions in close physical
proximity will keep them at the same temperature and re-
duce thermal EMF errors.

NOMINALLY UNNECESSARY
RESISTOR USED 10
THERMALLY BALANCE OTHER
INPUT RESISTOR

LEAD WIRE/SOLDER/€OPPER
TRACE JUNGTION

p— OUTPUT

RESISTOR LEAD, SOLDER,
COPPER TRACE JUNCTION
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APPLICATIONS INFORMATION

When connectors, switches, relays andior sockets are
necessary they should be selected for low thermal EMF
activity. The same techniques of thermally balancing and
coupling the matching junctions are effective in reducing
the thermal EMF errors of these components.

Resistors are another source of thermal EMF errors. Tabie
1 shows the thermal EMF generated for different resistors.
The temperature gradient across the resistor is important,
not the ambient temperature. There are two junctions
formed at each end of the resistor and if these junctions
are at the same temperature, their thermal EMFs will can-
cel each other. The termal EMF numbers are approximate
and vary with resistor value. High values give higher ther-
mal EMF.

Table 1. Resistor Thermal EMF

Resistor Type Thermal EMF/°C Gradient
Tin Oxide ~mvi°C
Carbon Composition ~450uV/°C
Metal Film ~20uV/°C
Wire Wound
Evenohm ~2uVI°C
Manganin ~2VI°C

PACKAGE-INDUCED OFFSET VOLTAGE

Package-induced thermal EMF effects are another im-
portant source of errors, It arises at the copperfkovar junc-
tions formed when wire or printed circuit traces contact a
package lead. Like all the previously mentioned thermal
EMF effects, it is outside the LTC1050's offset nulling loop
and cannot be cancelled. Metal can H packages exhibit
the worst warm-up drift. The input offset voltage specifica-
tion of the LTC1050 is actuaily set by the package-induced
warm-up drift rather than by the circuit itseff. The thermal
time constant ranges from 0.5 to 3 minutes, depending on
package type.

OPTIONAL EXTERNAL CLOCK

An external clock is not required for the LTG1050 to oper-
ate. The internal clock circuit of the LTC1050 sets the nom-
inal sampling frequency at around 2.5kMz. This frequency
is chosen such that it is high enough to remove the am-

plifier 1/f noise, yet still low enough to allow internal cir-
cuits to settle. The oscillator of the internal clock circuit
has a frequency 4 times the sampling frequency and its
output is brought out to pin’5 through a 2k resistor. When
the LTC1050 operates without using an external clock, pin
5 should be left floating and capacitive loading on this pin
shoud be avoided. If the oscillator signal on pin 5 is used
to drive other external circuits, a buffer with low input
capacitance is required to minimize loading on this pin.
Figure 3 illustrates the internal sampling frequency versus
capacitive loading at pin 5.

3

5= +5V

SAMPLING FREQUENCY fg, (kHz)
~

1 5 10 100
CAPACITANCE LOADING (pF)

Figure 3. Sampling Frequency vs
Capacitance Loading at Pin 5

When an external clock is used, it is directly applied to
pin 5. The internal oscillator signal on pin 5 has very low
drive capability and can be over-driven by any external
signal. When the LTC1050 operates on +5V power sup-
plies, the external clock leve! is TTL compatible.

Using an external clock can affect performance of the
LTC1050. Effects of external clock frequency on input off-
set voltage and input noise voltage are shown in the sec-
tion of typical performance characteristics. The sampling
frequency is the external clock frequency divided by 4. In-
put bias currents at temperatures below 100°C are dom-
inated by the charge injection of input switches and they
are basically proportional to the sampling frequency. At
higher temperatures, input bias currents are mainly due to
leakage currents of the input protection devices and are
insensitive to the sampling frequency.

LT
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LTC1050

APPLICATIONS INFORMATION

LOW SUPPLY OPERATION connected to pin 1 and 8 which are not needed for the
The mini vt , LTC1050. Pin 1 and pin 8 of the LTC1050 are not connected
€ minimum supply for proper operation of the LTC1050 internally while pin 5 is an optional external clock input

is typically below 4.0V (+2.0V). In single supply applica- ; i i
; ; pin. The LTC1050 can be a direct plug in for the 7650 and
tions, PSRR is guaranteed down to 4.7V (+2.35)to en-  7ge even it the two capacitors are left on the circuit

sure proper operation down to the minimum TTL specified board
voitage of 4.75V. '

In applications operating from below + 16V total power
PIN COMPATIBILITY supply, (£8V), the LTC1050 can replace many industry-

_ . , . , standard operational amplifiers such as the 741, LM101,
The LTG1050 is pin Compa“ble with the 8-p|n versions of LM108, OP(’;?, etc. For de\?ices like the 741 and LM101, the

7650, 7652 and other chopper-stabilized amplifiers. The ; e :
7650 and 7652 require the use of two external capacitors femoval of any connection to pin 51s all that is needed.

TYPICAL APPLICATIONS
Strain Gauge Signal Conditioner with Bridge Excitation

i LT1009

3500
= = TYBRIDGE

OUTPUT
(£25V)

2N2907

510 *OPTIONAL REFERENCE OUT TO MONITORING 10 BIT A/D CONVERTER

2w **AT GAIN =1000, 10Hz PEAK-TO-PEAK NOISE IS <1/2 LSB FOR 10
BIT RESOLUTION

-5V

Single Supply Thermocouple Amplifier

1K 1%
1% 1000 255k

A4 A A\ b 44 v v‘v
L 1
L 0.068,F

5 Vour
10mv/°C

LT1025A =

Io.w
TYPEK

GND R~ =

4 5
‘EI-I 0°C ~100°C TEMPERATURE RANGE
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LTC1050

TYPICAL APPLICATIONS

Battery Operated Temperature Monitor with 10-Bit Serial Quiput AID

Viy=0v
2

6
LT1021C-5
— L

014F 104F

g 1K _'—_l-'— 3.4k 178k
0.1% 1% 0.1%

AA AAA AAA
\AA VA~ \A4

A inaras

LTC1092
1) = 8
s v 0
479 2 e h_‘} P
A +IN CLK
3w Oour 8
A GND VRer rf)__
) T
4 5 = =
0°C ~500°C TEMPERATURE RANGE
2°C MAX ERROR
- *THERMOCOUPLE LINEARIZATION CODE AVAILABLE FROM LTC

Air Flow Detector
LT1004
12 5V =NO AIR FLOW
OV =AIR FLOW
AMBIENT = g
TEMPERATURE 240Q
STILL AIR - v e
AlR FLOW
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LTC1050

TYPICAL APPLICATIONS

Fast Precision Inverter *100mA Output Drive
10k 10k
1% 1%
INPUT ——AAA, AAA

— OQUTPUT

Vog=5uV =
Vpg/ AT=50RY/°C
GAIN=10 k
FULL POWER BANDWIDTH = 10kHz

FULL POWER BANDWIDTH = 2MHz =
SLEW RATE = 40V/ S
SETTLING TIME =54S TO 0.01% (10V STEP)
OFFSET VOLTAGE =5V
OFFSET DRIFT =50nV/°C

Ground Referred Precision Current Sources

LT1034 __L._]
>} = .

O=igyy <26mA*

0N =Vours(vH)-2v Vour
I - 1235V
IN2222 “MAXIMUM CURRENT LIMITED BY ouT= Ao
POWER DISSIPATION OF 2N2222 .

< <
R $Rs
: SET b3 ET
P O<lgyy<25mA*
'°“T='h2§§" (V-)+2VsVoyrs ~1.8V
* *MAXIMUM CURRENT LIMITED BY
Vour POWER DISSIPATION OF 22307
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LTC1050

TYPICAL APPLICATIONS

Precision Voltage Controlied Current Source
with Ground Refersed Input and Output

S5V

2N2222

It
f‘k r--li}‘—-l

LTC1043
n O

<
g 1000

v
J lout = 15017

Ultra Precision Voltage Inverter

761043

Vour

SAMPLE
V-
FOR Vg= 25V, (V—}+1.8V<Viy<V+

Voyr= —V = 20ppm
MATCHING BETWEEN C 1 AND G NOT REQUIRED

FOR 1V <<V )y <4V, THE HOLD STEP IS <300,V.
ACQUISITION TIME IS DETERMINED BY THE SWITCH Rqy,

Cy TIME CONSTANT
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LTC1050

TYPICAL APPLICATIONS

Instrumentation Amplifier with Low Offset and Input Bias Current

OFFSET VOLTAGE < 104V

INPUT BIAS CURRENT =15pA

GMRR = 1000B FOR GAIN =100

INPUT REFERRED NOISE =54V 5. FOR € =0.14F
=204V 5 FOR G =0.014F

Instrumentation Amplifier with 100V Common Mode Input Voltage

v+ —AAA
™
+ 3

Vin

™

QUTPUT OFFSET <5mV
FOR 0.1% RESISTORS, CMAR =54dB

Single Supply Instrumentation Amplifier

VWV

QUTPUT QFFSET <5mv
FOR 0.1% RESISTORS, CMRR =54dB
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TYPICAL APPLICATIONS
Photodiode Amplifier

15pF

== Vour
HP 5082-4204

6 Decade Log Amplifier
MAT-01 MAT-g1
o.o?zlz,f 220F o
11 %4 .
10k % e 2.5M k
0.1% + 0.1%
; 2M
Vin— b naasT 2.5V
Iy AT
AWV LT1009
:: 1k*
> 0.1% =
= 1
£RROR REFERRED TO INPUT < 1% | v
FOR INPUT CURRENT RANGE 1nA - 1mA = Ny LI -
*TEL LAB TYPE 081 Vour=-106 (wA) =-Lo6 (wmv) =—L0G (Vi) -2V
TCORRECTS FOR NONLINEARITIES
DC Accurate, 10Hz, 7th Order Lowpass Bessel Filter
R=16k R =196k R‘ =196k
Vin
C=0.47uF €2==0.047F €1=C2 —Vour
P A I
2 7 -
I N4148 LTC1062
= —BVr'H— 3 6—
4 5 foLk=2kHz
04uF CLK
1 .
= « WIDEBAND NOISE 524V gy

0.14F « LINEAR PHASE

|
j___ LRYTEES

6V
* CLOCK TO CUTOFF FREQUENCY RATIO =200:1
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LTC1050

TYPICAL APPLICATIONS

DC Accurate 10th Order Max Flat Lowpass Filter

C
]
L
VAR
IN—AMA VWA~ 1
c
T
1 8
H 7
| LTC1062
= -5 3 6
4 5

—
"T[

. 'cumFF=0.9><%%‘
o RC= 02284

feuTorr
* 60dB/OCT. SLOPE

* PASSBAND ERROR <0.1dB FOR 0.<f=0.67 feuraer
* THD=0.04%, WIDEBAND NOISE = 120V pys

o fouk=100kHz

6 R
AN~ I Vayt (DC ACCURATE)
c
_[.. 1 ~ o -
|2 7
LTC1062
= 5V ~——a3 6 5V
4 5 fom
fok

DC Accurate, Noninverting 2nd Order Lowpass Filter

Ra

AAA

\AAd

Q=0.707, f¢=20Hz. FOR f¢=10Hz, THE RESISTOR (Ry, Ro) VALUES SHOULD BE DOUBLED.

Component Values
DC GAIN R R, R, Ry [ [
1 ® 0 324k | 187k | 047F | 02%F
2 10k 10k 1.8k | 243k | 047,F | 0A74F
4 105k | 316k | 187k | 348k | 0.0%F | 047F
8 102k | 511k | 14k 464k | 0.22F | 047F
8 102k | 715k | 11.8k | 549k | 0.22F | 047F
10 104k | 908k | 105k | 619k | 022F | 047F

Gain of One, 10Hz 3rd Order Bessel DC Accurate Lowpass Filter

R3=5.9%

Rq=47.5k

Ro=24.3k
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LTC1050

PACKAGE DESCRIPTION pimen

sions in inches (millimeters) unless otherwise noted.

H Package
8 Lead TO-5 Metal Can

0.335-0370
{®509-9.398)
oA
0.027-0045
0.305—0.335 48° TYP 0881143
0.305-0.335 0.68 1143
[ 7775 509} 0.027-0.034 { J
0.040 0.6660.864) ¥
(1.018) 0.050 [y 0.200
0050 ~02%
ax vz 0.185-0.185 5.080-5.643)
MAX {@191-4.69) b6

[ 4 REFERENCE

PLANE $ T e 0.500-0.750

T‘
001020065 m]

(1270-19.05)
¥

(6254 —1.143)
0.016-0.02% 0.110-0.160
_’“‘—10 4060533 B9 1064)
v INSULATING
STANDOFF
NOTE: LEAD DIAMETER 15 UNCONTROLLED BETWEEN
THE REFERENCE PLANE AND SEATING PLANE.
s
J Package
f
8 Lead Ceramic DIP
0.005
[ 005
0.280-0.320 MiN
(7.37-6.13) 0.200 “m”
{5.080) £.025
Max 0635) 8] [7] [6] [51
RAD TYP
H 0.220-0.310
(5.588-7.874)
0.008-0.018 o iee
{©.203-0.460) 018
UITT BTE]
03852002 0.014-0.026 | 0.525 0055
{9.778.4:0.635) {0360~ 0.660) i 375 {1.397)
0.033-0.068 ™ "
- 0.100+0.010
{0965 -1.727) = {2540£0.254)
o
N Package
.
8 Lead Plastic DIP
0.300-0.320 £.130 40005
0.045-0.065 0.190+0,00
{7620-8.128) (Hta—vt.s&‘)"'l t— (3.3022:0.127)
oo =1 e
1.65
ey e
0.009-0.015
{©228-0.381) Es 75
0.5 +0.025 MIN
—0.015 . 9.045+0.015 __»{
o 255 + 085 (17430381
~0.381 0.100£ 0010 0.018+0.003
(2540 £0.254) {0457 2.0.076)

0.250 0010
(6.350+:0.254)

LT UER
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LTC1050

PRCHHGG DGSCﬂlPTlOﬂ Dimensions in Inches (millimeters) unless otherwise noted.

S8 Package
8 Lead Plastic SOIC

0010-0.020 . ("’-m“"-ym
r-m-?-‘»"“-m\ ’ . 0.004—0.010
0.008-0.010 § {0.101-0.354)
{0.203-0.950)
0.050
0°—goTYP  0.016-0.050 270
(04081.270) 0.04-0.019 s
{0.355-0.489)
NOTES:
1. PKG MATERIAL: PLASTIC
2. LEAD MATERIAL: 2-42, TIN PLATED
™
N Package
14 Lead Plastic DIP
0.300-0.320
~T7.620-8.128) oo
2125 .50
G175 MM 013040005 [
MIN i 13.302£0.127}
0.0090.015 .f 00750015 |
0.229°0.381) {1.805.50,381) {0.45720.076)
+0.025
0325 o5 0.10020.010
0,63 25020254
(N

N1t

0.228-0.244
(6.791~6.197}

0.189-0.197
(4.801-57004)
8

ls 7 s s

HHHA

0.150-0.157
{3.810-3.988)

0,770,

(19.558)
L3

] [ fi2] [ [} [5]

0.25020.190
(6.350:0.254)

UT el o] BT LI TeT 2T
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LTC1052/LTC7652

TECHNOLOGY  Chopper-Stabilized Operational

FEATURES
= Guaranteed Max. Offset 5uV
m Guaranteed Max. Offset Drift 0.05uV/°C
m Typ. Offset Drift 0.01uV/°C
m Excellent Long Term Stability 100nV/~Month
w Guaranteed Max. Input Bias Current 30pA
s Qver Operating Temperature Range
Guaranteed Min. Gain 120dB
Guaranteed Min. CMRR 120dB
Guaranteed Min. PSRR 120dB
= Single Supply Operation 4,75V1016V

(Input Voltage Range Extends to Ground)
= External Capacitors can be Returned to V= with No
Noise Degradation

APPLICATIONS

a Thermocouple Amplifiers

» Strain Gauge Amplifiers

» Low Level Signal Processing
m Medical instrumentation

Amplifier (CSOA™)

DESCRIPTION

The LTC1052 and LTC7652 are low noise Chopper-
stabilized op amps (CSOA™) manufactured using Linear
Technology’s enhanced LTCMOS™ silicon gate process.
Chopper-stabilization constantly corrects offset voltage er-
rors. Both initial offset and changes in the offset due to time,
temperature and common-mode voltage are corrected.
This, coupled with piccampere input currents, gives these
amplifiers unmatched performance.

Low frequency (1/f) noise is also improved by the chop-
ping technique. Instead of increasing continuously at a
3dB/octave rate, the internal chopping causes noise to
decrease at low frequencies.

The chopper circuitry is entirely internal and completely
transparent to the user. Only two external capacitors are
required to alternately sample and hold the offset correc-
tion voltage and the amplified input signal. Control cir-
cuitry is brought out on the 14-pin version to allow the
sampling of the LTC1052 to be synchronized with an ex-
ternal frequency source.

Ultra Low Noise, Low Drift Amplifier

‘D

3 68k

1.5k
—AAA— + 5V

INPUT

— OUTPUT

>
<
3100k

>
100
Vos=3uV 1000
VgsAT=50nV/°C |

NOISE =0.06.Vp-p 0.1Hz-10Hz

e AAA

LTC1052 Noise Spectrum
160
__ 140
§ 120
= 2\
g 100 7
& w0
g ® \
ué 40 \ A
g \J
= 2
0

0 100 200 300 400 500
FREQUENCY (Hz)

¢50A™ and LTcMOS™ are trademarks of Linear Technelogy Corporation.

Teflon ™™ is 2 trademark of DuPont.
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LTC1052/LTC7652

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORNER INFORMATION

TOP VIEW ORDER PART
(Notes 1 and 2) NUMBER REPLACES
Total Supply Voltage (V¥ toV—) .............. 18V LTC7652CH }8522%?{7
Input Voltage . ... (V¥ +0.3V)to (V= —0.3V) OL7050CTV-1
Output Short Circuit Duration. ... ......... Indefinite ICL76501TV-1
Operating Temperature Range LTC1052CH | ICL7650CTV
LTC1052C/LTC7652C . ...... ... —40°C1085°C Crnm ICL76501TV
LTC1052M . . ................ —55°C10125°C METAL CAN H PACKAGE LTC1052MH | ICL7650MTV
Storage Temperature Range .. .. ... —55°Cto150°C e . Lrc1052eN8 | 16L76500RA
£ o Cexra 7] 8]Cexta 1 5
Lead Temperature (Soldering, 10sec.)........ 300°C NG o LTC1052048 | ICL7B50LUA
+N[3 5] outpur LTC1052MJ8
- OUTPUT
At 3 camp
HERMETIC DIP J8 PACKAGE
PLASTIC DIP N8 PACKAGE
[ o LG
CZ:% o1 LTC105204 | 16L765210D
Ne (6uARD) 3] CLK OUT ICL76501JD
—IN[4 i1 v+
e Do | LTC10520N | lcL7652CPD
NC (GUARD)E H OUTPUT CLAMP ICL?BSO PD
' el i LTC1052MJ | ICL7650MJD
HERMETIC DIP J14 PACKAGE
PLASTIC DiP N14 PACKAGE
Vs = + 5V, Ta=operating temperature range, test circuit TC1, unless otherwise specified.
LTC1052M LTC1052C/LTC7652C
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX MIN  TYP  MAX UNITS
Vgs Input Offset Voltage Tp=25°C (Note 3) +05 x5 +05 +5 v
AVps/ ATemp | Average Input Offset Drift (Note 3) ® +0.01 +0.05 +0.01 +0.05 w/°C
AVps/ ATime | Long Term Offset Voltage Stability 100 100 nv/~/Month
los input Offset Current Ta=25°C +5 +30 +5 +30 pA
[ + 2000 + 350 pA
Ig Input Bias Current Ta=25°C +1 +30 +1 +30 pA
[ ) + 1000 +175 pA
€np-p Input Noise Voitage Rs=100Q, DC to 10Hz, TC3 1.5 1.5 wVp-p
Rg=100Q, DC to 1Hz, TC3 0.5 0.5 wVp-p
in Input Noise Current f=10Hz (Note 5) 0.6 0.6 A/ VHz
CMRR Common-Mode Rejection Ratio Vem=V~ 10 +2.7V ®| 120 140 120 140 dB
PSRR Power Supply Rejection Ratio Vsuppy= £2.375V10 =8V | @] 120 150 120 150 dB
AvoL Large Signal Voitage Gain R =10k, Voyr= £ 4V el 120 150 120 150 dB
Vaur Maximum Qutput Voltage Swing | Ry =10k o} 47 +485 =47 +4.85 v
(Note 4) Ry =100k +4.95 +4.95 v
SR Slew Rate Ry =10k, € =50pF 4 4 V/us
GBW Gain Bandwidth Product 1.2 1.2 MHz
Is Supply Current No Load, T,=25°C 1.7 2.0 1.7 2.0 mA
® 3.0 3.0 mA
fg Internal Sampling Frequency 330 330 Hz
Clamp On Current R =100k o 25 100 25 100 pA
Clamp Off Current —4V<Vgyr< +4V 10 100 10 100 pA
° 2 1 nA
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The @ denotes the specifications which apply over the fult operating

temperature range.

