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conTinUinG PRODUCT EXCELLEnCE 
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 totallC 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 atthe leading edge of performance and technology as a result oft heir "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 today. 

This 1992 Databook Supplement contains new products introduced since the production of LTC's 1990 Databook. 
The offering of LTC products has continued to expand such that there are now over 325 basic product die types in 
the Company's product portfolio. These die types are the basis for over 2500 different devices available to order from 
the Company. 

This was accomplished by fulfilling our commitment to advancing the state of the art in high performance analog 
functions. To do this, LTC developed the latest in bipolar, LTCMOS, micropower, high voltage, high speed and 
complementaryprocess technologies. These products are 100% fabricated in L TC'sstate ofthe artwaferfab facilities 
which include a new area doubling LTC's capacity. Many of our products are now recognized as industry standard 
products setting new levels in the high performance analog market for parametric performance as well as in 
functional and value added engineering in our customers' applications. Simultaneously, LTC has focused on 
providing these new products with uncompromised quality, reliability and service. 

Linear Technology Corporation remains committed to servicing the requirements of the Military/Aerospace 
Marketplace. Our MIL -STD-883 and SMD (Standard Military Drawings) products are tested to the latest revision 
requirements of MIL -STD-883. The Company also services JAN approved devices for both 8 and S level 
requirements as well as "S" level source control drawings. 80th 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. 
A new addition to LTC's MiVAerospace product line is a line of radiation hardened devices. These products have 
individual data sheets which have guaranteed parametric performance limits for several different radiation levels. 

Our commitment to designing and developing the next generation of high performance analog technology remains 
unchanged. Our goals of offering the best in quality, reliability and service to our customers are renewed to achieve 
even higher levels of performance and to remain focused on providing the highest performance yet lowest overall 
"cost to use" linear products. 

LTC's successes are indicators of an acceptance of Linear Technology in the marketplace over these last ten years, 
for which we extend our sincere thanks and appreCiation to our customers. It also sets new goals and expectations 
for our company to maintain the technical and business focus to meet your future needs. We are prepared to meet 
these challenges and remain ... exclusively committed to linear. 

Footnots: The original 1990 Oatabook has been reprinted unchanged in format or content. Since its creation some of the products 
in the 1990 Oatabook have had some changes made to the data sheets due to additional package types such as surface mount, 
extended temperature ranges and parametric changes. Where possible we have cross referenced from the 1992 Supplement to the 
1990 Oatabook to indicate these changes . 
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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 safety 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 Corporation makes no representation that the interconnection of its circuits, as described herein, will not infringe on 
existing patent rights. 

Linear Technology Corporation -1630 McCarthy Blvd. - Milpitas, CA 95035 - (408) 432-1900 © Linear Technology Corporation 1992 Printed in USA 
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LTC1061, High Performance Triple Universal Filter Building Block .......................................................................... '90DB 7·39 
LTC1061CS, High Performance Triple Universal Filter Building Block ..................................................................... '90DB 7·55 
L TCl 062, 5th Order Lowpass Filter ......................................................................................................................... '90DB 7·59 
LTC1062CS, 5th Order Lowpass Filter ..................................................................................................................... '90DB 7·71 
LTC1063, Low Offset ,Clock Tunable 5th Order Butterworth Lowpass Filter ..........•........................................ 13·21 
L TCl 064, Low Noise, Fast, Quad Universal Filter Building Block ............................................................................. '90DB 7·73 
L TC1064·1, Low Noise, 8th Order, Clock Sweepable Elliptic Lowpass Filter ........................................................... '90DB 7·89 
LTC1064·2, Low Noise, High Frequency, 8th Order Butterworth Lowpass Filter .......................................•....•.•.. 8·5 
LTC1064·3, Low Noise, High Frequency, 8th Order Linear Phase Lowpass Filter ..•.•...•....•.........•....••.•.•..•......... 8·13 
LTC1064·4, Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter ........................•.......•................•... 8·21 
LTC1064·7, Linear Phase, Group Delay Equalized, 8th Order Lowpass FJiter ..•...••..•.•.•••..••.•........•....•......•....• 13·25 
L Tt 070, 5A High Efficiency Switching Regulator ..................................................................................................... '9008 5·37 
L Tt071, 2.5A High Efficiency Switching Regulator .................................................................................................. '9008 5·37 
L Tt 072, 1.25A High Efficiency Switching Regulator ................................................................................................ '9008 5·49 
LTt073, Micropower DC·DC Converter Adjustable and Fixed 5V, 12V •....••••.••.•......•...••...••......•.••.••...•.••.•.••.• 4·174 
LTt074, Step·Down Switching Regulator ••.•.••......•.•.....•.....................•...............................•....•...••....•. 4-193 
L Tt076, Step·Down Switching Regulator ..•....•.•..•.•...........•....•..•..•••.•..•.•..•.•••....•..•......•..............•.•....•• 4·193 
LTt076-5, 5V Step·Down Switching Regulator .•..•....•..............................................•.....................•....•. 4-208 
LTt077, Micropower, Single Supply, Precision Operational Amplifier ..•.•..•.......•.•...•....••.•.•..•.••.•..........••.••••.• 2·45 

L Tt078, Micropower, Dual, Single Supply, Precision Operational Amplifier .......•.•......................................... 2·56 
LTt079, Micropower, Quad, Single Supply, Precision Operational Amplifier ..•... , ..•....•.......•........•.......•.•........ 2·56 
L Tt 080, Advanced Low Power 5V RS232 Dual Driver/Receiver .............................................................................. '9008 10.43 

Note: All products in BOLO are in this Supplement, others appear in LTC's 1990 Databook (,90DB = LTC's 1990 Databook). 
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LTlOSoCS. 5V Powered RS232 Driver/Receiver with Shutdown ............................................................................. '9008 10-51 
L Tt oSl. Advanced Low Power 5V RS232 Dual Driver/Receiver .............................................................................. '9008 10-43 
L Tl oSl CS. 5V Powered RS232 Driver/Receiver with Shutdown ............................................................................. '9008 10-51 
LTtOB2, 1A High Voltage High Elticiency Switching Regulator ••••••••••••••••••.••••••••••.••••.••.••.•.••••••.•••.••.•.••.•.•• 13-29 
LTtoS3. 7.5A Low Dropout Positive Adjustable Regulator ...................................................................................... ·9008 4-89 
LTlOS3-5. 7.5A Low Dropout Positive Fixed 5V Regulator ...................................................................................... '9008 4-101 
LTloS3-12. 7.5A Low Dropout Positive Fixed 12V Regulator ........................................................................... ; ..... .'9008 4-101 
L TlOS4. 5A Low Dropout Positive Adjustable Regulator ......................................................................................... '9008 4-89 
L TloS4-5. 5A Low Dropout Positive Fixed 5V Regulator ......................................................................................... '9008 4-101 
L Tt OS4-12, 5A Low Dropout Positive Fixed 12V Regulator ..................................................................................... '9008 4-101 
L Tt OS5. 3A Low Dropout Positive Adjustable Regulator ......................................................................................... '9008 4-89 
L Tt OS5-5. 3A Low Dropout Positive Fixed 5V Regulator ......................................................................................... '9008 4-101 
LTlOS5-12. 3A Low Dropout Positive Fixed 12V Regulator ..................................................................................... '9008 4-101 
LTloS6, 1.5A Low Dropout Positive Adjustable Regulator ...................................................................................... '9008 4-113 
LTtoS6-5, 1.5A Low Dropout Positive Fixed 5V Regulator ...................................................................................... ·9008 4-113 
L Tt OS6-12. 1.5A Low Dropout Positive Fixed 12V Regulator .................................................................................. '9008 4-113 
L110B7, Adjustable Low Dropout Regulator with Kelvin-Sense Inputs ..•.•..•••••••.•••.•••.••.••••.••••.••.•.••.••.•.••.••••.• .4-56 
L Tt ass, Wideband RMS-DC Converter Building Block ............................................................................................ '9008 11-33 
LTlOS9, High Side Switch .......................................................................... , ............................................................ ·9008 11-45 
LTCl09o. Single Chip la-Bit Data Acquisition System ............................................. ; .............................................. ·9008 9-5 
L TCI 091. I-Channel. la-Bit Seriall/a Data Acquisition System .............................................................................. '9008 9-29 
LTClo92. 2-Channel. la-Bit Seriall/a Data Acquisition System .............................................................................. '9008 9-29 
LTClo93.6-Channel. la-Bit Seriall/a Data Acquisition System ............................................................................. .'9008 9-29 
L TCl 094. S-Channel. la-Bit Serial//a Data Acquisition System .............................................................................. '9008 9-29 
LTClo95. Complete to-Bit Data Acquisition System with an Board Reference ....................................................... '9008 9-57 
LTC1096, Micropower, Sampling B-Bit Serial I/O A/O Converter ••...•..•..•.•••••••.••.•••••.•.•••••••.••••.••.•.••..•.•.••.•.. 13-33 
LTt097, Low Cost, Low Power Precision Operational Amplifier •.•.••..•.••.•..•.....•.•.............•.•....•..•...........••.... 2-74 
LTC109B, Micropower, Sampling B-Bit Serial I/O A/O Converter •....•..••.••••.••••.••••.•••••.••••....•.•..•.................. 13-33 
LTCt099. High Speed S-Bit AID Converter with Built-In Sample-and-Hold .............................................................. ·9008 9-81 
LTC1100, Precision, Zero Drift Instrumentation Amplifier .•.•••••.••.••••..•••..•..•.•..•....•.....•...............•.•..........•..• 3-4 
L Tt101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) ....................... 3-11 
LTt102, High Speed, Precision, JFET Input Instrumentation Amplifier (Fixed Gain = 10 or 100) ............................ 3-23 
LTt103, Olt-Line Switching Regulator ............................................................................................... 4-211 
LTt105, Olt-Line Switching Regulator ............................................................................................... 4-211 
LTt10B, Micropower DC-DC Converter Adjustable and Fixed 5V, 12V .......................................................... 13-37 
LTt109, Flash Memory Vpp Generator/Low Cost DC-to-DC Converter .......................................................... 4-238 
L Tt109A, Micropower Low Cost DC-to-DC Converter Adjustable and Fixed 5V, 12V ......................................... 13-41 
L Tt110, Micropower DC-DC Converter Adjustable and Fixed 5V, 12V, High Frequency ..................................... 4-245 
LTt111, Micropower DC-to-DC Converter Adjustable and Fixed 5V, 12V, High Frequency .................................. 4-260 
LTt112, Dual Low Power PreciSion, Picoamp Input Operational Amplifier .................................................... 13-43 
LTt114, Quad Low Power Precision, Picoamp Input Operational Amplifier ................................................... 13-43 
LTt115, Ultra-Low Noise, Low Distortion, Audio Operational Amplifier ......................................................... 2-82 
LTt116, 12ns, Single Supply Ground-Sensing Comparator ........................................................................ 10-7 
LTt117, BOOmA Low Dropout Positive Regulators; Adjustable and Fixed 2.85V, 5V ........................................... 4-63 
L Tt12o. Micropower Regulator with Comparator and Shutdown ............................................................................ '9008 4-125 

Note: All products in BOLO are in this Supplement, others appear in LTC's 1990 Oatabook ('9008 = LTC's 1990 Oatabook). 
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L T1121-5, Micropower Low Dropout Regulator ..................................................................................... 13-46 
L T1123, 5V Low Dropout Regulator Driver .. .......................................................................................... 4-75 
L TI123-2. 85, Low Dropout Regulator Driver for SCSI-2 Active Termination ................................................... 13-48 
LT1124, Dual Low Noise, High Speed Precision Operational Amplifier .......................................................... 2-94 
LT1125, Quad Low Noise, High Speed Precision Operational Amplifier ......................................................... 2-94 
LT1126, Dual Decompensated Low Noise, High Speed Precision Operational Amplifier .................................... 2-105 
LT1127, Quad Decompensated Low Noise, High Speed Precision Operational Amplifier ................................... 2-105 
LT1128, Unity Gain Stable Ultra-Low NOise Precision LT1028 Type Operational Amplifier ................................. 13-50 
LT1129-2.85, 500mA Low Iq Low Dropout Regulator .............................................................................. 13-51 
LTI129-3.3, 500mA Low Iq Low Dropout Regulator ............................................................................... 13-51 
LT1129-5, 500mA Low Iq Low Dropout Regulator .................................................................................. 13-51 
L T1130, 5-Driver/5-Receiver RS232 Transceiver ..................................................................................................... 'gODS 10-55 
L T1131, 5-Driver/4-Receiver RS232 Transceiver with Shutdown ............................................................................ 'gODS 10-55 
L T1132, 5-Driver/3-Receiver RS232 Transceiver ...... ............................................................................................... 'gODS 10-55 
L T1133, 3-Driver/5-Receiver RS232 Transceiver ...... ............................................................................................... 'gODS 10-55 
L T1134, 4-Driver/4-Receiver RS232 Transceiver ..................................................................................................... 'gODS 10-55 
L T1135, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump ................................................................. 'gODS 10-55 
L T1136, 4-Driver/5-Receiver RS232 Transceiver with Shutdown ............................................................................ 'gODS 10-55 
L T1137, 3-Driver/5-Receiver RS232 Transceiver with Shutdown ............................................................................ 'gODS 10-55 
LT1137A, Advanced Low Power 5V RS232 Transceiver with Small Capacitors ................................................ 13-52 
L T113B, 5-Driver/3-Receiver RS232 Transceiver with Shutdown ............................................................................ 'gODS 10-55 
L T1139, 4-DriverI4-Receiver RS232 Transceiver with Shutdown ............................................................................ 'gODS 10-55 
L T1140, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump ................................................................. 'gODS 10-55 
L T1141, 3-Driver/5-Receiver RS232 Transceiver without Charge Pump ................................................................. 'gODS 10-55 
LTC1150, ±15V Zero Drift Operational Amplifier with Internal CapaCitors .................................................... 2-321 
LTC1151, Dual ±15V Zero Drift Operational Amplifier with Internal CapaCitors ............................................... 13-56 
LTC1155, Dual High Side Micropower N-Channel MOSFET Driver with Internal Charge Pump ............................... 4-26 
LTC1156, Quad High Side Micropower N-Channel MOSFET Driver with Internal Charge Pump .............................. 4-41 
LT1158, Half Bridge N-Channel Power MOSFET Driver ............................................................................ 4-102 
LTC1164, Low Power, Low Noise, Quad Universal Filter Building Block ........................................................ 8-29 
LTC1164-5, Low Power, Clock Tunable 8th Order Butterworth Lowpass Filter ................................................ 13-58 
LTC1164-6, Low Power, Clock Tunable 8th Order Elliptic Lowpass Filter ...................................................... 13-62 
LTC1164-7, Linear Phase, Group Delay Equalized, 8th Order Lowpass Fliter ................................................. 13-25 
L T1170, 5A High Efficiency 100kHz Switching Regulator ........................................................................................ 'gODS 5-61 
L T1171, 2.5A High Efficiency 100kHz Switching Regulator ..................................................................................... 'gODS 5-61 
L T1172, 1.25A High Efficiency 100kHz Switching Regulator ................................................................................... 'gODS 5-73 
LT1173, Micropower DC-DC Converter Adjustable and Fixed 5V, 12V .......................................................... 4-275 
LT1178, 17f.IA Max, Dual, Single Supply, Precision Operational Amplifier .................................................... 2-112 
LT1179, 17f.IA Max, Quad, Single Supply, Precision Operational Amplifier ................................................... 2-112 
L T11BO, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors ........................................... 'gODS 10-67 
L T11B1, Advanced Low Power 5V RS232 Dual Driver/Receiver with Small CapaCitors ........................................... 'gODS 10-67 
LT1185, Low Dropout Regulator with Adjustable Cu"ent Limit ................................................................... 4-86 
LT1188, I.SA High Side Switch ......................................................................................................... 4-48 
L T1190, Ultra High Speed Operational Amplifier (Av ~ 1) ........................................................................ 2-126 
L T1191, Ultra High Speed Operational Amplifier (Av ~ 1) ........................................................................ 2-137 

Note: All products in BOLD are in this Supplement, others appear in LTC's 1990 Databook ('9008 • LTC's 1990 Databook). 
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LT1192, Ultra High Speed Operational Amplifier (Av~ 5) ...........•..............•................•............................ 2-148 
LT1193, Video Difference Amplifier, Adjustable Gain ••••.••••••••.••..•..•.••..•.••..•.••.••.•••••.•..•••.•.•..••.•..•..•.••.••.• 2-159 
LT1194, Video Oifference Amplifier, Gain Of 10 .••.•••...••••..•.............•...................•........•.......•...•.........•.• 2-171 
LTC1196, 8-8it, 600ns, 1.3MHz Sampling AID Converter •..••.•••••.•••••..••••••••••••.••••••••.••..•..•....••...••..•..•.••.... 13-64 
LTC1198, 8-8It, 600ns, 1.3MHz Sampling AID Converter ....••.....•.......••.................•.........•.••...••............••.. 13-64 
LT1200, Low Power High Speed Operational Amplifier ••••.••.••.•••••.••.••.•••••••••••••.••••••••.••.•••.•.•••.•.••.•..•.••..•. 2-182 
LT1217, Low Power High Speed Current Feedback Amplifier •..••....•..•.....•.•...•.....•...•..........•.......•..•.••..•....• 2-190 
L T1220, Vel}' High Speed Operational Amplifier (Av ~ 1) •...•.......•••....•....•.......•...•..........•......................•.. 2-198 
LT1221, Vel)' High Speed Operational Amplifier (Av~ 4) .......................................••...•.....••..................... 2-210 
LT1222, Low Noise, Vel}' High Speed Operational Amplifier (Av~ 10) .••..........••.•..•.••..•..•..•......................•.. 2-218 
L T1223, 100MHz Current Feedback Amplifier ••.•••••••••••••• ••••••.•••••.•••••..•.••.••.•..••.•...•••..•.••.••.••.••••.••..•.••••. 2-226 
L T1224, Vel}' High Speed Operational Amplifier (Av ~ 1) ......................................................................... 2-237 
LT1225, Vel}' High Speed Operational Amplifier (Av~ 5) •........•..•............................................................ 2-245 
L T1226, Low Noise Vel}' High Speed Operational Amplifier (Av ~ 25) ..............•..................•........................ 2-253 
L T1227, 140MHz Video Current Feedback AmplifiBf ••.•..••.•..•.•••.••.•..•..••.•.••.••.•.•••....••.•..•.•••.•..•..•..••.•....... 13-65 
LT1228, 100MHz Current Feedback Amplifier with DC Gain Control .•..•..••.•.....•..•.............•..••.•..•..•..•..•.••.•••• 2-261 
LT1229, Dual100MHz Current Feedback Amplifier .•..•..•.••.....••.•.•••.••.•..••.•••..••.•..•..•..•.....•.....•......•......... 2-280 
L T1230, Quad 100MHz Current Feedback Amplifier .•....•••.•..•..•..••.••.•.....•..•.••.••.•..•..•..•..•..•....••..•.......•..•.. 2-280 
LTC1232, Microprocessor Supervisol}' Circuit ••.••.• ••••.••.••.••.••.••.•..••.•..•..•..•..•..•..•..•.••..•..••.•..•.•..•..•..•.••.••. 9-22 
LTC1235, Microprocessor Supervisol}' Circuit with Conditional 8a"el}' 8ackup •..•..•....••.....•....••.••.••.••.••.••........ 9-29 
LT1237, .5V RS232 Transceiver with Advanced Power Management and One Receiver Active in SHUTDOWN ........•.• 13-76 
LT1241, High Speed Current Mode Pulse Width Modulator ••.•••••.••.••.•••••.••••••••••.•.•••.••.••.••.••.••.••.••••.••.••.•.. 4-122 
LT1242, High Speed Current Mode Pulse Width Modulator ..........................................••.....•..••.•..•..•..•.••.• 4-122 
LT1243, High Speed Current Mode Pulse Width Modulator ••.•..•..•..•..•....••.•..•..•..••.•......•....•..•.............•..... 4-122 
LT1244, High Speed Current Mode Pulse Width Modulator .••.••.••.•••••.••.••..•.••..•.••.•..•..•..•..•..•..•..•....•••••••••• 4-122 
LT1245, High Speed Current Mode Pulse Width Modulator •........•..•..•.•..••.•.....•..•....••.....•...•.......•.•...•..•.... 4-122 
L T1246, 1MHz Off-Line Current Mode PWM ••••••••••••••••.••.••.••.••.••..•.••.••.••.••.••.••.•..•....••.....•.••.••..•.••.••.•••• 4-134 
LTC1250, Very Low Noise Zero Drift 8ridge Amplifier ....•..•..••...•.......•••....•..•..•.•.•.•..•..•..••.•................•..... 13-80 
LTC1264-7, Linear Phase, Group Delay Equalized, BIh OrdBf Lowpass Filter •.•••••.••.•••••.•••••.•..•...•.•..•.•..••.•....• 13-84 
LT1270, 8A High Efficiency Switching Regulator ••••.••.••.••.••.••.••.••.••..•.••.••.••..•....•.••.••.....•.••..•..•.••.••.••.••.• 4-290 
LT1270A, 10A High Efficiency SWitching Regulator •......••.•..•..•...•.•.•.•.•.••.••....•..•..•.....•.....•.•.....•..•..••....•.. 4-290 
L T1271, 4A High Efficiency Switching Regulator •••••••.•..••••..••.••..•..•.••.••.••.••.•..•..•..•..••••.••.••.••.•••••.••••••.••• 13-88 
LTC1272, 12-8it, 311S, 250kHz Sampling AID Converter ..•..•..•..•..•.••.••••..••.•..••.•..•..•........•.....•.•..••.••.•..•..•.••.. 6-6 
L T1280, Advanced Low Power 5V RS232 Dual Driver/Receiver .............................................................................. '90DB 10-75 
L T1281, Advanced Low Power 5V RS232 Dual Driver/Receiver ............................ : ................................................. '90DB 10-75 
LTC1287, 3V Single Chip 12-8it Data Acquisition System •••••••.•••••••.••..••.••.••.••••••••••••••••••••.••••....••.••.••.•..••.• 6-25 
LTC1289, 3V Single Chip 12-8it Data Acquisition System .•...•.......•..•..••....••...•....................••........•.....•....•. 6-40 
LTC1290, Single Chip 12-8it Data Acquisition System ••••••••••••••••••••.••.••••••••.••••••••••••••••..••.••.•..•..•.••.••.•...•.• 6-67 
LTC1291, Single Chip 12-8it Data Acquisition System •••••••.•.••••••••.••.••.••....•..•..•..•..••••..•.••..•..•..•.••.••.•..•.•• 13-92 
LTC1292, Single Chip 12-8it '!ata AcquiSition System ••.••.••.••••..••.•..••••..•..•..•.••.•..••.•..•.••..•..•..•....••..•.....•... 6-94 
LTC1293, Single Chip 12-8it Data Acquisition System .••.••.•••.•..•..••.•.••....•........•..••.•.....•.•...•.•.................• 6-113 
LTCI294, Single Chip 12-8it Oata Acquisition System ••.••.••••••••••.••••••••••••••.••.••.•..•..••.•.••.••••••••••••••.••..•.••. 6-113 
LTC1296, Single Chip 12-8it Data Acquisition System •.•..••.•.•••.••.•.••.••....•........•...•.•............................•.•• 6-113 
LT1330, 5V RS232 Transceiver with 3V Logic Interlace and One Receiver Active in SHUTDOWN .•.....•..•..•..•...•.... 13-99 
LT1431, Programmable Reference ••••..••.•••••••••••••.••••••••.•••••••••••.••.••••••••••••••••.•••••.••.••.••.••.••.••.•.••••••••.•• 7-13 
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LT1432, 5V High Efficiency Step-Down Switching Regulator Control/er ........................................................ 4-145 
LTC1485, High Speed RS485 Interlace Transceiver .............................................................................. 13-103 
L T1524, Regulating Pulse Width Modulator ............................................................................................................ '90DB 5-85 
L T1525A, Regulating Pulse Width Modulator .......................................................................................................... '90DB 5-97 
LT1526, Regulating Pulse Width Modulator ............................................................................................................ '90DB 5-105 
L T1527A, Regulating Pulse Width Modulator .......................................................................................................... '90DB 5-97 
LT1846, Current Mode PWM Controller .................................................................................................................. '90DB 5-113 
LT1847, Current Mode PWM Controller .................................................................................................................. '90DB 5-113 
L T3524, Regulating Pulse Width Modulator ............................................................................................................ '90DB 5-85 
L T3525A, Regulating Pulse Width Modulator .......................................................................................................... '90DB 5-97 
L T3526, Regulating Pulse Width Modulator ............................................................................................................ '90DB 5-105 
LT3527A, Regulating Pulse Width Modulator .......................................................................................................... '90DB 5-97 
L T3846, Current Mode PWM Controller .................................................................................................................. '90DB 5-113 
L T3847, Current Mode PWM Controller .................................................................................................................. '90DB 5-113 
L TC7652, Chopper Stabilized Op Amp ..................................................................................................................... '90DB 2-197 
LTC7660, Switched Capacitor Voltage Converter ..................................................................................................... '90DB 5-9 
L TKOOI, Thermocouple Cold Junction Compensator and Matched Amplifier .......................................................... '90DB 11-3 
L TZ1000, Ultra Precision Reference ........................................................................................................................ '90DB 3-9 
L TZ1000A, Ultra Precision Reference ...................................................................................................................... '90DB 3-9 
OP-05, Internally Compensated Op Amp ................................................................................................................. '90DB 2-321 
OP-07, Precision Op Amp ........................................................................................................................................ '90DB 2-329 
OP-07CS8, Precision Op Amp ................................................................................................................................. '90DB 2-337 
OP-15, Precision, High Speed JFET Input Op Amp .................................................................................................. '90DB 2-341 
OP-16, Precision, High Speed JFET Input Op Amp .................................................................................................. '90DB 2-341 
OP-27, Low Noise, Precision Op Amp ..................................................................................................................... '90DB 2-345 
OP-37, Low Noise, High Speed Op Amp .................................................................................................................. '90DB 2-345 
OP-215, Dual Precision JFET Input Op Amp ............................................................................................................ '90DB 2-275 
OP-227, Dual Matched, Low Noise Op Amp ............................................................................................................ '90DB 2-357 
OP-237, Dual High Speed, Low Noise Op Amp ........................................................................................................ '90DB 2-357 
OP-270, Dual Low Noise, Precision Operational Amplifier ....................................................................... 2-120 
OP-470, Quad Low Noise, Precision Operational Amplifier ...................................................................... 2-120 
REF-01, Precision Voltage Reference ....................................................................................................................... '90DB 3-125 
REF-02, Precision Voltage Reference ....................................................................................................................... '90DB 3-125 
SG1524, Regulating Pulse Width Modulator ............................................................................................................ '90DB 5-85 
SG1525A, Regulating Pulse Width Modulator ......................................................................................................... '90DB 5-97 
SG1527A, Regulating Pulse Width Modulator ......................................................................................................... '90DB 5-97 
SG3524, Regulating Pulse Width Modulator ............................................................................................................ '90DB 5-85 
SG3524S, Regulating Pulse Width Modulator ......................................................................................................... '90DB 5-93 
SG3525A, Regulating Pulse Width Modulator ......................................................................................................... '90DB 5-97 
SG3527A, Regulating Pulse Width Modulator ......................................................................................................... '90DB 5-97 

Note: All products in BOLO are in this Supplement, others appear in LTC's 1990 Databook (,90DB = LTC's 1990 Databook). 
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~yLln.J: A I't GENERAL ORDERING 
U \K INFORMATION 

TECHNOLOG~fY'------

I. ORDER ENTRY 

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

II. 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 data sheet. 

F.O.B.: Milpitas, California. 

III. RELIABILITY PROGRAMS 

Linear Technology Corporation currently offers the following Reliability Programs: 

A. JAN QPL devices. 

B. DESC drawings. 

C. MIL-STD-883, Level B, latest revision for all military temperature range devices. 

D. "R-Flow" Burn-In Program for commercial temperature range devices. Consult Factory regarding burn-in program. 

E. Radiation Hardened (RH) products. 

IV. PART NUMBER EXPLANATION 

XXX XXXX X X J/883B 

I I I "'_"og" MIL-STD-883, """ B, ..... ~'km 
Package Style (see Cross Reference on Page 14-3) 

Temperature Range 
M for Military 
I for Industrial 
C for Commercial 
X for 200°C Extended Range* 

'------------- Letter indicates electrical grade of part 

'----------------- Generic or Product Part Number 

'--------------------- Designator 

V. PACKAGE SUFFIX EXPLANATION 
Letter Designator Description 

LF, LM, OP, REF, and SG are second source devices 
L T are improved or proprietary devices 
LTC indicates proprietary CMOS devices 
RH indicates LTC's radiation hardened devices 

Letter Designator Description 

08 
D 

8-Lead Side Brazed Hermetic DIP 
14,16,18,20, and 24-Lead Side 

S 14,16,18,20,24, and 28-Lead Small 

H 
J8 
J 
K 
M 
N8 
N 

P 
Q 
R 

S8 

Brazed Hermetic DIP 
Multi-Lead Metal Can 
8-Lead Ceramic DIP 
14,16,18, and 20-Lead Ceramic DIP 
TQ-3 Metal Can (Steel) 
3-Lead DO package Molded 
8-Lead Molded DIP 
14, 16, 18, 20, 24, and 28-Lead 

Molded DIP 
3-Lead TO-3P Molded 
5-Lead DO package Molded 
7-Lead DD package Molded 
8-Lead Small Outline (SO) package 

(Note 1) 

Outline (SO) package (Note 1 , 2) 
ST SOT -223 Molded 
T 3 and 5-Lead TO-220 Molded 
W 10-Lead Flatpack (Cerpak) 
Y 7-Lead TO-220 Molded 
Z 3-Lead TO-92 Molded 

Note 1: Pinout and electrical spec~ications may differ from standard 
commercial grade N8 package. See SO data sheet for specific 
information. 

Note 2: These devices are delivered in either t 50 MIL (SO) or 300 MIL 
(SO-L) wide packages depending on device die size. See specific 
SO data sheet for pin counts and package dimensions. 
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LYLlnf: A r\ ALTERNATE SOURCE CROSS 
U \K REFERENCE GUIDE 

TECHNOLOG~r;----------IIIIIIIIIIIIiI."""""" 