Note 1: Absolute Maximum Ratings are those values beyond which the

lite of the device may be impaired.

Note 2: Connecting any terminal to voltages greater than V* or less than
v~ may cause destructive latch-up. Itis recommended that no sources
operating from external supplies be applied prior to power-up of the

LTC1052/LTC7652.

Note 3: These parameters are guaranteed by design. Thermocouple ef-

fects preclude measurement of these voitage levels in high speed

automatic testing. Vg is measured to a limit determined by test equip-

ment capability. Voltages on Cexya and Cexye, Avor, CMRR and PSRR

are measured to insure proper operation of the nuliing loop to insure
meeting the Vg and Vgg drift specifications. See Package-Induced Vog
in applications section.

Note 4: Output clamp not connected.
Note 5: Current noise is calculated from the formula: i, =(2q Is)",
where q= 1.6 x 10~ 19 coulomb.

TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voitage vs Sampling
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LTC1052/LTC7652

TYPICAL PERFORMANCE CHARACTERISTICS

Input Noise Voltage
Vg= =5V, TEST GIRCUIT (TC3)
£ TR
HH
Jl ‘T 1T
DCTO 1 K.
0 -
H
SpV
C TO 10Hz
0 !
10 SEC.
2-4>
Small Signal Transient Large Signal Transient
Response* Response* Gain Phase vs Frequency
120 q 60
= 100 — 80
g 2 H
> = 100
8 8 & ® ]
o g 2 60 T— 120%
= ]
3 2 3 49 |- 140 &
o > =
= ] g | | 3
2 S =) 180
2 s = RILRITLa:
5] 0 I..II_I ' 180 T
R =10k R =10k I l
Ci =100pF Cp = 100pF _40 L l 220
Vg= %5V Vg= 45V 100 193 104 105 108 107
FREQUENCY (H.
*RESPONSE 1S NOT DEPENDENT ON PHASE OF CLOCK ta)
Broadband Noise, Broadband Noise, Broadband Noise Test Circuit
Cexr=0.1pF Cext=1.0uF (TC2)

INPUT REFERRED NOISE
(5V/DIV)

Ay=—1000
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Ay=—1000 1ms/DIV
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TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Supply Output Short Circuit Current vs
Voltage Supply Current vs Temperature Supply Voltage
2.5 3.0 ] I T T 8 /
SUPPLY VOLTAGE = 5V g 6
2.0 / % | z
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£ " BN = rd
» // % 20 2
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TEST CIRCUITS

Electrical Characteristics Test Circuit (TC1)

DC to 10Hz and DC to 1Hz Noise Test Gircuit (TC3)
2

1T
R2

e AAA

VW —

v+

’_OUTPUT
(NOISE x 20,000)

0.14F 0.14F

BANDWIDTH R1 R2 R3 R4 c2 c3 C4
10Hz 16.20 162k 16.2k 16.2k 0.14F 1.0F 1.00F
1Hz 16.2Q 162k 162k 162k 1.0pF 1.0uF 1.00F

THEORY OF OPERATION
DC OPERATION

The shaded portion of the LTC1052 block diagram (Figure 1)
entirely determines the amplifier’s DC characteristics. Dur-
ing the auto-zero portion of the cycle, the inputs are shorted
together and a feedback path is closed around the input
stage to null its offset. Switch S2 and capacitor Cexta actas
a sample and hold to store the nulling voltage during the
next step—the sampling cycle.

In the sampling cycle, the zeroed amplifier is used to
amplify the differential input voltage. Switch S2 connects
the amplified input voltage to Cexte and the output gain
stage. Cexts and S2 act as a sample and hold to store the
amplified input signal during the auto-zero cycle. By
switching between these two states at a frequency much
higher than the signal frequency, a continuous output
results.

Notice that during the auto-zero cycle the inputs are not
only shorted together, but are also shorted to the negative
input. This forces nulling with the common-mode voltage
present and accounts for the extremely high CMRR of the
LTC1052. In the same fashion, variations in power sup-
ply are afso nulled. For nulling to take place, the offset
voltage, common-mode voltage and power supply must
not change at a frequency which is high compared to the
frequency response of the nulling loop.

AC OPERATION AND ALIASING ERRORS

So far, the DC performance of the LTC1052 has been ex-
plained. As the input signal frequency increases, the
problem of aliasing must be addressed. Aliasing is the
spurious formation of low and high frequency signals
caused by the mixing of the input signal with the sam-
pling frequency, fs. The frequency of the error signals,
i, is:

fe=1s £
where fj =input signal frequency.

Normally it is the difference frequency (fs —f| ) which is of
concern because the high frequency (fs +)) can be
easily filtered. As the input frequency approaches the
sampling frequency, the difference frequency ap-
proaches zero and will cause DC errors—the exact prob-
lem that the chopping amplifier is meant to eliminate.

The solution is simple. Filter the input so the sampling loop
never sees any frequency near the sampling frequency.

At a frequency well below the sampling frequency, the
LTC1052 forces 11 to equal I2 (see Figure 1B). This
makes &1 zero, thus the gain of the sampling loep zero at
this and higher frequencies—i.e., a low pass filter. The
corner frequency of this low pass filter is set by the output
stage pole (1/Ri4 gms Ris C2).
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THEORY OF OPERATION

For frequencies above this pole, 12 is: This makes the frequency response smooth and con-

1 tinuous and eliminates sampling noise in the output as

l2=ViN gm6 X 5¢7 X SC1 the loop transitions from the high gain DC loop to the high
and frequency loop.

C1
I1 —i2=VIN gm1 —VIN gmé X 2- The typical curves show just how well the amplifier

The LTC1052 is very carefully designed so that works. The output spect(um shows the difference
gm1 =gme and C1=C2. Substituting these values in the frequency (fi —fs = 100Hz) is down by 80dB'a.nd the fre-
above equation shows 1 — 12 =0. quency response curve shows no abnormalities or per-

turbations. Also note the well-behaved small and large
The gme input stage, with C1 and C2, not only filters the  signal step responses and the absence of the sampling
input to the sampling loop, but also acts as a high fre-  frequency in the output spectrum. If the dynamics of the
quency path to give the LTC1052 good high frequency  amplifier, i.e., slew rate and overshoot, depend on the
response. The unity-gain cross frequencies for both the  sampling clock, the sampling frequency will appear inthe
DC path and high frequency path are identical output spectrum.

[13B =5 (gm1/C1)= (gm6/C2)].

1

—

C
5 ]
g

+IN

+ A. Auto-Zero Cycle

s3 11

Vagr 0 W _l_

+IN

+ B. Sampling Cycle

Figure 1. LTC1052 Block Diagram
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APPLICATIONS INFORMATION
EXTERNAL CAPACITORS

Cexta and Cexts are the holding elements of a sample and
hold circuit. The important capacitor characteristics are
leakage current and dielectric absorption. A high quality
film-type capacitor such as mylar or polypropylene pro-
vides excellent performance. However, low grade capaci-
tors such as ceramic are suitable in many applications.

Capacitors with very high dielectric absorption (ceramic)
can take several seconds to settle after power is first
turned on. This settling appears as clock ripple on the
output and, as the capacitor settles, the ripple gradually
disappears. If fast settling after power turn-on is impor-
tant, mylar or polypropylene is recommended.

Above 85°C, leakage, both from the holding capacitors
and the printed circuit board, becomes important. To
maintain the capabilities of the LTC1052 it may be
necessary to use Teflon™ capacitors and Teflon standoffs
when operating at 125°C (see Achieving Picoampere/
Microvolt Performance).

CexTa and Cexts are normally in the range of 0.14F to
1.04F. All specifications are guaranteed with 0.1uF and
the broadband noise (see typical photos) is only very
slightly degraded with 0.1xF. Output clock ripple is not
present for capacitors of Q.1uF or greater at any
temperature.

On competitive devices, connecting Cexta and Cexya to
V— causes an increase in amplifier noise. Design changes
have eliminated this problem on the LTG1052. On the
14-pin LTC1052 and 8-pin LTC7652, the capacitors can
be returned to V— or CReTurn with no change in noise
performance.

ACHIEVING PICOAMPERE / MICROVOLT PERFORMANCE
Picoamperes

In order to realize the picoampere level of accuracy of the
LTC1052, proper care must be exercised. Leakage cur-
rents in circuitry external to the amplifier can significantly
degrade performance. High quality insulation should be
used (e.g., Teflon, Kel-F); cleaning of all insulating sur-
faces to remove fluxes and other residues will probably be

necessary—particularly for high temperature perform-
ance. Surface coating may be necessary to provide a
moisture barrier in high humidity environments.

Board leakage can be minimized by encircling the input
connections with a guard ring operated at a potential
close to that of the inputs: in inverting configurations the
guard ring should be tied to ground; in non-inverting con-
nections to the inverting input. Guarding both sides of the
printed circuit board is required. Bulk leakage reduction
depends on the guard ring width,

Cexrs

v+

\

QUTPUT \ 7
6

ouTeuT CLAMP @ 5

Microvoits

Thermocouple effects must be considered if the
LTC1052’s ultra low drift is to be fully utilized. Any con-
nection of dissimilar metals forms a thermoelectric junc-
tion producing an electric potential which varies with
temperature (Seebeck effect). As temperature sensors,
thermocouples exploit this phenomenon to produce use-
ful information. In low drift amplifier circuits the effectis a
primary source of error.

Connectors, switches, relay contacts, sockets, resistors,
solder, and even copper wire are all candidates for ther-
mal EMF generation. Junctions of copper wire from dif-
ferent manufacturers can generate thermal EMFs of
200nV/°C—4 times the maximum drift specification of
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APPLICATIONS INFORMATION

the LTC1052. The copper/ kovar junction, formed when
wire or printed circuit traces contact a package lead, has
a thermal EMF of approximately 35uV/°C—700 times
the maximum drift specification of the LTC1052.

Minimizing thermal EMF-induced errors is possible if
judicious attention is given to circuit board layout and
component selection. It is good practice to minimize the
number of junctions in the amplifier’s input signal path.
Avoid connectors, sockets, switches and relays where
possible. In instances where this is not possible, attempt
to balance the number and type of junctions so that differ-
ential cancellation occurs. Doing this may involve
deliberately introducing junctions to offset unavoidable
junctions.

Figure 2 is an example of the introduction of an un-
necessary resistor to promote differential thermal
balance. Maintaining compensating junctions in close
physical proximity will keep them at the same tempera-
ture and reduce thermal EMF errors.

When connectors, switches, relays and/or sockets are
necessary they should be selected for low thermal EMF
activity. The same techniques of thermally balancing and
coupling the matching junctions are effective in reducing
the thermal EMF errors of these components.

Resistors are another source of thermal EMF errors. Table |
shows the thermal EMF generated for different resistars.
The temperature gradient across the resistor is important,

Table I. Resistor Thermal EMF

Resistor Type Thermal EMF/°C Gradient
Tin Oxide ~mv/°C
Carbon Composition ~450uV/°C
Metal Film ~20pV/°C
Wire Wound
Evenohm ~2uV/°C
Manganin ~2uV/°C

not the ambient temperature. There are two junctions
formed at each end of the resistor and if these junctions are
at the same temperature, their thermal EMFs will cancel
each other. The thermal EMF numbers are approximate
and vary with resistor value. High values give higher ther-
mal EMF.

When all of these errors are considered, it may seem im-
possible to take advantage of the extremely fow drift
specifications of the LTC1052. To show that this is not the
case, examine the temperature test circuit of Figure 3.
The lead lengths of the resistors connected to the
amplifier’s inputs are identical. The thermal capacity and
thermal resistance each input sees is balanced because
of the symmetrical connection of resistors and their iden-
tical size. Thermal EMF-induced shifts are equal in phase
and amplitude, thus cancellation occurs.

Figure 4 shows the response of this circuit under tempera-
ture transient conditions. Metal film resistors and an 8-pin
DIP socket were used. Care was taken in the construction to
thermally balance the inputs to the amplifier. The units were
placed in an oven and allowed to stabilize at 25°C. The
recording was started, and after 100 seconds the oven, pre-
set10 125°C, was switched on. The test was first performed
on an 8-pin plastic package and then was repeated for a
T0-5 package plugged into the same test board. It is signifi-
cant that the change in Vs, even under these severe ther-
mal transient conditions, is quite good. As temperature
stabilizes, note that the steady-state change of Vos is well
within the maximum = 0.05xV/°C drift specification.

NOMINALLY UNNECESSARY
RESISTOR USED TO
THERMALLY BALANCE OTHER
INPUT RESISTOR

RESISTOR LEAD, SOLDER, /

COPPER TRACE JUNCTION

LEAD WIRE/ SOLDER/ COPPER
TRACE JUNCTION

p— OUTPUT

Figure 2
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APPLICATIONS INFORMATION

Very slight air currents can still affect even this arrange-
ment. Figure 5 shows strip charts of output noise with the
circuit covered and with no cover in *‘still’’ air. This data
illustrates why it is often prudent to enclose the LTC1052
and its attendant components inside some form of ther-
mal baffle. :

PACKAGE-INDUCED OFFSET VOLTAGE

Since the LTC1052 is constantly fixing its own offset, it
may be asked why there is any error at all, even under
transient temperature conditions. The answer is simple.
The LTC1052 can only fix offsets inside its own nulling
loop. There are many thermal junctions outside this loop
that cannot be distinguished from legitimate signais.

P
0.1,F 50k <
<

OFFSET VOLTAGE, Vg {10V/0IV)

—

OMIN 5 MIN 20 MIN 25 MIN
25°C T0 125°C.
PLASTIC . f
o pes e w0050/
25°C 70 125°
ETAL CAN
pebsiis] |, 05,.v/°C

OVEN SWITCHED
ON (25°C)

Figure 3. Offset Drift Test Circuit

OVEN STABILIZED
AT 12 MIN

100 SECONDS/IN

Figure 4. Transient Response of Offset Drift Test Circuit with 100°C Temperature Step

[*-20 SEC-»|

Figure 5. DC to 1Hz (Test Circuit TC3)
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APPLICATIONS INFORMATION

Some have been discussed previously, but the package
thermal EMF effects are an important source of errors.

Notice the difference in the thermal response curves of
Figure 4. This can only be attributed to the package since
everything else is identical. In fact, the Vos specification
is set by the package-induced warm-up drift, not by the
LTC1052. TO-99 metal cans exhibit the worst warm-up
drift and Linear Technology sample tests T0-99 lots to
minimize this problem.

Two things make 100% screening costly: (1) the extreme
precision required on the LTC1052 and (2) the thermal
time constant of the package is 0.5 to 3 minutes, depend-
ing on package type. The first precludes the use of auto-
matic handling equipment and the second takes a long
time. Bench test equipment is available to 100% test for
warmed-up drift if offsets of less than +5xV are
required.

CLOCK

The LTC1052 has an internal clock, setting the nominal
sampling frequency at 330Hz. On 8-pin devices there is
no way to control the clock externally. In some applica-
tions it may be desirable to control the sampling clock and
this is the function of the 14-pin device.

CLK IN, CLK OUT and INT/EXT are provided to ac-
complish this. With no external connection, an internal
pull-up holds INT/EXT at the V* supply and the 14-pin
device self-oscillates at 330Hz. In this mode there is a
signal on the CLK IN pin of 660Hz (2 times sampling fre-
quency) with a 30% duty cycle. A divide-by-two drives
the CLK OUT pin and sets the sampling frequency.

Touse an external clock, connect INT/EXT toV— and the
external clock to CLK IN. The logic threshold of CLK IN is
2.5V below the positive supply. This allows CMOS logic to
drive it directly with logic supplies of V* and ground.
CLK IN can be driven from V+ to V— if desired. The duty
cycle of the external clock is not particularly critical but
should be kept between 30% and 60%.

Capacitance between CLK IN and CLK OUT (pins 13 and
12) can cause the divide-by-two circuit to malfunction. To
avoid this, keep this capacitance below 5pF.

OUTPUT CLAMP

If the LTC1052 is driven into saturation, the nulling ioop,
attempting to force the differential input voltage to zero,
will drive Cexta and Cexts to a supply rail. After the
saturating drive is removed, the capacitors take a finite
time to recover—this is the overload recovery time. The
overload recovery is ongest when the capacitors are
driven to the negative rail (see Overload Recovery in
typical performance section). The overload recovery time
in this case is typically 225ms. In the opposite direction,
i.e., Cexta and Cexta at positive rail, it is about ten times
faster (25ms). The overload recovery time for the
LTC1052 is much faster than competitive devices, butifa
faster overload recovery time is necessary, the output
clamp function can be used.

When the output clamp is connected to the negative input
it prevents the amplifier from saturating and thus keeps
CexTA and CexTg at their nominal voltages. The output
clamp is a switch that turns on when the output gets to
within approximately 1V of either supply rail. This switch
is in paraliel with the amplifier's feedback resistor and as
the output moves closer to the rail, the switch on re-
sistance decreases, reducing the closed loop gain. The
output swing is reduced when the clamp function is
used.

How much current the output clamp leaks when off is im-
portant because, when used, it is connected to the
amplifier’s negative input. Any current acts like input
bias current and will degrade accuracy. At the other ex-
treme, the maximum current the clamp conducts when
on determines how much overdrive the clamp will take
and still keep the amplifier from saturating. Both of these
numbers are guaranteed in the table of electrical
characteristics.

LOW SUPPLY OPERATION

The minimum supply voltage for proper operation of the
LTC1052 s typically 4.0V ( +2.0V). In single supply ap-
plications, PSRR is guaranteed down to 4.7V (£2.35V).
This assures proper operation down to the minimum TTL
specified voltage of 4.75V.
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TYPICAL APPLICATIONS

5V Powered Ultra Precision Instrumentation Amplifier

Fast Precision Inverter

10k* 10k
INPUT =—=AAA

WA

L ouTPUT

*1% METAL FILM
FULL POWER BANDWIDTH = 2MHz
SLEW RATE == 40V/ s
SETTLING (10V STEP)=12:5 T0 0.01%
BIAS CURRENT DC = 30pA
OFFSET DRIFT = 50nv/°C
OFFSET VOLTAGE =5,V

CIRCUITRY WITHIN DASHED LINES MAY BE DELETED
{F QUTPUT DOES NOT HAVE TO SWING ALL THE WAY
TO GROUND.