PIN LTC DIRECT REPL PIN LTC DIRECT REPL PIN LTC DIRECT REPL PIN LTC DIRECT REPL 
AD101A LM101A ADS7800 LTC1272" LF355A LF355A LM185BX-2_5 L T1034BM-2.5" 
AD232 LTC1081' CMP01 LT1011" LT1055AC' LM185BY-1.2 L T1034M-1.2' 
AD235 LT1130" CMP02 LT1011" LF356A LF356A LM185BY-2,5 L T1034M-2,5' 
AD237 LT1138" DG201A LTC201 LT1056AC' LM196 LT1038M" 
AD238 LT1139" OG202 LTC202 LT1022AC' LM199 LM199 
AD239 LT1137" DS1232 LTC1232 LF357 LT1022' LM199A LM199A 
AD241 LT1136" OS3695 LTC485' LF398 LF398 LM199A-20 LM199A-20 
AD381 LT1022" EL2020 LT1223' LF398A LF398A LM234-3 LM234-3 
AD51 OJ OP07E' EL2028 LT1220" LF400 LT1122DC LM234-6 LM234-6 

LT1001C' EL2029 LT1221" LT1122CC LM308A LM308A 
ADS10K LT1001AC' EL2030 LT1223" LF400A LT1122BC LT100SC' 
AD510L LT1001AC' EL2038 LT1222" LT1122AC LM311 LM311 
AD51 OS OP07A' EL2039 LT1222" LHOOO2 LT1 01 OM" LT311A' 

LT1001AM' EL2040 LT1222" LH0044 LT1001M' LT1011C' 
AD517 OP07" EL2041 LT1220" LH0070 LH0070 LM317 LM317 

LT1001" EL2120 L T1190', L T1223" LT1031M' LT317A' 
ADS1S LM11S" EL2130 LT1223" LH21 08 LH21 08 LM317HV LM317HV 

LT118A" EL2232 LT1229" LH210SA LH210SA LT317AHV' 
AD524 LT1101" HA2500 LT1220" LM10 LM10 LM317KC LM317T 
AD536 LT10SS" HA2502 LT1220" LM10B LM10B LM317AT' 
AD5S0 LT5S0 HA250S LT1220" LM10C LM10C LM318 LM31S 
AD5S1 LT581 HA251 0 LT118A" LM101A LM101A LT318A' 

LT1031" LM118" LM107 LM107 LM319 LM319 
AD586 LT1027' HA2512 LT118A" LM108 LM108 LT319A' 
AD589 LT1034" LM118A" LT1008M' LM323 LM323 
AD636 LT1088" HA2515 LT318A" LM108A LM108A LT323A' 
AD637 LT1088" LM318" LT1008M' LT1003C" 
AD642 LT1057" HA2520 LT1220" LM111 LM111 LM329A LM329A 
AD647 LT1057" HA2541 LT1220" LT111A' LM329B LM329B 
AD705 LT1097 HA2S44 LT1224" LT1011M' LM329C LM329C 
AD707 LT1097 HAS004 LT1223" LM112 LT1012M' LM329D LM329D 
AD711 LT1056" HAS130-2 OP07A LM113 LT1004M-1,2' LM333 LT1033C' 
AD712 LT1057" LT1001AM' LM117 LM117 LM333A LT1033C 
AD713 LT1058" HA5130-5 OP07E LT117A' LM334 LM334 
AD736 LT1088" LT1001C' LM117HV LM117HV LM336-2,5 LM336 
AD737 LT108S" HA5135-2 OP07 LT117AHV' LT1009C' 
AD744 LT1122 LT1001M' LM118 LM118 LM336-S LT1029C' 
AD790 LT1016" HA5135-5 OP07C LT118A' LM336B-2,5 LM336B 
AD821 LT1006" LT1001C' LM119 LM119 LT1009C' 
AD822 LT1013" HAOP07 OP07 LT119A' LM337 LM337 
AD824 LT1014" LT1001M' LM123 LM123 LT337A' 
AD840 LT1222" HAOP07A OP07A LT123A' LT1033C' 
AD841 LT1220" LT1001AM' LT1003M' LM337HV LM337HV 
AD842 LT1221" HAOP07C OP07C LM124 LT1014M' LT337AHV' 
AD844 LT1223" LT1001C' LM129A LM129A LM338 LM338 
AD84S LT1122 HAOP07E OP07E LM129B LM129B LT338A' 
A0846 LT1223" LT1001C' LM129C LM129C LM350 LM350 
AD847 LT1224", LT1190" ICL232 LT1081 LM133 LT1033M' LT350A' 
AD848 LT1225", LT1191" ICL7650 LTC1050' LM134 LM134 LM368-5,O LT1019AC-5' 
AD849 L T1226", L T1192" LTC1052" LM134-3 LM134-3 LM368-10,O LT1019C-10" 
AD7572 LTC1272" ICL76S2 LTC7652 LM134-6 LM134-6 LM368Y-5,O LT1019AC-5' 
AD7820 LTC1099' LTC1052' LM136-2,5 LT136-2,5 LM368Y-10,O LT1019C-10" 
AD9617 LT1223" ICL7660 LTC 1 044' LT1009M' LM385-1,2 LM385-1,2 
AD9618 LT1223" LTC1054" LM136-5 LT1029M" L T1004C-1.2' 
AD9686 LT1016" ICL8069C LM385-1.2 LM136A LM136A LM385-2,5 LM385-2,5 
ADC032 LTC1091 LT1 004C-1 ,2' LT1009M' L T1004C'2,5' 
ADC0820 LTC1099' ICL8069M LM185-1,2 LM137 LM137 LM385BX-1.2 L T1 034BC-1.2' 
ADG201A LTC201A L T1004M-1.2' LT137A LM385BX-2,5 L T1 034BC-2,5' 
ADG202 LTC202 LF155 LF155 LT1033M" LM385BY-1.2 L T1034C-1.2' 
ADG221 LTC221 LT1055M LM137HV LM137HV LM385BY -2,5 L T1 034C-2,5' 
ADG222 LTC222 LT1055M' LT137AHV' LM396 LT1038C" 
AOOP07 OP07 LF155A LF155A LM138 LM138 LM399 LM399 

LT1001M' LT1055AM LT138A' LM399A LM399A 
AOOP07A OP07A LT1055AM' LM148 LT1014M' LM399A-20 LM399A-20 

LT1 001 AM' LF156 LF156 LM150 LM150 LM399A-50 LM399A-50 
ADOP07C OP07C LT1056M LT150A' LM1524 SG1524 

LT1001C' LT1055M' LM158 LT1013M' LT1524' 
ADOP07D OP07D LT1022M' LM168BY-5,O LT1019M-5" LM2575 LT1076" 

LT1001 C' LF156A LF1S6A LM168BY-10,O LT1019M-10" LM2576 LT1074" 
ADOP07E OP07E LT1056AM LM1B5-1.2 LM185-1.2 LM2577 LT1071" 

LT1001C' LT1056AM' L T1 004M-1 ,2' LM2935 LT100S" 
ADOP27 OP27 LT1022AM' LM18S-2,S LM185-2,S LM2940 LT1086" 

LT1007" LF198 LF198 L T1004M-2.5" LM3524 SG3S24 
LF198A LF198A LM18SBX-1,2 L T1 034BM-1 ,2' LT3S24' 

* LTC Improved Replacement: 100% Pln·for-pin compatible with better electrical specifications. 
**Similar Device: Please consutt the data sheet to determine the suitability of the replacement for specific applications. 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 

PIN LTC DIRECT REPL PIN LTC DIRECT REPL PIN LTC DIRECT REPL PIN LTC DIRECT REPL 
LP29S0-S LT1117-S"" OPOSC OPOSC OP37C OP37C OP470G OP470G 
LP29S1 LT1120"" LT1001C" LT1037M" LT112SC" 
~96172 LTC4S6 OPOSE OPOSE OP37E OP37E OP490 LT1079"" 
~96174 LTC487 LT1001C" LT1037AC" PM10S LM10S 
~96176 LTC4SS OP07 OP07 OP37F OP37E LT1008M" 
MAX162 LTC1272"" LT1001M" LT1037C" PM10SA LM10SA 
MAX163 LTC1272"" OP071714C OP07C OP37G OP37G LT100SM" 
MAX232 LT10S1" LT1001C" LT1037C" PM1SS LF1SS 
MAX23S LT1130"" OP0717140 OP070 OP42A LT11220M LT10SSM" 
MAX237 LT113S"" LT1001C" LT1122CM PM1SSA LF1SSA 
MAX23S LT1139"" OP071714E OP07E OP42E LT1122BC LT10SSM" 
MAX239 LT1137"" LT1001C" LT1122AC pM1S6 LF1S6 
MAX241 LT1136"" OP07A OP07A OP42F LT11220C LT10S6M" 
MAX400 LT1001 LT1 001 AM" LT1122CC PM1S6A LF1S6A 
MAX420 LTC11 SO" OP07C OP07C OP42G LT11220C LT10S6M" 
MAX422 LTC11S0"" LT1001C" LT1122CC PM30SA LM30SA 
MAX42S LT1229 OP07E OP07E OP77A LT1001AM"" LT100SC" 
MAX430 LTC11S0 LT1001C" OP77B LT1001M"" PM3SSA LF3SSA 
MAX432 LTC11S0"" OP10 LT1002M" OP77E LT1001AC"" LT10SSC" 
MAX4S0 LT1077" OP10A LT1002AM" OP77F LT1 001 C"" PM3S6A LF3S6A 
MAX630 LT1173"" OP10C LT1002C" OP77G LT1001C"" LT10S6C" 
MAX631 LT1173-S"" OP10E LT1002C OP97A LI1012AM PM100S LT100S 
MAX632 LT1173-12"" OP11 LT1014" OP97E LT1012AC" PM1012 LT1012 
MAX633 LT1173"" OP12A LT1012M" OP97F LT10120" PM1SSS LT1013M" 
MAX634 LT1173"" OP12B LT1012M" LT1097" PM210S LH21 OS 
MAX63S LT1173-S"" OP12C LT1012M" OP160 LT1223"" PM210SA LH210SA 
MAX636 LT1173-12"" OP12E LT1012C" OP177B LT1001AM/SS3 RC714CH OP07C 
MAX637 LT1173"" OP12F LT1012C" OP177F LT1 001 AC LT1001C" 
MAX63S LT1173-S"" OP12G LT1012C" OP177G LT1001C RC714EH OP07E 
MAX641 LT1173-S"" OP14 LT1013"" LT1097C LT1001C" 
MAX642 LT1173-12"" OP1SA OP1SA OP207A LT1002M" REF01 REF01 
MAX643 LT1173"" LT1055AM" OP207B LT1002M" LT1019M-10" 
MAX654 LT1073-S OP1SB OP1SB OP207E LT1002C" LT1021-10"" 
MAX6SS LT1173-S"" LT10SSM OP207F LT1002C" REF01A REF01A 
MAX656 LT1073-S"" OP1SC OP15C OP215A OP215A LT1021-10"" 
MAX6S7 LT1073"" LT105SM" LT10S7AM" REF01C REF01C 
MAX6SS LT1173-S"· OP1SE OP1SE OP21SB OP21SN LT1019C-10· 
MAX6S9 LT1173-S·· LT10SSAC" LT10S7AM· LT1021-10"" 
MAX660 LT10S4 OP1SF OP1SF OP21SC OP21SC REF01E REF01E 
MAX680 LT1026·· LT10SSC· LT10S7M· LT1021-10·" 
MAX690 LTC690 OP1SG OP1SG OP21SE OP21SE REF01H REF01H 
MAX691 LTC691 LT10SSC· LT10S7C· LT1019C-10" 
MAX694 LTC694 OP16A OP16A OP21 SF OP21SE" LT1021-10"" 
MAX69S LTC69S LT10S6AM· LT10S7C" REF02 REF02 
MAX699 LTC699 OP16B OP16B OP21SG OP21SG LT1019M-S· 
MAX1232 LTC1232 LT10S6M" LT10S7C· LT1021-S·· 
MC7STOS LM323T OP16C OP16C OP220 LT107S· REF02A REF02A 

LT323AT· LT1056M" OP221 LT1013" LT1021-S"· 
MC1400AU2 L T1019CNS-2.S·" OP16E OP16E OP227A OP227A REF02C REF02C 
MC1400AU5 L T1 019CNS-S·" LT10S6AC" OP227B OP227A LT1019C-S" 
MC1400AU10 L T1 019CNS-1 0"" OP16F OP16F OP227C OP227C LT1021-S"" 
MC1400U2 L T1 019CNS-2's" LT10S6C" OP227E OP227E REF020 LT1019C-S· 
MC1400US L T1 019CNS-S" OP16G OP1SG OP227F OP227E LT1021-S"" 
MC1400U10 LT1019CNS-10" LT10S6C" OP227G OP227G REF02E REF02E 
MC1S58 LT1013M" OP27 OP27 OP260 LT1229"· LT1021-S·" 
MC14540S LT1039-1S" OP27A OP27A OP270A OP270A REF02H REF02H 
MC3416S LT1074 LT1007AM" LT1124AM" LT1019C-S· 
MFS LTC10S9· OP27B OP27A OP270E OP270E LT1021-S·" 
MF10 LTC 1 060 LT1007M OP270F OP270E REF03 LT1019-2.S 

LTC 1 060· LT1007M" LT1124C" REF43B L T1019AM-2.S 
MX7S72 LTC 1272" OP27C OP27C OP270G OP270G REF43F L T1 019AC-2.S 
MX7S20 LTC1099· LT1007M LT1124C· REF43G L T1019C-2.S 
NE1037 LT1037 LT1007M· OP290 LT107S·· RM714H OP07 
NES534 OP37· OP27E OP27E OP400A LT1014AM·· LT1001M· 

LT1037· LT1007AC· OP400E LT1014AC·· RM1SSS LT1013M· 
NES534A OP37" OP27F OP27F OP400F LT1014AC"· SE5534 OP37· 

LT1037" LT1007C" OP420 LT1079· LT1037· 
OP04 LT1013· OP27G OP27G OP421 LT1014· SE5534A OP37· 
OPOS OPOS LT1007C· OP470A OP470A LT1037· 

LT1001 M· OP37A OP37A LT112SAM· SG101A LM101A 
OPOSA OP05A LT1037AM· OP470E OP470E SG10S LM108 

LT1001AM· OP37B OP37A OP470F OP470E LT1008M· 
LT1001 M" LT1037M LT112SC· SG10SA LM108A 

LT1037M· LT1008M· 

.. LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications. 
·"Slmllar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications. 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 

PIN LTC DIRECT REPL PIN LTC DIRECT REPL PIN LTC DIRECT REPL PIN LTC DIRECT REPL 
SGlll LMlll LT102l-l0" 

LTlllA UCl17 LMl17 
LT10llM' LTl17A' 

SGl17 LMl17 UC137 LM137 
SGl17A LTll7A LT137A' 
SG123 LM123 LT1033M" 
SG123A LT123A UC150 LM150 

LT1003M" LT150A' 
SG124 LT1014M' UC3l7 LM3l7 
SG137 LT137 LT3l7A' 
SG137A LT137A UC337 LM337 

LT1033M" LT337A' 
SGl38 LM138 LT1033C" 
SG138A LT138A UC350 LM350 
SG150 LM150 LT350A' 
SGl50A LT150A UC1524 SG1524 
SG3ll LM3ll LT1524' 

LT3llA' UC1525A SG1525A 
LT10llC' LT1525A' 

SG3l7 LM3l7 UC1527A SG1527A 
SG3l7A LT3l7A LT1527A' 
SG323 LM323 UC1846 LT1846 
SG323A LT323A UC1847 LT1847 

LT1003C" UC2525A SG3525A 
SG337 LM337 LT3525A' 
SG337A LT337A UC3524 SG3524 

LT1033C" LT3524' 
SG338 LM338 UC3527A SG3527A 
SG338A LT338A LT3527A' 
SG350 LM350 UC3842 LT1242' 
SG350A LT350A UC3843 LT1243' 
SG1524 SG1524 UC3844 LT1244' 

LT1524' UC3845 LT1245' 
SG1525A SG1525A 

LT1525A" 
SG1526 LT1526 
SG1527A SG1527A 

LT1527A' 
SG1558 LT10l3M' 
SG3524 SG3524 

LT3524' 
SG3525A SG3525A 

LT3525A' 
SG3526 LT3526 
SG3527A SG3527A 

SG3527A' 
LT3527A' 

SN75172 LTC486' 
SN75174 LTC487' 
SN75176 LTC485' 
SN75186 LT1l34" 
TL431AP LT1431' 
TSC04 LM385-1.2 
TSC05 LM385-2.5 
TSC170 LT3846" 
TSC17l LT3847" 
TSC232 LT1080" 

LT1081 " 
TSC911 LTC1050' 
TSC913 LT1078" 

LTC105l' 
TSC914 LT1079" 

LTC1053' 
TSC9l8 LTC7652" 
TSC962 LTC1046" 
TSC7650 LTC 1 050 
TSC7652 LTC7652 

LTC 1 052 
TSC7660 LTC 1 044' 
TSC9491 LM385-1.2 

LT1004C-1.2 
TSC9495 REF02 

LT10l9M-5 
LT1021-5" 

TSC9496 REF01E 

.. LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications . 
•• Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications. 
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LT1124/LT1125, Dual/Quad Low NOise, High Speed Precision Operational Amplifiers ................................... 2·94 
LT1126/LT1127, Dual/Quad Decompensated Low Noise, High Speed Precision Operational Amplifiers ............. 2·105 
L T1128, Unity Gain Stable Ultra-Low Noise Precision L T1028 Type Operational Amplifier ............................. 13-50 
LT1178/LT1179, 17!J,A Max, Dual/Quad, Single Supply, PreCision Operational Amplifiers ............................. 2-112 

PRECISION OPERATIONAL AMPLIFIERS, ENHANCED AND SECOND SOURCE 
OP·270/0P-470, Dual/Quad Low NOise, PreciSion Operalional Amplifiers ................................................ 2-120 

HIGH SPEED AMPLIFIERS ............................................................................................................ 2-125 
LT1190, Ultra High Speed Operational Amplifier (Av~ 1) .................................................................... 2·126 
LT1191, Ultra High Speed Operational Amplifier (Av~ 1) .................................................................... 2·137 
LT1192, Ultra High Speed Operational Amplifier (Av~ 5) .................................................................... 2·148 
LT1193, Video DiUerence Amplifier, Adjustable Gain ........................................................................ 2·159 
LT1194, Video Difference Amplifier, Gain of 10 ............................................................................... 2-171 
LT1200, Low Power High Speed Operational Amplifier ....................................................................... 2-182 
LT1217, Low Power High Speed Current Feedback Amplifier ................................................................ 2·190 
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LT1226, Low Noise Very High Speed Operational Amplifier (Av~ 25) ..................................................... 2·253 
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L T1228, 100MHz Current Feedback Amplifier with DC Gain Control ........................................................ 2-261 
LT1229/L T1230, Dual and Quad 100MHz Current Feedback Amplifiers .................................................... 2-280 

ZERO DRIFT OPERATIONAL AMPLIFIERS .......................................................................................... 2·291 
LTC1047, Dual Micropower Zero Drift Operational Amplifier with Intemal Capacitors .................................. 2-292 
L TC1049, Low Power Zero Drift Operational Amplifier with Intemal Capacitors •.•..•• •••••••...••••••.•••.•••.•••..••.•• 2·299 
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LTC1250, Very Low Noise Zero Drift Bridge Amplifier ........................................................................ 13-80 
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I OpAmps J 
~ Precision J~ Dual SupplY j I 1 I 1 

I LowVos II Low Is II Low Noise I I Large A VOL I 
LT1028 (5, 1.lnvNFfz) LT1007 (S, 7M) 

H Zero-Drift I H Zero-Drift J LTll15 (S, 1.lnVl~z) LT1028 (S, 7M) 
LT1007 (5, 3.8nVl~z) L T1 037 (S, 7M) 

L TC1050 (5, 5~V) LTCl150 (S, 30pA) LT1037 (S, 3.8nVl~z) LT1115 (S, 7M) 
LTC1051 (0, 5~V) L TCl 050 (S, 30pA) LT1124 (0, 42nV/Nz) LT1124 (0, 5M) 
LTC1052 (S, 5~V) LTC1052 (S, 30pA) LT1125 (0, 4.2nV/Nz) LT1125 (0, 5M) 
L TC1053 (0, 5~V) LTC1051 (0,50pA) LT1126 (0, 4.2nVl'Hz) LT1126 (0, 5M) 
LTCl150 (S, 5~V) LTC1053 (0, 50pA) LTl127 (0, 4.2nVl'Hz) LT1127 (0, 5M) 
LTC1047 (0, 10~V) LTC1047 (0, 50pA) LTC1049 (S, 3M) 
L TCl 049 (S, lO~V) L TCl 049 (S, 50pA) LTC1050 (S, 3M) 

LT1013 (0, 1.5M) 

Y Bipolar I Y Bipolar I LT1014 (0, 1.5M) 
LT1006 (S, 1M) 

L T1 001 (S, 25~V) LT1022 (S, 50pA) LT1 077 (S, 1 M) 
LT1007 (S, 25~V) L T1 055 (S, 50pA) LT1078 (0, 1M) 
LT1012 (S, 25~V) LT1 056 (S, 50pA) LT1079 (0, 1M) 
L T1 028 (S, 40~V) LTl057 (0, 50pA) LTC1051 (0, 1M) 
L T1 077 (5, 40~V) L T1058 (0, 50pA) LTC1052 (S, 1M) 
LT1 006 (S, 50~V) LT1122 (S, 75pA) LTC1053 (0, 1M) 
LT1024 (0, 50~V) LT100B (S, 100pA) LT1097 (S, 700k) 
LT1 097 (S, 50~V) L T1 012 (S, 100pA) LT1012 (S, 300k) 
LT1002 (0, 60~V) LT1024 (0, 120pA) 
LT107B (0, 70~V) L T1097 (S, 250pA) 
LT1079 (0, 70~V) 
LT1124 (0, 70~V) 
LT1125 (0, 100~V) 
LT1 OOB (S, 120~V) 

~ Single Supply I 
I I 

Single or Dual I 
I 

LowVos' 
I l LowVos' J H Low Power i Supplies Low Power Micropower 

L Tl17B (0, 36~) LT1 006 (S, 50~V, 520~) LTC1047 (0, 10~V, 55~) 
LT1 077 (S, 60~)) LT1013 (0, 150~V, O.9mA) LT1 077 (S, 40~V, 60~) 
LT1179 (0, 72~) LT1014 (0, 180~V, 1.8mA) LT1078 (0, 70~V, 100~) 
LTl078 (0, 100~) LT1178 (0, 7~V, 36~) 
LT1 079 (0, 200~) L T1 079 (0, 1 OO~V, 200~) 
LT1 006 (S, 520~) LT1179 (a, 100~V, 72~) 
LT1013 (0, lmA) 
L T1 014 (a, 2mA) 

Y High speedj 
I 

Wide Bandwidth I 

I I I 
I Fast Slew Rate I 

Fast Settling 
LT1227 (S, 1100v/~) 
LTl223 (S, 1000v/~)' 
LTl229 (0, 1000v/~)' 
LT1230 (0, 1000v/~)' 
LT1190 (S, 450V/~) 
LTl191 (S, 450V/~) 
LTl192 (S, 450V/~) 
LT1224 (S, 250V/~) 
LT1225 (S, 250V/~) 
LT1226 (S, 250V/~) 

LT1220 (S, 180V/~) 
LT1221 (S, 180V/~) 
LT1222 (S, 180V/~) 
LT1122 (S, 80V/~) 
LT1022 (S, 23V/~) 
LT1056 (S, 12V/~) 
LT1055 (S,10v/~) 
LT1057 (0, 10v/~) 
LT1058 (0, 10v/~) 

I Video I 
LT1227 (S, 140MHz)' 
LT1223 (S, 100MHz)' 
LT1229 (0, 100MHz)' 
LT1230 (0, 100MHz)' 
L T1191 (S, 90MHz) 
L T1193 (S, 70MHz) 
L Tl190 (S, 50MHz) 
L T1192 (S, 40MHz) 
L T1194 (S, 40MHz) 
LT1217, (S, 10MHz) 

I Non-Video I 
LT1224 (S, 45MHz) 
LT1220 (S, 45MHz) 
LT1222 (S, 40MHz) 
LT1226 (S, 40MHz) 
LT1221 (S, 37MHz) 
LT1225 (S, 30M Hz) 
LT1028 (S, 25MHz) 
LM118 (S, 15MHz) 
L Tl122 (S, 14MHz) 
LT1037 (S, 9MHz) 

I Low 
LT1200 (S, 

Power I 
1mA,10MHz) 

LT1217 (S, 1mA, 10MHz), 

• Current Feedback Amplifier 
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f""'-LlntI'Q OP AMP SELECTION GUIDE ....A-, TECHNOLO&~---------------
mlUTRRY PRECISion op Amps 

ELECTRICAL CHARACTERISTICS 

PART 
NUMBER 

SINGLE 
LTlOOIAM 
LTIOOIM 
LTlOO6AM 
LTl006M 
LTI007AM 
LTI007M 
LTIOOSM 
LTIOIOM 
LTIOl2M 
LTI022AM 
LTl022M 
LTI02aAM 
LTI02aM 
LT1037AM 
LTl037M 
LT1055AM 
LTI055M 
LTl056AM 

LTl056M 
LTlO77AM 
LTl077M 
LTC1050AM 
LTC1050M 
LTC1052M 
LTC1150M 

LF155A 
LF155 
LFI56A 
LF156 
LM10 

LMIOIA 
LMI07 
LM108A 
LM108 
LM118 
LT11aA 
OP-05A 
OP-05 
OP-Il7A 
OP-07 
OP-15A 
OP-15B 
OP-15C 

t Typical Spec 
- 100Hz Noise 

_. DC to I Hz Noise 

Vos 
MAX 
liLY) 

15 
60 
50 
aD 
25 
60 
120 

90mV 
35 
250 
600 
40 
aD 
25 
60 
150 
400 
lao 
450 
40 

60 
5 
5 
5 
5 

2000 
3500 
2000 
3500 
2000 

2000 
2000 
500 
2000 
4000 
1000 
150 
500 
25 
75 
500 
1000 
3000 

TC Ie 
Vos MAX 

IILV/oC) (nA) 

0.6 2.0 
1.0 3.a 
1.3 15 
I.a 25 
0.6 35 
1.0 55 
1.5 0.1 

0.6mVloC 15O!LA 
1.5 0.1 
5.0 0.05 
9.0 0.05 
o.a 90 
1.0 lao 
0.6 35 
1.0 55 
4 0.05 
a 0.05 
4 0.05 
a 0.05 

0.4 9 
0.4 II 
0.05 0.035 
0.05 0.050 
0.05 0.03 

±0.05 0.03 

5 0.05 
15 0.10 
5 0.05 

15 0.10 
2t 20 

15 75 
15 75 
5 2 
15 3 

250 
250 

0.9 2 
2.0 3 
0.6 2 
1.3 3 
5 0.05 
10 0.1 
15 0.2 

NOTE: See page 4-3 for DESC Cross Reference Numbers 
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AWOL SLEW RATE 
MIN MIN 

(V/mV) (VII'S) 

450 0.15 
400 0.15 
1000 0.25 
700 0.25 
7000 1.7 
5000 1.7 
200 0.1 

0.995 75 
200 0.1 
150 23 
120 la 

7000 II 
5000 II 
7000 11 
5000 II 
150 10 
120 7.5 
150 12 
120 9 
250 0.12 
200 0.12 
3162 4t 

1000 4t 

1000 3t 

10000 3t 

75 5 
50 5 
75 10 
50 9 
120 

25 0.3 
25 0.3 
40 0.1 
25 0.1 

25 50 
200 50 
300 0.1 
200 0.1 
300 0.1 
200 0.1 
100 10 
75 7.5 
50 5 

NOISE 
MAX 10Hz PACKAGES 
(nVv'Hz) AVAILABLE IMPORTANT FEATURES 

la H, Ja Ex1remely Low 0ffse1 Voltage, Low NOise, 
la' H, Ja Low Drift 

24t H, Ja Single Supply Operation, Fully SpecHied for 
24t H, Ja +5V Supply 

4.5 H, Ja Ex1remely Low Noise, Low Drift 
4.5 H, Ja 
30 H Low Bias Current, Low Power 
90 H, K High Speed Buffer, Drives ±IOV into 750 
30 H Low Vos, Low Power 
50 H Very High Speed JFET Input Op Amp wtth 

60 H Very Good DC Specs 

1.7 H,Ja Lowest Noise, High Speed, Low Drift 
1.9 H,Ja 
4.5 H,Ja Ex1remely Low Noise, High Speed 

4.5 H,Ja 
50 H Lowest Offse1, JFET Input Op Amp 
60 H Combines High Speed and Precision 

50 H 
60 H 
40 H, J8 Micropower, Single Supply, PreciSion, 
29t H,J8 Low Noise 

0.6"Vp-p" H,J8 Auto Zeroed Precision Op Amp, No Ex1emal 

0.6"Vp-p" H,J8 Capacitors Required 

0.5"Vp-p" H, J, J8 Low Noise, Auto Zeroed Precision Op Amp 

0.6"Vp-p" H,J8 Auto Zeroed Precision Op Amp That 
Operates on ±15V Supplies. No Ex1ernal 
Capacitors Required 

25t - H JFET Inputs, Low I Bias, No Phase Reversal, 
25 • H Guaranteed TC Vos on All Grades 

15t - H 

15t - H 
50 H,Ja On-Chip Reference Operates wtth + 1.2V 

Single BaltelY 
28t H,J8 Uncompensated General Purpose 
28t H,J8 Compensated General Purpose 
30t H Low Bias Current, Low Supply Current 
30t H 
42t H High Speed, 15MHz 
42t H, J8 High Speed, 15MHz 
18 H, J8 Low Noise, Low Offset Drift wtth Time 
18 H,J8 
18 H,J8 Low Initial Offset, Low Noise, Low Drift 
18 H,J8 

20t - H Precicion JFET Input, 
20t • H Low I Bias, No Phase Reversal 

20t • H 



OP AMP SELECTION GUIDE 

miLITARY PRECISion op Rmps 
ELECTRICAL CHARACTERISTICS 

Vos TC 18 AVOL SLEW RATE NOISE 
PART MAX Vos MAX MIN MIN MAX 10Hz PACKAGES 

NUMBER (~V) (~V/oC) (nA) (V/mV) (V/~s) (nVvlfz) AVAILABLE IMPORTANT FEATURES 
SINGLE 
OP-16A 500 5 0.5 100 18 20 • H Precicion JFET Inpul, 
OP-16B 1000 10 0.1 75 12 20t • H High Speed, No Phase Reversal 

OP-16C 3000 15 0.2 50 9 20 • H 
OP-27A 25 0.6 40 1000 1.7 5.5 H, J8 Very Low NOise, Unity Gain Stable 
OP-27C 100 1.8 80 700 1.7 8.0 H, J8 
OP-37A 25 0.6 40 1000 11 5.5 H, J8 Very Low Noise, Stable for Gain ~ 5 
OP-37C 100 1.8 80 700 11 8.0 H, J8 
OP-97A 25 0.6 ±0.1 300 0.1 30 H, J8 Low Noise, Low Bias Current 
DUAL 
LT1002AM 60 0.9 3.0 400 0.15 20 J Dual, Matched LT1001 High 
LT1002M 100 1.3 4.5 350 0.15 20 J CMRR, PSRR Matching 

LT1013AM 150 2.0 20 1500 0.2 24t H, J8 Precision Dual Op Amp in 
LTlO13M 300 2.5 30 1200 0.2 24 H, J8 8-Pin Package 

LT1024AM 50 1.5 0.12 250 0.1 33 D Low Vos, Low Power, 
LTl024M 100 2.0 0.20 180 0.1 33 D Matching Specs 

LTl057AM 450 7 0.05 150 10 26t H, J8 Low Offset, JFET Input Multiple Op Amps 
LTl057M 800 12 0.075 100 8 26t H, J8 Combine High Speed and Excellent DC Specs 

LTl078AM 70 2.0 0.25 250 0.07 40 H, J8 Micropower, Precision, 
LTl078M 120 2.5 0.35 200 omt 29 H, J8 Single Supply, Low Noise Dual 

LTl124AM 170 1 55 1000 2.3 5.5 J8 Dual Precision Op Amp, 
LTl124M 250 1.5 70 700 2.0 5.5 J8 Low Noise, High Speed 

LT1126A 170 1.0 55 1000 7.2 5.5 J8 
LTl126 250 1.5 70 700 7.0 5.5 J8 
LTl178AM 70 2.2 5 140 0.013 75 H, J8 17~ Max, Single Supply, 
LTl178M 120 3.0 6 110 0.013 50 J, N Precision Dual 

LTC1051M 5 0.05 0.05 1000 4t O.4I1VP-P" J8 Dual, Precision Auto Zeroed Op Amp. 
No External Capacitors Required. 