DRIFT=50nv/°C
Vos=3u¥

-R2
GAIN=ps +1

CMRR = >>1200B DC - 20kHz
BANDWIDTH = 10Hz

Offset Stabilized Comparator

+5V

< <
300 21500 S
< <

COMPARATOR 7 COMPARATOR
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1; 10k
GROUND OR U
INPUT COMMON-

MODE VOLTAGE

0.14F
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+5V- OV=ZERD
= +5V=COMPARE
ZERQ COMMAND
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—~5V=COMPARE
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TYPICAL APPLICATIONS

1Hz — 1.25MHz Voltage-to-Frequency Converter (+5V Supply)
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TYPICAL APPLICATIONS
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TYPICAL APPLICATIONS

Single -+ 5V Thermocouple Amplifier with Cold Junction Compensation
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TYPICAL APPLICATIONS

Precision Multiplexed Differential Thermocouple Amplifier
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LTC1052/LT1C7652

TYPICAL APPLICATIONS

Direct Thermocouple-to-Frequency Converter
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LTC10562/LTC7652
TYPICAL APPLICATIONS

16-Bit A— D Converter |
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LTC1052/LTC7652

TYPICAL APPLICATIONS

Precision Isolation Amplifier

" INPUT SIDE |0UTPUT SIDE
AN 74c04
L 2
. ZERQ TAIM
A N )8 [~ 15V =AM + 15V
a 3 100k
. N 1 2N5434 2N5434 | 30pF
Soom
, , . <
- D10 . 1%
a > W
. - §7ancon por-39 1000pF , ouT
WPUT T o 2N5434 N5434 I—.— 1k GAIN TRIM
0ok b A, 0.44F y
i1 b 133k
5 5 A 74004
<
ok
11| 7aco0 fraty} 7aceo. 14 1 _L_4
=10 +10 10k*
2% 2%
1o[i J12 [ KN {2 M ,}7 AN
$awa = =
3
y_mms N4148
NG —§2N3904
—15V
25mA 1
FLOATING —=2.2F ) 2N2222
SUPPLY 23904 I Sk
OUTPUTS b3 e T¢-10- n POWER
+15¢ Ak
bemh - 1N4148 VWA ,}7
2.24F
;}; FLOATING COMMON

250V ISOLATION
0.03% ACCURAGY
*1% FILM RESISTOR

1.8k

+15v

LT AR 2.215



LTC10562/LTC7652

PHCKHGG DGSCRIPTIOI’I Dimensions in inches (millimeters) uniess otherwise noted.
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LTC1052CS

L] TECHNOLOGY  Chopper-Stabilized Operational

FEATURES
= Guaranteed Max. Offset 5aV
m Guaranteed Max. Offset Drift 0.054v/°C
» Typ. Offset Drift 0.01xVI°C
m Excellent Long Term Stability 100nV/vMonth
= Guaranteed Max. Input Bias Current 30pA
s Over Operating Temperature Range
Guaranteed Min. Gain 120dB
Guaranteed Min. CMRR 120dB
Guaranteed Min. PSRR 120dB
= Single Supply Operation 4.75Vto 16V

(Input Voltage Range Extends to Ground)
= External Capacitors can be Returned to V-~ with No
Noise Degradation

RAPPLICATIONS

= Thermocouple Amplifiers

w Strain Gauge Amplifiers

» Low Level Signal Processing
» Medical instrumentation

Amplifier (CSOA™)
DESCRIPTION

The LTC1052 is a low noise chopper-stabilized op amp
(CSOA) manufactured using Linear Technology’s enhanced
LTCMOS™ silicon gate process. Chopper-stabilization con-
stantly corrects offset voltage errors. Both initial offset and
changes in the offset due to time, temperature and
common-mode voltage are corrected. This, coupled with pi-
coampere input currents, gives this amplifier unmatched
performance.

Low frequency (1/f) noise is also improved by the chopping
technique. Instead of increasing continuously at a 3dBloc-
tave rate, the internal chopping causes noise to decrease
at low frequencies.

The chopper circuitry is entirely internal and completely
transparent to the user. Only two external capacitors are
required to alternately sample and hold the offset correc-
tion voltage and the amplified input signal. Control cir-
cuitry is brought out on the 14-pin version to allow the
sampling of the LTC1052 to be synchronized with an ex-
ternal frequency source.

The LTC1052CS is a direct replacement for the ICL7652 in
surface mounted packages.

Ultra Low Noise, Low Drift Amplifier

3K <
L+ 5V & 68k
<
100k SEV 1.5k
SN S—AAN— +5V
INPUT + N,
LT1007 — >Eg— OUTPUT
25 S
4 $ 100k
-5V 1
4:1
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LTC1052 Noise Spectrum
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cSOAT™ and LTCMOST™ are trademarks of Linear Technotogy Corporation.
Teflon™ s a trademark of DuPont
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LTC1052CS

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

{Notes 1and 2) TOP VIEW ORDER PART
E] INT/EXT NUMBER
Total Supply Voltage (V* toV=).........cccevneenenn. 18V ERIL
Input Voltage. .................. (V* +03V)to (V- -0.3V) %cm our LTC1052CS
Output Short Circuit Duration.................. Indefinite 13 v+
Operating Temperature Range............. -40°Ct085°C 12) ourPut
Storage Temperature Range....... I -65°Cto0 150°C [11] oureuT cLAMP
Lead Temperature (Soldering, 10 sec.).............. 300°C 0] cReTw PART MARKING
3] e LTC1052CS
16 PACKAGE
PLASTIC SOL
€LECTRICAL CHARACTERISTICS
Vg = + 15V, Ty = operating temperature range, test circuit TC1{Note 6), unless otherwise specified.
LTC1052C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Ty=25°C (Note 3) +05 5 N
AVos Average input Offset Drift (Note 3) [ ] +0.01 005 wVI°G
ATemp
AVos Long Term Offset Voltage Stability 100 nV/vMonth
ATime
los Input Offset Gurrent Ta=25°C +5 30 pA
® +350 pA
lg Input Bias Current Ta=25°C *1 +30 pA
[ 175 pA
Cnpp Input Noise Voltage Rs = 1000, DC to 10Hz, TC3 (Note 6) 15 wpp
Rs= 1002, DC to 1Hz, TC3 (Note 6) 0.5 wpp
in Input Noise Current f=10Hz (Note 5) 0.6 AWHz
CMRR Common-Mode Rejection Ratio Vo=V~ 10 +2.7V ® 120 140 dB
PSRR Power Supply Rejection Ratio VauppLy = £2.375Vt0 + 8V [ 120 150 dB
Avo Large Signal Voltage Gain R, =10k, Voyr= x4V [ 120 150 dB
Vour Maximum Output Voltage Swing R.=10k ® | =47 485 v
{Note 4) Ry = 100k +4.95 v
SR Slew Rate R = 10k, C, =50pF 4 Vips
GBW Gain Bandwidth Product 1.2 MHz
I Supply Current No Load, T, =25°C 1.7 20 mA
° 3.0 mA
fs Internal Sampling Frequency 330 Hz
Clamp On Current R, =100k [ ] 25 100 uA
Clamp Off Current —aN<Voyr< +4V 10 100 pA
[ 1 nA

The @ denotes specifications which apply over the full operating tempera-
ture range.

Note 1: Absolute Maximum Ratings are those values beyond which the life
of the device may be impaired.

Note 2: Connecting any terminal to voltages greater than V* or less than
V'~ may cause destructive latch-up. 1t is recommended that no sources op-
erating from external supplies be applied prior to power-up of the LTC1052,
Note 3: These parameters are guaranteed by design. Thermocouple effects
preclude measurement of these voltage levels in high speed automatic

testing. Vg is measured to a limit determined by test equipment capability.
Voitages on Cgxra and Cexra, Avor, CMRR and PSRR are measured to insure
proper operation of the nulling loop to insure meeting the Vg and Vg drift
specifications.

Note 4: Output clamp not connected.

Note 5: Current noise is calculated from the formula: i, = (2q IB)"‘, where
g=16x10""coulomb.

Note 6: For description of test circuits see LTC1052 standard package data

LT



‘ ’ L"“E’\L LT1055/LT1056
TECHNOLOGY Precision, High Speed,

JFET Input Operational Amplifiers

FEATURES DESCRIPTION

m Guaranteed Offset Voltage 1504V Max.  The LT1055/1056 JFET input operational amplifiers com-
—55°Cto +125°C 5001V Max.  bine precision specifications with high speed performance.

w Guaranteed qut 4pN'/°C Max. For the first time, 16V/us slew rate and 6.5MHz gain-

a Guaranteed Bias Current : . ; :
70°C 1500A Max bandwidth product are simultaneously achieved with
125°C 5 5‘; A Max' offset voltage of typically 50V, 1.2uV/ °C drift, bias cur-

» Guaranteed Slew Rate 12V/ us Min. rents of 40pA at 70°C and 500pA at 125°C.

The 150,V maximum offset voltage specification is the
best available on any JFET input operational amplifier.
APPLICATIONS y Jrel input oP P

a Precision, High Speed Instrumentation The L_T1055 and LT1056 are diﬁergnt_iate_d by their
- o operating currents. The lower power dissipation LT1055
» |ogarithmic Amplifiers : )
o achieves lower bias and offset currents and offset volt-
= D/A Output Amplifiers o A
X o age. The additional power dissipation of the LT1056 per-
= Photodiode Amplifiers mits higher slew rate, bandwidth and faster setting tim
= \loltage to Frequency Converters .'tﬁ agliehts acri?' 8, 1 DCWI cform nas ¢ ing time
= Frequency to Voltage Converters w ght sacritice in DL pe ance.
® Fast, Precision Sample and Hold The voltage to frequency converter shown below is one of

the many applications which utilize both the precision
and high speed of the LT1055/1056.

For a JFET input op amp with 23V/us guaranteed slew
rate, refer to the LT1022 data sheet.

LINEARITY

0 to 10kHz Voltage-to-Frequency Converter Distribution of Input Offset Voltage
(H Package)
140 T T
4.7k M Vg= =15V 50% TO =+ 60uV
+18V VWA - | Ta=25°C
= 0.001 (POLYSTYRENE) g% 3%:;;% E«Ds

| 100
110 »
10kHz 14

TRM OUTPUT 2w
A —AAA 5
0V T 10V INPUT PAR—W T Hz 10 10KHz E

AN 0.005% & 60
=2

=

40

I 1.0uF 20k

2N3906 WA
—Pp}—- = 1Ns148. I/r “Lm

. -1V THE LOW OFFSET VOLTAGE OF LT1056
1% FILM. CONTRIBUTES ONLY 0.1Hz OF ERROR,
= WHILE ITS HIGH SLEW RATE PERMITS

10kHz OPERATION. =

20

F

0 —— -
—400  -200 0 200 400
INPUT OFFSET VOLTAGE (uV)
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LT1055/LT1056

ABSOLUTE MAXIMUM RATINGS PRACKAGE/ORDER INFORMATION

SupplyVoltage . . ....................... + 20V ToP VIEW ORDER
Differential Input VOItage .................. +40V PART NUMBER
InputVoltage .. ........................ =20V
Output Short Circuit Duration. . ........... Indefinite LT1055AMH  LT1056AMH
Operating Temperature Range LT1055MH  LT1056MH
LT1055AM/1055M/ 1056AM/ LT1055ACH LT1056ACH
1056M . .................. —55°Ct0125°C LT1055CH  LT1056CH
LT1055AC/1055C/1056AC/1056C . .. 0°Cto70°C METAL CAN H PACKAGE
Storage Temperature Range Top view
AllDevices . ................. —65°Ct0150°C N =~ gJnic
Lead Temperature (Soldering, 10sec.). ... .. .. 300°C -n v LT1055CN8
+[3] &] our LT1056CN8
v- ] 5] BAL
PLASTIC DIP N8 PACKAGE

ELECTRICAL CHARACTERISTICS v = - 15V, Ta=25°C, Vcm =0V unléss otherwise noted.

LT1055M 7 1056M
LT1055AM / 1056AM LT1055CH /1056CH
LT1055AC / 1056AC LT1055CN8/1056CN8
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX MIN  TYP  MAX UNITS
Vos Input Offset Voltage (Note 1) LT1055 H Package — 50 150 - 70 400 w
LT1056 H Package — 50 180 - 70 450 wV
LT1055 N8 Package — — - - 120 700 uv
LT1056 N8 Package - - - — 140 800 w
los Input Ofiset Current Fully Warmed Up - 2 10 - 2 20 pA
Ig input Bias Current Fully Warmed Up —  x10 £50 —  x10  £50 pA
Vem= +10V — +30 +100 —  +30  +150 pA
Input Resistance— Differential — 1012 - 1012 — Q
—Common-Mode | Vgy=—11Vto +8V - 102 - - 102 — Q
Vem=+8Vto +11V - 10" — - 10" - Q
Input Capacitance - 4 — - 4 -~ pF
en Input Noise Voltage 0.1 Hzto 10 Hz LT1055 - 1.8 - - 2.0 - wp-p
LT1056 — 2.5 - - 2.8 — uwp-p
e Input Noise Voitage Density fo=10Hz (Note 2) -~ 28 50 - 30 60 nv/vHz
fo=1kHz (Note 3) — 14 20 — 15 22 nv/vHz
In Input Noise Current Density fo=10Hz, tkHz (Note 4) - 1.8 4 - 1.8 4 1A/ VHz
Avor Large Signal Voltage Gain Vo= 10V Ry =2k 150 400 — 120 400 ~— v/mv
R.=1k 130 300 — 100 300 — V/mv
Input Voltage Range +11 +12 - +11 =12 - v
CMRR Common-Mode Rejection Ratio Vem= =11V 86 100 — 83 98 - dB
PSRR Power Supply Rejection Ratio Vg= =10V to £18V 90 106 — 88 104 - dB
Vout Output Voltage Swing R =2k +12 =132 — =12 =132 -— v
SR Slew Rate LT1055 10 13 - 7.5 12 -~ V/us
LT1056 12 16 - 9.0 14 — V/ps
GBW Gain Bandwidth Product =1MHz LT1055 — 5.0 - - 4.5 - MHz
LT1056 - 6.5 — - 5.5 — MHz
ls Supply Current LT1055 - 2.8 4.0 - 2.8 4.0 mA
LT1056 - 5.0 6.5 - 5.0 7.0 mA
Offset Voltage Adjustment Range Rpgr= 100k — x5 - - x5 - my
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LT1055/LT1056

ELECTRICAL CHARACTERISTICS v;— - 15V, vem =0V, 0°C <Ta=70°C unless otherwise noted.

LT1055AC LT1055CH /1056CH
LT1056AC LT1055CN8/1056CN8

SYMBOL PARAMETER CONDITIONS MIN TYP MAX| MIN TYP  MAX | UNITS
Vos input Offset Voltage (Note 1) LT1055 H Package o| — 100 330 - 140 750 w
LT1056 H Package | — 100 360 - 140 800 v
LT1055 N8 Package o — - - — 250 1250 v
LT1056 N8 Package e — - - - 280 1350 w
Average Temperature H Package (Note 5) ® — 1.2 4.0 - 1.6 8.0 uV/°C
Coefficient of Input Offset N8 Package (Note 5) | — — - - 3.0 12.0 | uV/°C

Voltage
los Input Offset Current Warmed Up  LT1055 | — 10 50 — 16 80 pA
To=70°C  LT1056 o | — 14 70 - 18 100 pA
lg Input Bias Current Warmed Up  LT1055 o — £330 150 — x40 +200 pA
T,=70°C  LT1056 e| — x40 180 —  +50 240 pA
AvoL Large Signal Voltage Gain Vo= =10V, R =2k e | 80 250 - 60 250 - V/my
CMRR Common-Mode Rejection Ratio Vew= +10.5V e | 8 100 - 82 98 - dB
PSRR Power Supply Rejection Ratio Vg= =10V to £ 18V e | 8 105 - 87 103 - dB
Vour Output Voltage Swing R =2k e l+12 +131 — lx12 +£131 -— v

€LECTRICAL CHRRACTERISTICS v - 15v, vom=0V, —55°C=<Ta=<125°C unless otherwise noted.

LT1055AM LT1055M
LT1056AM LT1056M
SYMBOL PARAMETER CONDITIONS MIN TYP MAX| MIN _TYP  MAX | UNITS
Vos Input Oftset Valtage (Note 1) LT1055 e | — 180 500 - 250 1200 w
L71056 o — 180 550 — 250 1250 w
Average Temperature (Note 5) [ — 1.3 4.0 - 1.8 8.0 uV/°C
Coefficient of input Offset
Voltage
los Input Offset Current Warmed Up  LT1055 ®| — 020 1.2 - 0.25 1.8 nA
Tp=125°C  LT1056 o | — 0.25 1.5 - 030 24 nA
Ig Input Bias Current Warmed Up  LT1055 e | — +04 25 — £05 x40 nA
To=125°C LT1056 ! — 05 =30 — 06 50 nA
AvoL Large Signal Voltage Gain Vo= =10V, R =2K e | 40 120 - 35 120 - v/mv
CMRR Common-Mode Rejection Ratio Vem= =10.5V e | 8 100 - 82 98 — dB
PSRR Power Supply Rejection Ratio Vg=+10Vto £ 17V [ 88 104 — 86 102 - dB
Vour Output Voltage Swing R =2k e |+12 +129 — [£12 =+129 — v
The @ denotes the specifications which apply over the full operating Note 3: This parameter is tested on a sample basis only.
temperalure range. Note 4: Current noise is calculated from the formula: iy=(2q1g)*,
For MIL-STD components, please refer to LTC883 data sheet for test where q=1.6% 10~ 19 coutomb. The noise of source resistors up to 160
listing and parameters. swamps the contribution of cufrent noise.
Note 1: Offset voitage is measured under two different conditions: Note 5: Offset voltage drift with temperature is practically unchanged
(a) approximately 0.5 seconds after application of power; (b) at when the offset voltage is trimmed to zero with a 100k potentiometer be-
Ta=25°C only, with the chip heated to approximatety 38°C for the tween the balance terminals and the wiper tied to V+. Devices tested to

LT1055 and to 45°C for the LT1056, to account for chip temperature rise tighter drift specifications are available on request.
when the device is futly warmed up.

Note 2: 10Hz noise voltage density is sample tested on every lot of A
grades. Devices 100% tested at 10Hz are available on request.
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1055/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1055/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS

LT1056 Large Signal Response Small Signal Response LT1055 Large Signal Response

SV/DIV
SV/DWV
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LT1085/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS

LT1055 Settling Time LT1056 Settling Time
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LT1055/LT1056

APPLICATIONS INFORMATION

The LT1055/ 1056 may be inserted directly into LF155A/
355A, LF156A/356A, OP-15 and OP-16 sockets. Offset
nulling will be compatible with these devices with the
wiper of the potentiometer tied to the positive supply.

Offset Nulling

No appreciable change in offset voltage drift with temper-
ature will occur when the device is nulled with a poten-
tiometer, Rp, ranging from 10k to 200k.

The LT1055/ 1056 can aiso be used in LF351, LF411,
AD547, AD611, OPA-111, and TL081 sockets, provided
that the nulling circuitry is removed. Because of the
LT1055/1056's low offset voltage, nulling will not be
necessary in most applications.

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere-microvolt level ac-
curacy of the LT1055/1056 proper care must be exer-
cised. For example, leakage currents in circuitry external
to the op amp can significanily degrade performance.
High quality insulation should be used (e.g. Teflon™,
Kel-F); cleaning of all insulating surfaces to remove
fluxes and other residues will probably be required. Sur-
face coating may be necessary to provide a moisture bar-
rier in high humidity environments.