LF412AM 1000 10 0.1 100 10 20t • H, J8 High Performance Dual JFET Input Op Amp 
LH2108A 500 5.0 2 40 0.1 30 D Dual, Low Bias Current, 
LH2108 2000 15.0 2 25 0.1 30 D Side Brazed Package 

OP-215A 1000 10 0.1 150 10 20 • H, J8 High Performance Dual JFET 
OP-215C 3000 20 0.2 50 8 20t • H, J8 Input Op Amp 

OP-227A 80 1.0 40 3000 1.7 6 J Dual Matched OP-27 
OP-227C 180 1.8 80 2000 1.7 9 J 
OP-237A 80 1.0 40 3000 10 6 J Dual Matched OP-37 
OP-237C 180 1.8 80 2000 10 9 J 
OP-270A 175 1 60 400 1.7 3.6t J8 Dual Precision Op Amp, Low Noise 
QUAD 
LTlO14AM 180 2.0 20 1500 0.2 24 J Precision Quad Op Amp in 14-Pin Package 
LT1014M 300 2.5 30 1200 0.2 24 J 
LT1058AM 600 10 0.05 150 10 26 J Low Offset JFET Input Muttiple Op Am·ps 
LTl058M 1000 15 0.075 100 8 29t J Combine High Speed and Excellent DC Specs 

LTl079AM 120 2.0 0.25 250 O.O]f 40 J Micropower, Precision, Single Supply, 
LT1079M 150 2.5 0.35 200 0.07 26t J Low Noise Quad 

LTl125AM 170 1 55 1000 2.3 5.5 J Quad Precision Op Amp, Low NOise, 
LT1125M 250 1.5 70 700 2.0 55 J High Speed 

LT1127A 190 1.0 55 1000 7.2 5.5 J 
LT1127 290 1.5 70 700 7.0 5.5 J 
LT1179AM 100 2.2 3 140 0.013 75 J 17~ Max, Single Supply, 
LTl179M 150 3.0 6 110 0.013 50t J Precision Quad 

LTC1053M 5 0.05 0.05 1000 4 0.4I1VP-P·· J Quad Precision Auto Zeroed Op Amp, 
No External Capacitors Required. 

OP-470A 600 2 50 400 1.4 6.5 J Quad Precision Op Amp, Low Noise 

t Typical Spec • 100Hz Noise .. DC to 1 Hz Noise NOTE: See page 4-3 for DESC Cross Reference Numbers 
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OP AMP SELECTION GUIDE 

commERaAl PRECISion op Amps 
ELECTRICAL CHARACTERISTICS 

Vos TC 18 AYOL SLEW RATE NOISE 
PART MAX Vos MAX MIN MIN MAX 10Hz PACKAGES 

NUMBER (IIV) blV/oC) (nA) (V/mV) (VilIS) (nVNHz) AVAILABLE IMPORTANT FEATURES 
SINGLE 
LT1001AC 25 0.6 2.0 450 0.15 IS H,JS,NS Extremely Low Offset Voltage, Low NOise, 
LT1001C 60 1.0 3.S 400 0.15 IS H, JS, NS, SS Low Drift 

LT1006AC 50 1.3 15 1000 0.25 24 H, J8 Single Supply Operation, Fully Specnied for 
LT1006C SO I.S 25 700 0.25 24t H, J8, N8 +5V Supply 

LT1006Sa 400 3.5 25 700 0.25 25 sa 
LT1007AC 25 0.6 35 7000 1.7 4.5 H, Ja, N8 Extremely Low NOise, Low Drift 
LT1007C 60 1.0 55 5000 1.7 4.5 H, Ja, N8, S 
LT100ac 120 1.5 0.1 200 0.1 30 H, Na Low Bias Current, Low Power 
LT1010C 100mV 0.6mV/"C 25011A 0.995 75 90 H,K, T High Speed Buffer, Drives ±10V into 750 
LT1012C 25 0.6 100 300 0.1 30 H, Na Low Vos, Low Power 
LT1012CA 50 1.5 0.15 200 0.1 30 H,N8 
LT1012D 60 1.7 150 200 0.1 30 H, Na 
LT1012S8 120 l.a 0.2S 200 0.1 30 sa 
LT1022AC 250 5.0 0.05 150 23 50 H Very High Speed JFET Input Op Amp with 
LT1022CH 600 9.0 0.05 120 18 60 H Very Good DC Specs 

LT1022CNa 1000 15.0 0.05 100 la 60 N8 
LT1028AC 40 o.a 90 7000 11 1.7 H, Ja, Na Lowest Noise, High Speed, Low Drift 
LT102aC ao 1.0 laO 5000 11 1.9 H,Ja, N8, S 
LT1037AC 25 0.6 35 7000 11 4.5 H, Ja, Na Extremely Low NOise, High Speed 
LT1037C 60 1.0 55 5000 11 4.5 H, J8, Na, S 
LT1055AC 150 4 0.05 150 10 50 H Lowest Offset, JFET Input Op Amp Combines 
LT1055C 400 8 0.05 120 7.5 60 H High Speed and Precision 

LT1055CNS 700 12 0.05 120 7.5 60 NS 
LT1055SS 1500 15 0.1 120 7.5 70 sa 
LT1056AC ISO 4 0.05 150 12 50 H 
LT1056C 450 8 0.05 120 9 60 H 
LT1056CNS SOO 12 0.05 120 9 60 NS 
LT1056S8 1500 15 0.1 120 9.0 70 S8 
LT1077AC 40 0.4 9 250 0.12 40 H, J8, NS Micropower, Single Supply, Precision, 
LT1077C 60 0.4 11 200 0.12 29 H, Ja, NS Low Noise 

LT1077S8 150 3.0 11 240 0.05 2at SS 
LT1097C 50 1.0 ±0.250 700 0.1 16t NS Low Cost, Low Power Precision 
LT1097SS 60 1.4 ±0.350 700 0.1 16 sa 
LT1115C 280 0.5 (Typ) ±380 2000 10 l.a NS,S Lowest NOise, Ultra Low Distortion Audio 

Optimized Op Amp 
LTC1049C 10 0.1 ±0.050 3162 o.at 1.0IlVP-P·· JS, NS Auto Zeroed Precision Op Amp, No External 
LTC1050AC 5 0.05 0.035 3162 4 0.6I1VP-P·· H, JS, NS, SS Capacitors Required 

LTC1050C 5 0.05 0.050 1000 4t 0.6I1VP-P·· H, Ja, N8, SS 
LTC1052C 5 0.05 0.03 1000 3 0.5I1VP-P" H, N8, N Low NOise, Auto Zeroed Precision Op Amp 
LTC7652C 5 0.05 0.03 1000 3t 0.5I1VP-P" H,NS 
LTC1150 5 0.05 0.03 10000 3 0.6I1VP-P" H, JS, NS, S8 Auto Zeroed Precision Op Amp That Operates 

on Standard ±15V Supplies. No External 
Capacitors Required 

LF355A 2000 5 0.05 75 5 25t • H, Na JFET Inputs, Low I Bias, No Phase Reversal 
LF356A 2000 5 0.05 75 10 15 • H, NS 
LMl0B 2000 2 20 120 - 50 H,J8 On-Chip Reference Operates with + 1.2V 
LM10BL 2000 2t 20 60 - sot H,J8 Single Battery 

LM10C 4000 5 30 80 - sot H, Ja, Na 
LM10CL 4000 5 30 40 - sot H, Ja, N8 

tTypicalSpec '100HzNoise .. DC to 1Hz Noise 
NOTE: See page 4-3 for DESC Cross Reference Numbers 
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OP AMP SELECTION GUIDE 

commERCIAL PRECISiOn OP Amps 
elECTRICAL CHARACTERISTICS 

Vas TC 18 AVOL SLEW RATE NOISE 
PART MAX Vas MAX MIN MIN MAX 10Hz PACKAGES 

NUMBER (IlV) (IlViOC) (nA) (V/mV) (Vii'S) (nv/v'Hz) AVAILABLE IMPORTANT FEATURES 
SINGLE 
LM308A 500 5 7 60 0.1 30t H, N8 Low Bias, Supply Current 

LT318A 1000 250 200 50 42t H, J8, N8 High Speed, 15MHz 

LM318 10000 500 25 50 42t H, J8, N8, 88 High Speed, 15MHz 

OP-05C 1300 4.5 7 120 0.1 20 H, J8, N8 Low Noise, Low Offset Drift With Time 
OP-05E 500 2.0 4 200 0.1 18 H, J8, N8 
OP-07C 150 1.8 7 120 0.1 20 H, J8, N8, S8 Low Initial Offset, Low NOise, Low Drift 

OP-07E 75 1.3 4 200 0.1 18 H, J8, N8 
OP-15E 500 5 0.05 100 10 20t • H, N8 Precision JFET Input, Low I Bias, 

OP-15F 1000 10 0.1 75 7.5 20t • H, N8 No Phase Reversal 

OP-15G 3000 15 0.2 50 5 20t • H, N8 
OP-16E 500 5 0.05 100 18 20t • H, N8 Precision JFET Input, High Speed, 

OP-16F 1000 10 0.1 75 12 20t • H, N8 No Phase Reversal 

OP-16G 3000 15 0.2 50 9 20t • H, N8 

DP-27E 25 0.6 40 1000 1.7 5.5 H, J8, N8 Very Low Noise, Unity Gain Stable 
OP-27G 100 1.8 80 700 1.7 8.0 H, N8 
OP-37E 25 0.6 40 1000 11 5.5 H, J8, N8 Very Low NOise, Stable for Gains ~ 5 

OP-37G 100 I.B 80 700 11 8.0 H, N8 

OP-97E 25 0.6 ±0.1 300 0.1 30 H, N8 Low Power, Low IB' Precision 
DUAL 
LTf002AC 60 0.9 3.0 400 0.15 20 J, N Dual, Matched LT1001 High CMRR, 

LT1002C 100 1.3 4.5 350 0.15 20 J, N PSRR Matching 

LTf013AC 150 2.0 20 1500 0.2 24t H, J8 Precision Dual Op Amp in 8-Pin Package 

LT1013C 300 2.5 30 1200 0.2 24t H, J8, NB 
lTf013D BOO 5.0 30 1200 0.2 24t N8, S8 

LT1024AC 50 1.5 0.12 250 0.1 33 N Low Vas, Low Power, Matching Specs 

LTf024C 100 2.0 0.20 180 0.1 33 N 

LTf057AC 450 7 0.05 150 10 26t H, J8 Low OIIset JFET I nput Multiple Op Amps 

LTf057ACNB 450 10 0.05 150 10 26t NB Combine High Speed and Excellent DC Specs 

LT1057C BOO 12 0.075 100 8 26t H, JB 

lTf057CN8 800 16 0.075 100 B 26t NB 
LT1057S 2000 5t 0.1 100 B 26t 8 
LT10571S 2000 5t 0.1 100 8 26t S 

LT1078AC 70 2.0 8 250 O.Q7t 40 H, J8, N8 Micropower, PreCision, 

LT107BC 120 2.5 10 200 0.07t 29t H, JB, NB, S Single Supply, Low Noise Dual 

LT1124AC 70 1 55 2000 3 5.5 N Dual Precision Op Amp, 

lT1124C 100 1.5 70 1500 2.7 5.5 J, N, S Low NOise, High Speed 

lT1126AC 70 1.0 20 2.0 8 5.5 NB 
lT1126C 100 1.5 30 1.5 B 5.5 JB, NB, SB 
LTfI78AC 70 2.2 5 140 0.013 75 H, JB, NB 171lA Max, Single Supply, Precision Dual 

LT1178C 120 3.0 6 110 0.013 sot H, JB, NB 

LTC1047C 10 0.01 0.02 1000 0.2t O.BIlVP-P" NB, S No Extemal Capacitors Required 

LTC1051C 5 0.05 0.05 1000 4 O.4IlVp-p" JB, NB, S Dual, Precision Auto Zeroed Op Amp. 

LF412AC 1000 10 0.1 100 10 20t • H, JB, NB High Performance Dual JFET Input Op Amp 

OP-215E 1000 10 0.1 150 10 20t • H, JB, NB 

OP-215G 3000 20 0.2 50 B 20t • H, JB, NB 
OP-227E BO 1.0 40 3000 1.7 6 J, N Dual Matched OP-27 

OP-227G lBO I.B BO 2000 1.7 9 J, N 
OP-237E BO 1.0 40 3000 10 6 J, N Dual Matched OP-37 

OP-237G lBO I.B BO 2000 10 9 J, N 
OP-270A 75 1 20 750 1.7 6.5 J Dual Op Amp, Low Noise 
OP-270C 250 3 60 350 1.7 3.6t N, S 

t Typical Spec • 100Hz Noise .. DC to 1 Hz Noise NOTE: See page 4-3 for DESC Cross Reference Numbers 
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OP AMP SELECTION GUIDE 

commERCIAL PRECISion OP Amps 
ELECTRICAL CHARACTERISTICS 

Vas TC la AVOL SLEW RATE NOISE 
PART MAX Vas MAX MIN MIN MAX 10Hz PACKAGES 

NUMBER II!V) (llV/oC) (nA) (V/mV) (V/IiS) (nVNiiZ) AVAILABLE IMPORTANT FEATURES 
QUAD 

LT1014AC 180 2.0 20 1500 0.2 24t J Precision Quad Op Amp in 14-Pin Package 

LTl014C 300 2.5 30 1200 0.2 24 J, N 
LT1014D 800 5.0 30 1200 0.2 24t N, S 

LT1058AC 600 10 0.05 150 10 26t J Low Offset JFET Input Multiple Op Amps 

LT1058ACN 600 15 0.05 150 10 26t N Combine High Speed and Excellent DC Specs 

LT1058C 1000 15 0.075 100 8 26t J 
LT1058CN 1000 22 0.075 100 8 26t N 
LT1079AC 120 2.0 8 250 0.07t 40 J, N Micropower, Precision, Single Supply, 

LT1079C 150 2.5 10 200 O.Q7t 29t J, N, S Low Noise Quad 

LT1125AC 90 1 20 2000 3 5.5 N Precision Quad Op Amp, 

LT1125C 140 1.5 30 1500 2.7 5.5 J, N, S Low Noise, High Speed 

LT1127AC 90 1.0 20 2.0 8 5.5 N 

LT1127C 140 1.5 30 1.5 8 5.5 N, J, S 

LT1179AC 100 2.2 5 140 0.013 75 J, N 171lA Max, Single Supply, Precision Quad 
LT1179C 150 3.0 6 1.10 0.013 50t J, N 

LTC1053C 5 0.05 0.05 1000 4t O.4IlVp-p" J, N Quad, Precision Auto Zeroed Op Amp. 
No External Capacitors Required. 

OP-470A 400 2 25 500 1.4 6.5 J Quad Op Amp, Low Noise 

OP-47OC 1000 2t 60 400 1.4 6.5 N, S 

t Typical Spec • 100Hz Noise •• DC to 1 Hz Noise 
NOTE: See page 4-3 for DESC Cross Reference Numbers 
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OP AMP SELECTION GUIDE 

miLITARY HIGH SPEED OP Amps 
ELECTRICAL CHARACTERISTICS 

MIN TYP TYPICAL GAIN 
SLEW SmUNGTlME BANDWIDTH MIN MAX 18 

PART RATE TO 0.01% PRODUCT AVOL Vos MAX PACKAGES 
NUMBER (VAls) (fLS) (MHz) (V/mV) (llV) (nA) AVAILABLE IMPORTANT FEATURES 

SINGLE 
LT1022AM 23 1.5 8.5 150 250 0.05 H Very Good DC Specs 

LT1022M 18 1.5 8.0 120 600 0.05 H 

LT1028AM 11 , 
75 7000 40 90 H, J8 Lowest Voltage Noise, Good DC Specs 

LT1028M 11 75 5000 80 180 H, J8 
LT1037AM 11 60 7000 25 35 H, J8 Low Voltage Noise, Good DC Specs 

LT1037M 11 60 5000 60 55 H, J8 

LT1055AM 10 1.5 5.5 150 150 0.05 H Lowest Offset JFET Input Op Amps 

LT1055M 7.5 1.5 4.5 120 400 0.05 H 

LT1056AM 12 1.5 6.5 150 180 0.05 H 
LT1056M 9 1.5 5.5 120 450 0.05 H 

LT1122AM 60 0.340" 14 180 600 0.075 J8 JFET Input. Faster and Better DC Specs 
0.540'" Than OP-42. A and C Grades Have 100% 

LT1122BM 60 0.350" 14 180 600 0.075 J8 Tested Settling Time 

LTt122CM 50 0.350" 13 150 900 0.1 J8 
0.590'" 

LTt122DM 50 0.360" 13 150 900 0.1 J8 Inverting Applications Can Use External 
Compensation to Get 150V/fLS Slew Rate 

LTt190 325 0.140t 50 8 14000 2500 J8 Color Video Performance, High Speed, 

LTt191 325 0.110t 90 6 5000 2500 J8 Wide Bandwidth, High Output Drive 

LT1192 325 0.090t 350 16 2500 2500 J8 
LTt193 350 0.180 160 - 12000 3500 J8 High Speed. High Output Drive, High CMRR, 

LT1194 350 0.200t 350 - 6000 3500 J8 Color Video, Preset Gain and Adj Gain 

LTt223 800 0.075 100 - 3000 - J8, N8, S8 High Speed Plus Good DC Performance 

LTt228 300 0.045t 100 - 15000 - J8 Electronic DC Gain Control 

LM118 50 It 15 25 4000 250 H Inverting Applications Can Use External 
Compensation to Get 150V/fLS Slew Rate 

LT118A 50 It 15 200 1000 250 H, J8 Fast Slew Rate 
OP-15A 10 4.5 6 100 500 0.05 H Precision JFET Input, No Phase Reversal 

OP·15B 7.5 4.5 5.7 75 1000 0.1 H 

OP·15C 5 4.7 5.4 50 3000 0.2 H 
OP·16A 18 3.8 8 100 500 0.05 H Precision JFET Input, No Phase Reversal 

OP·16B 12 3.8 7.6 75 1000 0.1 H 

OP·16C 9 4.0 7.2 50 3000 0.2 H 
DUAL 
LT1057AM 10 1.4 3.5 150 450 0.05 H, J8 Low Offset Voltage, JFET Input 

LT1057M 8 1.4 3 100 800 0.075 H, J8 

LT1229 300 0.045t 100 - 15000 - J8 Fast Slew Rate, Current Feedback 
Architecture 

LF412AM 10 2.3 5.7 100 1000 0.1 H, J8 JFET Input 
OP·215A 10 2.3 5.7 150 1000 0.1 H, J8 JFET Input 

OP'215C 8 2.4 5.5 50 3000 0.2 H, J8 
Op·237A 10 , 

40 3000 80 40 J Dual Matched OP·37 

OP·237C 10 , 40 2000 180 80 J 
QUAD 
LTt058AM 10 1.4 3.5 150 600 0.05 J Lowest Offset Voltage, JFET Input Quad 

LTt058M 8 1.4 3 100 1000 0.075 J 
LT1230 300 0.045t 100 - 15000 - J Fast Slew Rate, Current Feedback 

Arch~ecture 

tTo 0.1% 'Not recommended for Fast Settling Applications. "10V Step, to 1 mV at Sum Node. WMaximum Value, 10V Step, to 1 mV at Sum Node. 
NOTE: See page 4·3 for DESC Cross Reference Numbers 
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OP AMP SELECTION GUIDE 

commERCIAL HIGH SPEED OP Amps 
ELECTRICAL CHARACTERISTICS 

MIN 
SLEW 

PART RATE 
NUMBER (V/IlJ) 

SINGLE 
LT1022AC 23 
LT1022CH lB 
LT1022CNB lB 

LT102BAC 11 

LT102BC 11 

LT1037AC 11 

LT1037C 11 

LT1055AC 10 
LT1055C 7.5 
LT1055CNB 7.5 

LT1055SB 7.5 

LT1056AC 12 

LT1056C 9 
LT1056CN8 9 
LT1056S8 9 

LTll15C 10 

LTl122AC 60 

LTl122BC 60 
LTl122CC 50 

LTl122DC 50 
LT1190C 450tt 

LTl191C 450tt 

LTl192C 450tt 

LT1193 450tt 

LTl194C 450tt 

LT1200C 30 
LT1217C 100 

LT1220C 200 

LT1221C 200 

LT1222C 200 

LT1223C BOO 
LT1224 250 
LT1225 250 

LT1226 250 
LT1227C 500 
LT122B 300 
LM31B 50 
LT31BA 50 
OP-15E 10 
OP-15F 7.5 
OP-15G 5 
OP-16E lB 
OP-16F 12 
OP-16G 9 

t To 0.1% 
tt Typical Value 

TYP TYPICAL GAIN 
SETIUNGTIME BANDWIDTH MIN 

100.01 % PRODUCT AVOL 
(~s) (MHz) (V/mV) 

1.5 B.5 150 
1.5 B.O 120 
1.5 B.O 100 

75 7000 

· 75 5000 

· 60 7000 

60 5000 

1.5 5.5 150 
1.5 4.5 120 

1.5 4.5 120 
1.5 4.5 120 

1.5 6.5 150 
1.5 5.5 120 

1.5 5.5 120 
1.5 5.5 120 

· 70 2000 

0.340" 14 180 
0.540'" 

0.350" 14 lBO 
0.350" 13 150 
0.590'" 
0.360" 13 150 

O.lt 50 45tt 

O.lt 90 44tt 

O.lt 400 (Av;'5) 40tt 

O.lt 70 -
O.lt 40 -

0.430t 11.0 4 
2BOt 10.0 3.1 

0.09t 45 20 

0.09t 150 (Av;,4) 50 

0.09t 500 (Av;'10) 100 
0.075t 100 3.1 
0.090t 45 3.3 

0.070t 150 12.5 

0.D75t 1000 50 

0.050t 140.0 1 
0.045t 100 -
lt 15 25 
lt 15 200 
4.5 6 100 
4.5 5.7 75 
4.7 5.4 50 

3.B B 100 

3.8 7.6 75 
4.0 7.2 50 

• Not recommended for Fast Settling Applications. 
•• 10V Step, to lmV at Sum Node . 

... Maximum Value, 10V Step, to lmVat Sum Node. 
NOTE: See page 4-3 for OESC Cross Reference Numbers 
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MAX 
Vos 
(~V) 

250 

600 
1000 

40 

BO 
25 

60 

150 
400 

700 
1500 

lBO 
450 

BOO 
1500 

2BO 

600 

600 
900 

900 
2tt 

ltt 

0.2tt 
2tt 
2tt 

1000 

3000 

1000 
1000 

1000 
3000 
2000 

1000 

1000 

10000 

10000 
10000 

1000 

500 
1000 

3000 

500 

1000 
3000 

18 
MAX PACKAGES 
(nA) AVAILABLE IMPORTANT FEATURES 

0.05 H JFET Input, Very Good Specs 

0.05 H 
0.05 NB 

90 H, JB, NB Lowest Voltage Noise, Good DC Specs 

lBO H, JB, NB, S 

35 H, JB, NB Low Voltage Noise, Good DC Specs 

55 H, JB, NB, S 

0.05 H Lowest Offset Voltage, JFET Input Op Amp 

0.05 H 

0.05 HB 
0.1 SB 

0.05 .H Lowest Offset Voltage, JFET Input Op Amp 

0.05 H 

0.05 NB 
0.1 SB 

3BO NB, S8 Optimized for Audio Applications 

0.075 J8, NB JFET Input. Faster and Better DC 
Specs Than OP-42. A and C Have 

0.075 JB, NB Grades 100% Tested Settling Time 

0.1 JB, NB, SB 

0.1 JB, NB, SB 

500tt NB, SB tfN Supply Color Video Op Amps 

500tt NB, SB 

500tt NB, SB 

500tt NB,SB Color Video Differential Amplifier 

500tt NB, SB 

1000 NB, SB Low Supply Current Op Amp 

500 NB,SB Low Power Current Feedback Amplifier 

300 NB Ultra High Speed, Good DC Specs 

300 NB 

300 NB 

3000 NB,SB Current Feedback Amplifier 
BODO JB, NB, S8 High Speed, DC Precision, Can Drive 
BODO JB, NB, SB Unlimited Capaci~ve Load While Remaining 

BOOO JB, NB, SB Stable 

3000 NB,SB Current Feedback Amplifier 

- JB, NB, SB Electronic DC Gain Control 

500 H, JB, NB . Inverting Applications Can Use External 

250 H, JB, N8, SB Compensation to Set 150V/~ Slew Rate 

0.05 H,NB Precision JFET Input, No Phase Reversal 

0.1 H,NB 
0.2 H, NB 

0.05 H, NB 

0.1 H, NB 
0.2 H, N8 



OP AMP SELECTION GUIDE 

commERcIAL HIGH SPEED op Amps 
ELECTRICAL CHARACTERISTICS 

MIN TYP TYPICAL GAIN 
SLEW SmllNGTIME BANDWIDTH MIN MAX la 

PART RATE TO 0.01 % PRODUCT AYOL Vos MAX PACKAGES 
NUMBER (V/f'S) (f'S) (MHz) (V/mV) (~V) (nA) AVAILABLE IMPORTANT FEATURES 

DUAL 

LT1057AC 10 1.4 3.5 150 450 0.05 H. J8 Low Offsel Voltage, JFET Inpul 

LT1057ACN8 10 1.4 3.5 150 450 0.05 N8 

LT1057C 8 1.4 3 100 800 0.075 H, J8 

LT1057CN8 8 1.4 3 100 800 0.075 N8 

LT1057S 8 1.4 3 100 2000 0.1 S 

LT10571S 8 1.4 3 100 2000 0.1 S 

LT1229 300 0.045t 100 - 15000 - N8, J8, S8 Fast Slew Rale, Currenl Feedback Architecture 

LF412AC 10 2.3 5.7 too 1000 0.1 H, J8, N8 JFET Input 
Op·215E 10 2.3 5.7 t50 1000 0.1 H, J8, N8 JFET Input 

OP-215G 8 2.4 5.5 50 3000 0.2 H, J8, N8 
OP-237E 10 40 3000 80 40 J, N Dual Matched OP-37 

OP-237G 10 40 2000 180 80 J, N 

QUAD 

LT1058AC 10 1.4 3.5 t50 600 0.05 J Lowest Offsel Vollage, Quad JFET, 

LT1058ACN 10 1.4 3.5 150 600 0.05 N Input Op Amp 

LT1058C 8 t.4 3 100 1000 0.075 J 

LT1058CN 8 1.4 3 - 1000 0.075 N 
LT1230 300 0.045t 100 - 15000 - N,J,S Fasl Slew Rale, Current Feedback Archilecture 

'To 0.1% 'Not recommended lor Fast Settling Applications. "10V Step, 10 lmV at Sum Node. '''Maximum Value, 10V Step, 10 1 mV al Sum Node. 
NOTE: See page 4-3 lor DESC Cross Reference Numbers 

SELECDOn BY DESIGn PARAmETER 
LOW OFFSET VOLTAGE - Max Input Offset Voltage (TA = 25°C) 

515~V 525~V 575~V 5150~V 

LTtOO1AM LTfOO1AC LT1001 LTfOO2 
LTC1047 LT1007A LTt002A (0) mOO6 
LTC1049 LTt012A LTl006A LT100B 
LTC1050 LTt037A LT1007 LT1012SB 
LTC1050A OP-07A LTt012 LTl013A (0) 
LTC1051 OP-27A LTt012D LT1024 (D) 
LTC1052 OP-27E LTt012SB LTt02B 
LTC1053 OP-37A LTt024A (0) LTt055AM 
LTC1150 OP-37E LTt037 LTf055AC 
LTC7652 LTf077 LTf079A (0) 

LTt078A (D) LT1124 (D) 
LTt097C LTf12SA (0) 
LTf097SB LT1126 (0) 
LTt124A (D) LT1127A (0) 
LTtI26A (D) LTf17B (D) 
LT1178A (D) LTf179 (0) 
OP-07E LT1179A (0) 
OP-07 OP-OSA 
OP-97A OP-07C,D 
OP-97E OP-27C 

eN7C 
OP-227A, E (D) 
OP-237A, E (D) 

51mV 
LF412A 
LH210BA (0) 
LM10BA 
LM30BA 
LTtOt3 (D) 
LTt014 (0) 
LT1014A (0) 
LTt022 ALL 
LTf055M 
LT105SC 
LTt056AM 
LTl0S6AC 
LTf056M 
LT1056C 
L Tt 057 ALL (D) 
LTfOSB ALL (0) 
LTt07B (D) 
LTt079 (0) 
LT1115C 
LT1122 ALL 
LT1125 (0) 
LT1127 (Q) 
LT1191 
LT1192 
LT1220 
LT1221 
LT1222 
OP-05 
OP-oSE 
OP-1SA, E 
OP-1SB, F 
OP-I6A, E 
OP-16B, F 
OP-215A, E (D) 