Board leakage can be minimized by encircling the input
circuitry with a guard ring operated at a potential close to
that of the inputs: in inverting configurations the guard
ring should be tied to ground, in non-inverting connec-
tions to the inverting input at pin 2. Guarding both sides
of the printed circuit board is required. Bulk leakage
reduction depends on the guard ring width.

Teflon™ is a trademark of DuPont.

The LT1055/1056 has the lowest offset voltage of any
JFET input op amp available today. However, the offset
voltage and its drift with time and temperature are still not
as good as on the best bipolar amplifiers because the
transconductance of FETs is considerably lower than that
of bipolar transistors. Conversely, this lower transcon-
ductance is the main cause of the significantly faster
speed performance of FET input op amps.

Offset voltage also changes somewhat with temperature
cycling. The AM grades show a typical 20xV hysteresis
(30uV on the M grades) when cycled over the —55°C to
125°C temperature range. Temperature cycling from 0°C
to 70°C has a negligible (less than 104V) hysteresis
effect.

The offset voltage and drift performance are also affected
by packaging. In the plastic N8 package the molding
compound is in direct contact with the chip, exerting
pressure on the surface. While NPN input transistors are
largely unaffected by this pressure, JFET device match-
ing and drift are degraded. Consequently, for best DC
performance, as shown in the typical performance distri-
bution plots, the TO-5 H package is recommended.

Noise Performance

The current noise of the LT1055/ 1056 is practically im-
measurable at 1.8fA/+/Hz. At 25°C it is negligible up to
1GQ of source resistance, Rs (compared to the noise of
Rs). Even at 125°C it is negligible to 100MQ of Rs.

LTS
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LT1065/LT10566

APPLICATIONS INFORMATION

The voltage noise spectrum is characterized by a low 1/f
corner in the 20Hz to 30Hz range, significantly lower than
on other competitive JFET input op amps. Of particular
interest is the fact that, with any JFET 1C amplifier, the
frequency location of the 1/f corner is proportional to the
square root of internal gate leakage currents and, there-
fore, noise doubles every 20°C. Furthermore, as il-
lustrated in the noise versus chip temperature curves,
the 0. 1Hz to 10Hz peak-to-peak noise is a strong function
of temperature, while wideband noise (fo=1kHz) is
practically unaffected by temperature.

Consequently, for optimum low frequency noise, chip
temperature should be minimized. For example, operating
an LT1056 at + 5V supplies or with a 20°C/W case-to-
ambient heat sink reduces 0.1Hz to 10Hz noise from typi-
cally 2.5uVp-p (& 15V, free-air) to 1.54Vp-p. Similarly, the
noise of an LT1055 will be 1.84Vp-p typically because of its
lower power dissipation and chip temperature.

High Speed Operation

Settling time is measured in the test circuit shown. This
test configuration has two features which eliminate prob-
lems common 1o seitling time measurements: (1) probe
capacitance is isolated from the ‘“false summing’’ node,
and (2) it does not require a *“flat top’” input pulse since

the input pulse is merely used to steer current through
the diode bridges. For more details, please see Applica-
tion Note 10.

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

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

n

Settling Time Test Circuit

10pF (TYPICAL)

SoLID

I+ TANTALUM

+15V
PULSE GEN
INPUT —4

(5V MIN STEP)

SOLID 0.01 DISC

Nt ]

UNDER S

% R I & b— oureur
p— AUT OUTPUT
+15V

>
2 10k
2N3866

+15V

lJ 2 U440

HP5082-2810
HEWLETT
PACKARD

I—j s 2 &

15k
104F
0.01 DISC SoLID
I" TANTALUM

I
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LT1055/LT1056

APPLICATIONS INFORMATION

Phase Reversal Protection

Most industry standard JFET input op amps (e.g.,
LF155/156, LF351, LF411, OP15/16) exhibit phase
reversal at the output when the negative common-mode
limit at the input is exceeded (i.e., from —12V 10 —15V
with = 15V supplies). This can cause lock-up in servo
systems. As shown below, the LT1055/1056 does not
have this problem due to unique phase reversal protec-
tion circuitry (Q1 on simplified schematic).

INPUT

10V/ DV
10V/DIV

ouTPUT
(LF155/56, LF411, 0p-15/16)

0.5ms/DIV

Voltage Follower with Input Exceeding the Negative
Common-Mode Range

INPUT
+15V
SINE WAVE

OUTPUT
LT1055/56

10v/DIV

0.5ms/ DIV 0.5ms/ DIV
TYPICAL APPLICATIONS !
Exponential Voltage-to-Frequency Converter for Music Synthesizers
INPUT
ov-10v
> P
ExpoNent $ 11-3K N
~TRM POLYSTYRENE =T~
L 2500° 5 +IV _]
- 6, I 4 2 7
| 6
357" & 500k 3
TER0 S ! SAWTOOTH
TRIM § OUTPUT
2 I S
‘ i; ane S
562¢r | =
+15V —AM
| ’f LM329
l —
S | -
|
{ 1
;: 1K |
=
SCALE FACTOR =

1V IN/QCTAVE OUT
*1% METAL FILM RESISTOR
PIN NUMBERED TRANSISTORS = CA3096 ARRAY

1 For ten additional applications ufilizing the LT1055 and
LT1056, please see the LTC1043 data sheet and Applica-
tion Note 3.

|
L

TEMPERATURE CONTROL LOOP
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LT1055/LT1056

TYPICAL APPLICATIONS

12-Bit Charge Balance Analog-to-Digital Converter Fast **No Trims”’ 12-Bit Muftiplying CMOS DAC Amplifier

REFERENCE IN TYPICAL 12-BIT

CMOS DAC
[ourpur
CLK OUTRUT (8)
10k -
1 ouTPUT
CLK (A)
D 74c74
P a Fast, 16-Bit Current Comparator
. +1sy 2N3%04
aok* .
LAY =250
V=10V iNPUT > 1N4148 HP5082-2810 DELAY =250ns
] b S062:28 *=1% FILM RESISTOR
| 1 LM329 ol
10k w
+1
l +15V 15V
COUPLE | v g A" 12 7 i
THERMALLY I CIRCUl'T OUIAP)UT 15V AN 1'0;;: & :3k
<
RaTI0 (UL INPUT A
] IR oLk (B) 008 A 3 s b—QUTPUT
| - 2.6¢ i
I, N4148

Temperature-to-Frequency Converter

560 1K* 1k*
15V ——AAA WA —AAA-
+15V
2N2222
2N2907
$ TIL OUTPUT
LM3ze $6.2K" 0.04 . OKHz-1kHz =
POLYSTYRENE | 510p! 0°C-100°C
4.7
5000 2%
0°C AN | 100°C ADJ +15V
AAK. AA 2 7
AMA AN
Gl =
6.2* 3
A 4
~15V
Sz
hhid LM134
$s100 N
<
J._.- v Q‘
S 1ara*
*1% FILM RESISTOR
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LT1055/LT1056

TYPICAL APPLICATIONS

100kHz Voltage Controlled Oscillator

+15v
2 7
*1% FILM RESISTOR
—"—-:1N4148 ] X1 V=15V
FREQ LINEARITY =0.1% 3 A x2 [ o SI;JVE out
FREQ STABILITY = 150ppm/°C . —{ U1 w s
SETTLING TIME=1.745 _ LA U2 ADa3p Zif— O-100KHE
DISTORTION =0.25% AT 100kHz, COM 2 1
0.07% AT 10kHz = = =
68k VR 6T
: Vi up
+15V FIRE r Y2 -V -1
50k DISTORTION 10k .
10Hz TRIMS g
100KkHZ DISTORTION
DISTORTION TRIM sk
4 v POLYSTYRENE
x -
9.00k" ,
Zom S00pF
. +15V 1 I
R At 7 +15V 15pF
6 | anazor onaser SK° 2 7
3 b 6] 2%
4 .9 VW
2.5k ¢ 3
= —15v 1 % HP5082-2810
= —15V
2N4391 o I
10k =
—15v = +15V
12-Bit Volitage Output D/A Converter 2+ 120V Output Precision Op Amp
+125V
12-BIT CURRENT OUTPUT D/A
CONVERTER (e.g., 6012.565 £25mA OUTPUT
OR DAC-80) 1 HEAT SINK OUTPUT TRANSISTORS & L W
I 10k —_L— 3510 3300
3 3 1 S
~1 }
0702 OR 4mA
3 oUTPUT IN3440
0V TO 10V
Cp=15pF TO 33pF = _1sv 3
SETTLING TIME TO 2mV (0.8 LSB)= 1.5 TO 245 2 0
3
ouTPUT
.
Jee
L L 1N4148 1k ‘L
skg QM| 2nasor
% 3
INS415
2N3440
s 1NgB5
E:mk 3 5100 3300
| l |
3 1 —125V

2 100k _1_33pF T
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LT1055/LT1056

SIMPLIFIED SCHEMATIC

[
~weur [Z}—

J5  J6

a8

+INPUT J1 Jsz—’—

‘b
::14k

120,A"
(160)

D (ot Cﬁéﬂ"&é‘f

| 6] ourput

*CURRENTS AS SHOWN FOR LT1055. (X)=CURRENTS FOR LT1056

PﬂCKﬂGG DESCH'P“O" Dimensions in inches (millimeters) unless otherwise noted.

H Package Metal Can
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e D2 DI 90° 4
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B
00T O
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=
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LT

FERTURES

w Guaranteed Offset Voltage
0°Ct0 70°C

m Low Drift

m (Guaranteed Bias Current
70°C Warmed Up

m Guaranteed Slew Rate

APPLICATIONS

= Precision, High Speed Instrumentation
u Logarithmic Amplifiers

= D/A Qutput Amplifiers

» Photodiode Amplifiers

= Voltage to Frequency Conwerters

= Frequency to Voltage Converters

= Fast, Precision Sample and Hold

LT105558/LT105658

Precision, High Speed,

JFET Input Operational Amplifiers

1.5mV Max.
2.2mV Max.
4VI°CTyp.

400pA Max.
9V/us Min.

DESCRIPTION

The LT1055/LT1056 JEET input operational amplifiers com-
bine precision specifications with high speed performance.

For the first time in an SO package, 14V/ys slew rate and
55MHz gain-bandwidth product are simultaneously
achieved with offset voltage of typically 0.5mV, 4xVI°C
drift, and bias currents of 60pA at 70°C.

The 1.5mV maximum offset voitage specification is the
best available on any JFET input operational amplifier in
the plastic SO package.

The LT1055 and LT1056 are differentiated by their operat-
ing currents. The lower power dissipation LT1055 achieves
lower bias and offset currents and offset voltage. The
additional power dissipation of the LT1056 permits higher
slew rate, bandwidth and faster settling time with a slight
sacrifice in DC performance.

The voltage to frequency converter shown below is one of
the many applications which utilize both the precision and
high speed of the LT1055/LT1056.

0 to 10kHz Voltage-to-Frequency Converter

10kHz
TRIM

AAK e

3M

e AAA
Wy

0.001 (POLYSTYRENE)

OUTPUT

OV T0 10V INPUT —AN
5k

—Ppf— = 1naras. 0.1
. 15V THE LOW OFFSET VOLTAGE OF LT1056
1% FILM. CONTRIBUTES ONLY 0.1Hz OF ERROR,

1Hz TO 10kHz
0.005%
LINEARITY

AAA
VW

WHILE ITS HIGH SLEW RATE PERMITS
10kH2 OPERATION. =
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LT106558/LT105658

ABSOLUTE MAXIMUM AATINGS

SupplyVoltage .............ooeveeeenvnininnnnnn, =20V
Differential Input Voltage ......................... 40V
InputVoltage...............ocvevviinnininennns +20V
Output Short Gircuit Duration.................. Indefinite
Operating Temperature Range............... 0°Cto70°C
Storage Temperature Range

All Devices....... e -65°Cto 150°C
Lead Temperature (Soldering, 10 sec,).............. 300°C

PACKAGE/ORDER INFORMATION

ORDER PART NUMBER
TOP VIEW
LT105558
[E] /e LT105658
7] v+
6]0UT
ol PART MARKING
S8 PACKAGE
PLASTIC SO 1055
1056

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

LT105588

LT105658
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage (Note 1) 500 1500 w
los Input Qffset Current Fully Warmed Up 5 30 pA
Ig Input Bias Current Fully Warmed Up +30 +100 pA
Vow= +10V 30 150 pA
Input Resistance —Differential 0.4 TQ
—Common-Mode Veu=-11Vto +8V 0.4 T
Vou= +8Vto + 11V 005 Ta
Input Capacitance 4 pF
& Input Noise Voltage 0.1Hzto 10Hz  LT1055 25 wVp-p
LT1056 35 Npp
en Input Noise Voltage Density f,= 10Hz (Note 2) 3% 70 nVAHz
f, = 1kHz(Note 2) 15 2 nViHz
In Input Noise Current Density fo = 10Hz, 1kHz (Note 3) 25 10 fANHZ
AvoL Large Signal Voltage Gain Vo=z10V R =2 120 400 Vimv
R =1k 100 300 Vimv
Input Voltage Range +11 +12 v
CMRR Common-Mode Rejection Ratio Vou= £11V 83 98 dB
PSRR Power Supply Rejection Ratio Vg=+10Vto =18V 88 104 dB
Vour Output Voltage Swing Ry =2k +12 +13.2 \)
SR Slew Rate LT1055 75 12 Vis
LT1056 9.0 14 Vius
GBW Gain-Bandwidth Product f=1MHz LT1055 45 MHz
LT1056 55 MHz
Is Supply Current LT1055 28 40 mA
LT1056 5.0 70 mA
Offset Voltage Adjustment Range Rpor = 100k +5 mV



LT105558/11105638

GLGCTHICHL CHHBHCTGHISTICS Vg= +15V,Vey =0V, 0°C <Tp<70°C, unless otherwise noted.

LT105558/105658
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos input Offset Voltage (Note 1) [ 800 2200 v
Average Temperature [ ] 4 15 wVI°C
Coefficient of Input Offset
Voltage
Ios Input Offset Current Warmed Up [ ] 18 150 pA
Ta=70°C
Ig Input Bias Current Warmed Up [ +60 *400 pA
Ta=70°C
AvoL Large Signal Voltage Gain Vo= +10V,R =2k ® 60 250 VimV
CMRR Common-Mode Rejection Ratio Vey = +10.5V ® 82 98 dB
PSRR Power Supply Rejection Ratio Vg= +10Vio £18V [ 87 103 dB
Vour Output Voltage Swing R =2k [ +12 +13.1 v

The ® denotes the specifications which apply over the full operating

temperature range.

Note 1: Offset voltage is measured under two different conditions:
(a) approximately 0.5 seconds after application of power; (D) at Ta= 25°C
only, with the chip heated to approximately 38°C for the LT1055 and to 45°C

for the LT1056, to account for chip temper
warmed up.

ature rise when the device is fully

Note2: This parameter is tested on asample basis only.

Note3: Gurrent noise is calculated from the formula: iy = (2qlg)*, where
q=1.6x 10" coulomb. The noise of source resistors up to 1G@ swamps the

contribution of current noise.

Noted: Offset voltage drift with temperature is practically unchanged when
the offset voltage voltage is trimmed to zero with a 100k potentiometer be-

tween the balance terminals and the wiper tied to v+,

LT R
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LT1057/L11058

¥ LINEAR.

TECHNOLOGY

FEATURES

w 14V/us Slew Rate 10V/us Min.

= 5MHz Gain-Bandwidth Product

m Fast Settling Time 1.3u5 10 0.02%

= 150,V Offset Voltage (LT1057) 4504V Max.

w 180,V Offset Voltage (LT1058) 600,V Max.

m 2,4V/°C Vs Drift 7pVI°C Max.

= 50pA Bias Current at 70°C

= Low Voltage Noise 13nViHz @ 1kHz
26nViWHz @ 10Hz

APPLICATIONS

m Precision, High Speed Instrumentation
m Fast, Precision Sample and Hold

= Logarithmic Amplifiers

» D/A Output Amplifiers

= Photodiode Amplifiers

= Voltage to Frequency Converters

= Frequency to Voltage Converters

Dual and Quad, JFET Input

Precision High Speed Op Amps

DESCRIPTION

The LT1057 is a matched JFET input dual op amp in the
industry standard 8 pin configuration, featuring a com-
bination of outstanding high speed and precision speci-
fications. It replaces all the popular bipolar and JFET
input dual op amps. In particular, the LT1057 upgrades the
performance of systems using the LF412A and OP-215
JEET input duals.

The LT1058 is the lowest offset quad JFET input opera-
tional amplifier in the standard 14 pin configuration. It of-
fers significant accuracy improvement over presently
available JFET input quad operational amplifiers. ltcanre-
place four single precision JFET input op amps, while sav-
ing board space, power dissipation and cost.

Both the LT1057 and LT1058 are available in all standard
packages: plastic and hermetic DIP and (LT1057 only)
metal can.

Current Output, High Speed, High Input Impedance
Instrumentation Amplifier

2AV1—V2
tour=21=Y2) fix )

>
‘: 7.5k

lout

*GAIN ADJUST
«*COMMON-MODE REJECTION ADJUST
BANOWIDTH =2MHz

Distribution of Offset Voltage
{All Packages, LT1057 and LT1058)

25

Vg= 215V LT1057: 610 OP AMPS
Ta=25°C LT1058: 520 OP AMPS
2 11300 AWPS

|| TesTeD

PERCENT OF UNITS

-1.0 -06 -02 0 02 06 1.0
INPUT OFFSET VOLTAGE (mV)

AT\




LT1057/LT1058

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage ... ..o, =20V
Differential Input Voltage ....................... 40V
InputVoltage........ccoovviii i, +20V
Output Short Circuit Duration................. Indefinite
Operating Temperature Range

LT1057AM/LT1057M/

LT1058AM/LT1058M .................. -55°C to 125°C

LT1057ACILT1057C/

LT1058ACILT1058C ... ......covveennn 0°C10 70°C
Storage Temperature Range

AliDevices..........oovvvivnnnns -65°C to 150°C
Lead Temperature (Soldering, 10 sec)............ 300°C

PACKAGE/ORDER INFORMATION

iy ORDER PART NO.
LT1057AMH
LT1057MH
LT1057ACH
METALVC;YIIC: sPi)CKAGE LT1057CH
o LT1057AMJ8
oureur ] v+ LT1057MJ8
Y - LT1057ACJ8
v-[& q +1NB LT1057CJ8
HERMETIC OIP JB PACKAGE LT1057ACN8
PLASTIC [P N8 PACKAGE LT1057CN8
BT LToseAM
e <o LT1058MJ
v+[4] [ijv- LT1058ACJ
+iv s [5] HigJ+in e LT1058GJ
E SIcHy LT1058ACN
output B 7 d] UUTPUJ LT1058CN
L HERMETIC BIP J14 PACKAGE

ELECTRICAL CHARACTERISTICS v;- = 15V, T, = 25°C, Vo =0V unless otherwise noted. (Note 1)

LT1057AMILT1058AM LT1057MILT1058M

LT1057ACILT1058AC LT1057C/LT1058C
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage LT1057 150 450 200 800 W
LT1058 180 600 250 1000 v
los Input Offset Current Fully Warmed Up 3 40 4 50 pA
Iy Input Bias Current Fully Warmed Up +5 +50 +7 +75 pA
Input Resistance-Differential 102 101 2
-Common-Mode | Vo= ~11Vio8V 10% 101 9
Vou =8V to 11V 10" 1" 2
Input Capacitance 4 4 pF
e, Input Noise Voltage 0.1Hz to 10Hz LT1057 20 21 uVp-p
LT1058 24 25 #Vp-p
e Input Noise Voltage Density fo=10Hz 2 28 nViWHz
fo=1kHz (Note 2) 13 22 14 2 nViWHz
in Input Noise Current Density fo=10Hz, 1kHz (Note 3) 1.5 4 18 6 fANHz
AvoL Large Signal Voltage Gain Vo= £10V,R =2k 150 350 100 300 Vimv
Vo= £ 10V,R = 1k 120 250 80 220 Vimv
Input Voitage Range +10.5 14.3 +10.5 14.3 v

-115 -115

CMRR Gommon-Mode Rejection Ratio LT1057 86 100 82 98 dB
LT1058 84 98 80 9% dB
PSRR Power Supply Rejection Ratio Vg=+10Vto +18V 88 103 86 102 dB
Vour Output Voltage Swing R =2k +12 +13 +12 +13 v



LT1057/LT1058

ELECTRICAL CHARACTERISTICS v;-= = 15V, T, =25°C, Vou =0V unless otherwise noted. (Note 1) .

LT1057AM/LT1056AM LT1057MILT1058M
LT1057ACILT1058AC LT1057CILT1058C
SYMBOL | PARAMETER CONDITIONS MIN TP MAX MIN TP MAX UNITS
SR Slew Rate 10 14 8 13 ' Vips
GBW Gain-Bandwidth Product f=1MHz (Note 5) 35 5 3 5 MHz
Is Supply Current Per Amplifier 1.6 25 1.7 28 mA
Channe! Separation DC to 5kHz, Vi = £ 10V 132 130 d8
GI.ECTI\ICHI. CHHHﬂCTGBISTICS V= 215V, Vem=0V,0°C<Tp<70°C, unless otherwise noted.
LT1057AC LT1057C
LT1058AC LT1058C
SYMBOL | PARAMETER CONDITIONS MIN TP MAX MIN TP MAX UNITS
Vos Input Offset Voitage LT1057 ® 250 800 330 1400 W
LT1058 [ 300 1200 400 1800 w
Average Temperature LT1057 H/JB Package [ 1.8 7 23 12 wVI°C
Coefficient of Input N8 Package [] 3 10 4 16 wViI°C
Offset Voltage LT1058 J Package (Note4) | @ 25 10 3 15 avI°C
N Package(Note 4) | @ 4 15 5 22 wI°C
los Input Offset Current Warmed Up, Ty =70°C 18 150 20 250 pA
by Input Bias Current Warmed Up, Tq=70°C +50 +250 +60 +350 pA
AvoL Large Signal Voltage Gain Vo= +10V,R =2 L] 70 220 50 200 Vimv
CMRR Common-Mode Rejection Ratio Vey= £ 104V L] 85 98 80 % dB
PSRR Power Supply Rejection Ratio Vg=+10Vto 218V [ ] 87 102 84 100 dB
Vour Output Voltage Swing R =2k | 12 +128 +12 +128 v
Ig Supply Current Per Amplifier [ 28 32 mA
Tpy=70°C 1.4 15 mA
€LECTRICAL CHARACTERISTICS vs-= = 15V, Vou =0V, - 55°C<Ta<125°C, unless otherwise noted.
LT1057AM LT1057M
LT1058AM LT1058M
SYMBOL | PARAMETER CONDITIONS MIN WP MAX MIN WP MAX UNITS
Vos Input Offset Voltage LT1057 [ ] 300 1100 400 2000 v
LT1058 ® 380 1600 550 2500 W
Average Temperature Coefficient | LT1057 ® 20 7 25 12 wI°C
of Input Offset Voltage LT1058 (Note 4) ® 25 10 3 15 wi°C
los Input Offset Current Warmed Up, Ty=125°C 015 2 0.2 3 nA
ly Input Bias Current Warmed Up, Ty =125°C +06 *45 +07 6 nA
AvoL Large Signal Voltage Gain Vo= +10V,R =2k [ ] 40 120 30 110 vimv
CMRR Common-Mode Rejection Ratio Vey= 2104V ° 84 97 80 9 dB
PSRR Power Supply Rejection Ratio Vg= 2 10Vio 217V [ 86 100 83 98 dB
Vour Output Voltage Swing Ri=2 e 12 +12.7 +12 +126 v
lg Supply Current Per Amplifier Ta=125°C 125 19 13 2.2 mA

The ® denotes the specifications which apply over the full operating tem-
perature range.
Note 1: Typical parameters are defined as the 80% Yield of distributions of
individual amplifiers; i.e., out of 100 LT1058s or (100 LT1057s), typically

240 op amps (or 120 for the LT1057) 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:

in= (2012

where =16 10~ coulomb. The noise of source resistors up to 1G0
swamps the contribution of current noise.

Note 4: This parameter is not 100% tested.

Note 5: Gain-bandwidth product is not tested. Itis guaranteed by design
and by inference from the slew rate measurement.
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LT1057/1T1058

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias and Offset Currents Input Bias Current Over
vs Temperature the Common-Mode Range
1000 1.6 160
Vg= £ 15V Vg= £ 15V V
= Vem=0v = 14 140
E | waRmED UP /2 ﬁ
& 300 © 1.2 /[ 120
& &
£ / { 210 100
E 100 / / = o8 Ta=125°C 7én\=70oc 80
2 BIAS CURRENT z '/ l
3 / = 06 - 60
S 30 S L~
= ‘Z 0.4 = 40
a / Noresercuprent| 2 | 7] Z 2
5 v A Ta=25°C
= = 90 | e —7 0
3 -02 ~20
0 2 50 75 100 125 -5 -0 -5 0 5 10 15
AMBIENT TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V)
Distribution of Offset Voltage Distribution of Offset Voltage
Drift with Temperature Orift with Temperature
(H and J Package) (Plastic N Package)
120 12 ——
Vg= £ 15V 112/ (71057H: 102 OP AMPS 0 Vg= x 15V LT1057N: 180 OP AMPS
] LT10574: 130 OP AMPS LT1058N: 176 OP AMPS
100 LT1058.: 136 OP AMPS. 100 356 OP AMPS -
|96] | 80P AMPS 1 UNIT EACH AT
o 80 - 2 g —19, ~16, —13
s 70 £ T0f g +14. +160/°C
& &0 S o
w [+e)
Q =
= =1
El 40 p” T = 40
. p
20 . ==l 20
2 14 k] . : ‘ 4 1 : > 3
0 E =—1J 0 o)
-2 -9 -6 -3 0 3 6 9 12 -12-9 -6 -3 0 3 6 9 1

OFFSET VOLTAGE DRIFT WITH TEMPERATURE (uV/°C)

Voltage Noise vs Frequency
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70
=
E
50
=
=
=
&
2 3
=
o
3 AN
2
o
>
w
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LT1057/L11058

TYPICAL PERFORMANCE CHARRCTERISTICS

Slew Rate, Gain-Bandwidth Undistorted Output Swing vs
Large Signal Response Product vs Temperature Frequency
30 T 10 kY Vg= =15V
Vg= £ 15V Tp=25°C
8 2% n \‘
\\ SLEW FALL % 2
=
z RN -5 \
(=) (=3
< = P— 25 18
S = GBW ~—, 3 & \ i
g ~——1* I3
= SLEWRSE |t~ B F ©
@ 10 2 € %
; 28 I
. e o
o 6 i
Ay=+1, C,="100pF, 0.5u5/DIV ZE N
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—50 —-25 0 25 50 75 100 125 100k 1M
TEMPERATURE (°C) FREQUENCY (Hz)
Gain, Phase Shift vs
Small Signal Response Frequency Capacitive Load Handling
— 140 100 80 T
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120 70 FTa=25°C 17 1
.
™ M
N 100 N PHASE MARGIN = 56° 2w, 8 A
S 80 N 2% 5w
= & moe —
z A Je !
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40 N g3 g
11 8 /]
- S 20 F—Vg= =15V N 160 ~ y — 7T
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0 [—CL=10pF i 10 |—H'
—20 | | 180 0
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Channel Separation vs Output Impedance vs
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/i l g AN s
€ / = THERMAL w 10 =
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LT1057/1T1058

TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection Ratio Common-Mode Range vs
vs Frequency Temperature
120 T +15
Vg=+18V
[ Ta=25°C +14
100 I A |
\ _+13
80 N = in —
AN g |
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%0 —-13
—~14
Vg= =15V
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Power Supply Rejection Ratio Supply Current vs
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APPLICATIONS INFORMATION

The LT1057 may be inserted directly into LF353, LF412,
LF442, TLO72, TLO82 and OP-215 sockets. The LT1058
plugs into LF347, LF444, TL074, TL084 sockets. Of course,
all standard dual and quad bipofar op amps can also be re-
placed by these devices.

High Speed Operation

When the feedback around the op amp is resistive (R), a
pole will be created with Rr, the source resistance and
capacitance (Rs, Cg), and the amplifier input capacitance
(Cin=4pF). In low closed loop gain configurations and
with Rg and Rr in the kilohm range, this pole can create ex-
cess phase shift and even oscillation. A small capacitor

{Cf) in parallel with Rr eliminates this problem. With
Rs(Cs + Cin)=RrCr, the effect of the feedback pole is

completely removed.

_h

AAA

VW

L— OUTPUT

2-240
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LT1057/L11058

APPLICATIONS INFORMATION

Settling time is measured in a test circuit which can
be found in the LT1055/LT1056 data sheet and in Applica-
tion Note 10.

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere/microvolt level accuracy
of the LT1057/LT1058, proper care must be exercised. For
example, leakage currents in circuitry external to the op
amp can significantly degrade performance. High quality
insulation should be used (e.g., Teflon™, Kel-F); cleaning
of all insulating surfaces to remove fiuxes and other
residues will probably be required. Surface coating may be
necessary to provide a moisture barrier in high humidity
environments.

Board leakage can be minimized by encircling the input
circuitry with a guard ring operated at a potential close to
that of the inputs; in inverting configurations the guard
ring should be tied to ground, in non-inverting connections
to the inverting input. Guarding both sides of the printed
circuit board is required. Bulk leakage reduction depends
on the guard ring width.

The LT1057/LT1058 have the lowest offset voltage of any
dual and quad JFET input op amps available today.
However, the offset voltage and its drift with time and
temperature are still not as good as on the best bipolar
amplifiers because the transconductance of FETs is con-
siderably lower than that of bipolar transistors. Converse-
ly, this lower transconductance is the main cause of the
significantly faster speed performance of FET input op
amps.

Teflon™ is a trademark of DuPont.

A
(A) =16V Sine Wave Input

(B) LF412A Output

Offset voltage also changes somewhat with temperature
cycling. The AM grades show a typical 40uV hysteresis
(504V on the M grades) when cycled over the —55°C to
125°C temperature range. Temperature cycling from 0°C
to 70°C has a negligible (less than 20xV) hysteresis effect.

The offset voltage and drift performance are also affected
by packaging. In the plastic N package the molding com-
pound is in direct contact with the chip, exerting pressure
on the surface. While NPN input transistors are largely
unaffected by this pressure, JFET device drift is degraded.
Consequently, for best drift performance, as shown in the
typical performance distribution plots, the J or H pack-
ages are recommended.

In applications where speed and picoampere bias currents
are not necessary, Linear Technology offers the bipolar in-
put, pin compatible LT1013 and LT1014 dual and quad op
amps. These devices have significantly better DC speci-
fications than any JFET input device.

Phase Reversal Protection

Most industry standard JFET input single, dual and quad
op amps (e.g., LF156, LF351, LF353, LF411, LF412, OP-15,
OP-16, OP-215, TL084) exhibit phase reversal at the output
when the negative common-mode limit at the input is ex-
ceeded (i.e., below — 12V with £ 15V supplies). The photos
show a + 16V sine wave input (A), the response of an
LF412A in the unity gain follower mode (B), and the re-
sponse of the LT1057/LT1058 (C).

The phase reversal of photo (B) can cause lock-up in servo
systems. The LT1057/LT1058 does not phase-reverse due
to a unique phase reversal protection circuit.

¢
(C) LT1057/LT1058 Output

All Photos 5V/Div Vertical Scale, 50,s/Div Horizontal Scale

LR
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LT1057/LT1058

APPLICATIONS
Low Noise, Wideband, Gain = 100 Amplifier with High Input impedance

4.3k

4.3k 2.4k

— 3dB BANDWIDTH = 350kHz
GAIN-BANDWIDTH PRODUCT = 35MHz
WIDEBAND NOISE = 130V/VHZ _7 50y iz

¥3 REFERRED 70 INPUT

RMS NOISE DC TO FULL BANDWIDTH =7,V

Wideband, High Input Impedance, Gain = 1000 Amplifier

4.7k 1k 4.7k

p— OUTPUT
— 3B BANDWIDTH =400kHz 1
GAIN-BANDWIDTH PRODUCT = 400MHz =
WIDEBAND NOISE = 13nV/~/Hz REFERRED TO INPUT
Low Distortion, Crystal Stabilized Oscillator
Jsm
0.01
NEAm ____.l }___
COMMON-MODE 20kHz
SUPPRESSION / NT cuT ;
1V s OUT
20kHz
" 0.005%
DISTORTION

OSCILLATOR
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LT1057/1T1058

APPLICATIONS

Fast, Precision Bridge Amplifier

) !
330pF 10k
1
1k
—AAA
330pF
Rioap
171010 AN 171010
INPUT —¢
SLEW RATE =14V/u5
QUTPUT CURRENT TO LOAD = 150mA
LOAD CAPACITANCE: UP TO 14F
Analog Divider
80.6k* 23';,
1uF
S pommmmmm ——4
! LTC1043 ' ' ]
1« LTC1043 5V
—5V Q
p— ouTPUT =2
1T1004 ! B
1.2V H
QRp— |
-5V
0.001
T POLYSTYRENE

75k*
A INPUT ==AAA
%
LT1057
+
30pF
<
22k $ 330k
2N2907L‘|
e
1uF
“1%FLM =5V I
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LT1057/LT1058

APPLICATIONS

Bipolar Input (AC) V~F Converter

LTC1043

Fo

e

DATA
QUTPUT
0—1kHz

Bout

= 0.01
POLYSTYRENE |
.
W] 2vaooe
eyt __ 383k
et VA—
SIGN
BIT

1% FILM
MATCH 1M RESISTORS T0 0.05%

12 Bit A- D Converter

ALK
0.001
> 10k
INTEGRATOR FLIP-FLOP 1
15V
Tl 1 3 *
N 1114 Sk
En— i =
2 7ac74 =
Is 6 7
6.8k _L_180pF J_SSpF
<

DATA OUTPUT =A0UT
ouT
*VISHAY $-102 RESISTOR

i3
= 1 CURRENT LEVEL
0 EE

r1g21

4 0oV
} ¢ GND
S95k*
1 U

—15v
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LT1057/L11058

APPLICATIONS

Instrumentation Amplifier with Shield Driver

1k 10k

VW~ Vv

|||—

AAA

p=p QUTPUT

10k

AAA
VA~

GAIN=10(1 +RE/Rg) =100
lg=5pA

Riy=10120

BW =350kHz .

100dB Range Logarithmic Photodiode Amplifier

6 Q4 4
0
M > S0k
™ a5 ANA— t: DARK

12 FULL-SCALE LTR'M

2 ok TRM, =S
=3 ‘:sok' A A A ey

1 0.01

0.033 L Eour

LT1021-10V
10k*
15V ANV
IN ouT
10k
= <
S
]
-I:= 15 RESPONSE DATA
14 LIGHT (900,M) DIODE CURRENT CIRCUIT DUTPUT
0l ¢ — — MW 3504A 10.0V
B s 1004W 3548 7.85V
187 100 3.50A 5.70V
& 1 3500A 3.56V
wap}— =HP-5082-4204 PIN PHOTODIODE. 100nW 350A 1.40V
01-05=CA3096. 10w 3.50A —0.75V
CONNECT SUBSTRATE OF CA3096
ARRAY T0 04'S EMITTER.
*1% RESISTOR

100dB RANGE LOGARITHMIC PHOTODIODE AMPLIFIER
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LT1057/LT1058

PHCKHGG DESCR"’T'O“ Dimensions in inches (millimeters) unless otherwise noted.

H Package
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03350370
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0110-0.160
{27584 064)
INSULATING
‘STANDOFF.

HOTE: LEAD DIAMETES! IS UNCONTROLLED BETWEEN
THE REFERENCE PLANE AND SEATING PLANE,

Timax O} Oy
150°C 150°CW 45°CIW
J8 Package N8 Package
8 Lead Hermetic Dip 8 Lead Piastic
l% ﬁ ’4—
o127 0400
M e A o 0
0.025 ax s
o538} Gl Gl
AR TYP
02020310 D 025020010
(5.508 7,674} {6350 +0.254)
. |ngEzage QUABIREIAT
TsTTe ) 0055 Jr 0200
fLaen ot L0032 005 00 0,120,005
MK ! 7.620-8.128) mj ‘<* {33020.1273
———t 0.085 Doz
20150060 1651 -
10.381 - 1.524) { v )L J
0.008-0.018 0o-15¢ f el Q0030015
0.208-0460) w29 050 178
0325+ 028 d i
03850025 | 0.014-0.02% o125 ~0.015 00500015 f 1
(37792 0.635) 0.36070.660) I fa.205 ¥0 635 (11432 0.381)
MIN 033) 0,100 0.010 L‘—M
008-g050 | 2000000 27540+ 0.254] {0.457£0075)
10.965-1.727) 7en) 12 5400 254)
s .
Timax Bja Timax B
150°C 100°CIW 100°C 130°CIW
J Package N Package
14-Lead Hermetic DIP 14-Lead Plastic
0.785 0.770
0.005 (18.939) 119.558)
RE MAX
©.93) o5 MAX
Mmu(ﬂnsﬂ [] [] [2] [} [1o] [5] [&] _1 [ [1] [] [o] [e]
AL
0.250 £0.010
) omensn =)
T [ BT 2
njajEnEnGn) U R BT
0.098
2% e
MAX
0.280-0.320 0.200
a7-818 {5080) 0.300-03%0 L 0,045 0,065 %
[ (76208128 0.020 i ‘ I‘—(——-—‘ rrmera u@;;
0125 79508
| 001 B i 010s000 [ I
M‘IN 13.302 £0.127)
0°-15° ) _T_f% ¥
0.008-0.018
(0.203-0.460) 0.009-0.015 -f 00752000 | 0018:40.003
0.38540.025 0.014-0.026 S P Y5 I {0229-0.381) Toss038n l‘" "”'_wasuomay
©77920695) (0.36-0.66) 259020.25) 0.125 o
©.038-0.068 S 03% 810040010
©965—1.727) —W 254020264)
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‘ ' LT1057S/LT10571S
TECHNOLOGY Dual JFET Input Precision

High Speed Op Amp
FEATURES DESCRIPTION
m 13V/us Slew Rate 8ViusMin.  The LT1057 is a matched JFET input dual op amp in the
= 5MHz Gain-Bandwidth Product industry standard 8 pin configuration, featunng a com-
m Fast Settling Time 1.3,5t00.02%  bination of outstanding high speed and precision speci-
= 300,V Offset Voltage (LT1057) fications. It replaces all the popular bipolar and JFET
& 5,V/°C Vog Drift input dual op amps. in pamcular the LT1057 upgrades the
= 60pA Bias Current at 70°C performance of systems using the LF412A and OP-215
= Low Voltage Noise 13nVWHz @ 1kHz  JFET input duals.