(D) - Dual Op Amp 
(Q) - Ouad Op Amp 

2-11 



OP AMP SELECTION GUIDE 

SELECTion BY DESIGn PARAmETER 
LOW BIAS CURRENT 
Max Input Bias Current (T J = 25°C) 

sUnA 

lf155ALL 
lf156 ALL 
LF412AALL 
LT1oo8 
LT1012 ALL 
LT1022 ALL 
LT1024 ALL (0) 
LT1055 ALL 
LT1056 ALL 
LT1057 ALL (D) 
LT1058 ALL (0) 
LT1097 
LT1122 ALL 
LTC1047 (0) 
LTC1049 ALL 
LTC1050 
LTC1051 
LTC1052 
LTC1053 
LTC1150 
LTC7652 
OP-15 ALL 
OP-16 ALL 
OP-97NE 
OP-215 ALL (0) 

(0) - Oual Op Amp 
(0) - Quad Op Amp 

s3nA 

LM108 
LM108A 
LT1001A 
LT1002A (D) 
LT100SALL 
OP-05 
OP-05A 
OP-07 
OP-07A 

SINGLE SUPPLY OPERATION 

;;5nA 

LT1001 
LT1002 (D) 
LT117BA (D) 
LT1179A (0) 
OP-D5E 
OP-D7E 

(Inputs and Outputs Operate Down to Ground 
with +V, GND Voltage Supplies) 

SINGLE DUAL 
LT100S LT1013 
LT1077 LT1078 
LTC1049 LT1178 
LTC1050 LTC1047 
LTC1052 LTC1051 
LTC1150 

LOW OFFSET VOLTAGE DRIFT 
Maximum Offset Voltage Drift 

sO.05~V/"C ;;O.6~VFC 

LTC1047 (0) LT1001A 
LTC1050 LT1007A 
LTC1050A LT1012A 
LTC1051 (D) LT1037A 
LTC1052 LTC1049 ALL 
LTC1053 (0) OP-07A 
LTC1150 OP-27A1E 

OP-37A1E 

'TYPlcal (D) - Dual Op Amp (0) - Ouad Op Amp 
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QUAD 
LT1014 
LT1079 
LT1179 
LTC1053 

;;l~V/"C 

LT1001 
LT1oo2A (D) 
LT1007 
LT1012C 
LT1037 
LT1028 ALL 
LT1124A (0) 
LT1125A (0) 
LT1126A (D) 
LT1127A (0) 
OP-05NE 
OP-227A1E 
OP-237A1E 

s10nA 

LM30BA 
LT1077A 
LT1078 (D) 
LT1078A (D) 
LT1079 (0) 
LT1079A (0) 
LT1178 (D) 
LT1179 (0) 
OP-D5C 

sl.5~V/"C 

LT1002 (0) 
LT100BA 
LT1008 
LT1012M 
LT1024A (D) 
LT1124 (D) 
LT1125 (0) 
LT1126 (0) 
LT1127 (0) 
OP-07 
OP-07E 

s2.0~VFC $3~VFC S5~V/"C 

LM10' LT1000cN8 LH2108A (0) 
LM10B' LT1013C (0) LM1OC' 
LT1006 LT1013M (D) LM10BA 
LT1012D LT1014C (0) LM30BA 
LT1012S8 LT1014M (0) LT10OSS8 
LT1013A (D) LT1078 (0) LT10130 (0) 
LT1014A (0) LT1079 (0) LT10140 (0) 
LT1024 (D) LT1178 (0) LT1022A 
LT107BA (D) LT1179 (0) LT1055A 
LT1079A (0) LTl056A 
OP-05 OP-OSC 
OP-07C OP-15A1E 
OP-27C1G OP-16A1E 
OP-37CIG 
OP-227C1G 
OP-237CIG 



SELEmOn BY DESIGn PRRAmETER 
LOW NOISE 
Typ Equivalent Input Noise Voltage 
per ,1Hz, f = 10Hz, Rs = 1 DOn 

;;lnV/,jjjz ;; 25nvNHz 

LT102B ALL 'LF155 ALL 
LT1115 'LF156 ALL 

'LF355 ALL 
LT1001 ALL 
LT1 002 ALL (D) 

;; 5nVNHZ LT1006ALL 

LT1007 ALL 
LT1008 
LT1012 

LT1037 ALL LT1013 ALL (D) 
LT1124 ALL (D) LT1014 ALL (D) 
LT1125 ALL (a) LT1022 ALL 
LT1126 ALL (D) 'LT1055 ALL 
L T1127 ALL (a) 'LT1056 ALL 
OP-27 ALL LTC7652 
OP-37 ALL OP-05 ALL 
OP-227 ALL (D) OP-07 ALL 
OP-237 ALL (D) 'OP-15 ALL 

'OP-16 ALL 

'100 Hz NOise (0) - Dual Op Amp 

HIGH SLEW RATE 
Typ Slew Rate 

~ 10V/~s 

LF412A (D) 
LT1022 ALL 
LT1028 ALL 
LT1037 ALL 
LT1055 ALL 
LT1056A 
LT1057A (D) 
LT1058A (a) 
LT1115 
LTl126 ALL (D) 
LTl127 ALL (a) 
OP-16A, B 
OP-16E, F 
OP-37 ALL 
OP-215A, E (0) 
OP-237 ALL (0) 

~ 50V/~s 

LMl18/318 
L T118A/31 BA 
LT1010 
LT1122 ALL 
LT1200 

(D) - Dual Op Amp (a) - Ouad Op Amp 

PACKAGES 

~ w a ,,~_,?oo 

Q rmr wmw marn 

H J8 J 
TO·5 HERMETIC HERMETIC 

8 LEAD DIP DIP 
10 LEAD 8 LEAD 14 LEAD 

16 LEAD 
18 LEAD 
20 LEAD 
24 LEAD 

~100V/~ 

LTl190 
LTl191 
LTl192 
LT1193 
LTl194 
LT1217 
LT1220 
LT1221 
LT1222 
LT1223 
LT1224 
LT1225 
LT1226 
LT1227 
LT122B 
LT1229 (0) 
LT1230 (a) 

0 a 
rmr wmw 

N8 N 
PLASTIC PLASTIC 

DIP DIP 
BLEAD 14 LEAD 

16 LEAD 
18 LEAD 
20 LEAD 
24 LEAD 

OP AMP SELECTION GUIDE 

LOW POWER 
Maximum Supply Current (per Amplifier) 

;;50~ ;;60~ ;;lmA 

LT1078A (D) LT10n LH2108A (D) 
LT1079A (a) LT1078 (D) LM108A 
LT1178 (0) LT1079 (a) LT1006 
LTl178A (D) LT100B 
LT1179 (a) LT1012 ALL 
LT1179A (a) LT1013 (D) 

LT1014 (a) 
LT1024 (D) 
LT1079 
LTC1047 
LTC1049 ALL 
OP-97A1E 

(D) - Dual Op Amp (a) - Ouad Op Amp 

HIGH GAIN 
Typ Open Loop Gain 

~20ofv ~10o°fv 
LT11BA LT1006A 
LT31BA LT1007 
LT1001 LT1012 ALL 
LT1002 (D) LT1013 (0) 
LT100B LT1014 (a) 
LT100B LT102B 
LT10n LT1037 
LT107B (D) LT10n 
LT1079 (a) LT1078 
LT1178 (D) LT1079 
LT1179 (a) LT1097 
OP-05 LT1115 
OP-07 LT1124 

LT1125 
LTl126 
LTl127 
LTC1049 ALL 
LTC1050 
LTC1051 
LTC1052 
LTC1053 
LTC7652 
OP-27 
OP-37 
OP-97A1E 
OP-227 (D) 
OP-237 (D) 

(D) - Dual Op Amp (a) - Ouad Op Amp 

0 €CO 0 CJ 0 00 w ~ = ~ 
~ 

08 0 S8 S S W 
HERMETIC HERMETIC PLASTIC PLASTIC PLASTIC CERPAK 

DIP DIP SO SO SOL 10 LEAD 
8 LEAD 14 LEAD 8 LEAD 14 LEAD 16LEAD 

16 LEAD 16 LEAD 18LEAD 
18 LEAD 20 LEAD 

24 LEAD 
28LEAD 
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f'·Y'''llnCI\Q LTlOO7CS8/LT1037CS8 
~~ TECHNOLOG~~~------Lo-w--N-o-is-e-,-H-ig-h-s-p-e-e-d 

FEATURES 
• Guaranteed 4.5nV/..JHz 10Hz Noise 
• Guaranteed3.8nV/..JHz 1kHz Noise 
• 0.1 Hz to 10Hz NOise, 60nVp-p, Typical 
• Guaranteed 5 Million Min. Voltage Gain, RL = 2kQ 
• Guaranteed 2 Million Min. Voltage Gain, RL = 600Q 
• Guaranteed60llV Max. Offset Voltage 
• Guaranteed 1.01lV/oC Max. Drift with Temperature 
• Guaranteed 11 V/Ilsec Min. Slew Rate (L T1037) 
• Guaranteed 11 OdB Min. CMRR 

APPLICATions 
• Low Noise Signal Processing 
• Microvolt Accuracy Threshold Detection 
• Strain Gauge Amplifiers 
• Direct Coupled Audio Gain Stages 
• Sine Wave Generators 
• Tape Head Preamplifiers 
• Microwave Preamplifiers 

Ultra-Pure 1kHz Sine Wave Generator 
4300 

~-+-- OUTPUT 

C 
#327 LAMP 

R 

Precision Operational Amplifiers 

DESCRIPTion 
Next to the L T1 028, the LT1007 ILT1037 series features 
the lowest noise performance available to date for mono
lithic operational amplifiers: 2.5nV/..JHz wideband noise 
(less than the noise of a 400Q reSistor), 11f corner 
frequency of 2Hz and 60nV peak-to-peak 0.1 Hz to 10Hz 
noise. Low noise is combined with outstanding precision 
and speed specifications: 20llV offset voltage, 0.31lV/oC 
drift, 126dB common mode and power supply rejection, 
and 60MHz gain-bandwidth-product on the decompen
sated LT1 037, which is stable for closed loop gains of 5 or 
greater. 

The voltage gain of the L T1007 IL T1 037 is an extremely 
high 20 million driving a 2kQ load and 12 million driving 
a 600Q load to ±10V. 

In the design, processing, and testing of the device, 
particular attention has been paid tothe optimization ofthe 
entire distribution of several key parameters. Consequently, 
the specifications have been spectacularly improved com
pared to competing amplifiers. 

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

0.1 Hz to 10Hz Noise 

~ ~ 
lUI. .L •• 1,1 
IP" :n .... 1''' 

~. 

C R 1 TOTAL HARMONIC DISTORTION = < 0.0025% 
f = 2"RC NOISE = < 0.0001 % 

AMPLITUDE = .811 10 
R = 1591.50 • 0.1 % OUTPUT FREQUENCY = 1.000kHz FOR 
C = O.Ij1F. 0.1% VALUES GIVEN .0.4% TIME(s) 

LT1007CS8·TA01 
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LT1007CS8/LTl037CS8 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ....................................................... ±22V 
Input Voltage ............................. Equal to Supply Voltage 
Output Short Circuit Duration .......................... Indefinite 
Differential Input Current (Note 5) ...................... ±25mA 
Operating Temperature Range ..................... O°C to 70°C 
Storage Temperature Range 

TOP VIEW ORDER PART 

"mm, 0 "00"" 
NUMBER 

-IN 2 7 V' LT1007CS8 
.IN 3 6 OUT LT1037CS8 
V- 4 5 NC 

PART MARKING 
All Devices ........................................ - 65°C to 150°C 

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

S8 PACKAGE 
8·LEAD PLASTIC SOIC 1007 LT1007CSS'POIOI 

1037 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, unless otherwise noted. 

LT1DD7C 
LT1D37C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

vas Input Offset Voltage (Note 1) 20 60 ltV 

INos Long Term Input Offset (Notes 2 and 3) 0.2 1.0 ItV/Mo 
Ll.Time Voltage Stability 

los Input Offset Current 12 50 nA 

IB Input Bias Current ±15 ±55 nA 

en Input Noise Voltage 0.1 Hz to 10Hz (Note 3) 0.06 0.13 ItVp,p 

Input Noise Voltage Oensity fa = 10Hz (Note 3) 2.8 4.5 nVl"Hz 
fa = 1 OOOHz (Note 3) 2.5 3.8 nV/VHz 

in Input Noise Current Density fa = 10Hz (Note 3) 1.5 4.0 pAlVHz 
fa = 1000Hz (Note 3) 0.4 0.6 pAlVHz 

Input Resistance-Common Mode 5 Gn 

Input Voltage Range ±11.0 ±12.5 V 

CMRR Common Mode Rejection Ratio VCM=±llV 110 126 dB 

PSRR Power Supply Rejection Ratio Vs = ±4V to ±18V 106 126 dB 

AVOL Large Signal Voltage Gain RL ~ 2k!1, Va = ±12V 5.0 20.0 V/ItV 
RL ~ 1kn, Va = ±10V 3.5 16.0 V/ItV 
RL ~ 600n, Va = ±10V 2.0 12.0 V/ItV 

VOUT Maximum Output Voltage Swing RL ~ 2kn ±12.5 ±13.5 V 
RL~ 600n ±10.5 ±12.5 V 

SR Slew Rate LT1007 RL ~ 2kn 1.7 2.5 V/ILS 
LT1037 AVCL <: 5 11 15 V/ILS 

GBW Gain-Bandwidth Product LT1007 fa = 100kHz (Note 4) 5.0 8.0 MHz 
LT1037 fa = 10kHz (Note 4), (AVCL ~ 5) 45 60 MHz 

Zo Open Loop Output Resistance Va = 0,10 = 0 70 n 

Pd Power Dissipation LT1007 80 140 mW 
LT1037 85 140 mW 

2-17 



Lll007 CS8/LT l037CS8 

ELECTRICAL CHARACTERISTICS VS = ±15V, O°C ~ TA ~ 70°C, unless otherwise noled. 

LT1007C 
LT1037C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage (Note 1) • 35 110 I1V 

AVos Average Input Offset Drift (Note 6) • 0.3 1.0 11V1°C 
ATemp 

los Input Offset Current • 15 70 nA 

18 Input Bias Current • ±20 ±75 nA 

Input Voltage Range • ±10.5 ±11.8 V 

CMRR Common Mode Rejection Ratio VCM= ±10.5V • 106 120 dB 

PSRR Power Supply Rejection Ratio Vs = ±4.5Vto ±18V • 102 120 dB 

AVOL Large Signal Voltage Gain RL ~ 2kn, Va = ±10V • 2.5 1B.0 VlI1V 
RL~ 1kQ, Va =±10V • 2.0 14.0 VlI1V 

VOUT Maximum Output Voltage Swing RL~2kQ 

Pd Power Dissipation 

The • denotes the specifications which apply over full operating 
temperature range. 
Nole 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 seconds after application of power. 
Nole 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 
Vas during the first 30 days are typically 2.5I1V. 
Note 3: This parameter is tested on a sample basis only. 
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• ±12.0 ±13.6 V 

• 90 160 mW 

Nole 4: This parameter is guaranteed by design and is not tested. 
Nola 5: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to acnieve low noise. If differential input 
voltage exceeds ±O.7V, the input current should be limited to 25mA. 
Nole 6: The Average Input Offset Drift performance is within the 
specifications unnulled or when nulled with a pot having a range of BkQ to 
20kn. 



~""""-Llnll\Q LTl 0131 LTlOl 4 
~, TECHNOLOOI!:"~~-Q-U-a-d-p-re-C-is-io-n-o-p-A-m-p-(L-T-10-14-) 

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 
• Guaranteed Offset Voltage 150p.V Max. 
• Guaranteed Low Drift 2p.V 1°C Max. 
• Guaranteed Offset Current 0.8nA Max. 
• Guaranteed High Gain 

5mA Load Current 1.5 Million Min. 
17mA Load Current 0.8 Million Min. 

• Guaranteed Low Supply Current 500pA Max. 
• Low Voltage NOise, 0.1 Hz to 10Hz 0.55p.Vp-p 
• Low Current Noise-Better than OP-07, 0.07 pAl v"RZ 

APPLICATions 
• Battery-Powered Precision Instrumentation 

Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 
Instrumentation Amplifiers 

• 4mA-20mA Current Loop Transmitters 
• Multiple Limit Threshold Detection 
• Active Filters 
• Multiple Gain Blocks 

3 Channel Thermocouple Thermometer 

USE TYPE K THERMOCOUPLES. ALL RESISTORS~ 1 % 
COLD JUNCTION COMPENSATION ACCURATE 
TO "1°C FROM O°C-SOOC. 
USE 4TH AMPLIFIER FOR OUTPUT C . 

.L7~ 

Dual 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 14156 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 50p.V, drift of 0.3p.V/oC, 
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 operational amplifiers. Par
ticularly important is the low offset voltage, since no offset 
null terminals are provided in the quad configuration. 
Although supply current is only 350pA per amplifier, a new 
output stage design sources and sinks in excess of 20mA of 
load current, while retaining high voltage gain. 
Similarly, the LT1 013 is the first preCision dual op amp in 
the 8-pin industry standard configuration, upgrading the 
performance of such popular devices as the MC14581 
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. 

LT1014 Distribution of Offset Voltage 

o 
-300 -200 -100 0 100 200 300 

INPUT OFFSET VOLTAGE (.V) 
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LT1013/LT1014 

A8S0LUTE mAXimum RATinGS 
Supply Voltage ...............................•... ± 22V 
Differential Input Voltage ......................... ± 30V 
Input Voltage ........... Equal to Positive Supply Voltage 

......... 5V Below Negative Supply Voltage 
Output Short Circuit Duration ..............•... Indefinite 
Storage Temperature Range 

All Grades ........................... - 65°C to 150°C 

PACKAGE/ORDER InFORmATiOn 

HPACKAGE 
MEAD T0-5 METAL CAN 

ORDER PART 
NUMBER 

LT1013AMH 
LT1013MH 
LT1013ACH 
LT1013CH 

+IN'm
TOPVIEW 

'-INA v- 2 1 OUTA 

+INB 3 6 V+ 

-INB 4 5 OUTS 

SOPACKAGE 
S.LfAOPlASTlCSOIC 

NOTE: THJSPIN CONFIGUIWION DlFFEASFROM 
THE STANDARD S-PIN DUAl-IN·UNECONFIGURArION 

OUT1'lJT.~TOPWEW v+ 
-INA 2 -A 7 OUTPUTS 

+~A _ 6 -~B 

v- 4 +INB 

J PACKAGE N PACKAGE 
S.lEAOCEJW.tlCDlP &lEADPlASTICOtP 

ORDER PART 
NUMBER 
LT1013DS8 
LT10131SB 

PART MARKING 
1013 
10131 

Lead Temperature (Solderi ng, 10 sec.) .............. 300°C 
Operating Temperature Range 

LT1013AM/LT1013MI 
LT1014AM/LT1014M .................. - 55°C to 125°C 
LT1013AC/LT1013C/LT1013D 
LT1014AC/LT1014C/LT1014D ............... OOC to 70°C 
LT101311LT10141 ....................... - 40°C to 85°C 

ORDER PART 
NUMBER 

LT1013AMJ8 
LT1013MJ8 
LT1013ACJ8 
LT1013CJ8 
LT1013CN8 
LT1013DN8 
LT10131N8 

J PACKAGE N PACKAGE 
14-1.EADCERAMICD\P 14-lEADPLASTICDlP 

OUTPUTD 

-INO 

ORDER PART 
NUMBER 

LT1014AMJ 
LT1014MJ 
LT1014ACJ 
LT1014CJ 
LT1014CN 
LT1014DN 
LT10141N 

ORDER PART 
NUMBER 
LT1014DS 
LT10141S 

OUTPUTC PART MARKING 

SPACICAGE 
1&-l.EAO PLASTIC SOl 

LT1014DS 
LT10141S 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, TA=25°C unless otherwise noted 

LT1013AM/AC LT1013C1DIIIM 
SYMBOL PARAMETER CONDITIONS LTlO14AM/AC LT1014C/DIIIM UNITS 

MIN TYP MAX MIN TYP MAx 

Vas Input Offset Voltage LTIOl3 - 40 150 - 60 300 /LV 
LTtOl4 - 50 180 - 60 300 /LV 
LTIOl3D/I, LTlOl4D/I - - - - 200 800 /LV 

Long Term Input Offset Voltage - 0.4 - - 0.5 - /LV/Mo. 
Stability 

los Input Offset Current - 0.15 0.8 - 0.2 1.5 nA 

18 I nput Bias Current - 12 20 - 15 30 nA 

en I nput NOise Voltage O.IHz to 10Hz - 0.55 - - 0.55 - /LVp-p 

en Input NOise Voltage Density fo=IOHz - 24 - - 24 - nVN,Hz 
fo=IOOOHz - 22 - - 22 - nV/-JHZ 

in Input Noise Current Density fo=IOHz - 0.07 - - 0.07 - pA/-JHZ 
Input Resistance-Differential (Note I) 100 400 - 70 300 - MO 

Common-Mode - 5 - - 4 - GO 
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ELECTRICAL CHARACTERISTICS 
Vs= ±15V, VCM=OV, TA=25°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 

AVOL Large Signal Voltage Gain Vo~ ± 10V, RL ~2k 
Vo~ ±10V, RL ~6000 

I nput Voltage Range 

CMRR Common-Mode Rejection Ratio VCM~ +13.5V, -15.0V 
PSRR Power Supply Rejection Ratio Vs~ ±2Vto ±18V 

Channel Separation Vo~ ±10V, RL~2k 
VOUT Output Voltage Swing RL~2k 

Slew Rate 

Is Supply Current Per Amplifier 

Note 1: This parameter is guaranteed by design and is not tested. 
Typical parameters are defined as the 60% yield of parameter distribu
tions of individual amplifiers; i.e., out of 100 LT1014s (or 100 
LTlOI3s) typically 240 op amps (or 120) will be better than the in
dicated specification. 

ELECTRICAL CHARACTERISTICS 

LT1013AM/AC 
LT1014AM/AC 

MIN TYP 

1.5 8.0 
0.8 2.5 

+13.5 +13.8 
-15.0 -15.3 

100 117 
103 120 
123 140 

±13 ±14 
0.2 0.4 
- 0.35 

vt= +5V, Vi=OV, VOUT=1.4V, VCM=OV, TA=25°C unless otherwise I19ted 

LT1013AM/AC 
SYMBOL PARAMETER CONDITIONS LT1014AM/AC 

MIN TYP 

Vos I nput Offset Voltage LT1013 - 60 
LT1014 - 70 
LT1013DII, LT1014DII - -

los Input Offset Current - 0.2 

IB Input Bias Current - 15 

AVOL Large Signal Voltage Gain Vo=5mV to 4V, RL =5000 - 1.0 
Input Voltage Range +3.5 +3.8 

0 -0.3 
VOUT Output Voltage Swing Output Low, No Load - 15 

Output Low, 6000 to Ground - 5 
Output Low, ISINK =lmA - 220 
Output High, No Load 4.0 4.4 
Output High, 6000 to Ground 3.4 4.0 

Is Supply Current Per Amplifier - 0.31 

LT1013/LT1014 

LT1013C/D/I/M 
LT1014C1D1I/M UNITS 

MAX MIN TYP MAX 

- 1.2 7.0 - V/p.V 
- 0.5 2.0 - V/p.V 
- +13.5 +13.8 - V 
- -15.0 -15.3 - V 
- 97 114 - dB 
- 100 117 - dB 
- 120 137 - dB 
- ±12.5 ±14 - V 
- 0.2 0.4 - V/p.S 

0.50 - 0.35 0.55 rnA 

LT1013C/DIIIM 
LTlO14C/DIIIM UNITS 

MAX MIN TYP MAX 

250 - 90 450 p.V 
280 - 90 450 p.V 
- - 250 950 p.V 
1.3 - 0.3 2.0 nA 

35 - 18 50 nA 

- - 1.0 - V/p.V 
- +3.5 +3.8 - V 
- 0 -0.3 - V 

25 - 15 25 mV 
10 - 5 10 mV 
350 - 220 350 mV 
- 4.0 4.4 - V 
- 3.4 4.0 - V 

0.45 - 0.32 0.50 rnA 
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LT1013/LT1014 

ELECTRICAL CHARACTERISTICS Vs= ::I: 15V, VCM=OV, -55°CsTAS125°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 
LT1013AM LT1014AM LT1013M/LT1014M 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vos Input Offset Voltage • - 80 300 - 90 350 - 110 550 p.V 
Vs= +5V, OV; Vo= +1.4V 
-55°CsTAs100°C • - 80 450 - 90 480 - 100 750 p.V 
VCM=O.1V, TA=125°C - 120 450 - 150 480 - 200 750 p.V 
VCM=OV, TA=125°C - 250 900 - 300 960 - 400 1500 p.V 

Input Offset Voltage Drift (Note 2) • - 0.4 2.0 - 0.4 2.0 - 0.5 2.5 p.V/oC 

los Input Offset Current • - 0.3 2.5 - 0.3 2.8 - 0.4 5.0 nA 
Vs= +5V, OV; Vo= +1.4V • - 0.6 6.0 - 0.7 7.0 - 0.9 10.0 nA 

18 Input Bias Current • - 15 30 - 15 30 - 18 45 nA 
Vs=+5V,OV;Vo=+1.4V. - 20 80 - 25 90 - 28 120 nA 

AVOL Large Signal Voltage Vo= ± 10V, RL =2k • 0.5 2.0 - 0.4 2.0 - 0.25 2.0 - V/p.V 
Gain 

CMRR Common-Mode Rejection VCM = + 13.0V, -14.9V • 97 114 - 96 114 - 94 113 - dB 
PSRR Power Supply Rejection Vs=±2Vto ±18V • 100 117 - 100 117 - 97 116 - dB 

RatiO 

VOUT Output Voltage Swing RL=2k • ±12 ±13.8 - ±12 ±13.8 - ±11.5 ±13.8 - V 
Vs= +5V, OV; 
RL = 6000 to Ground 
Output Low • - 6 15 - 6 15 - 6 18 mV 
Output High • 3.2 3.8 - 3.2 3.8 - 3.1 3.8 - V 

Is Supply Current • - 0.38 0.60 - 0.38 0.60 - 0.38 0.7 rnA 
Per Amplifier Vs= +5V, OV; Vo= +1.4V • - 0.34 0.55 - 0.34 0.55 - 0.34 0.65 rnA 

ELECTRICAL CHARACTERISTICS 
Vs= ± 15V, VCM=OV,- 40·CsTAS85·C for LT10131, LT10141,O·CsTAS70·C forLT1013C, LT1013D, LT1014C, LT1014D unless otherwise noted 

LT1013AC LT1014AC LT1013C/D/I 
SYMBOL PARAMETER CONDITIONS LT1014C/D/I UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vos Input Offset Voltage • - 55 240 - 65 270 - 80 400 p.V 
LT1013DII, LT1014D/I • - - - - - - - 230 1000 p.V 
Vs= +5V,OV;Vo=1.4V • - 75 350 - 85 380 - 110 570 p.V 
LT1013D/I, LT1014D/I 
Vs= +5V, OV; Vo= 1.4V • - - - - - - - 280 1200 p.V 

Average Input Offset (Note 2) • - 0.3 2.0 - 0.3 2.0 - 0.4 2.5 p.V/oC 
Voltage Drift LT1013DII, LT1014DII • - - - - - - - 0.7 5.0 p.V/DC 

los Input Offset Current • - 0.2 1.5 - 0.2 1.7 - 0.3 2.8 nA 
Vs= +5V, OV; Vo=1.4V • - 0.4 3.5 - 0.4 4.0 - 0.5 6.0 nA 

18 Input Bias Current • - 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, RL =2k • 1.0 5.0 - 1.0 5.0 - 0.7 4.0 - V/p.V 
CMRR Common-Mode Rejection VCM = +13.0V, -15.0V • 98 116 - 98 116 - 94 113 - dB 

Ratio 
PSRR Power Supply Rejection Vs= ±2V to ±18V • 101 119 - 101 119 - 97 116 - dB 

Ratio 

VOUT Output Voltage Swing RL =2k • ± 12.5 ± 13.9 - ±12.5 ±13.9 - ± 12.0 ± 13.9 - V 
Vs= +5V, OV; RL =6000 

Output Low • - 6 13 - 6 13 - 6 13 mV 
Output High • 3.3 3.9 - 3.3 3.9 - 3.2 3.9 - V 

Is Supply Current per • - 0.36 0.55 - 0.36 0.55 - 0.37 0.60 rnA 
Amplifier Vs= +5V, OV; Vo=I.4V • - 0.32 0.50 - 0.32 0.50 - 0.34 0.55 rnA 

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

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTl013/LT1014 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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80 

100 

120 ~ 
l;; 

140 ~ 

160 ~ 
180 ~ 

rn 
200 -

The LT1013/1014 are 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 atthe output. The L T10131 LT1014 have specific cir
cuitry which addresses these problems. 

At the input, the driving Signal can fall below OV-inad
vertently or on a transient basis. If the input is more than 

z 
g'120 

~ 

Channel Separation vs 
Frequency 

: 100 t----t----+----+-'~--+"'I,.----j 
z 

~ 
u 80t----t--~~~--~~ 

60~~--~--~--~~ 

10 100 1k 10k 100k 1M 
FREQUENCY (Hz) 

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 , OP-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 LT10131 1014, the 4000 resistors, in series with the 
'input (see schematic diagram), protect the devices even 
when the input is 5V below ground. 
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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 (Q21, Q22, Q27, Q28), the 
LT1013/1014's outputs do not reverse, as illustrated 
below, 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 LT1 014, is driven hard 
into negative saturation at the output. 

Phase reversal protection 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 (OP-20) 
or cannot sink more than a few microamperes while 
swinging to ground (LM124, LM158). The LT10131 
1014's all-NPN output stage maintains its low output 
resistance and high gain characteristics until the output 
is satu rated. 

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

Comparator Applications 

The single 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 
L T10131 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 

4V 4V 

2V 2V 

OV OV 

6Vp-p INPUT. -1.5V TO 4.5V 
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Comparator Rise Response Time 
10mV, 5mV, 2mV Overdrives 

VS=5V,OV 50""/OIV 

LM324, LM358, OP-20 
EXHIBIT OUTPUT PHASE 

REVERSAL 

~ 4 

~ 
o 2 

4V 

2V 

OV 

LT1013/LT1014 
NO PHASE REVERSAL 

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

VS=5V,OV 50""/DlV 



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 290pA, 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. 

TYPICAL APPLICATiOnS 
50MHz Thermal rms to DC Converter 

2% ACCURACY. DC-50MHz. 
100:1 CREST FACTOR CAPABILITY. 

'0.1% RESISTOR. 
T1-T2 = YELLOW SPRINGS INST. CO. THERMISTOR COMPOSITE 14401B. 
ENCLOSE T1 AND T2 IN STYROFOAM. 
7.5mW DISSIPATION. 

LTl013/LT1014 

Test Circuit for Offset Voltage and 
Offset Drift with Temperature 

1000' 

'RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL. 

"THIS CIRCUIT IS ALSO USED AS THE BURN·IN 
CONFIGURATION. WITH SUPPLY VOLTAGES 
INCREASED TO '" 20V. 
Vo= I OOOVos 

5V Single Supply Dual Instrumentation Amplifier 

OFFSET = 150.V 

GAIN=~+1. 
CMRR=120 dB. 