26nVIVHz @ 10H
SnVivhz @ 10hz For the first time, precision dual JFET op amps are avail-

able in a surface mounted pac extended operat- m
ing temperatures (- , the LT1057IS is
otfered

APPLICATIONS

® Precision, High Speed Instrumentation

= Fast, Precision Sample and Hold ‘ ba"

= Loganthmlc Amplifiers
= DJA Output Amplifier.

Current Output, High Speed, High Input Impedance instrumentation Amplifier

V23+

2 1 75k

lour=

5| vrost W 2AV1-v2)
Rx

*GAIN ADJUST
**COMMON-MODE REJECTION ADJUST
BANDWIDTH =2MHz
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LT1057S/LT10571S

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

SupplyVoltage ... ..o +20V
Differential Input Voltage ......................... 40V
inputVoltage. ... 20V
Qutput Short Circuit Duration.................. Indefinite
Operating Temperature Range

LTI057S . ..o e 0°Cto70°C

LT10571S ... e ~-40°Ct085°C
Storage Temperature Range

AllDaviceS....ooveeiiererieaeen s, -65°Cto 150°C
Lead Temperature (Soldering, 10sec.) ............. 300°C

TOP VIEW

$16 PACKAGE
PLASTIC SOL

ENC
[15] ne
TLE

[1q) ne

E]Nc

73] outpuT B
2] -

(] +inv8

ORDER PART
NUMBER

LT1057S
LT10571S

PART MARKING

LT10678
LT10571S

ELECTRICAL CHARACTERISTICS v;- + 15V, T, =25°C, Von =0V unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage 0.3 2 mv
los Input Offset Current Fully Warmed Up 5 50 pA
lg Input Bias Current Fully Warmed Up +10 +100 pA
Input Resistance —Differential 0.4 TR

—Common-Mode Veu=-11Vto +8V 0.4 TQ

Voy=+8Vto +11V 0.05 TQ

Input Capacitance 4 . pF

€y input Noise Voltage 0.1Hz to 10Hz 241 aVp-p
e Input Noise Voltage Density fo= 10Hz 26 nViVHz
fo=1kHz 13 nViHz

in Input Noise Current Density fo= 10Hz, 1kHz 1.8 fANHz
AyoL Large Signal Voltage Gain Vo= 210V R =2k 100 300 VimV
R =1k 50 220 Vimv

Input Voltage Range +105 14.3 v

-115 v

CMRR Common-Mode Rejection Ratio Vem= +10.5V 82 98 dB
PSRR Power Supply Rejection Ratio Vg=+10Vto +18V 86 102 dB
Vour Output Voltage Swing R =2k +12 13 v
SR Slew Rate 8 13 Vigs
GBW Gain-Bandwidth Product f= 1MHz (Note 1) 3 5 MHz
Is Supply Current Per Amplifier 1.7 2.8 mA
Channel Separation DC to 5kHz, Viy= £ 10V 130 dB
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LT1057S/LT10571S

ELECTRICAL CHARACTERISTICS

Vg= £ 15V, Ve =0V, 0°C <Tp<70°C (LT1057S)or - 40°C<

T4 <85°C (LT10571S), unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage ® 0.5 25 mv
Average Temperature [ ] 5 wVI°C
Coefficient of Input
Offset Voltage
los Input Offset Current Warmed Up, Ty =70°C (LT10575) 20 250 pA
Warmed Up, Ty =85°C (LT10571S) 3 400 pA
lg Input Bias Current Warmed Up, T, =70°C (LT10578) +60 +400 pA
Warmed Up, T, =85°C (LT10571S) +100 +700 pA
AvoL Large Signal Voltage Gain Vo= +10V,R =2k [ ] 50 200 VimV
CMRR Gommon-Mcde Rejection Ratio Vo= £10.5V L] 80 96 dB
PSRR Power Supply Rejection Ratio Vg= £10Vio 18V [] 84 100 dB
Vour Output Voltage Swing Ri=2k [ ] +12 +128 v

The » denotes the specifications which apply over the full operating tem-

perature range.

Note 1: Gain bandwidth product is not tested. It is guaranteed by design
and by inference from the slew rate measurement.
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LT1078/LT1079

TECHNOLOGY

Micropower, Dual and Quad,

Single Supply, Precision Op Amps

FEATURES

= 50,A Max Supply Current per Amplifier

= 70,V Max Offset Voltage

= 250pA Max Offset Current

= 0.6;Vp-p 0.1Hzto 10Hz Voltage Noise

= 3pAp-p 0.1Hz to 10Hz Current Noise

m (.4,V/°C Offset Voltage Drift

» 200kHz Gain-Bandwidth-Product

= 0.07V/us Slew Rate

= 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

APPLICATIONS b a\‘a

= Battery or Solar Powered System

Portable Instrumentat D
E\’ ‘5@

Remote Se
Satell\ﬁ
= Micropo amplea

» Thermocoup!
= Micropower Fi

DESCRIPTION

The LT1078 is a micropower dual op amp in the standard
8-pin configuration; the LT1079 is a micropower quad op
amp offered in the standard 14-pin packages. Both devices
are optimized for single supply operation at 5V. +15V
specifications are also provided.

Micropower performance of competing devices is
achieved at the expense of seriously degrading precision,
noise, speed, and output drive specifications. The design
effort of the LT1078/1079 was concentrated on reducing

supply current without sacrifi parameters The

offset voltage achiev ﬁ“« t'on any dual or quad

non-chopper m amp—migopower or - other-

wis voltage g& noise, slew rate

gﬁ: ndwidthy WO to ten times better
n on preyio

the voltage noise spectrum is at 0.7Hz, at
tlmes tower than on any monolithic op amp.
This results in low frequency (0.1Hz to 10Hz) noise per-
formance which can only be found on devices with an or-
der of magnitude higher supply current.
Both the LT1078 and LT1079 can be operated from a single
supply (as low as one lithium cell or two Ni-cad batteries).
The mput 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.

Single Battery, Micropower, Gain =100,
Instrumentation Amplifier

10.1k M

kil
(LITHIUM
CELL)

10.1k

b QUT

INVERTING NON-iINV
INPUT INPUT

TYPICAL PERFORMANCE

INPUT OFFSET VOLTAGE =40V

INPUT OFFSET CURRENT =0.2nA

TOTAL POWER DISSIPATION = 240,W

COMMON-MODE REJECTION = 110dB (AMPLIFIER LIMITED)
GAIN BANDWIDTH PRODUCT =200kHz

UTPUT NOISE = 854¥p-p 0.1Hz T0 10Hz
=3004Vgms OVER FULL BANDWIDTH

INPUT RANGE =0.03V T0 3.8V

QUTRUT RANGE =0.03V T0 2.3V (0.3mV <Vjy 4 —Viy

Distribution of Input Ofiset Voltage
(LT1078 and LT1079 in All Packages)

16 l

T
Vg5, 0V
Ta=25°C ]

PERCENT OF UNITS

120 -80 —

0 40 80
INPUT OFFSET VOLTAGE (V)

120

23mV)
QUTPUTS SINK CURRENT—NO PULL DOWN RESISTURS ARE NEEDED

LTI



LT1078/LT1079

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

SupplyVoltage ..., 20V
Differential Input Voltage ......................... =30V
Input Voltage .......... Equal to Positive Supply Voltage

........ 5V Below Negative Supply Voltage

Qutput Short Gircuit Duration.................. Indefinite
Operating Temperature Range

LT1078AM/LT1078M/

LT1079AMILTIO79M ................... -55°C t0125°C

LT1078AC/LT1078C/

LT1079AC/LT079C. ... 0°Ct070°C
Storage Temperature Range

AllGrades ........c.oooevvivininnns -65°Cto 150°C
Lead Temperature (Soldering, 10se¢.).............. 300°C

ORDER PART
NUMBER
LT1078AMH
LT1078MH
LT1078ACH
LT1078CH
LT1078AMJ8
LT1078MJ8
LT1078ACJ8
LT1078CJ8
st LT1078ACNS
8 LFAD CEPAMIC op 8 LEAD PLASTIC DIP LT1 0‘[80N8

V- (CASE)
H PACKAGE

8 LEAD T0-5 METAL CAN
TOP VIEW

LT1079AMJ
LT1079MJ
LT1079ACJ
LT1079CJ
LT1079ACN
LT1079CN

J PACKAGE N PACKAGE
14 LEAD CERAMIC DIP 14 LEAD PLASTIC DIP

ELECTRICAL CHARACTERISTICS vs=5v,0V, Vo = 0.1V, Vo =14V, Ty = 25°C, unless noted.

LT1078AM/AC LT1078M/C
LT1079AMIAC LT1079M/C
SYMBOL PARAMETER CONDITIONS (NOTE 1) MIN TYP  MAX MIN TYP  MAX UNITS
Vos input Offset Voltage LT1078 30 70 40 120 W
LT1079 35 100 40 150 W
AVos Long Term Input Offset 0.4 0.5 WViMo
ATime Voltage Stability
los Input Offset Gurrent 005 025 005 035 nA
lg Input Bias Current [} 8 6 10 nA
€y Input Noise Voltage 0.1Hz to 10Hz (Note 2) 0.6 12 06 wp-p
Input Noise Voltage Density f,=10Hz{Note 2) 28 45 29 nVhHz
f,=1000Hz (Note 2) 28 37 28 nViVHz
in Input Noise Current 0.1Hzto 10Hz (Note 2) 2.3 4.0 23 pAp-p
input Noise Current Density f, = 10Hz (Note 2) 006 0.10 0.06 pAWHz
fo=1000Hz 0.02 0.02 pAiVHz
Input Resistance (Note 3)
Differential Mode 400 800 300 800 Mo
Common-Mode [} 6 GQ
Input Voltage Range 35 38 35 38 v
0 -03 0 ~-03 v
CMAR Common-Mode Rejection Veu=0Vto 3.5V 97 110 94 108 dB
Ratio
PSRR Power Supply Rejection Vg=23Vto 12V 102 14 100 114 dB
Ratio
AvoL Large Signal Voltage Gain Vo =0.03Vto 4V, No Load 200 1000 150 1000 VimV
Vp=0.03V to 3.5V, R, =50k 150 600 120 600 VimV



LT1078/LT1079

ELECTRICAL CHARACTERISTICS vs=5v,0v, Ve =0.1V, Vo= 1.4V, Ta=26°C, unless noted.

LT1078AM/AC LT1078MIC

LT1079AM/AC LT1079MIC
SYMBOL PARAMETER CONDITIONS {(NOTE 1} MIN TYP  MAX MIN TYP  MAX UNITS
Maximum Output Voltage Output Low, No Load 35 6 35 6 mv
Swing Output Low, 2k to GND 055 1.0 055 1.0 my
Output Low, gk = 100pA 95 130 95 130 mv
OQutput High, No Load 4.2 4.4 42 4.4 v
Output High, 2k to GND 35 39 35 39 v
SR Slew Rate Ay= +1,Vg= £2.5V 0.04 0.07 0.04 0.07 Vius
GBW Gain Bandwidth Product fo<20kHz 200 200 kHz
I Supply Current per Amplifier 38 50 39 55 L)
Channel Separation AVy=3V,R =10k 130 130 dB
Minimum Supply Voltage (Note 4) 22 23 2.2 23 v

€ELECTRICAL CHARACTERISTICS vg=5v,0v, Vu =0.1V, Vo = 1.4V, - 55°C<Ta<125°C, unless noted.

LT1078AM/1079AM LT1078M/1079M
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage LT1078 L 65 250 85 370 w
LT1079 [ 80 280 100 400 WV
AVgg/AT Input Offset Voltage Drift (Note 5) ® 04 18 05 25 [ARY
log Input Offset Current ® 007 0.50 007 0.70 nA
la Input Bias Current ® 7 10 7 12 nA
CMRR Common-Mode Rejection Ven=0.05Vio 3.2V L] 92 106 88 104 dB
Ratio
PSRR Power Supply Rejection Vg=3.1Vto 12V [ ] 98 110 94 110 dB
Ratio
AvoL Large Signal Voltage Gain V=0.05V to 4V, No Load L] 10 600 80 600 VimV
Vo =0.05V t0 3.5V, R =50k ® | 80 400 60 400 VimV
Maximum Qutput Voltage Output Low, No Load (] 45 8 45 8 mv
Swing Output Low, lgnk = 100pA L] 125 170 125 170 my
Output High, No Load ® | 39 42 39 42 v
Output High, 2k to GND [ ] 30 37 30 37 v
Iy Supply Current per Amplifier [ 43 60 45 70 wA
€ELECTRICAL CHRRACTERISTICS vs=5v,0v,vow =0.1V, Vo = 1.4V, 0°C <Tp <70°C, unless noted.
LT1078AC/HOT9AC LT1078C/1079C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage LT1078 L] 50 150 60 240 w
LT1079 [ 60 180 70 270 WV
AVgg/AT Input Offset Voltage Drift (Note 5) (] 04 18 05 25 avI°C
log Input Offset Current ° 0.06 0.35 0.06 0.50 nA
Ig Input Bias Current [ 6 9 6 1 nA
CMRR Common-Mode Rejection Veu=0Vto3.4V L] 94 108 90 106 dB
Ratio
PSRR Power Supply Rejection Vg=26Vto12v L] 100 112 97 112 dB
Ratio
AvoL Large Signal Voltage Gain Vo =0.05V to 4V, No Load L] 150 750 10 750 Vimv
Vo=0.05V 03,5V, R =50K ¢! 110 500 80 500 Vimv
Maximum Qutput Voltage Output Low, No Load [ ] 40 7 440 7 myv
Swing Output Low, Igiyk = 100zA o 105 150 105 150 mv
Output High, No Load [ ] 41 4.3 4.1 43 v
Output High, 2k to GND ® | 33 38 33 38 v
Is Supply Current per Amplifier [ 40 55 42 83 A
LT 2-253




LT1078/LT1079

ELECTRICAL CHARACTERISTICS v, = 15v,T5=25°C, unless noted.

LT1078AM/AC LT1078MIC
LT1079AM/AC LT1079MIC
SYMBOL PARAMETER CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Vos Input Offset Voltage 45 250 50 350 WV
log Input Offset Current 005 025 0.05 0.35 nA
Ig Input Bias Current 6 8 6 10 nA
Input Voltage Range 135 13.8 13.5 13.8 \
-150 -153 -150 -153 v
CMRR Common-Mode Rejection Ratio Vem+13.5V, - 15V 100 114 97 14 dB
PSRR Power Supply Rejection Ratio Vg=5V,0Vto+ 18V 102 114 100 114 dB
AvoL Large Signal Voltage Gain Vo= £ 10V, Ry =50k 1000 5000 1000 5000 VimV
Vo= +10V,R =2k 400 1100 300 1100 Vimv
Vour Maximum Output Voltage Swing R, =50k +13.0 +140 +13.0  +140 v
R =2k +11.0  +13.2 +11.0 %132 v
SR Slew Rate 0.06 0.10 0.06 0.10 Vips
ls Supply Current per Amplifier 46 65 47 75 sA
ELGCTBICHL CHHHHCTE RISTICS Vg= 215V, —55°C <Tp <125°C, unless noted.
LT1078AM/1079AM LT1078M/1079M
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage o 85 430 100 600 W
AVgg/AT Input Offset Voltage Drift (Note 5) ° 04 18 05 25 Y
log Input Offset Current [ 0.07 0.50 0.07 0.70 nA
Ig Input Bias Current ° 7 10 7 12 nA
Avol Large Signal Voltage Gain Vo= £ 10V, R =5k [J 200 700 150 700 VimV
CMRR Common-Mode Rejection Ratio Von= +13V, 149V [ 94 110 90 110 dB
PSRR Power Supply Rejection Ratio Vg=5V,0Vto 18V ® 98 110 94 110 dB
Maximum Output Voltage Swing Ry, =5k ® | +110 =135 +110 £135 A
Is Supply Current per Amplifier ® 52 80 54 95 pA
ELECTRICAL CHARACTERISTICS Vg = +15V,0°C<T4 <70°C, unless noted.
LT1078AC/OT9AC LT1078C1079C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
“Vos Input Offset Voltage [ 60 330 75 460 W
AVos/AT Input Offset Voltage Drift (Note 5) [ ] 04 18 05 25 uV/°C
los Input Offset Current o 0.06 0.35 0.06 0.50 nA
Ig | Input Bias Current o 6 9 6 1 nA
AvoL JL Large Signal Voltage Gain Vo= £10V,R =5k [ 300 1200 250 1200 VimV
CMRR Common-Mode Rejection Ratio Vou=13V, - 15V [ a7 112 94 12 4B
PSRR Power Supply Rejection Ratio Vg=5V,0Vto +18V L J 100 112 97 112 dB
Maximum Output Voltage Swing | Ry =5k ® | 110 x136 +11.0 +138 v
lg Supply Current per Amplifier ] 49 73 50 85 pA
The ® denotes the specifications which apply over the full operating parameters are tested with Vg = + 2.5V, Vo = 0V.
temperature range. Note 3: This parameter is guaranteed by design and is not tested.
Note 1: Typical parameters are defined as the 60% yield of parameter Note 4: Power supply rejection ratio is measured at the minimum supply
distributions of individual amplifiers; i.e., out of 100 LT1079s (or 100 voltage, The op amps actually work at 1.8V supply but with a typical offset
LT1078s) typically 240 op amps (or 120} will be better than the indicated skew of — 3004V.
specification.

Note 5: This parameter is not 100% tested.
Note 2: This parameter Is tested on a sample basis only. All noise
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LT1078/LT1079

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias and Offset Currents vs Input Bias Current vs
Supply Current vs Temperature Temperature Common-Mode Voltage
% 2& 100 Vg=5V, 0V TO =15V 0 ‘
a c s=9V. * Vg=5V, OV
150 g . los L -2
& Vg= 215V 3 T
T } jm £,
W) = P o
% / [ £ o9 § Ta=25°C Ta=-55°C —
= P Vg=5V, 0V S = — —
&40 = 3 -6 o |
P / / @ Ta=125°C
g . z 9 =
Z 35 R 5 -8
8 / E g §
z &£ 6 -
% 30 3 —-10
2
25 o -7 —-12
—-50 —25 0 25 50 75 100 125 -5 -25 0 25 50 75 100 125 -1 0 1 2 3 4
TEMPERATURE (°C) TEMPERATURE (°C) COMMON-MODE VOLTAGE (V)
0.1Hz to 10Hz Noise 0.01Hz to 10Hz Noise Noise Spectrum
1000 T
T T I Ve
5= 2.5V
CHANNEL A l J - H s 2550
. CHANNEL A . g;ﬁ 11 (AT Vg= =15V
= = < 300 | | VOLTAGE NOISE
3 g 52 CURRENT IS 4% LESS
I 33 s NOISE [T CURRENT NOISE
s N T s 3 G S UNCHANGED)
hr Ve=x2s¥| S 3 ve=x25v| 22 49 N
g G Ta=25°C 2 ! T TaA=25°C &2 H
2 HANNEL B § | g CHANNEL B w i
w > 22 VOLTAGE NG
=] 2 He NOISE
= é % 30 =
£3 1/f CORNER o
0.7Hz
0 2 4 6 8 10 0 20 40 60 80 100 100,1 1 10 100 1000
TIME (SECONDS) TIME (SECONDS) FREQUENCY (Hz)
Distribution of Offset Voltage Drift Long Term Stability of Two
10Hz Voltage Noise Distribution with Temperature {In All Packages) Representative Units (LT1078)
25
® I V=5, OV 2 | 128 LTH07s B Py
Vg=£2.5V Von=0.1V = 09— 0 LT1079s ~ Vom=0.1V
30 Ta=25°C % tm | 5200P AMPS 10 |Ta=25°C A
' = —
392 OP AMPS 3 P [—— |
o B TESTEDFROM ] o 5
= THREE RUNS 5 4 ER
o
g to6LTi078s ] & 5 28
c 45 LT1079s b g 0 -
& 15 & =
=] o 10 =1
5 = = 1B
= 10 = g
w
2
5 5 w T 2A
1 kl i 1
0 0 = ~15
25 30 35 40 -2 -1 0 1 2 0 1 2 3 4 5
VOLTAGE NOISE DENSITY (nV/vHz) OFFSET VOLTAGE DRIFT WITH TEMPERATURE (V/ °C) TIME (MONTHS})
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LT1078/LT1079

TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain vs Frequency Gain, Phase vs Frequency Capacitive Load Handling
140 —
Tmzov0 ® Phas T
N, MARGIN !
120 =] 100 Vg=5V, OV Y,
A — § 66° 100 [~ 71, —g50¢
100 N 2 N HASIEIJH 120 /
= Vg= 15V & 5V, OV i L
Su 2 PHASE g € % /
= z canNN, || Maren N g 5 Ay=+}
o 310 5 10 2 60
& V=5V, OV & F
g 0 N s N4 15 1805 %
> s \ 5V, OV 3 40 Ay= +5 Ay=+104]
2 0 200
Ta=25°C = 20
° | A
—% —10 (| 0
001 01 1 10 100 1k 10k 100k 1M 10k 30k 100k 300K ™ 10 100 1000 10,000
FREQUENCY (Hz) FREQUENCY (Hz) CAPACITIVE LOAD (pF)
Slew Rate, Gain Bandwidth
Product and Phase Margin vs Large Signal Transient Response Large Signal Transient Response
Temperature Vg=5V,0V Vg=+15V
q 812 SLEW +15V
s 0.10 f f
& 008 SLEW 5V, OV
o
w
§ 0.06 80 % - %
P 0.04 P15V 8 3
= ~ + = ¥ &
k] Pu+£5V, OV 60 o o
5 240 I 50 2
=2 L
g 0 GBW 15V o w0 %
£ x .
= 200
8 o L nE GB\Iva\\ 50us/DIV 10045/DIV
% 150 o=20Kkz ‘ INPUT PULSE OV TO 3.8V, Ay= +1, NO LOAD Ay=+1, NO LOAD
=z -5 -2 0 25 5 75 100 125
3 TEMPERATURE (°C) :
Small Signal Transient Response Small Signal Transient Response Small Signal Transient Response
Vg =5V, 0V Vg= 25V Vg=+15V
& 2 E
=1
e 8 e
= = =
E
& g &
1045/DIV 10us/DN 10us/DIV
Ay=+1, C_=15pF, INPUT 50mV TO 150mV Ay=+1, T =150F Ay=+1, C_=15pF
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LT1078/LT1079

TYPICAL PERFORMANCE CHARACTERISTICS

Minimum Supply Voltage

100

V-

—0.1V=Vey=<0.4v
]

|
L7

+125°C

[

—100

/

N

—200

NON

| FUNCTIONAL

A A

—55°,
% o5° 5°C

—300

INPUT OFFSET VOLTAGE (V)

~400

—500
0

2 3

1
POSITIVE SUPPLY VOLTAGE (V)

Output Saturation vs Temperature

vs Sink Current
1000
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f )
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LT1078/LT1079

TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection Ratio

Power Supply Rejection Ratio

vs Frequency vs Frequency Channel Separation vs Frequency
120 i 120 140
] Tp=25°C ’
B 100 § & 400 N N, POSITIVE 120 \\
= Ve 15V S SUPPLY & L
] | = N L € 100
z s N z \
5 Vg=5V, OV 5 5 8
S 60 2 60 g \
& & NEGATVEN, | 8 o N\
=] E= SUPPLY N \ o
=z
2 40 & 4 t E
=z \ @ g | Vg=£2.5V
g \ 5 5 Ta=25°C N\
Z 2 Z 20 |-Vs=+2.5V+1Vp-p SINE WAVE 20 L Vin=3Ve-p T0 2KHz N
8 e Ty=25°C Q~ 0 I Ry =10k
. . L1 L
10 100 1 10k 100k 1M 01 1 10 100 Tk 10k 100k 110 100 1k 10k 100k 1M

FREQUENCY (Hz)

FREQUENCY (Hz)

FREQUENCY (H2)

APPLICATIONS INFORMATION

The LT1078/LT1079 devices are fully specified with
V=5V, V- =0, Vom=0.1V. This set of operating condi-
tions appears to be the most representative for battery
powered micropower circuits. Offset voltage is internally
trimmed to a minimum value at these supply voltages.
When 9V or 3V batteries or +2.5V dual supplies are used,
bias and offset current changes will be minimal. Offset
voltage changes will be just.a few microvolts as given by
the PSRR and CMRR specifications. For example, if
PSRR =114dB (=2xVIV), at 9V the offset voltage change
will be 8xV. Similarly, Vg = £ 2.5V, Vom =01is equivalenttoa
common-mode voltage change of 2.4V or a Vos change of
7uV if CMRR = 110dB (3zV/V).

A full set of specifications is also provided at + 15V sup-
ply voltages for comparison with other devices and for
compieteness.

Single Supply Operation

The LT1078/LT1079 are fully specified for single supply
operation, i.e., when the negative supply is OV. Input com-
mon-mode range goes below ground and the output
swings within a few millivolts of ground while sinking cur-
rent. All competing micropower op amps either cannot
swing to within 600mV of ground (OP-20, OP-220, OP-420)

or need a pull down resistor connected to the output to
swing to ground (OP-90, OP-290, OP-490, HA5141/42/44).
This difference is critical because in many applications
these competing devices cannot be operated as micro-
power op amps and swing to ground simultaneously.

As an example, consider the instrumentation amplifier
shown on the front page. When the common-mode signal
is low and the output is high, ampiifier A has to sink
current. When the common-mode signal is high and the
output low, amplifier B has to sink current. The competing
devices require a 12k pull down resistor at the output of
amplifier A and a 15k at the output of B to handle the
specified signals. (The LT1078 does not need pull down re-
sistors.) When the common-mode input is high and the
output is high these pull down resistors draw 300xA (150pA
each), which is excessive for micropower applications.

The instrumentation amplifier is by no means the onty ap-
plication requiring current sinking capability. In 7 of the 9
single supply applications shown in this data sheet the op
amps have to be able to sink current. In two of the applica-
tions the first amplifier has to sink only the 6nA input bias
current of the second op amp. The competing devices,
however, cannot even sink 6nA without a pull down
resistor.
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LT1078/LT1079

APPLICATIONS INFORMATION

Since the output of the LT1078/LT1079 cannot go exactly  orona transient basis. If the input is more than a few hun-
to ground, but can only approach ground to within a few dred millivolts below ground, two distinct problems can
millivolts, care should be exercised to ensure that the out-  occur on previous single supply designs, such as the
put is not saturated. For example, a 1 mV input signal will  LM124, LM158, OP-20, OP-21, OP-220, OP-221, QP-420
cause the amplifier to set up in its linear region in the gain  (aand b), 0P-30/290/490 (b only):

100 configuration shown below, but is not enough to make

the amplifier function properly in the voltage follower unlimited current will flow from the Substrate (V-

mode. ) . terminal) to the input. This can destroy the unit. On the
Gain 100 Amplitier Voltage Follower LT1078/LT1079, resistors in series with the input protect
the devices even when the input is 5V below ground.

a) When the input is more than a diode drop below ground,

qurur  b) When the input is more than 400mV below ground (at

~3.5my 25°C), the input stage saturates and phase reversal occurs
at the output. This can cause lock-up in servo systems.
Due to a unique phase reversal protection circuitry, the
Single supply operation can also create difficulties at the LT1078/LT1079’s output does not reverse, as illustrated
input. The driving signal can fall below 0V—inadvertently below, even when the inputs are at - 1.0V.

Voltage Follower with Input Exceeding the Negative Common-Mode Range (Vs =5V, 0V)

N

il

1ms/DIV 1ms/DIV 1ms/DiV

6Vp-p INPUT, ~1.0T0 +5.0V OP-90 EXHIBITS QUTPUT LT1078/171079
PHASE REVERSAL NO PHASE REVERSAL

Comparator Applications
The single supply operation of the LT1078/1079 and its  lends itself to use as a precision comparator with TTL
ability to swing close to ground while sinking current  compatible output.

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

OUTPUT (V)
OUTPUT (V)

INPUT (mV)
INPUT (mV)

V=5V, oV 200,s/0IV V=5V, 0V 200xs/0IV




LT1078/LT1079

APPLICATIONS INFORMATION

Matching Specifications

in many applications the performance of a system
depends on the matching between two op amps, rather
than the individual characteristics of the two devices. The
two and three op amp instrumentation amplifier configura-
tions shown in this data sheet are examples. Matching
characteristics are not 100% tested on the LT1078/79.

Some specifications are guaranteed by definition. For
example, 704V maximum offset voltage implies that mis-
match cannot be more than 140.V. 97dB (= 14xV/V) CMRR
means that worst case CMRR match is 91dB (= 28uVIV).
However, the following table can be used to estimate the
expected matching performance at Vg=5V, OV between
the two sides of the LT1078, and between amplifiers A and
D, and between amplifiers B and C of the LT1079.

LT1078AM/AC LT1078M/C

LT1079AM/AC LT1079MIC
PARAMETER 50% YIELD 98% YIELD 50% YIELD 98% YIELD UNITS
Vog Match, AVgs | LT1078 30 110 50 190 v

LT1079 40 150 50 250

Temperature Coefficient AVog 0.5 1.2 0.6 18 wiI°C
Average Non-Inverting Iy 6 8 6 10 nA
Match of Non-Inverting lg 0.12 0.4 0.15 0.5 nA
CMRR Match 120 100 17 97 dB
PSRR Match 117 105 17 102 dB
TYPICAL APPLICATIONS

3

Platinum RTD Signal Conditioner with Curvature Correction

V (LITHIUM)

LT1004-1.2

Rp=ROSEMOUNT 118MF
** =TRW MAR-6 0.1%
*=1% METAL FILM

L
212,
b3

> 13k*
b3

3k*

hhdd AV
50k % 5k
5°C Skt QK" 220°C
6 TRIM
- 0,02V T0 2.2V QUT =
1/2 111078 2°C T0 220°C
L - +0.1°C
RP o
S S
1k* 1;0@6 < 14F

AAA

1.21M*
(SELECT AT 110°C)
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LT1078/LT1079

TYPICAL APPLICATIONS

Micropower, 10ppm/°C, 5V Reference

Gain of 10 Difference Amplifier

2
AAA 9V
VWA

LT10348C
1"2 220k 10M
AA- +5.000V OUTPUT p
™
™
b OUTPUT
—5.000V OUTPUT 0.0036 T0 2.4V
510k sf

160k
1%

THE LT1078 CONTRIBUTES LESS THAN 3% OF THE TOTAL OUTPUT NOISE AND
DRIFT WITH TIME AND TEMPERATURE. THE ACCURACY OF THE —5V OUTPUT
DEPENDS ON THE MATCHING OF THE TWO 1M RESISTORS.

510k
1%

BANOWIDTH =20kHz
OUTPUT OFFSET =0.7mV
OUTPUT NOISE =80pV pp (0.1Hz TO 10H2)
2604V RMS OVER FULL BANDWIDTH

SUPPLY CURRENT: +9V BATTERY =115,A
—9V BATTERY =854A
QUTPUT NOISE: 364 pp, 0. 1Hz TO 10Hz

THE USEFULNESS OF DIFFERENCE AMPLIFIERS 1S LIMITED BY THE FACT THAT
THE INPUT RESISTANCE IS EQUAL TO THE SOURCE RESISTANCE. THE PICO-
AMPERE OFFSET CURRENT AND LOW CURRENT NOISE OF THE LT1078 AL-
LOWS THE USE OF 1MQ SOURCE RESISTORS WITHOUT DEGRADATION IN
PERFORMANCE. IN ADDITION, WITH MEGAOHM RESISTORS MICROPOWER
OPERATION CAN BE MAINTAINED.

Picoampere Input Current, Triple Op Amp Instrumentation Amplifier with Bias Current Cancellation

— INPUT e

QUTPUT

4mv 70 8.2V

+INPUT

GAIN= (1 + 2“61) B3 _ 100 FOR VALUES SHOWN

INPUT BIAS CURRENT TYPICALLY <150pA

INPUT RESISTANCE = 3R =30M FOR VALUES SHOWN
NEGATIVE COMMON-MODE LIMIT =g x 2R+ 20mV = 140mV
GAIN BANDWIDTH PRODUCT =1.8MHz

LY




LT1078/LT1079

TYPICAL APPLICATIONS

+ 85V, - 100V Common Mode
Range Instrumentation Amplifier
(Ay=10)

AL
—AAA
VW

10M

7 OUTPUT
8VTO -9V

BANDWIDTH = 2kHz
= OQUTPUT OFFSET =8mY
QUTPUT NOISE =0.8mV p, (0.1Hz to 10 Hz)
=1.4mV RMS OVER FULL BANDWIDTH
(DOMINATED BY RESISTOR NOISE)
INPUT RESISTANCE = 10MQ

Absolute Value Circuit (Full-Wave Rectifier)

1N4148

Vomin=4mvy
NO DISTORTION TO 100Hz

Half-Wave Rectifier

2M

AAA

Programmable Gain Amplifier (Single Supply)

100k M

AAA AAA

VA~

3V

Vo

b—OQUTPUT

MiN=0mV
— NO DISTORTION TO 100Hz

Vv \AAs

ERRORS DUE TO SWITCH ON RESISTANCE,
LEAKAGE CURRENTS, NOISE AND TRANSIENTS
ARE ELIMINATED.

1.8V 1.8V
VAV, N,
1.8V
370 18V
1]
AN
b—ouT
Bo\
j
CD4016B
©D40168B 7 GAIN PIN13 PINS PING6
I 1000 high low low
Is 6 = 100 low high  low
10 low low high
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LT1078/LT1079

TYPICAL APPLICATIONS

Single Supply, Micropower, Second Order Low Pass Filter with 60Hz Notch

0.020F
|
1R}
27.6k 6
01% 7
INPUT =—AAA—4 2.611M Z,S«tM b— QUTPUT
Q1% RN TYPIGAL OFFSET
WA~ VWA~ . 00y
_L 2000pF
T o%
fo=d0Hz 11 J' 0-1%
Q>30 _-| L—-l ‘——
il
100pF 1000pF 1000pF
0.5% 0.5%
Micropower Multiplier/Divider
505K 505k
ympyt _ O1% A o 01% zwpyr
YWV (5mV T0 50V)

(Gmy TOB0V)— VYV

505k

xinput _ A%
(5mv 10 50v) VYWV
OUTPUT

220pF Q2 {5mv TO 8v)

AN
30K
5%

= TYPICAL LINEARITY =0.01% OF FULL SCALE OUTPUT
Q1-04 =MAT —04 NEGATFVE SUPPLY CURRENT =185,4+ X+Y+Z+O0UL

QUTPUT = (x() i()V) _ POSITIVE INPUTS ONLY POSITIVE SUPPLY CURRENT = 1654 + 5%%“1

BANDWIDTH ( <3V pp SIGNAL): X AND Y INPUTS = 10kHz
2 INPUT =4kHz
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LT1078/LT1079

TYPICAL APPLICATIONS

Micropower Dead Zone Generator

Vser
DEAD ZONE

CONTROL INPUT
0.4V 70 5V

INPUT

BIPOLAR SYMMETRY (S EXCELLENT

BECAUSE ONE DEVICE, Q2, SETS BOTH LIMITS
SUPPLY CURRENT =~240,A

BANDWIDTH = 150Hz

Vour

*1% FILM
**RATIO MATCH 0.05%
02, 3, 4, 5 CA 3096 TRANSISTOR ARRAY Vser

Lead Acid Low Battery Detector with System Shutdown

o BATTERY
QUTPUT

—_ 12V

SIM  SIM <
<
> 1% 21%

AAA
AA

[~ —— 10 =BATTERY LOW
(IF Vg < 10.90V)

LO=SYSTEM SHUTDOWN

IF Vg < 10.05V
2 255K 280k 4 UF Ve<10.05V)

1% TW“ L 71004

1.2

AAA

——pt

TOTAL SUPPLY CURRENT =~ 10544
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LT1078/LT1079

SIMPLIFIED SCHEMATIC
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00 o o |®
S )¢ o A oA _
e neg odi 210 01D _L
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LT1078/LT1079

PﬂC“ﬂGG DESCRIPT'O“ Dimensions in inches (millimeters) unless otherwise nofed.

H Package
8 Lead TO-5 Metal Can

0.835-0.370

[
< 0.027-0.045 T
{0.686 - 1.143} 0.305-0.335
[* 77478508 "
08.040
0.2 {1096 [ ¥
R s {1270} 0.18570.185
i ' AX @BT-am)
SEATING REFERERCE
] GAUGH PLANE
PLANE —%f MNE 2.500-0.750
0.010-0.045 ’] [I [“] 2707505

EBA— T

SH0-0160 )l DOT6-0.021
oA NOTE: LEAD DIAMETER 1S UNCONTROLLED BETWEEN {0406-053)
STANDOFF THE REFERENCE PLANE AND SEATING PLANE e
o
Timax | O | 8
150°C [150°CW | 45°CW
JPackage N Package
f 3
8 Lead Ceramic DIP 8 Lead Plastic DIP
0.005 0.400
40'.“;‘7"14"___%% uw)
{020
oo ol oininlc
53 Wl [2] [7] [6] [5]
RAD TYP
025020010
310 30 20.254)
574)
] o] T T
] 2 BT 4] 0.200 L
s T s.080) 0.300-0.320 0.045-0.065
aan X (7.620-8.128) e TT.123- 1651}
060 0065 =4
n 524) “Tef,"L
0.008-0.008 Pry f 015
{0.203—0.460) 381)
0.025
e pEs05 | 0014-0025 {1 o 0325 g 015 Q050018 "
19.7790.6%) f0.360-0860) | 3175 3255 +u.535) (71430.381)
M —0381 0.100£0.010 ] . DO1B20008
0.008-0.068 - | 010020010 (2340%0.2541 0AST =0.076)
{0965 1.7277 25400254) i
o
Tiwax | Gja Tmax | 9a
150°C | 100°CW 100°C | 130°CW
J Package N Package
) .
14 Lead Ceramic DIP 14 Lead Plastic DIP
8785 o770
[ (19.933) {19.556)
O g5 s ax
"'"42'}3—5; ] 3] [7) [ [l [1 (&1 _f_ (2] [1] fio] [e] [3]
e
02505
0.220-0.310 {5.35020250) )
3 874}
0.290-0.320 i 2 3 5 7
737-8.13) T I T e 0.200 ] T T eI Is] T IJ
ou | TIT i i
{z.4%0) “_ . n.?:g—o.ms m
ax ] o500 o 20 _'I {1-u3-1.801) ™
0381 = 1524 e (008 = 1
WIS e 0.13050.005
015 E Wi 3:3020.127)
0.008-0.018 f }_f_¥_ T
10.205-0.460)
F | o ] om0 0m, s 00090015 f oorssoats | 0.018.0.003
f—grmioes ©3%-0.86) ”;:‘om (2:54020.254) i) 10.229-0.381) rwsa08 M _’H'"qo,csuo,m;
096—1727) My 0,025
o= M_ 25 Lo 010040010
0 2.540.20.254
@,255 ja;ﬂ 2025 v
TMax | i Timax | Gia
150°C | 100°CW 10°C | 130°CW
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LT1178/LT1179

TECHNOLOGY 17uA Max, Dual and Quad,
Single Supply, Precision Op Amps

FEATURES DESCRIPTION

= 17,A Max Supply Current per Amplifier The LT4178 is a micropower dual op amp in the standard

m 70,V Max Offset Voltage 8-pin configuration; the LT1179 is a micropower quad op

= 250pA Max Offset Current amp offered in the standard 14-pin packages. Both devices

= 5nA Max Input Bias Current are optimized for single supply operation at 5V. Specifica-

= 0.9:Vp-p 0.1Hzto 10Hz Voltage Noise tions are also provided at + 15V supplies.