R2 

Rl 

COMMON-MODE RANGE IS OV TO 5V, 

A 
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LT1013/LT1014 

TYPICAL APPLICATions 

270 
1W 

2-28 

#328 

Hot Wire Anemometer 

REMOVE LAMP'S GLASS ENVELOPE FROM 328 LAMP. 
A1 SERVOS # 328 LAMP TO CONSTANT TEMPERATURE. 
A2-A3 FURNISH LINEAR OUTPUT VB FLOW RATE. 

'1% RESISTOR. 

Liquid Flowmeter 

+ I 
4.71< 

OUTPUT 

0-300ML/MIN 

'1% FILM RESISTOR. 
"SUPPLIED WITH YSI THERMISTOR NETWORK. 

n. T2 YSI THERMISTOR NETWORK= #44201. 
FLOW IN PIPE IS INVERSELY PROPORTIONAL TO 
RESISTANCE OF TH2 TEMPERATURE DIFFERENCE. 
A1-A2 PROVIDE GAIN. A3-M PROVIDE LINEARIZED 
FREOUENCY OUTPUT. 



LT1013/LT1014 

TYPICAL APPLICATions 
5V Powered Precision Instrumentation Amplifier 

20k 
- INPUT ..... ""',...,-+--!..;;. 

20k 
+ INPUT-'lM ...... -+--..;;. 

10k 

10k' 10k' 

'1% FILM RESISTOR. MATCH 10k's 0.05% 

GAIN EQUATION: A = 4°~800 + 1. 

tFOR HIGH SOURCE IMPEDANCES, 
USE 2N2222 AS DIODES. 

9V Batterv Powered Strain Gage Signal Conditioner 

TO AID 
CONVERT COMMAND 

TO AID 

SAMPLED OPERATION GIVES LOW AVERAGE OPERATING CURRENT =650"A. 
4. 7k-0.01~ RC PROTECTS STRAIN BRIDGE FROM LONG TERM DRIFTS DUE TO 
HIGH AViAT STEPS. 
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TYPICAL APPLICATions 
5V Powered Motor Speed Controller 
No Tachometer Required 

330k 

5V Powered EEPROM Pulse Generator 

1N414B 

MEETS ALL Vpp PROGRAMMING SPECS WITH NO TRIMS AND 
RUNS OFF 5V SUPPLY-NO EXTERNAL HIGH VOLTAGE SUPPLY REQUIRED. 
SUITABLE FOR BATTERY POWERED USE (6001<A QUIESCENT CURRENT). 

·1% METAL FILM. 
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1N414B 

1N4001 

MOTOR =CANON - FN30 - R13N 1 B. 
A 1 OUTY CYCLE MODULATES MOTOR. 
A2 SAMPLES MOTORS BACK EMF. 

1N414B 

100n 

21V 

.LI 
600,," RC 



TYPICAL APPLICATions 

Methane Concentration Detector with Linearized Output 

5k 
1000ppm 

TRIM 

"1% METAL FILM RESISTOR. 
SENSOR=CALECTRO-GC ELECTRONICS #J4-807 OR FIGARO #813. 

2k 150k" 

12k" 

Low Power 9V to 5V Converter 

LT1013/LT1014 

t--500Pllm-' O,OOOppm 
-1kHz 

r-~-----""-~~mA 

L=DALE TE-3/Q3/TA. 
SHORT CIRCUIT CURRENT =30mA. 
~ 75% EFFICIENCY. 

10k 

SWITCHING PREREGULATOR CONTROLS DROP ACROSS FET TO 200mV. 

20k 
1% 
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LT1013/LT1014 

TYPICAL APPLICATions 

2-32 

0.33 

112-81T ACCURACY. 
"1% FILM. 
Tl =PICO-31080. 

TO INVERTER 
DRIVE 

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

lOOk 

10k" 

1000" 

t---+-- 4mA-20mA OUT 
TO LOAD 

L-_______ + 2.2kO MAXIMUM 

o TO 4V 

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

4mA-20mA OUT 
L-_______ FULLY FLOATING 

OV-4V 



TYPICAL APPLICATions 
5V Powered, Linearized Platinum RTD Signal Conditioner 

ALL RESISTORS ARE TRW-MAR-6 METAL FILM. 
RATIO MATCH 2M-200K",O.01%. 
TRIM SEQUENCE: 

SET SENSOR TO O· VALUE. 
ADJUST ZERO FOR OV OUT. 
SET SENSOR TO 100'C VALUE. 
AOJUST GAIN FOR 1.000V OUT. 
SET SENSOR TO 400'C. 
AOJUST LINEARITY FOR 4.000V OUT, REPEAT AS REQUIREO. 

Strain Gage Bridge Signal Conditioner 

LTl013/LT1014 

1.2VOUT REFERENCE 

.... - .... ---... -----------~gRA~~T~g~~~0E~PERATION 

'1% FILM RESISTOR. 
PRESSURE TRANSDUCER-BLH I DHF-350. 

CIRCLED LETTER IS PIN NUMBER. 

lmA MAXIMUM LOAD 

OV-3.5V 
Opsi--350psl 

GAIN TRIM 
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TYPICAL APPLICATions 
LVDT Signal Conditioner 

LVDT =SCHAEVITZ E-l00. 

Triple Op Amp Instrumentation Amplifier with Bias Current Cancellation 

2-34 

-IINPUIT -----1P---" 

2R 
10M 

+IINPUIT-..... -!-....,:;. 

Rl 

R2 

R3 

GAIN= ~+~) ~ 

INPUT BIAS CURRENT TYPICALLY < InA 
INPUT RESISTANCE=3R=15M FOR VALUES SHOWN 
NEGATIVE COMMON-MODE UMIT=V- +lsx2R+30mV ....... __ ---+--.. = 150mV for V-=OV 

IS=12nA 



LT1013/LT1014 

TYPICAL APPLICATions 

100kHz I 

Low Dropout Regulator for 6V Battery 
Voltage Controlled Current Source with 
Ground Referred Input and Output 

r--.---.-5V OUTPUT 

120k 

ill"! " 
13 0-...... 14 ... _ 

I l'OUT=OmA TO 15mA _ L _____ .J ... + 
0.009V DROPOUT AT 5mA OUTPUT. 
O.108V DROPOUT AT 100mA OUTPUT. 
'OUIESCENT=850pA. 

50k 
OUTPUT ADJUST 

6V to ± 15V Regulating Converter 

L1 =24-104 AlE VERNITRON 
.... =IN4148 
",SmA OUTPUT 
75% EFFICIENCY 

- IOUT=~ 
FOR BIPOLAR OPERATION. 
RUN BOTH ICs FROM 
A BIPOLAR SUPPLY. 

r-----.... ---..... + 15VOUT 

1M 

'-"'=':"""-4_-4_-15VoUT 
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TYPICAL APPLICATions 

2-36 

Low Power, 5V Driven, Temperature Compensated Crystal Oscillator (TXCO)t 

4.3k 3.4k· 

LT1009 
2.5V 

YSI44201 

Rn 
3.2k 

TEMPERATURE 
COMPENSATION 

GENERATOR 

1M 220k 

LI =AIE-VERNITRON 24-104 
78% EFFICIENCY 

OSCILLATOR SUPPLY 
STABILIZATION 

lOOk 

OSCILLATOR 

560k 

4.22M· 

·1% FILM 
3.5MHz XTAL~AT CUT-35"20' 
MOUNT RT NEAR XTAL 
3mA POWER DRAIN 

MV-209 

tTHERMISTOR-AMPLIFIER-VARACTOR NETWORK GENERATES 
A TEMPERATURE COEFFICIENT OPPOSITE THE CRYSTAL TO 
MINIMIZE OVERALL OSCILLATOR DRIFT 

Step-Up Switching Regulator for 6V Battery 

OUTPUT 
INPUT +15V 

5.6k 



LT1013/LT1014 

SCHEmATIC DIAGRAm 112 LT1013, 114 LT1014 

v+ 
9k 9k 1.Bk 1.Bk 1.Bk 100n 1k 800n 

42k 600n 
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f"""'-unt1\Q LTl028CS8 
~~ TECHNOLOG~~~---U-lt-r-a-L-o-w--N-o-i-se--P-re-C--iS-io--n 

FEATURES 
• Available in 8-Pin SO Package 
• Voltage Noise 1.2nVl\I'HZ Max at 1 kHz 

0.9nVl\I'HZ Typ at 1 kHz 
1.0nVl\I'HZ Typ at 10Hz 

3SnVp_p Typ, 0.1 Hz to 10Hz 
• Voltage and Current Noise 100% Tested 
• Gain-Bandwidth Product 
• Slew Rate 
• Offset Voltage 
• Voltage Gain 
• Drift with Temperature 

APPLICATions 
• Low Noise Frequency Synthesizers 
• High Quality Audio 
• Infrared Detectors 
• Accelerometer and Gyro Amplifiers 
• 3S0n Bridge Signal Conditioning 
• Magnetic Search Coil Amplifiers 
• Hydrophone Amplifiers 

TYPICAL APPLICATiOn 

Flux Gate Amplifier 

SOMHz Min 
11V1lls Min 
80llV Max 

S Million Min 
11lVloC Max 

High Speed Op Amp 

DESCRIPTion 
The LT1028 achieves a new standard of excellence in 
noise performance with 0.9nVl\I'HZ 1 kHz noise, 1.0nVl\I'HZ 
10Hz noise. This ultra low noise is combined with excellent 
high speed specifications (gain-bandwidth product is 
7SMHz), distortion-free output, and true precision 
parameters (0.2IlVloC drift, 20llVoffset voltage, 30 million 
voltage gain). Although the LT1 028 input stage operates at 
nearly 1 rnA of collector currents to achieve low voltage 
noise, input bias current is only 30nA. 

The L T1 028's voltage noise is less than the noise of a son 
resistor. Therefore, even in very low source impedance 
transducer or audio amplifier applications, the L T1 028's 
contribution to total system noise will be negligible. 

Flux Gate Amplifier 

10 

DEMODULATOR 
SYNC r-

VS-<15V 
~MAXIMUM-r--t- TA=25'C 

SQUARE 
WAVE 
DRIVE 
1kHz 
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............. g~~~TU~TOR 
1k 

500 

10000TAOI 

"' I'. 
111 FORNER = 14Hz 

TYPICA"'L J'. o-J<.. r--
= 

0.1 
0.1 

111 CORNER = 3.5Hz 

10 100 
FREQUENCY (Hz) 

r--

1k 
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LT1028CS8 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ...................................................... ±22V 

TOP VIEW 
Differential Input Current (Note 4) ..................... ±25mA 
Input Voltage ............................. Equal to Supply Voltage 
Output Short Circuit Duration ......................... Indefinite 
Operating Temperature Range ................ -40°C to 85°C 
Storage Temperature Range ................. -65°C to 150°C 

TRIM 8.. 8 TRIM 
-IN 2< 7 V+ 
+IN 3 '" 6 OUT ~ • : '""'.w'" 

Lead Temperature (Soldering, 10 sec.) ................. 300°C S8 PACKAGE 
8-LEAD PLASTIC SOIC 

ELECTRICAL CHARACTERISTICS Vs = ±15V, TA = 25°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN 

Vas Input Offset Voltage (Note 1) 

/Nos Long Term Input Offset Voltage Stability (Note 2) 
ATime 

los Input Offset Current VCM = OV 

18 Input Bias Current VCM = OV 

en Input Noise Voltage 0.1 Hz to 10Hz (Note 3) 

Input Noise Voltage Density fa = 10Hz (Note 3) 
fa = 1000Hz, 100% Tested 

in Input Noise Current Density fa = 10Hz (Note 3 and 5) 
fa = 1000Hz, 100% Tested 

RIN Input Resistance 
Common Mode 
Differential Mode 

CIN Input Capacitance 

Input Voltage Range ±11.0 

CMRR Common Mode Rejection Ratio VCM=±11V 110 

PSRR Power Supply Rejection Ratio Vs = ±4V to ±1BV 110 

AVOL Large Signal Voltage Gain RL~2kn, Vo=±12V 5.0 
RL~1kn, Va = ±10V 3.5 
RL ~ 600n, Va = ±10V 2.0 

VOUT Maximum Output Voltage Swing RL~2kn ±12.0 
RL~600Q ±10.5 

SR Slew Rate AVCL =-1 11 

GBW Gain-Bandwidth Product fa = 20kHz (Note 6) 50 

Zo Open Loop Output Impedance Va = 0,10 = 0 

Is Supply Current 

TYP 

20 

0.3 

18 

±30 

35 

1.0 
0.9 

4.7 
1.0 

300 
20 

5 

±12.2 

126 

132 

30.0 
20.0 
15.0 

±13.0 
±12.2 

15 

75 

80 

7.6 

ORDER PART 
NUMBER 

LT1028CS8 

PART MARKING 

1028 

MAX UNITS 

BO I!V 

I!V/Mo 

100 nA 

±1BO nA 

90 nVp_p 

1.9 nV/~ 
1.2 nV/~ 

12.0 pAl~ 
1.B pAl~ 

Mn 
kn 

pF 

V 

dB 

dB 

V/I!V 
V/I!V 
V/I!V 

V 
V 

V/I!S 

MHz 

n 

10.5 rnA 
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ELECTRICAL CHARACTERISTICS Vs = ±15V, DOC ~ TA ~ 70°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 1) • 30 125 IlV 

AVos Average Input Offset Voltage Drift (Note 7) • 0.2 1.0 llV/oC 
ATemp 

los Input Offset Current VCM=OV • 22 130 nA 

18 Input Bias Current VCM = OV • ±40 ±240 nA 

Input Voltage Range • ±10.5 ±12.0 V 

CMRR Common Mode Rejection Ratio VCM =±10.5V • 106 124 dB 

PSRR Power Supply Rejection Ratio Vs = ±4.5V to ±18V • 107 132 dB 

AVOL Large Signal Voltage Gain RL~2kg, Vo =±10V • 3.0 25.0 V/IlV 
RL~lkg,Vo=±10V • 2.5 18.0 V/IlV 

VOUT Maximum Output Voltage Swing RL~2kg • ±11.5 ±12.7 V 
RL~600g • ±9.0 ±10.5 V 

Is Supply Current • 8.2 11.5 rnA 

ELECTRICAL CHARACTERISTICS Vs = ±15V, -40°C ~ TA ~ 85°C, unless otherwise noted. ("ote 8) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage • 35 150 IlV 

AVos Average Input Offset Voltage Drift • 0.25 1.0 llV/oC 
ATemp 

los Input Offset Current VCM = OV • 28 180 nA 

18 Input Bias Current VCM = OV • ±45 ±300 nA 

Input Voltage Range • ±10.4 ±11.8 V 

CMRR Common Mode Rejection Ratio VCM =±10.4V • 102 123 dB 

PSRR Power Supply Rejection Ratio Vs = ±4.5Vto ±18V • 106 131 dB 

AVOL Large Signal Voltage Gain RL ~ 2kn, Vo = ±10V • .2.5 20.0 V/IlV 
RL~lkn, Vo=±10V • 2.0 14.0 V/IlV 

VOUT Maximum Output Voltage Swing 

Is Supply Current 

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

RL~2kn 

Nole 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 sec. after application of power. In 
addition, at TA = 25°C, offset voltage is measured with the chip heated to 
approximately 55°C to account for the chip temperature rise when the 
device is fully warmed up. 
Nole 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 
Vos during the first 30 days are typically 2.5IlV. 
Nole 3: This parameter is tested on a sample basis only. 
Nola 4: The inputs are protected by back-to-back diodes. Current limiting 

2-40 

• ±11.0 ±12.5 V 

• 8.7 12.5 rnA 

resistors are not used in order to achieve low noise. If differential input 
voltage exceeds ±1.8V, the input current should be limited to 25mA. 
Nole 5: Current noise is defined and measured with balanced source 
resistors. The resultant voltage noise (after substracting the resistor noise 
on an RMS basis) is divided by the sum of the two source resistors to 
obtain current noise. Maximum 10Hz current noise can be inferred from 
100% testing at 1 kHz. 
Nole 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. 
Nole B: The LTl028CS8s are not tested and are not quality-assurance
sampled at -40°C and at 85°C. These specifications are guaranteed by 
design, correlation and/or inference from O°C, 25°C, 70°C tests. 



i7L1nf=AD LT1057SjLT10571S 
U , LT1058SjLT10581S 

TECHNO' 'O-G~G~-------
W.T Dual JFET Input Precision 

FEATURES 
• 13V/~s Slew Rate 
• 5MHz Gain-Bandwidth Product 
• Fast Settling Time 
• 300~V Offset Voltage (LT1057) 
• 5~V/oC Vas Drift 
• 60pA Bias Current at 70°C 
• Low Voltage Noise 

APPLICATions 

8V/~sMin. 

1.3~s to 0.02% 

13nV/-{RZ at 1kHz 
26nV/-{RZ at 10Hz 

• Precision, High Speed Instrumentation 
• Fast, Precision Sample and Hold 
• Logarithmic Amplifiers 
• D/A Output Amplifiers 
• Photodiode Amplifiers 
• Voltage to Frequency Converters 
• Frequency to Voltage Converters 

High Speed Op Amp 

DESCRIPTiOn 
The L n 057 is a matched JFET input dual op amp featuring 
a combination of outstanding high speed and precision 
specifications. It replaces all the popular bipolar and JFET 
input dual op amps. In particular, the L n 057 upgrades the 
performance of systems using the LF412A and OP-215 
JFET input duals. 

The LT1058 is the lowest offset quad JFET input opera
tional amplifier. It offers significant accuracy improve
ment over presently available JFET input quad operational 
amplifiers. It can replace four single precision JFET input 
op amps, while saving board space, power dissipation and 
cost. 

For the first time, precision dual and quad JFET op amps 
are available in a surface mounted package. For extended 
operating temperatures (-40°C~TA~ 85°C)theLT1057IS 
and L n0581S are offered. 

Current Output, High Speed, High tnputlmpedance Instrumentation Amplifier 

'GAIN ADJUST 
"COMMON-MODE REJECTION ADJUST 

BANDWIDTH = 2M Hz 

7.5k 

lOUT = 2(V1 - V2) 
-Rx-
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LTl 057S/LTl 0571S 
LTl 058S/LTl 0581S 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Supply Voltage ....................................................... ±20V 
Differential Input Voltage ........................................ ±40V 
Input Voltage .......................................................... ±20V 

TOP VIEW ORDER PART 
NUMBER 

Output Short Circuit Duration .......................... Indefinite 
Operating Temperature Range 

LT1057S, LT1 058S ................................. O°C to 70°C 

LT1057S 
-INA LT10571S 
+INA 

LT10571S, LT10581S .......................... -40°C to 85°C 
Storage Temperature Range NC 

All Devices ........................................ -65°C to 150°C NC 

Lead Temperature (Soldering, 10 sec.) ................. 300°C S PACKAGE 
16-lEAD PLASTIC SOL 

TOP VIEW 

LT1058S 
LT10581S 

+IN B 

-INB 

S PACKAGE 
16-LEAD PLASTIC SOL 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage LT1057 0.3 2 mV 
LT1058 0.35 2.5 

los Input Offset Current Fully Warmed Up 5 50 pA 

IB Input Bias Current Fully Warmed Up ±10 ±100 pA 

Input Resistance - Differential 0.4 TO 
- Common-Mode VCM=-11Vto+8V 0.4 

VCM=+8Vto+llV 0.05 

Input Capacitance 4 pF 

en Input Noise Voltage 0.lHztol0Hz LTl057 2.1 IlVp-p 
LTl058 2.5 

en Input Noise Voltage Density fo = 10Hz 26 nV/1Hz 
fo= 1kHz 13 

in Input Noise Current Density fo= 10Hz. 1kHz 1.8 fA/1Hz 

AVOL Large Signal Voltage Gain Vo=±10V Rl=2k 100 300 VlmV 
RL= lk 50 220 

Input Voltage Range ±10.5 14.3 V 
-11.5 
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LTl 057S/LTl 0571S 
LTl 058S/LTl 0581S 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 
CMRR Common-Mode Rejection Ratio VCM=±10.5V LT1057 82 98 

LT1058 80 98 

PSRR Power Supply Rejection Ratio Vs=±10Vto±18V 86 102 

VOUT Output Voltage Swing RL=2k ±12 ±13 

SR Slew Rate 8 13 

GBW Gain-Bandwidth Product f = 1MHz (Note 1) 3 5 

Is Supply Current Per Amplifier 1.7 2.8 

Channel Separation DC to 5kHz, V,N = ±10V 130 

ELECTRICAL CHARACTERISTICS VS = ±15V, VCM = OV, DoC:::; TA:::; 70°C, (LT1057S, LT1058S) or 
-40°C:::; TA:::; 85°C, (LT1057IS, LT10581S), unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage LT1057 
LT1058S 
LT10581S 

Average Temperature Coefficient of 
Input Offset Voltage 

los Input Offset Current Warmed Up, TA = 70°C 
Warmed Up, TA = 85°C 

IB I nput Bias Cu rrent Warmed Up, TA = 70°C 
Warmed Up, TA = 85°C 

AVOL Large Signal Voltage Gain Vo=±10V,RL=2k LT1057 
LT1058 

CMRR Common-Mode Rejection Ratio VCM=±10.5V LT1057 
LT1058 

PSRR Power Supply Rejection Ratio Vs=±10Vto±18V LT1057 
LT105S 

VOUT Output Voltage Swing RL =2k 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note1: Gain bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 

MIN TYP MAX 

• 0.5 2.5 

• 0.6 3.0 

• 0.7 4.0 

• 5 

20 250 
35 400 

±60 ±400 
±100 ±700 

• 50 200 

• 40 200 

• 80 96 
• 78 96 

• 84 100 

• 82 100 

• ±12 ±12.8 

UNITS 
dB 

dB 

V 

V/JJS 

MHz 

rnA 

dB 

UNITS 

mV 

!iV/DC 

pA 

pA 

V/mV 

dB 

dB 

V 



,-y~tlnel\Q LTl057S8/LTl0571S8 
~~ TECHNOLOG~~~---D-u-a-I-J-F-ET--In-p-u-t-P-re-C-i-Si-o-n 

High Speed Op Amp 

DESCRIPTion PACKAGE/ORDER InFORmATion 
The LT1 057 is a matched JFET input dual op amp featuring 
a combination of outstanding high speed and precision 
specifications. It replaces all the popular bipolar and JFET 
input dual op amps. In particular, the LT1 057 upgrades the 
performance of systems using the LF412A and OP-215 
JFET input duals. 

TOP VIEW 

'"'O~' V-2 70UTA 

+IN B 3 6 V+ 

-IN B 4, 5 OUT B 

ORDER PART 
NUMBER 

LT1057S8 
LT10571S8 

APPLICATions 
• Precision, High Speed Instrumentation 
• Fast, Precision Sample-and-Hold 
• Logarithmic Amplifiers 
• D/A Output Amplifiers 
• Photodiode Amplifiers 
• VOltage-to-Frequency Converters 
• Frequency-to-Voltage Converters 

ELECTRICAL CHARACTERISTICS 
Vs = ±15V,TA = 25°C, VCM = DV, unless otherwise noted. 

PART MARKING 
S8 PACKAGE 

HEAD PLASTIC so 
1057 

PLEASE NOTICE THATTHE LT1057S8 STANDARD SURFACE MOUNT PINOUT DIFFERS FROM 
THAT OF THE LT1057 STANDARD PLASTIC OR CERAMIC DUAL·IN·LlNE PACKAGES. 

ABSOLUTE mAXimUm RATinGS 
Operating Temperature Range 

L T1 05758 ....................................... ODC S; T AS; 70DC 
L T1 0571S8 ................................. -40DC S; TA S; 85°C 

For electrical specifications not IRted below, refer to the standard LT1D57C datasheet with the changes noled on this page. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNiTS 

vas Input Offset Voltage 220 1200 IlV 
DoC ~TA ~ lo°C 400 1900 IlV 
-40°C ~ TA ~ 85°C 500 2300 IlV 

l!.Vos Input Offset Voltage Drift (Note 4) O°C ~TA ~ lo°C 4.0 16 IlV/oC 
Ai" -40°C :::TA::: 85°C 4.5 16 llV/oC 

IB Input Bias Current -40°C ~ TA ::: 85°C ±100 ±900 pA 

los Input Offset Current -40°C :::TA::: 85°C 35 600 pA 

Nole 4: Not 100% production tested. 

2-44 



L7UIJ~~--M-ic-ro-p-o-w-e-r.-, S-in-g-Ie-S-~-~-~-~~ 
FEATURES 
• 6O/LA Max Supply Current 
• 40/LV Max Offset Voltage 
• 350pA Max Offset Current 
• 0.5/LVp-p 0.1Hzto 10Hz Voltage Noise 
• 2.5pAp-p 0.1 Hz to 10Hz Current Noise 
• 0.4/LVfoC Offset Voltage Drift 
• 250kHz Gain-Bandwidth-Product 
• 0.12Vf/Ls Slew Rate 
• Single Supply Operation 

Input Voltage Range Includes Ground 
Output Swings to Ground while Sinking Current 
No Pull-Down Resistors are Needed 

• Output Sources and Sinks 5mA Load Current 

APPLICATions 
• Replaces OP-07, OP-77, AD707, LT1001, LT1012 

at 10 to 60 Times Lower Power 
• Battery or Solar Powered Systems 
• 4mA to 20mA Current Loops 
• Two Terminal Current Source 
• Megaohm Source Resistance Difference Amplifier 

Self Buffered Micropower Reference 

OUTPUT --=-__ - 1.230V 
±1.2% MAX 

SUPPLY CURRENT =60,.A MAX 
SOURCES UPTO 10mA 
LOAD REGULATION =30pV/mA 
TEM PERATU RE DRI FT = 12ppml °C 

Precision Op Amp 

DESCRIPTiOn 
The LT1077 is a micropower precision operational amplifier 
optimized for single supply operation at 5V. ± 15V speci
fications are also provided. 
Micropower performance of competing devices is achieved 
at the expense of seriously degrading precision, noise, 
speed, and output drive specifications. The LT1077 reduces 
supply current without sacrificing other parameters. The 
offset voltage achieved is the lowest of any micropower op 
amp. Offset current, voltage and current noise, slew rate 
and gain-bandwidth product are all two to ten times better 
than on previous micropower op amps. 
The 1ff corner of the voltage noise spectrum is at O.7Hz. 
This results in low frequency (0.1 Hz to 10Hz) noise perform
ance which can only be found on devices with an order of 
magnitude higher supply current. 
The LT1077 is completely plug-in compatible (including nul
ling) with all industry standard precision op amps. Thus, it 
can replace these precision op amps in many applications 
without sacrificing performance, yet with significant power 
savings. 
The LT1077 can be operated from one lithium cell or two 
Ni-Cad batteries. The input range goes below ground. The 
all-NPN output stage swings to ground while sinking cur
rent -no pull-down resistors are needed. 
For dual and quad op amps with similar specifications 
please see the LT1 078fLT1 079 datasheet. 

Distribution of Input Offset Voltage 

20 

15 

10 

o 
-~-3O-W-W 0 W W 30 ~ 

INPUT OFFSET VOLTAGE (pV) 
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LT1077 

A8S0l.UTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ................................... ± 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 

LT1077AM/LT1077M ..............•...• - 55°C to 125°C 
LT1077AIILT10771 ..................... -40°Ct085°C 
LT1077 AC/LT1077C/LT1077S8 ............. OOC to 70°C 

Storage Temperature Range 
All Grades ........................... -65°C to 150°C 

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

TOP VIEW 
Vos TRIM 

8 

H PACKAGE 
8-LEAD TD-5 METAL CAN 

J PACKAGE N PACKAGE 
8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

SO PACKAGE 
8-LEAD PLASTIC SOIC 

ORDER PART 
NUMBER 

LT1077AMH 
LT1077MH 
LT1077ACH 
LT1077CH 

LT1077AMJ8 LT1077AIN8 
LT1077MJ8 LT10771 N8 
LT1077ACJ8 LT1077ACN8 
LT1077CJ8 LT1077CN8 

LT1077S8 

PART MARKING 

1077 

El.ECTRICAl. CHARACTERISTICS Vs=5V,OV, VCM=O.1V, Vo=1.4V, TA=25°C, unlessnoled. 

LT1077AM/AI/AC LT1 077MnlC/S8 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage 9 40 10 60 ~V 
LT1077S8 12 150 ~V 

AVos Long Term Input Offset 0.4 0.4 ~V/Mo 

ATime Voltage Stability 

los Input Offset Current 0.06 0.35 0.06 0.45 nA 

Ie Input Bias Current 7 9 7 11 nA 

en Input Noise Voltage 0.1 Hz to 10Hz (Note 2) 0.5 1.1 0.5 ~Vp·p 

Input Noise Voltage Density 10 = 10Hz (Note 2) 28 43 28 nV/v'Hz 
10 = 1000Hz (Note 2) 27 35 27 nV/v'Hz 

in Input Noise Current 0.1 Hz to 10Hz (Note 2) 2.5 4.5 2.5 pAp·p 
Input Noise Current Density 10 = 10Hz (Note 2) 0.065 0.11 0.065 pAlv'Hz 

10= 1000Hz 0.02 0.02 pAlv'Hz 
Input Resistance (Note 3) 

Differential Mode 350 700 270 700 MO 
Common·Mode 6 6 GO 

Input Voltage Range 3.5 3.8 3.5 3.8 V 
0 -0.3 0 -0.3 V 

CMRR Common-Mode Rejection VCM=OV to3.5V 97 106 94 105 dB 
Ratio 

PSRR Power Supply Rejection Vs=2.3Vto 12V 102 118 100 117 dB 
Ratio 

AVOL Large Signal Voltage Gain Vo = O.03V to 4V, No Load 300 1000 240 1000 V/mV 
Vo = 0.03V to 3.5V, RL = 50k 250 1000 200 1000 V/mV 
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ELECTRICAL CHARACTERISTICS Vs = 5V, OV, VCM =O.1V, Vo = 1.4V, TA = 25°C, unless noted. 

LT1077AM/AIIAC LT10nMIIIC/sa 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Maximum Output Voltage Output Low, No Load 3.5 6 3.5 6 mV 
Swing Output Low, 2k to GND 0.7 1.1 0.7 1.1 mV 

Output Low, ISINK = 100,.A 90 130 90 130 mV 
Output High, No Load 4.2 4.4 4.2 4.4 V 
Output High, 2k to GND 3.5 3.9 3.5 3.9 V 

SR Slew Rate (Note 1) 0.05 0.08 0.05 0.08 VIps 
GBW Gain Bandwidth Product fos20kHz 230 230 kHz 

Is Supply Current 48 60 48 68 ,.A 
Offset Adjustment Range Rpot= 10k, Wiper to V+ ±500 ±900 ±500 ±900 pV 
Minimum Supply Voltage (Note 4) 2.2 2.3 2.2 2.3 V 

ELECTRICAL CHARACTERISTICS 
Vs=5V,OV, VCM= O.1V, Vo=1.4V, -55°CsTAS125°CforAM/M grades, -40°C:5TA:585°CforAl/lgrades. 