: 32"@58 gf: Hzto 10Hz Cu_rrent Noise The extremely low supply current is combined with true
Su set Voltage Drift et o E ;

» 85kHz Gain-Bandwidth-Product precision specifications: offset voltage is 304V, off::;et our-

= 0,04V/ys Slew Rate rent is 50pA. Both offset parammve low drift with
y temperature. The 1.5pAp- and picoampere

= Single Supply Operation
Input Voltage Range Includes Ground
QOutput Swings to Ground while Sinking Current
No Pull Down Resistors are Needed P
w Qutput Sources and Sinks 5mA Load Current a\_e .

APPLICATIONS _ <O Al

offset current per megachm level source re-

cing serio . Voltage noise,

remark&bl& ng the low supply

‘8% LT1179 can be operated from a single

t
Dw gow as one lithium cell or two Ni-cad batteries).
h

e input range goes below ground. The all-NPN output
* Bat;zrr)t/:t; $ : ntation ems ‘560 stage swings to within a few millivolts of ground while
R sinking current—no power consuming pull down resistors
Remote sensor r are needed
Satellite Cir '
m Micropower Sanple and Hold For applications where three times higher supply current
u Thermocouple Amplifier is acceptable, the micropower LT1078 dual and LT1079
m Micropower Filters quad are recommended. The LT1078/79 have significantly
higher bandwidth, slew rate; lower voltage noise and bet-
ter output drive capability.
Selt-Buffered, Dual Output, Micropower Reference Supply Current vs Temperature
o | [
et 3 1
= 18 Vg= =15V
: -
E 16
- T = prd Voo
g v T
A Arinom = P A Vs= 215V
_|_0.1uF A, M 4 % 12 g
=r ""=0.1% FILM RES'IS'TORS ‘0—50 -25 0 25 S0 75 100 125

TOTAL BATTERY CURRENT =28,A TEMPERATURE (°C }
QUTPUT ACCURACY = +0.4% MAX
TEMPERATURE COEFFICIENT =20ppm/°C
LOAD REGULATION = 25ppm/mA, || <5mA, V+ 25V
LINE REGULATION = 10ppm/V
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LT1178/LT1179

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

SupplyVoltage...........coovviveiiiiiinns 22V
Differential Input Voltage ......................... +30V
input Voitage .......... Equal to Positive Supply Voltage
........ 5V Below Negative Supply Voltage

Output Short Circuit Duration................... Indefinite
Operating Temperature Range

LT1178AMILT1178M/

LTH7TOAMILTITM ..., -55°Ct0125°C

LT1178ACILT1178C/

LTH79ACILTHTIC. ..ot 0°Cto70°C
Storage Temperature Range

AllGrades .........ocovveiiiinennnn, -65°Cto 150°C
Lead Temperature (Soldering, 10 sec.).............. 300°C

TOP VIEW

ORDER PART
NUMBER
LT1178AMH
LT1178MH
V- (oasEl LT1178ACH
&LQDHngm’?FiL CAN LT1178CH
TP VIEW LT1178AMJ8
LT1178MJ8
LT1178ACJ8
LT1178CJ8
o LT1178ACNS
81600 CEHAMIC DIP 8-LEAD PLASTIC DIP LT1178CN8
outeut A [1] [14] outeuT D LT1 179AMJ
mapllgay |
. LT1179ACY
+NB{5] [10] +in C LT11790J
G g LT1179ACN
ouTPUT B 7} {8} outPUT C LT1 1790N
J-LERD CEAMIC DP 14-LEAD PLASILC OIP

ELECTRICAL CHARACTERISTICS vy=5v,0v, vow=0.1V, Vo = 1.4V, Ta =25°C, unless noted.

LT1178AM/AC LTH78MIC
LT1179AM/AC LT1179MIC
SYMBOL PARAMETER CONDITIONS (NOTE 1) MIN TYP MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage LT1178 30 70 40 120 v
LT1179 35 100 40 150 av
AVgg Long Term Input Offset 0.5 0.6 VMo
“ATime Voltage Stability
los Input Offset Current 005 025 005 035 nA
Iy Input Bias Current 3 5 3 6 nA
e, Input Noise Voltage 0.1Hz to 10Hz (Note 2) 09 20 0.9 avVp-p
Input Noise Voltage Density fo=10Hz (Note 2) 50 7% 50 nVivHz
fo = 1000Hz (Note 2) 49 65 49 nVivHz
in Input Noise Current 0.1Hz 10 10Hz {Note 2) 15 25 15 pAp-p
Input Noise Current Density fo=10Hz (Note 2) 003 007 0.03 pAiVHz
fo = 1000Hz 001 0.01 pAHz
Input Resistance (Note 3)
Differential Mode 0.8 20 06 20 GQ
Common-Mode 12 12 GO
Input Voltage Range 35 39 35 39 v
0 -03 0 -0.3 v
CMRR Common-Mode Rejection Vem=0Vto3.5v 93 103 90 102 dB
Ratio
PSRR Power Supply Rejection Vg=22Vto12v 94 104 92 104 dB
Ratio
AvoL Large Signal Voltage Gain Vp=0.03V to 4V, No Load (Note 3) 140 700 110 700 Vimv
Vo =0.03V103.5V, R =50k 80 200 70 200 Vimv
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LT1178/LT1179

ELECTRICAL CHARACTERISTICS v -5v,0v, Vew=0.1V, Vo = 1.4V, To = 25°C, unless noted.

LT1178AM/AC LT1178MIC

LT1179AM/AC LT1179MIC
SYMBOL | PARAMETER CONDITIONS (NOTE 1) MIN TYP  MAX MIN TYP  MAX UNITS
Maximum Output Voltage Output Low, No Load 6.5 9 6.5 9 mv
Swing OQutput Low, 2k to GND 0.2 0.6 0.2 0.6 mv
Output Low, Igjng = 1004A 120 160 120 160 my
Output High, No Load 42 44 42 44 v
QOutput High, 2k to GND 35 38 35 38 v
SR Slew Rate Ay= +1,C = 10pF (Note 3) 0.013 0.025 0.013 0.025 Vigs
GBW Gain Bandwidth Product fo<5kHz 60 60 kHz
Ig Supply Current per Amplifier 13 18 14 21 1.
V= £ 15V, Vo=0V 12 17 13 20 4A
Channel Separation AViy=3V, R =10k 130 130 dB
Minimum Supply Voltage {Note 4) 2.0 22 20 2.2 v

ELECTRICAL CHARACTERISTICS vs-5v,0v,voy =0.1V, Vo = 1.4V, - 55°C <T <125°C, unless noted.

LT1178AMH179AM LT1178MH179M

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Vos Input Offset Voltage LT1178 ° 80 290 100 420 v

LT1179 ® 90 320 10 450 WV

AVps/AT Input Offset Voltage Drift (Note 5) [ 05 22 06 30 wVI°C

log Input Offset Current ° 0.07 050 0.07 070 nA

lg Input Bias Current [ 4 7 4 8 nA

CMRR Common-Mode Rejection V=008Vt 3.2v e | 87 100 98 dB
Ratio

PSRR Power Supply Rejection Vs=3.0Vto 12V ® | 8 100 100 dB
Ratio

AvoL Large Signal Voltage Gain Vp=005Vto4V,NoLoad(Note3) | ® | 70 350 55 350 VimV

) Vo=0.05V t0 3.5V, R, =50k ® | 40 130 3B 130 VimV

Maximum Output Voltage Output Low, No Load [ 9 13 9 13 mv

Swing Output Low, Igg = 100xA [ ] 160 220 160 220 mv

Output High, No Load ®| 39 42 39 42 v

Output High, 2k to GND e 30 37 30 37 v

Supply Current per Amplifier [ 14 23 15 27 sA

GI.ECTBICHI. CHARACTERISTICS vs-5v,0v, ey =0.1V, Vo = 1.4V, 0°C <Tp <70°C, unless noted.
LT1178ACH179AC LT1178CH179C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Vos Input Offset Voltage LT1178 ® 50 170 65 250 WV

LT1179 ® 60 200 70 290 W

AVog/AT Input Offset Voltage Drift {Note 5) ) 05 22 06 30 aVI°oG

los Input Offset Current [ 0.06 035 0.06 050 nA

Ig Input Bias Current [ 3 6 3 7 nA

CMRR Common-Mode Rejection Veu=0Vto 3.4V e 9 101 100 d8
Ratio

PSRR Power Supply Rejection Vs=25Vto12v o % 102 102 d8
Ratio

Avor Large Signal Voltage Gain Vo=0.05Vto4V,Noload(Note3) | ® 105 500 80 500 Vimv

V=005V t03.5V, R =50K ® | 5 160 45 160 VimV

Maximum Output Voltage Output Low, No Load [ 8 i 8 i mv

Swing Output Low, Iging = 100pA ° 140 190 140 190 my

Output High, No Load e 41 43 41 43 v

Output High, 2k to GND ® | 33 38 33 38 v

I Supply Current per Amplifier [ J 14 2 15 24 pA

LR




LT1178/LT1179

€ELECTRICAL CHARACTERISTICS v;- =15V, T, = 25°C, unless noted.

LT1178AM/AC LT1178MIC
LT1179AMIAC LT1179MIC

SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Vos Input Offset Voltage 80 350 100 480 av
fos Input Offset Current 0.05 0.25 0.05 0.35 nA
lg Input Bias Current 3 5 3 ] nA
Input Voltage Range 13.5 139 13.5 139 v
-150 -153 -150 -153 \i
CMRR Common-Mode Rejection Ratio Ven+13.5Y, - 15V 97 106 94 106 dB
PSRR Power Supply Rejection Ratio Vs=5V,0V 1o+ 18Y 96 112 94 12 dB
AvoL Large Signal Voltage Gain Vo= 210V, R =50k 300 1200 250 1000 Vimv
Vo= =10V, No Load 600 2500 400 2500 Vimv
Vour Maximum Output Voltage Swing | R =50k 130 142 £130 +142 v
R =2k +110 127 1.0 127 \J
SR Slew Rate Ay= +1 0.02 0.04 0.02 0.04 Vius
GBW Gain Bandwidth Product fo=5kHz 85 85 kHz
I Supply Current per Amplifier 16 21 17 25 uA

ELGCTHICHL CHHBHCTGBISTICS Vg = £ 15V, - 55°C <T5 <125°C, unless noted.

LT1176AM1179AM LT1178M1179M
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX MIN  TYP MAX | UNITS
Vos Input Offset Voltage [ 140 630 170 880 W
AVog/AT | input Offset Voltage Drift {Note5) ® 0.6 28 0.7 40 wI°C
los Input Offset Current [ 007 050 007 0.70 nA
Ig Input Bias Current [ 4 7 4 8 nA
AvoL Large Signal Voltage Gain Vo= %10V, R =50k [d 120 500 100 500 VimV
CMRR Common-Mode Rejection Ratio Vou= +13V, 149V ® 92 103 88 103 dB
PSRR Power Supply Rejection Ratio Vg=5V,0Vto +18V [ 91 109 88 109 d8
Maximum Output Voltage Swing R, =5k ® | +110 *135 +11.0 +135 v
lg Supply Current per Amplifier ® 18 26 19 30 wA
€ELECTRICAL CHARACTERISTICS vs- = 15v,0°C <7, <70°C, unless noted.
LT1178ACH179AC LT1178CH179C

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage [ ] 100 480 130 660 i
AVg/AT Input Offset Voltage Drift {Note 5) [ 0.6 28 0.7 4.0 /A
los Input Offset Current L 006 035 0.06 0.35 nA
Iy Input Bias Current [ 3 6 3 7 nA
AvoL Large Signal Voltage Gain Vo= =10V, Ry =50k ® 200 800 150 750 VimV
CMRR Common-Mode Rejection Ratio Vou =13V, —15V [ ] 94 104 91 104 dB
PSRR Power Supply Rejection Ratio Vs=5V,0Vto + 18V ® 3 110 N 110 dB
Maximum Output Voltage Swing | R, =5k ® | +11.0 +136 110 *136 v
Is Supply Cusrent per Amplifier ® 17 24 18 28 uA

The @ denotes the 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 LT1179s (or 100
LT1178s) typically 240 op amps {or 120) 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, Vo= 0V.

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

Note 4: Power supply rejection ratio is measured at the minimum supply
voitage. The op amps actually work at 1.7V supply but with a typical offset

skew of —300,V.

Note 5: This parameter is not 100% tested.

2-270

LY e



LINCAR

LF155A/355A/165/3355
LF156A/356A/156/356

TECHNOLOGY JFET-Input Operational Ampilifiers

FERTURES

w Guaranteed Offset Voltage Drift on All Grades
w Guaranteed Slew Rate on All Grades
w Guaranteed Low Input Offset Current
» Guaranteed Low Input Bias Current 50pA Max.
® Guaranteed High Slew Rate (156A/356A) 10V/ps Min.
» Fast Settiing t0 0.01% 1.5u5

APPLICATIONS

# Qutput Amplifiers for D/A Converters
® Fast Sample and Hold Circuits

® High Speed Integrators

® Photocell Amplifiers

= High Input Impedance Buffers

10pA Max.

Low Supply Current (LF155)
High Speed (LF156)

DESCRIPTION

Linear Technology’s LF155/ 156 series features several
improvements compared to similar types from other man-
ufacturers: offset voltage drift with temperature and slew
rate are guaranteed on all grades, not just on the more
expensive ‘‘A’’ grades. Other specifications such as volt-
age gain and high temperature bias and offset currents
are also improved.

The industry standard LF155/156 devices exhibit phase
reversal at the output when the negative common-mode
limit at the input is exceeded (i.e., from —12V to —15V
with =15V supplies). This can cause lock-up in servo
systems. As shown below, Linear Technology's LF155/ 156
does not have this problem due to unique phase reversal
protection circuitry. For applications requiring higher per-
formance, see the LT1055 and LT1056 data sheets.

Voltage Follower with Input Exceeding the Negative

Common-Mode Range

ineuT |
10v/Div I

0.5ms/DIV B}
10v/0V

QUTPUT
LINEAR TECH B0
155/156 I
10V/DIV




LF155A/355A/155/355

LF156A/356A/156/356
ABSOLUTE MAXIMUM RATINGS PACKARGE/ORDER INFORMATION
Supply Voltage
LF155A/155/355A, . ORDER PART NUMBER
LF156A/156/356A .. ... ... ... ... ... +22V
LF355/356 ................... ... ... + 18V
Differential input Voltage
LF155A/155/156A/156 ... ... ... ... + 40V oo Lol
LF355A/355/356A/356 ............... + 30V
LF355H  LF356H
Input Voltage (Note 1) LF355AH LF356AH
LF155A/155/156A/156 ... ............ +20V
LF355A/355/356A/356 . .............. +16V VETAL CAN
Output Short Circuit Duration. . . .......... Indefinite
Operating Temperature Range
LF155A/155/156A/156 .. .. ... —55°C10125°C TOPVIEW
LF355A/355/356A/356 . .......... 0°Cto70°C LF355N8  LF356N8
Maximum Junction Temperature LF355AN8 LF356AN8
LF155A/155/156A/156 .. ............. 150°C
LF355A/355/356A/356 ............... 100°C
Storage Temperature Range st Vs is adjusted with a 20k or 50k
AllDevices .................. —65°Ct0150°C 8PN PLASTIC polentometer betwan e halancs
Lead Temperature (Soldering, 10sec.). .. .. ... 300°C erminals. T wiper s filed to ¥
ELECTRICAL CHARACTERISTICS (note 2)
LF155A/156A
SYMBOL | PARAMETER CONDITIONS LF355A/356A LF185/156 LF355/356 UNITS
MIN TYP  MAX | MIN TYP MAX | MIN TYP  MAX
Vos Input Offset Ta=25°C 1 2 2
Voltage Over Temperature 3 2.5
355A/356A ® 2.3
AVgs Average TC of Rs =500 ° 3 5 5
AT Input Offset
Voltage
Change in Rg =500 (Note 4) o 0.5 0.5
Average TC with
VOS Adjust
los Input Offset Tj=25°C (Note 3) pA
Current Tj=125°C nA
Tj=70°C nA
Ig Input Bias Tj=25°C (Note 3) pA
Current Tj=<125°C nA
Tj=70°C nA
Ry Input Tj=25°C Q
Resistance
AvoL Large Signa! Vg= £ 15V, Ty =25°C, 200 50 200 200 v/myv
Valtage Vo= =10V, Ry =2k
Gain Over Temperature 25 v/mv
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LF155A/355A/1565/355
LF156A/356A/1566/356

ELECTRICAL CHARACTERISTICS (Nute 2)

LF155A/156A
LF155/156 LF355/356
SYMBOL | PARAMETER CONDITIONS LF355A/356A 5/18 UNITS
MIN TYP MAX| MIN TYP MAX| MIN TYP  MAX
Vo Qutput Vg=+15V,R =10k |@| =12 +13 +12 =13 +12 x13 v
Voltage Vg= =15V, R =2k ol £10 12 =10 x12 +10 12 v
Swing
VCM Input
Common-Mode | Vg= %15V o| 11 +151 =11 +151 +10  +15.1 v
Voltage Range -12 -12 —12
CMRR Common-Mode o| 85 100 85 100 80 100 dB
Rejection Ratio
PSRR Supply Voltage Vg=+10Vio £18V | @ 85 100 85 100 - - dB
Rejection Ratio | Vg=+10Vto =15V | e — — 80 100 dB
Ig Supply Current To=25°C, Vg= =15V
LF155/ 355 Series 2 4 2 4 2 4 mA
LF156/356 Series 5 7 5 7 5 10 mA
LF356A — — - — mA
SR Slew Rate Ay=+1
Ty=25°C, Vg= =15V
LF155/355 Series V/ps
LF156/356 Series 10 12 V/ps
GBW Gain Bandwidth To=25°C, Vg= =15V
Product LF155/355 Series - 2.5 2.5 2.5 MHz
LF156/356 Series 4 5 5 5 MHz
ts Settling Time Tp=25°C, Vg= =15V
100.01% LF155 Series (Note 5) 4 4 4 us
LF156 Series 1.5 1.5 1.5 us
8, Input Noise Ta=25°C, Vg= =15V
Voltage f=100Hz
Density LF155 Series 25 25 25 nv/vHz
LF156 Series 15 15 15 nv/vHz
f=1000Hz
LF155 Series 20 20 20 nv/+Hz
LF156 Series 12 12 12 nv/vHz
in input Noise Tp=25°C, Vg= £ 15V
Current f=100Hz 0.01 0.01 0.01 pA/vhz
Density f=1000Hz 0.01 0.01 0.01 pA/vHz
Ciy input ° 3 3 3 pF
Capacitance
The @ denotes the specifications which apply over the full operating Note 3: The input bias currents are junction leakage currents which
temperature range. The shaded electrical specifications indicate those approximately double for every 10°C increase in the junction
parameters which have been improved or guaranteed test limits provided temperature, T;. Due to limited production test time, the input bias cur-
for the first time. rents measured are correlated to junction temperature. In normal opera-
For MIL-STD components, please refer to LTC 883C data sheet for test tion the junction temperature rises above the ambient temperature as a
listing and parameters. result 