LT1077AM/AI LT1077MII 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage • 50 200 60 260 pV 

t.VrWt.T Input Offset Voltage Drift (Note 5) • 0.4 1.6 0.5 2.0 pVloC 

los Input Offset Current • 0.08 0.60 0.08 0.80 nA 
18 Input Bias Current • 8 11 8 13 nA 
CMRR Common·Mode Rejection VeM = 0.05V to 3.2V • 92 104 68 103 dB 

Ratio 
PSRR Power Supply Rejection Vs=3.1Vt012V • 98 114 94 113 dB 

Ratio 

AVOL Large Signal Voltage Gain Vo = O.05V to 3.5V, RL = 50k • 120 600 100 600 V/mV 
Maximum Output Voltage Output Low, No Load • 4.5 8 4.5 8 mV 
Swing Output Low, ISINK = 100,.A • 120 170 120 170 mV 

Output High, No Load • 3.9 4.2 3.9 4.2 V 
Output High, 2k to GND • 3.0 3.7 3.0 3.7 V 

Is Supply Current • 54 80 54 90 ,.A 

ELECTRICAL CHARACTERISTICS Vs=5V,OV,VCM=O.1V,Vo=1.4V,O°C:5TA~;70·C,unlessnoted. 
LT1DnAC LT10nc/sa 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage • 30 110 35 150 pV 

LT1077sa • 40 280 pV 

t.VOI'it.T Input Offset Voltage Drift (Note 5) • 0.4 1.6 0.5 2.0 pVloC 
LT1 077S8 (Note 5) 0.7 3.0 pV/oC 

los Input Offset Current • 0.07 0.45 0.07 0.60 nA 

18 Input Bias Current • 7 10 7 12 nA 
CMRR Common·Mode Rejection VcM =OVt03.4V • 94 105 90 104 dB 

Ratio _. 
PSRR Power Supply Rejection Vs = 2.6V to 12V • 100 116 97 115 dB 

Ratio 

AVOL Large Signal Voltage Gain Vo = 0.05V to 3.5V, RL = 50k • 180 600 150 800 VlmV 
Maximum Output Voltage Output Low, No Load • 4.0 7 4.0 7 mV 
Swing Output Low, ISINK = 100,.A • 100 150 100 150 mV 

Output High, No Load • 4.1 4.3 4.1 4.3 V 
Output High, 2k to GND • 3.3 3.8 3.3 3.8 V 

Is Supply Current • 52 70 52 80 ,.A 
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ELECTRICAL CHARACTERISTICS Vs = ± 15V, TA = 25°C, unless noted. 
LT10nAMIAIIAC LT1077MIIICIS8 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage 20 t50 25 200 ~V 
m077S8 30 300 ~V 

los Input Offset Current 0.06 0.35 0.06 0.45 nA 

Ie Input Bias Current 7 9 7 tl nA 
Input Voltage Range 13.5 13.8 13.5 13.8 V 

-15.0 -15.3 -15.0 -15.3 V 
CMRR Common·Mode Rejection Ratio VCM+ 13.5V, -15V 100 109 97 108 dB 
PSRR Power Supply Rejection Ratio Vs=5V,OVto±18V 106 122 103 120 dB 

AYOL Large Signal Voltage Gain Vo= ±10V,RL=50k 1000 8000 800 8000 VlmV 
Vo= ±10V,RL=2k 400 1500 300 1500 V/mV 

VOUT Maximum Output Voltage Swing RL =50k ±13.0 ±14.0 ±13.0 ±14.0 V 
RL=2k ±11.0 ±13.2 ±11.0 ±13.2 V 

SR Slew Rate 0.07 0.12 0.07 0.12 V/~ 

Is Supply Current 56 75 56 85 ~ 

ELECTRICAL CHARACTERISTICS 
Vs= ±15V, -55°CsTAS125°CforAM/Mgrades, -4QOCsTAs85°CforAl/lgrades. 

LT1077AM/AI LT1077MII 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage • 60 330 75 450 ~V 

AVOPJAT Input Offset Voltage Drift (NoteS) • 0.4 1.8 0.5 2.5 ~VloC 

los Input Offset Current • 0.08 0.60 0.08 0.80 nA 

Ie Input Bias Current • 8 11 8 13 nA 

AYOL Large Signal Voltage Gain Vo= ±10V, RL=5k • 300 1000 250 1000 V/mV 
CMRR Common·Mode Rejection Ratio VCM = + 13V, -14.9V • 94 107 90 106 dB 
PSRR Power Supply Rejection Ratio Vs=5V,OVto ±18V • 100 118 97 116 dB 

Maximum Output Voltage Swing RL=5k • ±11.0 ±13.5 ±11.0 ±13.5 V 

Is Supply Current • 60 95 60 105 ~ 

ELECTRICAL CHARACTERISTICS Vs= ±15V,ooCsTAS70°C, unless noted. 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage 
m077sa 

AVOPJAT Input Offset Voltage Drift (NoteS) 
LTI 077S8 (Note 5) 

los Input Offset Current 

Ie Input Bias Current 

AYoL Large Signal Voltage Gain Vo= ±10V,RL=5k 
CMRR Common·Mode Rejection Ratio VCM= 13V, -15V 
PSRR Power Supply Rejection Ratio Vs=5V,OVto ±18V 

Maximum Output Voltage Swing RL=5k 

Is Supply Current 

The. denotes the specifications which apply oyer the full operating 
temperature range. 
Note 1: Slew rate at 5V, OV is guaranteed by inference from the slew rate 
measurement at ± 15V. 
Note 2: This parameter is tested on a sample basis only. All noise 
parameters are tested with Vs= ±2.5V, Vo=OV. 
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LT1077AC LT1077C/sa 
MIN TYP MAX MIN TYP MAX UNITS 

• 40 230 50 320 ~V 

• 65 450 ~V 

• 0.4 1.8 0.5 2.5 ~V/oC 
0.8 3.5 ~V/oC 

• 0.07 0.45 0.07 0.60 nA 

• 7 10 7 12 nA 

• 500 2000 400 2000 V/mV 

• 97 108 94 107 dB 

• 103 120 100 118 dB 

• ±11.0 ±13.6 ±11.0 ±13.6 V 

• 59 85 59 95 ~ 

Note 3: This parameter is guaranteed by design and is not tested. 
Note 4: Power supply rejection ratio is measured at the minimum supply 
Yoltage. The op amps actually work at 1.8V supply but with a typical offset 
skew 01 - 3OO~V. 

Note 5: This parameter is not 100% tested. 



TYPICAL PERFORmAnCE CHARACTERISTICS 

~ 
>-

~ 
'" ::> 
<.> 

~ 

~ 

~ 
§ 
~ 
>-
1:5 
l;1 
~ 

Supply Current vs Temperature 

60 

V~-±l~V 

50 /' ~=5vbv ',...-

V ~" 

40 
VV 

~ 
~ 100 

~ 75 
<.> 
>- 50 

~ 
o 

_ -6 

! 
iii 
~ -7 
i3 
~ 
CD -8 

Input Bias and Offset Currents vs 
Temperature 

VS=5V,OVTO ± 15V 

los .----

r- IB -
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) TEMPERATURE (OC) 

0.1 Hz to 10Hz Noise 

1---+--+----l-Vs= ±2.5V 
TA=25°C 

4 6 
TIME (SECONDS) 

10Hz Voltage Noise Distribution 

10 

35r--r--,r--,--,--,-, 

30 
Vs= 

TA 

25 

20 

15 

10 

30 35 40 
VOLTAGE NOISE DENSITY (nV/.JfiZ) 

~ 
Q 

! e 
~ 
[3 
~ 

0.01 Hz to 10Hz Noise 

~ .-~-~--+--r--+--~ 
z 

20 40 60 so 100 
TIME (SECONDS) 

Distribution of Offset Voltage Drift 
with Temperature (In All Packages) 

30 r-+--+-+-+ 

20 r--t--+--t--

10 r-t-t-

-2.0 -1.0 a 1.0 2.0 
OFFSET VOLTAGE DRIFT WITH TEMPERATURE (~V/OC) 

LT1077 

Input Bias Current vs 
Common·Mode Voltage 

-1 

VS=5~, OV 
-3 

p5;£.'\ 
TA= -55°C 

TA-125°C 

-11 

-13 
-1 

COMMON·MOOE VOLTAGE (V) 

Noise Spectrum 
1000 

Vs ±2.5V 
TA 25°C 

11111 
(ATVs ±15V 
VOLTAGE NOISE 

CURRENT IS 4% LESS 
r--

~EIIII 
- CURRENT NOISE 

IS UNCHANGED) 

- VOLTAGE 
~SE 

- ltl Jd~~ER ~ 

10 
0jH'Z""'1I 

0.1 10 100 1000 
FREQUENCY (Hz) 

Distribution of Input Offset 
Voltage in Small Outline (88) 
Package 

60 r-+-+--t--+ 

50 1--+-+-++ 

40 I--+-~+-+ 

30 I--+-~+-+ 

20 1--+-++ 

10 ~+--t--+ 

o L."j ..... dIIIII 
-150-120-90-60-30 0 30 60 90 120 150 

INPUT OFFSET VOLTAGE (~V) 

2-49 



LT1077 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 
The LT10n is fully specified with V+ =5V, V- =OV, 
VCM = 0.1 V. This set of operating conditions 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 (= 2/NN), at 
9V the offset voltage change will be 8p.V. Similarly, 
Vs = ± 2.5V, VCM = 0 is equivalent to a common·mode volt· 
age change of 2.4V or a Vos change of 7p.V if 
CMRR= 110dB (3p.VIV). 

A full set of specifications is also provided at ± 15V sup· 
ply voltages for comparison with other devices and for 
completeness. 

The LT10n is pin compatible to, and directly replaces, 
such precision op amps as the OP·07, op·n, AD707 and 
LT1001 with 30 to 60 times savings in supply current. The 
mon is also a direct plug·in replacement for LT1012 and 
OP·97 devices with 10 times lower diSSipation. Compati· 
bility includes externally nulling the offset voltage, as all 
of the above devices are trimmed with a potentiometer be· 
tween pins 1 and 8 and the wiper tied to V+. 

The LT1077 replaces and upgrades such micropower op 
amps as the OP·20, LM4250, and OP·90, provided that the 
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external nulling circuitry (and set resistor in the case of 
the LM4250) are removed. Since the offset voltage of the 
LT10n is extremely low, nulling will be unnecessary in 
most applications. 
Single Supply Operation 

The LT10n is fully specified for single supply operation, 
I.e., when the negative supply is OV. Input common·mode 
range goes below ground and the output swings within a 
few millivolts of ground while sinking current. All compet· 
ing 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, HA5141142144). This difference is 
critical because in many applications these competing de· 
vices cannot be operated as micropower op amps and 
swing to ground simultaneously. 

As an example, consider the difference amplifiers shown 
as Typical Applications. When the common·mode Signal is 
high and the output low, the amplifier has to sink current. 
In the gain of 10 circuit, the competing devices require a 
30k pull down resistor at the output to handle the speci· 
fied signals. (The LT1077 does not need pull down resis· 
tors.) When the output is high the pull down resistor draws 
80p.A which dominates the micropower current budget. 

This situation is much worse in the gain of one circuit with 
V- =OV. At 100V common mode the output has to sink 



APPLICATions InFoRmATion 
2f.!A. At a minimum output voltage of 20mV competing de
vices require a 10k pull down resistor. As the output now 
swings to 10V, this resistor draws 1 mA of current. 

Since the output of the LT10n cannot go exactly to 
ground, but can only approach ground to within a few 
millivolts, care should be exercised to ensure that the out· 
put is not saturated. For example, a 1 mV input signal will 
cause the amplifier to set up in its linear region in the gain 
100 configuration shown below, but is not enough to make 
the amplifier function properly in the voltage follower 
mode. 

Gain 100 Amplifier 

~
v 

R 99R 

':" 100mV 

1mV + 

Voltage Follower 

- OUTPUT !?lv 

1mV + 

SATURATED 
",,3.SmV 

LT1077 

Single supply operation can also create difficulties at the 
input. The driving Signal can fall below OV-inadvertently 
or on a transient basis. If the input is more than a few hun· 
dred millivolts below ground, two distinct problems can 
occur on previous single supply deSigns, such as the 
LM124, LM158, OP·20, OP·21 , OP·220, OP·221, OP·420 
(a and b), Op·90J290J490 (b only): 

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 
LT10n, resistors in series with the input protect the device 
even when the input is 5V below ground. 

b) When the input is more than 400mV below ground (at 
25°C), the input stage saturates and phase reversal occurs 
at the output. This can cause lock·up in servo systems. 
Due to a unique phase reversal protection circuitry, the 
LT10n's output does not reverse, as illustrated below, 
even when the input is at -1.0V. 

Voltage Follower with Input Exceeding the Negative Common·Mode Range (VS = 5V, OV) 

4V 4V 4V 

2V 2V 2V 

lms/DlV lms/DlV 

6Vp-p INPUT. -1.0 TO +5.0V OP-90 EXHIBITS OUTPUT 
PHASE REVERSAL 

lms/DlV 
LT1077 

NO PHASE REVERSAL 

Comparator Applications 
The single supply operation of the LT10n and its ability to 
swing close to ground while sinking current lends itself to 

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

s 0 
S 
f--
~ -100 
~ 

VS=5V.OV 200"s/DlV 

use as a precision comparator with TTL compatible 
output. 

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

l 100 
f--

~ 0 
VS=5V.OV 200"s/OIV 
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TYPICAL APPLICATions 
Megaohm Input Impedance 
Gain of 10 Difference Amplifier 

OUTPUT 
0.005 TO 2.4V 

BANDWIDTH = 20kHz 
OUTPUT OFFSET =O.7mV 

OUTPUT NOISE=80"V~p (O.1Hz TO 10Hz) 
260"V RMS OVER FULL BANDWIDTH 

SUPPLY CURRENT =45~ 

THE USEFULNESS OF DIFFERENCE AMPLIFIERS IS 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 LT10n AL
LOWS THE USE OF 1 Mil SOURCE RESISTORS WITHOUT DEGRADATION IN 
PERFORMANCE. IN ADDITION. WITH MEGAOHM RESISTORS MICROPOWER 
OPERATION CAN BE MAINTAINED. 
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Two Terminal Current Source 

IO=~ + Is 
Rl 

= 1.~~OV + 50~ 

MINIMUM CURRENT=50~ (Rl-ao) 
MAXIMUM CURRENT=10.3mA (Rl=1201l) 

:!: 250V Common-Mode Range Difference Amplifier (Ay = 1) 

R1 R5 

-IN 

-r< Jjk OPTIONAL 
CMRR 
TRIM 

COMMON +IN 
MODE 
INPUT 
±250V 

R1-R6:VISHAY 444 ACCUTRACT THIN FILM 
SIP NETWORK m :VISHAY 444 PIN NUMBERS 

VISHAY INTERTECHNOLOGY. INC. 
63 LINCOLN HIGHWAY 
MALVERN. PA 19355 

COMMON MODE REJECTION RATIO = 74dB (RESISTOR LIMITED) 
WITH OPTIONAL TRIM = 108dB 

OUTPUT OFFSET (TRIMMABLE TO ZERO) =500"V 
OUTPUT OFFSET DRIFT=25"V/'C 

INPUT RESISTANCE=lM 
COMMON MODE RANGE = ±250V. V+=6.2V TO 18V. V-= -4.7V TO -18V 

=±100V. V+2:3.2V. V-s-1.8V 
= +100V. -13V. V+,,3.2V. V-=OV 

Half-Wave Rectifier 

VOMIN=6mV 
NO DISTORTION TO 100Hz 

_ r\.8V 

'V 'V-1.8V 
/"'\.-t::"'\ 1.8V 

o 
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'''''''''-unEI\Q LT1078/LTl079 
~~ TECHNOLOG~~~-----M-ic--ro-p-o-w--e-~-D-u-a-I-a-n-d-

Quad, Single Supply, Precision Op Amps 
FEATURES 
• Available in 8-Pin SO Package 
• SO~ Max Supply Current Per Amplifier 
• 70~V Max Offset Voltage 
• 180~V Max Offset Voltage in 8-Pin SO 
• 2S0pA Max Offset Current 
• 0.6~Vp-p 0.1 Hz to 10Hz Voltage Noise 
• 3pAp-p 0.1 Hz to 10Hz Current Noise 
• O.4~V{oC Offset Voltage Drift 
• 200kHz Gain-Bandwidth Product 
• 0.07v/~s Slew Rate 
• Single Supply Operation 

Input Voltage Range Includes Ground 
Output Swings to Ground While Sinking Current 
No Pull Down Resistors Needed 

• Output Sources and Sinks SmA Load Current 

APPLICATions 
• Battery or Solar Powered Systems 

Portable Instrumentation 
Remote Sensor Amplifier 
Satellite Circuitry 

• Micropower Sample-and-Hold 
• ThermocoupleAmplifier 
• MicropowerFilters 

DESCRIPTion 
The LT1078 is a micropower dual op amp in 8-pin pack
ages including the small outline surface mount package. 
The L T1 079 is a micropower quad op amp offered in the 
standard 14-pin packages. Both devices are optimized for 
single supply operation at SV. ±1SV 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 LT1 078/1 079 was concentrated on reducing supply 
current without sacrificing other parameters. The offset 
voltage achieved is the lowest on any dual or quad non
chopper stabilized op amp - micropower or otherwise. 
Offset current, voltage and current nOise, slew rate and 
gain-bandwidth product are all two to ten times better than 
on previous micropower op amps. 

The 1 If corner of the voltage noise spectrum is at O. 7Hz, at 
least three times lower than on any monolithic op amp. 
This results in low frequency (0.1 Hz to 10Hz) noise 
performance which can only be found on devices with an 
order of magnitude higher supply current. 

Both the L T1 078 and L T1 079 can be operated from a 
single supply (as low as one lithium cell or two Ni-cad 
batteries). The input range goes below ground. The all
NPN output stage swings to within a few millivolts of 
ground while sinking current - no power consuming pull 
down resistors are needed. 

Single BaHery, Micropower, Gain = 100, Instrumentation Amplifier 

Distribution of Input Offset Voltage 
(LT1078 and LT1079 in H, J, N Packages) 
16 .---r----r--=::--r--,----, 

TYPICAL PERFORMANCE 
INPUT OFFSET VOLTAGE = 40l1V 
INPUT OFFSET CURRENT = O.2nA 
TOTAL POWER DISSIPATION = 240l1W 
COMMON·MODE REJECTION = 110dB (AMPLIFIER LIMITED) 
GAIN-BANDWIDTH PRODUCT = 200kHz 
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OUTPUT NOISE = 85I1VP-P O.1Hz TO 10Hz 
= 300l1VRMS OVER FULL BANDWIDTH 

INPUT RANGE = 0.03V TO 1.BV 
OUTPUT RANGE = 0.03V TO 2.3V 

(O.3mV s VIN, - VIN_ S 23mV) 
OUTPUTS SINK CURRENT - NO PULL DOWN RESISTORS 

ARE NEEDED 

14 f---I--l= 

121--+-~ 

10 

o 
-120 -80 -40 40 BO 120 

INPUT OFFSET VOLTAGE (I1V) 
LT1078'TA02 
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LT1078/LT1079 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ....................................................... ±22V 
Differential Input Voltage ....................................... ±30V 

Operating Temperature Range 
LT1 078AM/L T1 078MI 

Input Voltage ............... Equal to Positive Supply Voltage 
............. 5V Below Negative Supply Voltage 

LT1079AM/LT1079M ............................. -55°C to 125°C 
L T1 07811L T1 0791 ..................................... -40°C to 85°C 

Output Short Circuit Duration .......................... Indefinite L T1 078AC/LT1 078C/L T1 078S8/LT1 078S161 
Storage Temperature Range L T1 079AC/L T1 079C ..................................... O°C to 70°C 

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

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

4 
V- (CASE) 

H PACKAGE 
HEAD TO·S METAL CAN 

ORDER PART NUMBER 

.IN B 

-IN B 

LT1078AMH 
LT1078MH 
LT1078ACH 
LT1078CH 

TOP VIEW 

S8 PACKAGE 
HEAD PLASTIC SOIC 

NOTE: THIS PIN CONFIGURATION DIFFERS FROM THE 
HEAD DIP PIN LOCATIONS. INSTEAD, IT FOLLOWS 
THE INDUSTRY STANDARD LT1013DS8 SO PACKAGE 
CONFIGURATION. 

ORDER PART NUMBER PART MARKING 

LT10781S8 10781 
LT1078S8 1078 

TOP VIEW 

J8 PACKAGE N8 PACKAGE 
HEAD CERAMIC DIP HEAD PLASTIC DIP 

ORDER PART NUMBER 

LT1078AMJ8 
LT1078MJ8 
LT1078ACJ8 
LT1078CJ8 

LT1078ACN8 
LT1078CN8 
LT10781N8 

TOP VIEW 

S PACKAGE 
1HEAD PLASTIC SOL 

NOTE: THIS DEVICE IS NOT RECOMMENDED 
FOR NEW DESIGNS. 

ORDER PART NUMBER 

LT10781S16 
LT1078S16 

TOP VIEW 

J PACKAGE N PACKAGE 
1 HEAD CERAMIC DIP 1HEAD PLASTIC DIP 

ORDER PART NUMBER 

LT1079AMJ 
LT1079MJ 
LT1079ACJ 
LT1079CJ 

LT1079ACN 
LT1079CN 
LT10791N 

S PACKAGE 
16·LEAD PLASTIC SOL "'" •• ""'" 

ORDER PART NUMBER 

LT10791S 
LT1079S 
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LTl078/LT1079 

ELECTRICAL CHARACTERISTICS Vs = 5V, DV, VCM = D.1V, Vo = 1.4V, TA = 25°C, unless otherwise noted. 

LT1 078AM/AC LT1 078M/C/I/S 
L T1 079AM/AC LT1 079M/C/I/S 

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

Vas Input Offset Voltage LT1078 30 70 40 120 IlV 
L 11 0781S8/L 11 078S8 60 180 IlV 
LT1079 35 100 40 150 IlV 
LT10781S16/S16, LT10791S/S 60 300 IlV 

t.Vos Long Term Input Offset 0.4 0.5 IlVlMo 
t.Time Voltage Stability 

los Input Offset Current 0.05 0.25 0.05 0.35 nA 

Is Input Bias Current 6 8 6 10 nA 

en Input Noise Voltage 0.1 Hz to 10Hz (Note 2) 0.6 1.2 0.6 IlVp·p 

Input Noise Voltage Density fa = 10Hz (Note 2) 29 45 29 nV/VHz 
fa = 1000Hz (Note 2) 28 37 28 nVlVHz 

in Input Noise Current 0.1 Hz to 10Hz (Note 2) 2.3 4.0 2.3 pAp·p 

Input Noise Current Density fa = 10Hz (Note 2) 0.06 0.10 0.06 pAlVHz 
fa = 1000Hz 0.02 0.02 pAlVHz 

Input Resistance (Note 3) 
Differential Mode 400 800 300 800 MO 

Common·Mode 6 6 GO 

Input Voltage Range 3.5 3.8 3.5 3.8 V 
0 -0.3 0 -0.3 V 

CMRR Common·Mode Rejection Ratio VCM = OV to 3.5V 97 110 94 108 dB 

PSRR Power Supply Rejection Ratio Vs = 2.3V to 12V 102 114 100 114 dB 

AVOL Large Signal Voltage Gain Va = 0.03V to 4V, No Load 200 1000 150 1000 VlmV 
Va = 0.03V to 3.5V, RL = 50k 150 600 120 600 VlmV 

Maximum Output Voltage Swing Output Low, No Load 3.5 6 3.5 6 mV 
Output Low, 2k to GND 0.55 1.0 0.55 1.0 mV 
Output Low, ISINK = 1001lA 95 130 95 130 mV 

Output High, No Load 4.2 4.4 4.2 4.4 V 
Output High, 2k to GND 3.5 3.9 3.5 3.9 V 

SR Slew Rate Av= +1, Vs = ±2.5V 0.04 0.07 0.04 0.07 VlIlS 

GBW Gain·Bandwidth Product fa::; 20kHz 200 200 kHz 

Is Supply Current Per Amplifier 38 50 39 55 IlA 
Channel Separation t.VIN = 3V, RL = 10k 130 130 dB 

Minimum Supply Voltage (Note 4) 2.2 2.3 2.2 2.3 V 
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LTl078/LT1079 

ELECTRICAL CHARACTERISTICS 
VS = 5V, OV, VCM = o.1V, Vo = 1.4V, -40°C S; TA S; 85°C for I grades, -55°C s; TA s; 125°C 'or AM/M grades, unless otherwise noted. 

LT1D78AM LT1D78MJI 
LT1D79AM LT1D79MJI 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage LT1078 • 70 250 95 370 I1V 
LT1 079, L T1 07S18S • SO 2S0 100 400 I1V 
LT1078IS16, LT10791S • 100 560 I1V 

!Nos Input Offset Voltage Drift • 0.4 1.S 0.5 2.5 l1V/oC 
6T (Note 5) LT10781S8 • 0.6 3.5 l1V/oC 

LT1078IS16, LT10791S • 0.7 4.0 l1V/oC 

los Input Offset Current • 0.07 0.50 0.07 0.70 nA 
LT107SI, LT10791 • 0.1 1.0 nA 

Is Input Bias Current • 7 10 7 12 nA 

CMRR Common-Mode Rejection Ratio VCM = 0.05V to 3.2V • 92 106 88 104 dB 

PSRR Power Supply Rejection Ratio Vs = 3.1Vto 12V • 98 110 94 110 dB 

AvoL Large Signal Voltage Gain Vo = 0.05V to 4V, No Load • 110 600 80 600 V/mV 
Vo = 0.05V to 3.5V, RL = 50k • 80 400 60 400 V/mV 

Maximum Output Voltage Swing Output Low, No Load • 4.5 8 4.5 8 mV 
Output Low, ISINK = lOOI1A • 125 170 125 170 mV 

Output High, No Load • 3.9 4.2 3.9 4.2 V 
Output High, 2k to GND • 3.0 3.7 3.0 3.7 V 

Is Supply Current Per Amplifier • 43 60 45 70 !LA 

ELECTRICAL CHARACTERISTICS 
Vs = 5V, OV, VCM = o.1V, Vo = 1.4V, DoC ~TA~ 70°C; unless otherwise noted. 

LT1D78AC LT1D78C/S 
LT1D79AC LT1D79C/S 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

VAS Input Offset Voltage LT1078 • 50 150 60 240 I1V 
LT1079 • 60 lS0 70 270 I1V 
LT1078SS • S5 350 I1V 
LT107SS16, LT1079S • 90 4S0 I1V 

~ Input Offset Voltage Drift • 0.4 1.8 0.5 2.5 I1V/oC 
<iT (Note 5) LT1078SS • 0.6 3.5 l1V/oC 

LT1078S16, LT1079S • 0.7 4.0 l1V/oC 

los Input Offset Current • 0.06 0.35 0.06 0.50 nA 

Is Input Bias Current • 6 9 6 11 nA 

CMRR Common-Mode Rejection Ratio VCM = OV to 3.4V • 94 IDS 90 106 dB 

PSRR Power Supply Rejection Ratio Vs = 2.6V to 12V • 100 112 97 112 dB 

AVOL Large Signal Voltage Gain Vo = 0.05V to 4V, No Load • 150 750 110 750 V/mV 
Vo = 0.05V to 3.5V, RL = 50k • 110 500 SO 500 V/mV 

Maximum Output Voltage Swing Output Low, No Load • 4.0 7 4.0 7 mV 
Output Low, ISINK = 100!LA • 105 150 105 150 mV 

Output High, No Load • 4.1 4.3 4.1 4.3 V 
Output High, 2k to GND • 3.3 3.S 3.3 3.8 V 

Is Supply Current Per Amplifier • 40 55 42 63 !LA 
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LTl078/LT1079 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°e, unless otherwise noted. 

LT1 078AM/AC LT1 078M/C/I/S 
LT1079AM/AC L T1079M/C/I/S 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage (Including LT107BISB/SB) 50 250 70 350 IlV 
LT107BIS16/S16, L T1 0791S/S BO 500 IlV 

los Input Offset Current 0.05 0.25 0.05 0.35 nA 

la Input Bias Current 6 B 6 10 nA 

Input Voltage Range 13.5 13.B 13.5 13.B V 
-15.0 -15.3 -15.0 -15.3 V 

CMRR Common-Mode Rejection Ratio VCM = +13.5V, -15V 100 114 97 114 dB 

PSRR Power Supply Rejection Ratio Vs = 5V, OV to ±18V 102 114 100 114 dB 

AVOL Large Signal Voltage Gain Vo = ±10V, RL = 50k 1000 5000 1000 5000 VimV 
Vo =±10V, RL = 2k 400 1100 300 1100 VimV 

VOUT Maximum Output Voltage Swing RL = 50k ±13.0 ±14.0 ±13.0 ± 14.0 V 
RL = 2k ± 11.0 ±13.2 ±11.0 ±13.2 V 

SR Slew Rate 0.06 0.10 0.06 0.10 ViIlS 

Is Supply Current Per Amplifier 46 65 47 75 IlA 

ELECTRICAL CHARRCTERISTICS 
VS = ±15V, -4ooe:.:;; TA:':;; 85°e for I grades, -55°e:.:;; TA:':;; 125°e for AM/M grades. unless otherwise noted. 

LT1D78AM LT1D78M/I 
LT1D79AM LT1D79M/I 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage (Including LT107BISB) • 90 430 120 600 IlV 
L T1 07BIS16, LT1 0791S • 130 B25 IlV 

I!Nos Input Offset Voltage Drift • 0.5 1.B 0.6 2.5 IlVioC 
A'f"" (Note 5) LT107BISB • 0.7 3.B IlVioC 

LT107BIS16, LT10791S • O.B 5.0 IlVioC 

los Input Offset Current • 0.07 0.50 0.07 0.70 nA 
LT107BI, LT10791 • 0.1 1.0 nA 

la Input Bias Current • 7 10 7 12 nA 

AVOL Large Signal Voltage Gain Vo = ±10V, RL = 5k • 200 700 150 700 VimV 

CMRR Common-Mode Rejection Ratio VCM = +13V, -14.9V • 94 110 90 110 dB 

PSRR Power Supply Rejection Ratio Vs = 5V, OVto ±1BV • 9B 110 94 110 dB 

Maximum Output Voltage Swing RL=5k • ±11.0 ±13.5 ±11.0 ±13.5 V 

Is Supply Current Per Amplifier • 52 80 54 95 IlA 
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LTl078/LT1079 

ELECTRICAL CHARACTERISTICS VS = ±15V, DOC ~ TA ~ 70°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage 
LT107BSB 
LT107BS16, LT1079S 

I;.Vos Input Offset Voltage Drift 
I;.T (Note 5) LT107BSB 

LT1078S16, LT1079S 

los Input Offset Current 

18 Input Bias Current 

AVOL Large Signal Voltage Gain Va = ±10V, RL = 5k 

CMRR Common·Mode Rejection Ratio VCM= 13V, -15V 

PSRR Power Supply Rejection Ratio Vs = 5V, OV to ±18V 

Maximum Output Voltage Swing RL = 5k 

Is Supply Current Per Amplifier 

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 LT1079s (or 100 
LT1078s) 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 Vs = ±2.5V, Va = OV. 

LT1078AC LT1078C/S 
LT1079AC LT1079C/S 

MIN TYP MAX MIN TYP MAX UNITS 

• 70 330 90 460 !LV 

• 100 540 !LV 

• 115 750 !LV 

• 0.5 1.B 0.6 2.5 lLV/oC 

• 0.7 3.8 !LV/oC 

• 0.8 5.0 lLV/oC 

• 0.06 0.35 0.06 0.50 nA 

• 6 9 6 11 nA 

• 300 1200 250 1200 V/mV 

• 97 112 94 112 dB 

• 100 112 97 112 dB 

• ± 11.0 ±13.6 ± 11.0 ± 13.6 V 

• 49 73 50 85 !LA 
Nole 3: This parameter is guaranteed by design and is not tested. 
Note 4: Power supply rejection ratio is measured at the minimum supply 
voltage. The op amps actually work at 1.8V supply but with a typical offset 
skew of -300!L V. 
Note 5: This parameter is not 100% tested. 

2-61 



LT1078/LT1079 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Supply Current vs Temperature 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Voltage Gain vs Frequency Gain, Phase vs Frequency Capacitive Load Handling 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Small Signal Transient Response 
Vs=5V,OV 

10¢'/DIV 

Av= +1, CL =15pF, INPUT 50mV TO 150mV 

O.1V 

Small Signal Transient Response 
Vs= ±2.5V 

10¢'/OIV 

Av=+1, CL=15pF 

OV 

Small Signal Transient Response 
Vs= ±15V 

OV 

1O¢'/DiV 

Av=+1,CL=15pF 

APPLICATions InFORmATion 
The LT107B/LT1079 devices are fully specified with 
V+ =5V, V- =0, VCM=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 (= 2p.V/V), at 9V the offset voltage change 
will be Bp.V. Similarly, Vs = ± 2.5V, VCM = 0 is equivalent to a 
common·mode voltage change of 2.4V or a Vas change of 
7p.V if CMRR = 110dB (3p.VN) . 

.L7lJ~ 

A full set of specifications is also provided at ± 15V sup
ply voltages for comparison with other devices and for 
completeness. 

Single Supply Operation 

The LT107B/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) 
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APPLICATions InFoRmATion 
or need a pull down resistor connected to the output to 
swing to ground (OP·90, OP·290, OP-490, HA5141142144). 
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, amplifier 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 L T1078 does not need pull down reo 
sistors.) When the common·mode input is high and the 
output is high these pull down resistors draw 300pA (150JLA 
each), which is excessive for micropower applications. 

The instrumentation amplifier is by no means the only 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. 

Since the output of the LT1078/LT1079 cannot go exactly 
to ground, but can only approach ground to within a few 
millivolts, care should be exercised to ensure that the out· 
put is not saturated. For example, a 1 mV input signal will 
cause the amplifier to set up in its linear region in the gain 

100 configuration shown below, but is not enough to make 
the amplifier function properly in the voltage follower 
mode. 

Gain 100 Amplifier Voltage Follower 

~5 99R 

.,.. 100mV 

1mV + 

.,.. 

~
v 

- OUTPUT 
SIIrURATED 

1mV . + =3.5mV 

.,.. 

Single supply operation can also create difficulties at the 
input. The driving signal can fall below OV-inadvertently 
or on a transient basis. If the input is more than a few hun· 
dred millivolts below ground, two distinct problems can 
occur on previous single supply deSigns, such as the 
LM124, LM158, OP·20, OP·21 , OP·220, OP·221, OP·420 
(a and b), OP·90/290/490 (b only): 

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 
LT1078/LT1079, resistors in series with the input protect 
the devices even when the input is 5V below ground. 

b) When the input is more than 400mV below ground (at 
25°C), the input stage saturates and phase reversal occurs 
at the output. This can cause lock·up in servo systems. 
Due to a unique phase reversal protection circuitry, the 
LT1078/LT1079's output d~ not reverse, as illustrated 
below, even when the inputs are at -1.0V. 

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

4V 4V 

'l<I 'l<I 

o 

1ms/DlV 

6Vp-p INPUT, -1.0 TO +5.0V 
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1m,/DIV 

,OP-90 EXHIBITS OUTPUT 
PHASE REVERSAL 

4V 

'l<I 

o 

1ms/DIV 

LT1078/LT1079 
NO PHASE REVERSAL 



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. 

LT1078AM/AC 
LT1079AM/AC 

LT1078jLT1079 

Some specifications are guaranteed by definition. For 
example, 70p.V maximum offset voltage implies that mis· 
match cannot be more than 140JlV. 97dB (= 14p.V/V) CMRR 
means that worst case CMRR match is 91dB (=28p.VJV). 
However, the following table can be used to estimate the 
expected matching performance at Vs = 5V, OV between 
the two sides of the LT1078, and between amplifiers A and 
0, and between amplifiers Band C of the LT1079. 

LT1078M/C 
LT1079M/C 

PARAMETER 50% YIELD 98% YIELD 50% YIELD 98% YIELD UNITS 
VosMatch,~Vos I m078 30 110 

I LT1079 40 150 
Temperature Coefficient ~ Vos 0.5 1.2 
Average Non·lnverting 16 6 8 
Match of Non·lnverting 16 0.12 0.4 
CMRRMatch 120 100 
PSRRMatch 117 105 

Comparator Applications 

The single supply operation of the LT1078/1079 and its 
ability to swing close to ground while sinking current 

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

VS=5V,OV 200"s/DIV 

L7lJ[!~ 

50 190 ~V 

50 250 
0.6 1.8 ~VloC 

6 10 nA 
0.15 0.5 nA 
117 97 dB 
117 102 dB 

lends itself to use as a precision comparator with TIL 
compatible output. 

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

VS=5V,OV 200"s/OIV 
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TYPICAL APPLICATions 

Micropower, 10ppm/oC, ± 5V Reference Gain of 10 Difference Amplifier 

1M 

INPUT OUTPUT 
-5.000V OUTPUT 1M 0.0035 TO 2.4V 

20k 510k 
160k 1% 

1% 

SUPPLY CURRENT: +9V BATIERY =115"A 
- 9V BATIERY = 85"A 

OUTPUT NOISE: 36.Vpp• 0.1HZTO 10Hz 

THE LT1078 CCNTRIBUTES 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. 

10M 

BANDWIDTH = 20kHz 
OUTPUT OFFSET =0.7mV 

OUTPUT NOISE=80.Vpp (0.1Hz TO 10Hz) 
260.V RMS OVER FULL BANDWIDTH 

THE USEFULNESS OF DIFFERENCE AMPLIFIERS IS 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 1MO 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 

2-68 

2R 
20M 

+INPUT - ... -4-~ 

RG 
200k 

R3 
9.1M 

OUTPUT 
4mV TO 8.2V 

GAIN= ~+W) ~=100FORVALUESSHOWN 

INPUT BIAS CURRENT TYPICALLY < 150pA 
INPUT RESISTANCE=3R=30M FOR VALUES SHOWN 
NEGATIVE COMMON-MODE LIMIT = I B x2R +20mV = 140mV 
GAIN BANDWIDTH PRODUCT=1.8MHz 
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TYPICAL APPLICATions 

+ 

1.11k 

+ 85V, -100V Common Mode 
Range Instrumentation Amplifier 
(Av=10) 

1M 

BANDWIDTH = 2kHz 
OUTPUT OFFSET = 8mV 

OUTPUT NOISE:~::~~p~~~ b~~~O ;~L~~NDWIDTH 
(DOMINATED BY RESISTOR NOISE) 

INPUT RESISTANCE = 10M!! 

Half-Wave Rectifier 

. r\.8V 

'-/ '-/-1.8V 

2M 

VOMIN=6mV 
NO OISTORTION TO 100Hz 

r\.....J:"'\ 1.8V 
o 

Absolute Value Circuit (Full-Wave Rectifier) 

200k 

3.5V-f\ 

-3.5VV V 

200k 

VOMIN=4mV 
NO DISTORTION TO 100Hz 

3.5VfVV\ 
OV 

Programmable Gain Amplifier (Single Supply) 

10k lOOk 

ERRORS DUE TO SWITCH ON RESISTANCE, 
LEAKAGE CURRENTS, NOISE AND TRANSIENTS 
ARE ELIMINATED. . 

1M 

OUT 

CD4016B 
GAIN PIN 13 PIN 5 PIN 6 
1000 
100 
10 

high 
low 
low 

low 
high 
low 

low 
low 
high 
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TYPICAL APPLICATions 

Single Supply, Micropower, Second Order Low Pass Filter with 60Hz Notch 

2-70 

27.6k 27,6k 
0.1% 0.1% 

505k 
0.1% 

505k 
0.1% 

fc=40Hz 
0>30 

100pF 1000pF 
0.5% 

1000pF 
0.5% 

OUTPUT 

TYPICAL OFFSET 
~600~V 

Micropower Multiplier/Divider 

505k 
0.1% Z INPUT 

r---.... ------.......... ..,...-(5mV TO 50V) 

X INPUT 
(5mV TO 50V)-W-.... ------i----, 

01-04 = MAT -04 

OUTPUT ~ (XIz\Y) ,POSITIVE INPUTS ONLY 

TYPICAL LINEARITY =0.01 % OF FULL SCALE OUTPUT 

NEGATIVE SUPPLY CURRENT = 165~+ X+Y 5'ot:OUT 

POSITIVE SUPPLY CURRENT =165~+ ~~O~ 

BANDWIDTH ( <3V pp SIGNAL): ~ ~~~i ~N~~~S = 10kHz 

.L7lJ!J~ 



TYPICAL APPLICATions 

1M"" 

LT1078/LT1079 

Micropower Dead Zone Generator 

"1% FILM 
""RATIO MATCH 0.05% 

BIPOLAR SYMMETRY IS EXCELLENT 
BECAUSE ONE DEVICE, 02, SETS BOTH LIMITS 
SUPPLY CURRENT = 240,.A 
BANDWIDTH = 150Hz 

VSET Your 
I 

I 7 
02, 3, 4, 5 CA 3096 TRANSISTOR ARRAY 

/ 
I 

VIN 

I 
VSET 
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TYPICAL APPLICATions 

LT1004-1.2 

2-72 

Lead Acid Low Battery Detector with System Shutdown 

2M 2M 910k 
1% 1% 5% 

= BATTERY LOW 
(IFVs<10.90V) 

= SYSTEM SH UTDOWN 

255k 280k 
(IF VS<10.05V) 

1% 1% 

TOTAL SUPPLY CURRENT = 105"A 

Platinum RTD Signal Conditioner with Curvature Correction 

3V (LITHIUM) 

R,=ROSEMOUNT 118MF 
"=TRW MAR-6 0.1% 
'= 1 % METAL FILM 

lk" 

13k' 

l2.3k' 

R, 
1k@ 
O'C 

0.02V TO 2.2V OUT= 
2'C TO 220'C 
",O.l'C 
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FEATURES 
• Offset Voltage 50p,V Max 
• Offset Voltage Drift 1.0p,VfOC Max 
• Bias Current 250pA Max 
• Offset Current 250pA Max 
• Bias and Offset Current Drift 4pAloC Max 
• Supply Current 560p,A Max 
• 0.1 Hz to 10Hz Noise 0.5p,Vp·p,2.2pAp·p 
• CMRR 115dB Min 
• Voltage Gain 117dBMin 
• PSRR 114dB Min 
• Guaranteed Operation on Two NiCad Batteries 
• Price (1000's) for Above Specs $0.97 

APPLICATions 
• Replaces Op·07/0p·7710P·97/0P·177/AD707/LT1001 

with Improved Price/Performance 
• High Impedance Difference Amplifiers 
• Logarithmic Amplifiers (Wide Dynamic Range) 
• Thermocouple Amplifiers 
• Precision Instrumentation 
• Active Filters (with Small Capacitors) 

TYPICAL APPLICATiOn 

1.018235V 
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Saturated Standard Cell Amplifier 

SATURATED 
STANDARD 
CELL 
#101 
EPPLEY LABS 
NEWPORT,A.!. 

R1 

OUT: 1.1VTOB.OV 
AS1.Bk~R2~135k 

20k THE TYPICAL40pA BIAS CURRENT OFTHE LT1097 
WILL DEGRADE THE STANDARD CELL BY ONLY 
1 ppmIYEAR. NOISE IS A FRACTION OF A ppm. 
UNPROTECTED GATE MOSFET ISOLATES 
STANDARD CELL ON POWER DOWN. 

Precision Op Amp 

DESCRIPTion 
The LT1097 achieves a new standard in combining low 
price and outstanding precision performance. 

On all operational amplifier datasheets, the specifications 
listed on the front page are for highly selected, expensive 
grades, while the specs for the low cost grades are buried 
deep in the datasheet. 

The LT1097 does not have any selected grades, the out· 
standing specifications shown in the features section are 
for its only grade - priced at 97 cents in thousands. 

The design effort of the LT1097 concentrated on opti· 
mizing the performance of all precision specs - at only 
350p,A of supply current. Typical values are 10p,V offset 
voltage, 40pA bias and offset currents, 0.2p,VfOC and 
O.4pA/oC drift. Common mode and power supply rejec· 
tions, voltage gain are typically in excess of 128dB. 

All parameters that are important for preCision, low power 
op amps have been optimized. Consequently, using the 
LT1097, error budget calculations in most applications are 
unnecessary. 

Protected by U.S. patents 4,575,685; 4,775,884 and 
4,837,496 
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ABSOLUTE mAXimum RATinGS 
Supply Voltage ................................... ± 20V 
Differential Input Current (Note 1) ................ ± 10mA 
Input Voltage ..................................... ± 20V 
Output Short Circuit Duration .................. Indefinite 
Operating Temperature Range ............ - 40°C to 85°C 
Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 

LT1097 

PACKAGE/ORDER InFORmATiOn 

Vas TRIM 1 

-IN 

+IN 

N PACKAGE 
S-LEAD PLASTIC DIP 

TOP VIEW 

SO PACKAGE 
8-LEAD PLASTIC SOIC 

6 OUT 
OVER 
COMP 

ORDER PART 
NUMBER 

LT1097CN8 

LT1097S8 

PART MARKING 

1097 

ELECTRICAL CHARACTERISTICS Vs= ±15V, VCM=OV, TA=25°C, unless noted. 

LT1097CN8 LT1097S8 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage 10 50 10 60 ~V 

!:Nas Long Term Input Offset 0.3 0.3 ~V/Mo 

bTime Voltage Stability 

los Input Offset Current 40 250 60 350 pA 

Is Input Bias Current ±40 ±25O ±50 ±350 pA 

en Input Noise Voltage 0.1 Hz to 10Hz 0.5 0.5 ~Vp-p 

Input Noise Voltage Density fo= 10Hz 16 16 nV/v'Hz 
fo=1000Hz 14 14 nV/v'Hz 

in Input Noise Current 0.1Hzto 10Hz 2.2 2.4 pAp-p 
Input Noise Current Density fo= 10Hz 0.030 0.035 pAlv'Hz 

fo= 1000Hz o.ooa O.OOB pAlv'Hz 
Input Resistance (Note 2) 

Differential Mode 30 ao 25 70 Mil 
Common-Mode 1012 ax1011 Il 

Input Voltage Range ±13.5 ±14.3 ±13.5 ± 14.3 V 
CMRR Common-Mode Rejection VCM= ±13.5V 115 130 115 130 dB 

Ratio 
PSRR Power Supply Rejection Vs= ±1.2Vto ±20V 114 130 114 130 dB 

Ratio 

AVOL Large Signal Voltage Gain Vo= ±12V,RL=10k 700 2500 700 2500 V/mV 
Vo= ± 10V, RL =2k 250 1000 250 1000 V/mV 

VOUT Output Voltage Swing RL = 10k ±13 ±13.a ±13 ±13.B V 
RL =2k ±11.5 ±13.0 ±11.5 ± 13.0 V 

SR Slew Rate 0.1 0.2 0.1 0.2 V/~s 

GBW Gain Bandwidth Product 700 700 kHz 

Is Supply Current 350 560 350 560 ~A 

Offset Adjustment Range Rpot = 10k, Wiper to V + ±600 ±600 ~V 
Minimum Supply Voltage (Note 3) ±1.2 - ±1.2 - V 
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LT1097 

ELECTRICAL CHARACTERISTICS Vs= :t15V, VCM=OV,ooCsTAS70oC, unless otherwise noted. 

LT1097CN8 LT109788 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage • 20 100 20 130 pV 

Average Temperature Coefficient of (Note 4) • 0.2 1.0 0.2 1.4 pVloC 
Input Offset Voltage 

los Input Offset Current • 60 430 75 570 pA 
Average Temperature Coefficient of (Note 4) • 0.4 4 0.5 5 pAloC 
Input Offset Current 

16 Input Bias Current • :t60 :t430 :t75 :t570 pA 
Average Temperature Coefficient of (Note 4) • 0.4 4 0.5 5 pAloC 
Input Bias Current 

AVOL Large Signal Voltage Gain Vour= :t12V,RL2:10kO • 450 2000 450 2000 VlmV 
Vour= :t 10V, RL2:2kO • 180 800 180 800 VlmV 

CMRR Common Mode Rejection Ratio VCM= :t13.5V • 112 128 112 128 dB 
PSRR Power Supply Rejection Ratio Vs=:t 1.3Vto :t20V • 111 128 111 128 dB 

Input Voltage Range • ±13.5 ±14.2 ±13.5 ±14.2 V 

Vour Output Voltage Swing RL=10kO • ±13 ±13.7 ±13 ±13.7 V 
Is Supply Current • 380 700 380 700 pA 

ELECTRICAL CHARACTERISTICS 
Vs= :t 15V, VCM =ov, -40°CsTAS85°C, unless otherwise noted. (Note 5) 

SYMBOL PARAMETER CONDITIONS 

Vos Input Offset Voltage 
Average Temperature Coefficient of 
Input Offset Voltage 

los Input Offset Current 
Average Temperature Coefficient of 
Input Offset Current 

16 Input Bias Current 
Average Temperature Coefficient of 
Input Bias Current 

AVOL Large Signal Voltage Gain Vour= ± 12V, RL2:10kO 
Vour= ± 10V, RL2:2kO 

CMRR Common Mode Rejection Ratio VCM= ±13.5V 
PSRR Power Supply Rejection Ratio Vs=:t 1.5Vto :t20V 

Input Voltage Range 

Vour Output Voltage Swing RL =10kO 

Is Supply Current 
The • denotes the specifications which apply over the full operating 
temperature range. 
Note 1: Differential input voltages greater than IV will cause excessive cur· 
rent to flow through the input protection diodes unless limiting resistance 
is used. 
Note 2: This parameter is guaranteed by design and is not tested. 
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LT1097CN8 LT1097S8 
MIN TYP MAX MIN TYP MAX UNITS 

• 25 130 30 170 pV 

• 0.3 1.2 0.3 1.6 pVloC 

• 70 600 85 750 pA 

• 0.5 5 0.6 6 pAloC 

• ±70 :t600 :t85 ±750 pA 

• 0.5 5 0.6 6 pAloC 

• 300 1700 300 1700 V/mV 

• 700 700 V/mV 

• 108 127 108 127 dB 

• 108 127 108 127 dB 

• ±13.5 :t14.0 ±13.5 :t14.0 V 

• ±13 ±13.6 :t13 :t13.6 V 

• 400 800 400 800 pA 

Note 3: Power supply rejection ratio is measured at the minimum supply 
voltage. 
Note 4: This parameter is not 100% tested. 
Note 5: The LT1097 is not tested and is not quality·assurance-sampled' at 
- 40°C and at 85°C. These specifications are guaranteed by design, corre
lation and/or inference from DoC, 25°C and/or 70°C tests. 



TYPICAl. PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
The LT1097 is pin compatible to, and directly replaces such 
precision op amps as the OP-07, OP-77, AD707, OP-97, 
OP-177, LM607, and LT1001 with improved price/perfor
mance. Compatibility includes externally nulling the offset 
voltage, as all of the above devices are trimmed with a po
tentiometer between pins 1 and 8 and the wiper tied to V + . 

The simple difference amplifier can be used to illustrate 
the all-around excellence of the LT1097. The 50k input re
sistance is selected to be large enough compared to input 
signal source resistances. Simultaneously, the 50k resis
tors should not dominate the precision and noise error 

± 27V Common Mode Range Difference Amplifier 

50k 

15V 

5Dk 

IN ~"""-OUT 
50k 

Guaranteed Performance, Vs = ± 15V, TA = 25°C 

PARAMETER/UNITS LT1097CN8 
Error Terms in ~V 

Vos Max 50 
los Maxx25k 6 
Gain Min, 10V Out 14 
CMRR, Min, ± 25V In 22 
PSRR,Min,Vs= ±15V±10% 6 

Sum of All ErrorTerms,~V 98 
O.IHz to 10Hz NOise, ~Vp·p Typ 

Voltage Noise 0.50 
Current Noise x 50k 0.11 
Resistor Noise 0.55 

RMS Sum ~Vp·p 0.75 
Drift with Temp, ~V/oC 

TCVosMax 1.0 
TClos Max x 25k 0.1 

Sum of Drift Terms ~VloC 1.1 
Supply Current Max, mA 0.56 
Price, 1000's, $ 0.97 

LT1097 

Frequency Compensation and Optional Offset Nulling 

budget. Assuming perfect matching between the four re
sistors, the following table summarizes the input referred 
performance obtained using the LT1097 and other popular, 
low-cost precision op amps. 

Input offset voltage can be adjusted over a ± 600/LV range 
with a 10k potentiometer. 

The LT1097 is internally compensated for unity gain sta
bility. As shown on the Capacitive Load Handling plot, the 
LT1097 is stable with any capacitive load. However, the 
overcompensation capacitor, Cs, can be used to reduce 
overshoot with heavy capacitive loads, to narrow noise 
bandwidth, or to stabilize circuits with gain in the feed
back loop. 

OP-77GP AD707JN Op·177GP OP·97FP 

100 90 60 75 
70 50 70 4 
5 3 5 50 

20 13 22 39 
9 9 9 9 

204 165 166 177 

0.38 0.23 0.38 0.50 
0.75 0.70 0.75 0.10 
0.55 0.55 0.55 0.55 
1.00 0.92 1.00 0.75 

1.2 1.0 1.2 2.0 
2.1 1.0 2.1 0.2 
3.3 2.0 3.3 2.2 
2.0 3.0 2.0 0.60 

SIMILAR OR HIGHER HIGHER 
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APPLICATions InFoRmATion 
The availability of the compensation terminal permits the 
use of feed forward frequency compensation to enhance 
slew rate. The voltage follower feedforward scheme 
bypasses the amplifier's gain stages and slews at nearly 
10V//Ls. 

The inputs of the LT1097 are protected with back·to·back 
diodes. In the voltage follower configuration, when the in· 
put is driven by a fast, large signal pulse (> 1V), the input 

protection diodes effectively short the output to the input 
during slewing, and a current, limited only by the output 
short circuit protection will flow through the diodes. 

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

Follower Feedforward Compensation 
Pulse Response of Feedforward 
Compensation 

Test Circuit for Offset VoHage 
and its Drift wHh Temperature 

50pF 

5k 

5,.s/DIV 

TYPICAL APPLICATiOnS 

Low Power Comparator with < 10/lV Hysteresis 

IN 

-IN 
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SDk' 

15V 

SDk' 

'RESISTORS MUST HAVE LOW THERMOELECTRIC 
POTENTIAL 

Input Amplifier for 4112 Digit Voltmeter 

r-------------------7 
I I 

I I 
I I 
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I 
I 

I 

FN507 
ALLEN BRADLEY 

'RATIO MATCH ",0.01% 

DECADE VOLTAGE DIVIDER 

THIS APPliCATION REQUIRES LOW BIAS CUR
RENT AND OFFSET VOLTAGE. LOW NOISE. AND 
LOW DRIFT WITH TIME AND TEMPERATURE. 



SCHEmATIC DIAGRAm 
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'~Lln~ LTlllS 
~~ TECHNOLOGY~-----------U-Itr-a--L-o-w--N-o-ise-, 

FEATURES 
• Voltage Noise 1.2nV/~z Max at 1 kHz 

0.9nV/~z Typ at 1kHz 
• Voltage and Current Noise 100% Tested 
• Gain-Bandwidth Product 
• Slew Rate 
• Voltage Gain 
• LowTHD@10kHz,Av= -10, RL=6000, 

Vo=7VRMS 

40MHzMin 
10V/p,sMin 

2 Million Min 
0.002% 

• LowIMD,CCIFMethod,Av= +10,RL=6000, 0.0002% 
Vo=7VRMS 

APPLICATions 
• High Quality Audio Preamplifiers 
• Low Noise Microphone Preamplifiers 
• Very Low Noise Instrumentation Amplifiers 
• Low Noise Frequency Synthesizers 
• Infrared Detector Amplifiers 
• Hydrophone Amplifiers 
• Low Distortion Oscillators 

TYPICAL APPLICATiOn 
RIAA Phonograph Preamplifier (40160db Gain) 

Low Distortion, Audio Op Amp 
DESCRIPTiOn 
The L T1115 is the lowest noise audio operational amplifier 
available. This ultra-low noise performance (0.9nVl~z 
@1kHz) is combined with high slew rates (> 15V/p,s) and 
very low distortion specifications. 

The RIAA circuit shown below using the LT1115 has very 
low distortion and little deviation from ideal RIAA re
sponse (see graph). 

Measured Deviation from RIAA 
Response.lnput@1kHz= 1mVRMS 
Pre-Emphasized. 
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LTll15 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage .................................. ± 22V 
Differential Input Current (Note 4) ................ ± 25mA 
Input Voltage .................... Equal to Supply Voltage 
Output Short Circuit Duration .................. Indefinite 
Operating Temperature Range ............... 00C to 70°C 
Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 

TOP VIEW vos8 vOS TRIM 1 8 TRIM 

-IN 2 - 7 v+ 
+IN 3 + 6 OUT 

v- 4 5 ~~~Rp 

NPACKAGE 
8-LEAO PLASTIC DIP 

TO? VIEW 

SPACKAGE 
lHEAD PLASTIC SOL 

ORDER 
PART NUMBER 

LT1115CN8 

LT1115CS 

ELECTRICAL CHARACTERISTICS Vs= ±18V, TA=25°C, unless otherwise noted. 

LT1115C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
THD Total Harmonic Distortion@10kHz Ay= -10,Vo=7VRMS,RL=600 <0.002 % 
IMD Inter·Modulation Distortion (CCIF) Ay= 10, Vo= 7VRMS, RL =600 <0.0002 % 

Vos Input Offset Voltage (Note 1) 50 200 ~V 

los Input Offset Current VCM=OV 30 200 nA 

Is Input Bias Current VCM=OV ±50 ±360 nA 

en Input Noise Voltage Density fo= 10Hz 1.0 nVlv'Hz 
fo = 1000Hz, 100% tested 0.9 1.2 nVlv'Hz 

Wideband Noise DC to 20kHz 120 nVRMS 
Corresponding Voltage Level -136 dB 
reO.775V 

in Input Noise Current Density fo= 10Hz 4.7 pAN"Hz 
(Note 2) fo= 1000Hz, 100% tested 1.2 2.2 pAlv'Hz 
Input Resistance 

Common·Mode 250 MO 
Differential Mode 15 kll 

Input Capacitance 5 pF 
Input Voltage Range ±13.5 ±15.0 V 

CMRR Common·Mode Rejection VCM= ±13.5V 104 123 dB 
Ratio 

PSRR Power Supply Rejection Vs= ±4Vto ±19V 104 126 dB 
Ratio 

AYOL Large Signal Voltage Gain RL,,2k!l, Vo= ± 14.5V 2.0 20 VI~V 
RL"lkO, Vo= ±13V 1.5 15 Vf~V 
RL"eOOO, Vo= ± 10V 1.0 10 Vf~V 

Your Maximum Output Voltage No Load 15.5 16.5 V 
Swing RL,,2kO 14.5 15.5 V 

RL"eOOO 11.0 14.5 V 
SR Slew Rate AyCL = -1 10 15 Vf~s 

GBW Gain·Bandwidth Product fa = 20kHz (Note 3) 40 70 MHz 

Z. Open Loop Output Impedance Vo=O,lo=O 70 Il 

Is Supply Current 8.5 11.5 rnA 
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ELECTRICAL CHARACTERISTICS Vs= ± 18V, 0'CSTAS70'C, unless otherwise noted. 

LT1115C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 1) • 75 280 ~V 

IlVorJllT Average Input Offset Drift 0.5 pV/oC 

los Input Offset Current VCt/,=OV • 40 300 nA 

18 Input Bias Current VCM=OV • ±70 ±550 nA 
Input Voltage Range • ±13 ±14.8 V 

CMRR Common·Mode Rejection VcM =±13V • 100 120 dB 
Ratio 

PSRR Power Supply Rejection Vs= ±4.5Vto ±18V • 100 t23 dB 
Ratio 

AVOL Large Signal Voltage Gain RL~2kll, Vo= ±13V • 1.5 15 v/~V 
RL~lkO, Vo= ±11V 1.0 10 v/~V 

VOUT Maximum Output Voltage No Load ±15 ±16.3 V 
Swing RL~2kO • ±13.8 ±15.3 V 

RL~60011 ±10 ±14.3 V 

Is Supply Current • 9.3 13 rnA 

The. denotes the specifications which apply over the full operating tern· 
perature range. 

Note 3: Gain·bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 

Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 sec. after application of power. 
Note 2: 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. 

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.BV, the input current should be limited to 25mA. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Wideband Noise, DC to 20kHz 

VERTICAL SCALE=0.5.V/DIV 
HORIZONTAL SCALE=O.5ms/DlV 
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(0.1 Hz to Frequency Indicated) 

10 
Vs 
TA 

./ 0.01 
100 

±lBV 
25°C 

/ 

/ 

/ 

lk 10k lOOk 1M ·10M 
BANDWIDTH (Hz) 

100 

0.1 

Total Noise vs Matched Source 
Resistance 

v-Rs • 

/ ~ 
t==::: 

r.r @llHt= 
-@10Hz -

b;:::::? 2 Rs NOISE ONLY 

L Vs= ±18V 
TA=25°C 

1 3 10 30 100 300 lk 3k 10k 
MATCHED SOURCE RESISTANCE. Rs. ((I) 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARAOERISTICS 

100 

0.1 

Total Noise vs Unmatched Source 
Resistance 

=t>- / / 
V 

:J.I= 
- - @10~ 

@lkHz-

P' Rs NOISE ONLY 

Vs= .. 18V 

" TA=2SoC 

1 3 10 30 100 300 lk 3k 10k 
UNMATCHED SOURCE RESISTANCE, Rs, (II) 

Voltage Noise YS Supply VoHage 
1.5 

TA=2SoC 

~ 
~ 1.25 

I 
AT 1kHz --

w 1.0 

i 
~ 
50.75 
> 

~ 
0.5 

o ",5 .. 10 ±lS .. 20 
SUPPLY VOLTAGE (V) 

Voltage Gain vs Frequency 
160 

140 

120 

~100 
z 

80 ~ 
III 60 
~ 
g 40 

- l-t--... vs= .. 18V 
TA=2SoC 

~ RL=2k 

:\. 
:\. 

:\. 
~ 

20 
\ 

\ 

CUlT8llt Noise Spectrum 
100 

TYP!C~ 

0.1 
10 

-, 
I 

100 lk 
FREQUENCY (Hz) 

Supply Current YS Temperature 
10 

1 7 

ffi 6 
a: 
~ 5 
(.) 

i 4 
1il 3 

~ 

vsJ ",18V 

Vs- .. lSV 

Vs~ ±sv 

o 
o 15 30 45 60 

TEMPERATURE (OC) 

Gain, Phase vs Frequency 
70 

60 

50 
iii' 
:!!. 40 

~ 
III 30 

~ 
20 g 

PH~EII 
t\ \ 

\ 
\ 

GAIN 

10 Vs= ",18V 
TA=2SoC I'-.. 

-20 -w 
Cnlm" 

0.01 0.1 1 10 100 lk 10k lOOk 1M 10M 100M 10k lOOk 1M 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 

2-86 

10k 

'" 
~~ 
-", 
>--0 
ffi'" a: a: 
'" (.) 

75 

2.0 

o 

50 

40 

30 

20 

10 

-40 

-50 

70 100 

60 

50 ~ 

~=i 
40 ~ ~ 

30 ~ ~ 10 
'Ow 

20 ~ ~ 
10 .m §; 

-10 
100M 

1 

Voltage Noise YS Temperature 

VS=±18V 

AT 10Hz -
AT 1kHz 

o 15 30 45 60 75 
TEMPERATURE (OC) 

Output Short Circuit Current vs Time 
VS=",18V -- 25°C 

25°C -r-

o 1 2 3 
TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 

Voltage Gain vs Supply Voltage 

TA 2S'C 

RL 2kll 

~D 
U --

.. 5 .. 10 .. 15 ",20 
SUPPLY VOLTAGE (V) 



TYPICAL PERFORmAnCE CHARACTERISTICS 

Voltage Gain vs Load Resistance 
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TYPICAL PERFORmAnCE CHARAOERlsncs 

CCIFTesting 
Note: The CCI F twin·tone intermodulation test inputs two 
closely spaced equal amplitude tones to the device under 
test (OUT). The analyzer then measures the intermodulation 
distortion (IMOl produced in the OUT by measuring the differ· 
ence tone equal to the spacing between the tones. 

The amplitude of the IMO test input is in sinewave peak 
equivalent terms. As an example, selecting an amplitude of 
1.000V will result in the complex IMO signal having the same 
2.828V peak·te-peak amplitude that a 1.000V sinewave has. 
Clipping in a OUT will thus occur at the same input amplitude 
for THO + Nand IMOmodes. 

APPLICATions INFORmATion -nOISE 
Voltage Noise vs Current Noise 

The LT1115's less than 1nV/~z voltage noise matches 
that of the LT1028 and is three times better than the low· 
est voltage noise heretofore available (on the LT10071 
1037). A necessary condition for such low voltage noise is 
operating the input transistors at nearly 1 rnA of collector 
currents, because voltage noise is inversely proportional 
to the square root of the collector current. Current noise, 
however, is directly proportional to the square root of the 
collector current. Consequently, the LT1115'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 (in) and resistor noise (r n). 

Total Noise vs Source Resistance 

The total input referred noise of an op amp is given by 

el = [en2 + rn2 + (inReq)~1/2 
where Req is the total equivalent source resistance at the 
two inputs 
and rn="4kTReq=0.13~ innV/.JHzat25°C 

2-88 

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

Req = 1000 + 100m100k",20oo 
r n = 0.13.J200 = 1.84nV/~z 
en = 0.85nV/~z 
in = 1.0pAl~z 
el = [0.852 + 1.842 + (1.0 X 0.2)2]1/2 = 2.04nV/~z 

output noise = 1000 el = 2.04JLV/~z 

At very low source resistance (Req < 400) voltage noise 
dominates. As Req is increased resistor noise becomes 
the largest term-as in the example above-and the 
LT1115's voltage noise becomes negligible. As Req is fur· 
ther increased, current noise becomes important. At 1 kHz, 
when Req is in excess of 20kn, the current noise compo· 
nent is larger than the resistor noise. The total noise ver· 
sus matched source resistance plot illustrates the above 
calculations. 
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APPLICATions InFoRmATion -noISE 
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>1kll, 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· 
suited. Note that total noise is lower at source resistances 
below 1kll because the resistor noise contribution is less. 
When Rs> 1kll 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 LT1115 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 
LT1115's level of usefulness. 

Best Op Amp for Lowest Total Noise 
vs Source Resistance 

SOURCE RESISTANCE BESTOPAMP 
(Note 1) ATLOW FREQ (10Hz) WIDEBAND (1kHz) 

Ot04000 LT102811115 LT102811115 
4000 to 4kO LT1007/1037 L T102811115 
4kOto 40kO LT1001' L Tl 00711 037 

4OkO to 500k!l LT1012' LT1001' 
500kOto 5MO LT1012' or LT1055 LT1012' 

>5M LT1055 LT1055 

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

, These op amps are best utilized in applications requiring less bandwidth 
than audio. 

APPLICATions INFORmATion -GEnERAL 
The LT1115 is a very high performance op amp, but not 
necessarily one which is optimized for universal applica
tion. Because of very low voltage noise and the resulting 
high gain-bandwidth product, the device is most applica
ble to relatively high gain applications. Thus, while the 
LT1115 will provide notably superior performance to the 
5534 in most applications, the device may require circuit 
modifications to be used at very low noise gains. 

TYPICAL APPLICATiOnS 

The part is not generally applicable for unity gain follow
ers or inverters. In general, it should always be used with 
good low impedance bypass capaCitors on the supplies, 
low impedance feedback values, and minimal capacitive 
loading. Ground plane construction is recommended, as is 
a compact layout. 

Figure 1. Balanced Transformerless Microphone Preamp 

THO + Noise vs Frequency 
(Figure 1) 

INPUT 
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TYPICAL APPLICATions 
Figure 2. Low Noise DC Accurate )( 10 Buffered Line Amplifier 

OPTIONAL SERVO LOOP 
LOWERSOFFSETTO <50pV 

RESISTORS 1 % METAL FILM 
CAPACITORS-BYPASS: LOW ESR 
OTHER: POLYESTER OR OTHER 
HIGH QUALITY FILM. 

'OR USE 2mA CURRENT SOURCE. 

------, 
1001< 

L ____________________________ _ 

NOTE 1: USE SINGLE POINT GROUND. NOTE 3: FOR BETTER NOISE PERFORMANCE AT 
NOTE2: USE 2470pFCAPAClTORSATEACH SLiGHTLYLESS DRIVE CAPABILITY: Rl =43Il, 
INCOMING SUPPLYTERMINAL (I.E. AT BOARD EDGE). R2 = 3920, DELETE C1. 

Figure 3. RIAA Moving Coil "Pre-Pre" Amplifier 
( + 401 + 3DdB Gain Low Noise Servo'd Amplifier) 

GAIN: 40dB 24.9J1 

r-_30'tdB __ ~-"oJ75"'O~f---'\j.",--+_------""f-"4"'75,,!l.-OUTPUT 
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.,.. OTHER: HIGH QUALITY FILM 
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NOTE 1: USE SINGLE POINT 
GROUNDING TECHNIQUES 
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(Figure 2) 
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TYPICAL APPLICATiOns 
Figure 4. Moving Coil Passive RIAA Phonograph Pre·Amp 
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TYPICAL APPLICATions 
Figure 5. High Performance Transformer Coupled Microphone Pre·Amp 
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TYPICAL APPLICATions 
Figure 6. Ultra Low THO Oscillator (Sine WaveH <5ppm Distortion) 
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~~ TECHNOLOG~~~----D--u-a-I/-Q-u-a-d--Lo-W--N-o-i-se-i 

FEATURES 
• 100% Tested Low Voltage Noise 

• Slew Rate 
• Gain Bandwidth Product 
• Offset Voltage, Prime Grade 

Low Grade 
• High Voltage Gain 
• Supply Current Per Amplifier 
• Common Mode Rejection 
• Power Supply Rejection 
• Available in 8-Pin SO Package 

APPLICATions 

High Speed Precision Op Amps 

2.7nV/-YHz Typ 
4.2nVl-YHz Max 

4.5V/IlS Typ 
12.5MHz Typ 

70llV Max 
100llV Max 

5 Million Min 
2.75mA Max 

112dB Min 
116dB Min 

DESCRIPTion 
The L T1124 dual and LT1125 quad are high performance 
op amps that offer higher gain, slew rate, and bandwidth 
than the industry standard OP-27 and competing OP-2701 
OP-470 op amps. In addition, the LT1124/LT1125 have 
lower 18 and los than the OP-27; lower Vos and noise 
than the OP-270/0P-470. 

• Two and Three Op Amp Instrumentation Amplifiers 

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. Slew rate, 
gain bandwidth, and 1 kHz noise are 100% tested for each 
individual amplifier. Consequently, the specifications of 
even the lowest cost grades (the L T1124C and the 
L T1125C) have been spectacularly improved compared 
to equivalent grades of competing amplifiers. 

• Low Noise Signal Processing 
• Active Filters 
• Microvolt Accuracy Threshold Detection 
• Strain Gauge Amplifiers 
• Direct Coupled Audio Gain Stages 
• Tape Head Preamplifiers 
• Infrared Detectors 

Power consumption of the L T1124 is one half of two 
OP-27s. Low power and high performance in an 8-pin SO 
package make the L T1124 a first choice for surface mounted 
systems and where board space is restricted. 

For a decompensated version of these devices, with three 
times higher slew rate and bandwidth, please see the 
L T1126/L T1127 data sheet. 

Protected by U.S. patents 4,775,884 and 4,837,496. 

Instrumentation Amplifier with Shield Driver Input Offset Voltage Distribution 
(All Packages, LT1124 and LT1125) 

INPUT + t::ji~-+~ 

GUARD c::b-......... ------I 

1k 
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GAIN 30 (1 + RF/RG) ~1000 
POWER BW 170kHz 

SMALL SIGNAL BW 400kHz 
NOISE 3.8~V/,jHz AT OUTPUT 

Vas 35~V 

-60 -20 20 60 100 

INPUT OFFSET VOLTAGE (j1V) 
lTl124-TA02 



ABSOLUTE mAXimum RATinGS 
Supply Voltage ...................................................... ±22V 
Input Voltages ........................... Equal to Supply Voltage 
Output Short Circuit Duration .......................... Indefinite 
Differential Input Current (Note 5) ....................... ±25mA 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

PACKAGEIORDER InFORmATiOn 
TOP VIEW 

S8 PACKAGE 
HEAD PLASTIC SOIC 

NOTE: THIS PIN CONFIGURATION DIFFERS FROM THE 
a·PIN DIP CONFIGURATION. INSTEAD, IT FOLLOWS 

THE INDUSTRY STANDARD LT1013DS8 SO PACKAGE 
PIN LOCATIONS 

S PACKAGE 
IS-LEAD PLASTIC SOL "" ... """ 

ORDER PART 
NUMBER 

LT1124CS8 

PART MARKING 

1124 

LT1125CS 

Operating Temperature Range 
L T1124AM/LT1124M 

LT1l24/LT1l25 

L T1125AM/L T1125M ......................... -55°C to 125°C 
L T1124AC/L T1124C 
L T1125AC/L T1125C ............................ -40°C to 85°C 

Storage Temperature Range 
All Grades ......................................... -65°C to 150°C 

TOP VIEW 

J8 PACKAGE Na PACKAGE 
HEAD CERAMIC DIP a·LEAD PLASTIC DIP 

J PACKAGE N PACKAGE 
lHEAD CERAMIC DIP lHEAD PLASTIC DIP 

ORDER PART 
NUMBER 

LT1124AMJ8 
LT1124MJ8 
LT1124CJ8 
LT1124ACN8 
LT1124CN8 

LT1125AMJ 
LT1125MJ 
LT1125CJ 
LT1125ACN 
LT1125CN 

ELECTRICAL CHARACTERISTICS VS = ±15V, lA = 25°C, unless otherwise noted. 

LT1124AM/AC LT1124M/C 
LT1125AM/AC LT1125M/C 

SYMBOL PARAMETER CONDITIONS (Nole 1) MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage lT1124 20 70 25 100 !lV 
lT1125 25 90 30 140 !lV 

AVos Long Term Input Offset 0.3 0.3 !lv/Mo 
Alime Voltage Stability 
los Input Offset Current LTl124 5 15 6 20 nA 

LT1125 6 20 7 30 nA 
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ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, unless otherwise noted. 

LT1124AM/AC LT1124M/C 
LT1125AM/AC lT1125M/C 

SYMBOL PARAMETER CONDITIONS (Nole 1) MIN TYP MAX MIN TYP MAX UNITS 
18 Input Bias Current ±7 ±20 ±8 ±30 nA 
en Input Noise Voltage 0.1 Hz to 10Hz (Notes 7 and 8) 70 200 70 nVp-p 

Input Noise Voltage Density fa = 10Hz (Note 3) 3.0 5.5 3.0 5.5 nV/'I'HZ 
fa = 1000Hz (Note 2) 2.7 4.2 2.7 4.2 nV/'I'HZ 

in Input Noise Current Density fa = 10Hz 1.3 1.3 pAl'I'HZ 
fo= 1000Hz 0.3 0.3 pA/.,fHz 

VCM Input Voltage Range ± 12.0 ± 12.8 ±12.0 ±12.8 V 
CMRR Common Mode Rejection Ratio VCM = ±12V 112 126 106 124 dB 
PSRR Power Supply Rejection Ratio Vs = ±4Vto ±18V 116 126 110 124 dB 
AVOL large Signal Voltage Gain RL<: 10kO, Va = ±10V 5.0 17.0 3.0 15.0 V/flV 

RL <: 2kO, Va = ±10V 2.0 4.0 1.5 3.0 V/flV 
VOUT Maximum Output Voltage Swing RL <: 2kO ±13.0 ±13.8 ± 12.5 ±13.8 V 
SR Slew Rate RL <: 2kQ (Notes 2 and 6) 3.0 4.5 2.7 4.5 V/flS 
GBW Gain-Bandwidth Product fa = 100kHz (Note 2) 9.0 12.5 8.0 12.5 MHz 
Zo Open Loop Output Resistance Va = 0,10 = 0 75 75 0 

Is Supply Current Per Amplifier 2.3 2.75 2.3 2.75 mA 
Channel Separation f " 10Hz (Note 8) 134 150 130 150 dB 

Va = ±10V, RL = 2kO 

ELECTRICAL CHARACTERISTICS VS = ±15V, -55°C $ TA $ 125°C, unless otherwise noted. 

LT1124AM lT1124M 
LT1125AM LT1125M 

SYMBOL PARAMETER CONDITIONS (Nole 1) MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage LT1124 • 50 170 60 250 flV 
LT1125 • 55 190 70 290 flV 

IlVos Average Input Offset Voltage Drift (Note 4) • 0.3 1.0 0.4 1.5 flV/oC 
IlTemp 

los Input Offset Current LT1124 • 18 45 20 60 nA 
LT1125 • 18 55 20 70 nA 

18 Input Bias Current • ±18 ±55 ±20 ±70 nA 
VCM Input Voltage Range • ±11.3 ±12 ±11.3 ±12 V 
CMRR Common Mode Rejection Ratio VCM = ±11.3V • 106 122 100 120 dB 
PSRR Power Supply Rejection Ratio Vs = ±4Vto ±18V • 110 122 104 120 dB 
AVOL Large Signal Voltage Gain RL <: 10kO, Va = ±10V • 3.0 10.0 2.0 10.0 V/flV 

RL <: 2kO, Vo = ±10V • 1.0 3.0 0.7 2.0 V/flV 
VOUT Maximum Output Voltage Swing RL <:2kO • ± 12.5 ± 13.6 ± 12.0 ±13.6 V 
SR Slew Rate RL <: 2kO (Notes 2 and 6) • 2.3 3.8 2.0 3.8 V/flS 
Is Supply Current Per Amplifier • 2.5 3.25 2.5 3.25 mA 
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LTl124/LTl125 

ELECTRICAL CHARACTERISTICS VS = ±15V, DoC::; TA::; 70°C, unless otherwise noted. 

LT1124AC LT1124C 
LT1125AC LT1125C 

SYMBOL PARAMETER CONDITIONS (Nole 1) MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage LT1124 • 35 120 45 170 IlV 
LT1125 • 40 140 50 210 IlV 

I1Vos Average Input Offset Voltage Drift (Note 4) • 0.3 1.0 0.4 1.5 IlV/oC 
I1Temp 
los Input Offset Current LT1124 • 6 25 7 35 nA 

LT1125 • 7 35 8 45 nA 
18 Input Bias Current • ±8 ±35 ±9 ±45 nA 

VCM Input Voltage Range • ± 11.5 ± 12.4 ±11.5 ±12.4 V 
CMRR Common Mode Rejection Ratio VCM = ±11.5V • 109 125 102 122 dB 
PSRR Power Supply Rejection Ratio Vs = ±4V to ±18V • 112 125 107 122 dB 
AVOL Large Signal Voltage Gain RL ~ 10kQ, Va = ±10V • 4.0 15.0 2.5 14.0 V/IlV 

RL ~ 2kQ. Vo = ±10V • 1.5 3.5 1.0 2.5 V/IlV 
VOUT Maximum Output Voltage Swing RL~2kn • ± 12.5 ± 13.7 ± 12.0 ± 13.7 V 
SR Slew Rate RL ~ 2kQ (Notes 2 and 6) • 2.6 4.0 2.4 4.0 VlIlS 
Is Supply Current Per Amplifier • 2.4 3.0 2.4 3.0 mA 

ELECTRICAL CHARACTERISTICS VS = ±15V, -4ooe::; TA::; 85°C, unless otherwise noted. (Note 9) 

SYMBOL PARAMETER CONDITIONS (Nole 1) 

Vas Input Offset Voltage LT1124 
LT1125 

I1Vos Average Input Offset Voltage Drift 
I1Temp 
los Input Offset Current LT1124 

LT1125 
18 Input Bias Current 

VCM Input Voltage Range 
CMRR Common Mode Rejection Ratio VCM = ±11.4V 
PSRR Power Supply Rejection Ratio Vs = ±4Vto ±18V 
Avol Large Signal Voltage Gain RL~10kn, Vo=±10V 

RL ~ 2kQ, Va = ±10V 

VOUT Maximum Output Voltage Swing RL~2kQ 

SR Slew Rate RL ~ 2kQ (Note 6) 
Is Supply Current Per Amplifier 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers; i.e., out of 100 L T1125's (or 100 
LT1124's) typically 240 op amps (or 120) will be better than the indicated 
specification. 
Nole 2: This parameter is 100% tested for each individual amplifier. 
Nole 3: This parameter is sample tested only. 
Nole 4: This parameter is not 100% tested. 
Note 5: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. " differential input 
voltage exceeds ±1.4V, the input current should be limited to 25mA. 

LT1124AC LT1124C 
LT1125AC LT1125C 

MIN TYP MAX MIN TYP MAX UNITS 

• 40 140 50 200 IlV 

• 45 160 55 240 IlV 

• 0.3 1.0 0.4 1.5 IlVl'C 

• 15 40 17 55 nA 

• 15 50 17 65 nA 

• ±15 ±50 ±17 ±65 nA 

• ± 11.4 ± 12.2 ±11.4 ±12.2 V 

• 107 124 101 121 dB 

• 111 124 106 121 dB 

• 3.5 12.0 2.2 12.0 VlIlV 

• 1.2 3.2 0.8 2.3 VlIlV 

• ± 12.5 ± 13.6 ±12.0 ± 13.6 V 

• 2.4 3.9 2.1 3.9 VlIlS 

• 2.4 3.25 2.4 3.25 mA 

Nole 6: Slew rate is measured in Av = -1; input Signal is ±7.5V, output 
measured at ±2.5V. 
Nole 7: 0.1 Hz to 10Hz noise can be inferred from the 10Hz noise voltage 
density test. See the test circuit and frequency response curve for 0.1 Hz 
to 10Hz tester in the Applications Information section of the L Tl007 or 
L T1 028 data sheets. 
Nole 8: This parameter is guaranteed but not tested. 
Note 9: The L T1124/L T1125 are not tested and are not quality-assurance
sampled at -40'C and at 85'C. These specifications are guaranteed by 
deSign, correlation and/or inference from -55'C, O'C, 25'C, 70'C and/or 
125'C tests. 

2-97 



LTl124/LT1l25 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 

The L T1124 may be inserted directly into OP-270 sockets. 
The L T1125 plugs into OP-470 sockets. Of course, all 
standard dual and quad bipolar op amps can also be 
replaced by these devices. 

Matching Specifications 

In many applications the performance of a system de
pends on the matching between two op amps, rather than 
the individual characteristics ofthe two devices. The three 
op amp instrumentation amplifier configuration shown in 
this data sheet is an example. Matching characteristics are 
not 100% tested on the L T1124/L T1125. 

Some specifications are guaranteed by definition. For 
example, 70/lV maximum offset voltage implies that mis
match cannot be more than 140/lV. 112dB (= 2.5/lVN) 
CMRR means that worst case CMRR match is 106dB 
(5/lVN). However, the following table can be used to 
estimate the expected matching performance between the 
two sides of the LT1124, and between amplifiers A and D, 
and between amplifiers Band C of the L T1125. 

Expected Match 

LT1124AM/AC 
LT1125AM/AC 

PARAMETER 50% YIELD 98% YIELD 

vas Match, LiVas I LT1124 20 110 
LT1125 30 150 

Temperature Coefficient Match 0.35 1.0 
Average Non-Inverting IB 6 18 
Match of Non-Inverting IB 7 22 
CMRR Match 126 115 
PSRR Match 127 118 

LTl124/LTl125 

Offset 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. 

The circuit shown to measure offset voltage is also used as 
the burn-in configuration forthe LT1124/L T1125, with the 
supply voltages increased to ±16V. 

Test Circuit lor OHset Voltage and OHset Voltage Drift with 
Temperature 

50k" 

+15V 

~-+--Vo 

-15V 

Vo = 1000Vos 
"RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL 

LT1124M/C 
LT1125M/C 

50% YIELD 98% YIELD 

30 130 
50 180 
0.5 1.5 
7 25 
8 30 

123 112 
127 114 

UNITS 

J.lV 
J.lV 

J.lV/oC 
nA 
nA 
dB 
dB 
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APPLICATions InFoRmATion 
High Speed Operation 

When the feedback around the op amp is resistive (RF), a 
pole will be created with RF, the source resistance and 
capacitance (Rs, Cs), and the amplifier input capacitance 
(CIN '" 2pF). In low closed loop gain configurations and 
with Rs and RF in the kilohm range, this pole can create 
excess phase shift and even oscillation. A small capacitor 
(CF) in parallel with RF eliminates this problem. With Rs 
(Cs + CIN) = RFCF, the effect of the feedback pole is 
completely removed. 

>-....... -QUTPUT 

Unity Gain Buffer Applications 

"Yhen RF S; 100n and the input is driven with a fast, large 
signal pulse (> 1V), the output waveform will look as shown. 

~ om"" 

S~ 
4.5V11lS 

2-102 

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 RF 
~ 500n, the output is capable of handling the current 
~e~uire~ents (IL S; 20mA at 10V) and the amplifier stays 
In ItS active mode and a smooth transition will occur. 

Noise Testing 

Ea?h i~dividual amplifier is tested to 4.2nV/..Jffi voltage 
nOise; I.e., for the LT1124 two tests, for the LT1125 four 
tests are performed. Noise testing for competing multiple 
op amps, if done at all, may be sample tested or tested 
using the circuit below. 

en OUT =...j (enA)2 + (en8)2 + (end + (eno)2 

If the LT1125 were tested this ~, the noise limit would 
be...j 4 x (4.2nVl..Jffi)2 = 8.4nVNHz. But is this an effective 
screen? What if three of the four amplifiers are at a typical 
2.7nV/-JRZ, and the fourth one was contaminated and has 
6.9nVl-JRZ noise? 
RMS Sum = ...jrc(2'-. 7"'")2:-+-(2-. 7-=-)2 -+ (-2.-7)""'2 +-(6-.9~)2 = 8.33nVl-JRZ 

This passes an 8.4nVl..Jffi spec, yet one of the amplifiers 
is ?4% over the L T1125 spec limit. Clearly, for proper 
nOise measurement, the op amps have to be tested 
individually. 

Competing Quad Op Amp Noise Test Method 

~om - C + 
- B + 

A + 
+ 



PERFORmAnCE comPARison 
The following table summarizes the performance of the 
LT1124/L T1125 compared to the low cost grades of 
alternate approaches. 

The comparison shows how the specs of the L T11241 
LT1125 not only stand up to the industry standard OP-27, 

Guaranteed performance, Vs = ±15V, TA = 25°C, low cost devices. 

LT1124CN8 
PARAMETER/UNITS lT1125CN OP·27 GP 

Voltage Noise, 1 kHz 4.2 4.5 
100% Tested Sample Tested 

Slew Rate 2.7 1.7 
100% Tested Not Tested 

Gain Bandwidth Product 8.0 5.0 
100% Tested Not Tested 

Offset Voltage LT1124 100 100 
LT1125 140 -

Offset Current LTl124 20 75 
LTl125 30 -

Bias Current 30 80 
Supply Current/Amp 2.75 5.67 
Voltage Gain, RL = 2k 1.5 0.7 
Common Mode Rejection Ratio 106 100 
Power Supply Rejection Ratio 110 94 
S8 Package Yes· LT1124 Yes 

TYPICAL APPLICATiOnS 
Gain 1000 Amplifier with 0.01% Accuracy, DC to 5Hz 

+15V 

>-.-..- OUTPUT 

RN60C FILM RESISTORS 

INPUT -15V 

THE HIGH GAIN AND WIDE BANDWIDTH OF THE LT1124/LTl125, 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 GAIN ERROR PLOT SHOWS, THIS DEVICE IS CAPABLE OF 0.1% 
AMPLIFYING ACCURACY UP TO 0.3Hz ONLY. EVEN INSTRUMENTATION RANGE 
SIGNALS CAN VARY AT A FASTER RATE. THE LT1124/LTl125 "GAIN PRECISION
BANDWIDTH PRODUCT" IS 75 TIMES HIGHER, AS SHOWN . 

..L7lJD~ 

LT1l24/LT1l25 

but in most cases are superior. Normally dual and quad 
performance is degraded when compared to singles, for 
the LT1124/LT1125 this is not the case. 

OP·270 GP OP·470 GP UNITS 

- 5.0 nV/-{RZ 
No Limit Sample Tested 

1.7 1.4 V/Jls 

- - MHz 
No Limit No Limit 

250 - JlV 
- 1000 JlV 
20 - nA 
- 30 nA 
60 60 nA 

3.25 2.75 mA 
0.35 0.4 V/JlV 
90 100 dB 
104 105 dB 
No -

Gain Error vs Frequency Closed Loop Gain = 1000 

1.0 

TYPICAL 
PRECISION V OPAMP 

./ LTll T1125 

- GAIN ERROR _ CLOSED LOOP GAIN 

0.001 
0.1 

"'" - OPEN,rOOP GAIN 

10 

FREQUENCY (Hz) 

100 
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LTl124/LTl125 

TYPICAL APPLICATions 
Strain Gauge Signal Conditioner with Bridge Excitation 

.15V 

LT1009 

.15V 

14 

1k 

THE LT11241LT1125 IS CAPABLE OF PROVIDING EXCITATION CURRENT DIRECTLY 
TO BIAS THE 3500 BRIDGE AT 5V WITH ONLY 5V ACROSS THE BRIDGE (AS OPPOSED 
TO THE USUAL 10V) TOTAL POWER DISSIPATION AND BRIDGE WARM-UP DRIFT IS 
REDUCED. THE BRIDGE OUTPUT SIGNAL IS HALVED, BUTTHE LT1124/LT1125 CAN 
AMPLIFY THE REDUCED SIGNAL ACCURATELY . 

• 15V 

TRIM 

"RNSOC FILM RESISTORS 

SCHEmATIC DIAGRAm (1/2 LT1124, 1/4 LT1125) 
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L7~JDmG~~III!--------~-~-~-,~-~-~_~2_~ 
Decompensated Low Noise, 

High Speed Precision Op Amps 

FEATURES 
• 100% Tested Low Voltage Noise 

• Slew Rate 
• Gain-Bandwidth Product 
• Offset Voltage, Prime Grade 

Low Grade 
• High Voltage Gain 
• Supply Current Per Amplifier 
• Common Mode Rejection 
• Power Supply Rejection 
• Available in 8-Pin SO Package 

APPLICATions 

2.7nV/Kz Typ 
4.2nVlKz Max 

11V1lls Typ 
65MHzTyp 
70llV Max 

100llV Max 
5 Million Min 

3.1mA Max 
112dBMin 
116dBMin 

• Two and Three Op Amp Instrumentation Amplifiers 
• Low Noise Signal Processing 
• Active Filters 
• Microvolt Accuracy Threshold Detection 
• Strain Gauge Amplifiers 
• Direct Coupled Audio Gain Stages 
• Tape Head Preamplifiers 
• Microphone Preamplifiers 
• Accelerometer Amplifiers 
• Infrared Detectors 

Low Noise, Wide Bandwidth Instrumentation Amplifier 

GAIN = 1000. BANDWIDTH = 480kHz 
INPUT REFERRED NOISE = 4.5nVlv'HZ AT 1kHz, 6~VRMS OVER BANDWIDTH 

DESCRIPTion 
The LT1126 dual and LT1127 quad are high performance, 
decompensated op amps that offer higher slew rate and 
bandwidth than the LT1124 dual and the LT1125 quad 
operational amplifiers. The enhanced AC performance is 
available without degrading DC specs ofthe LT1124/LT1125. 
Both LT1126/LT1127 are stable in a gain of 10 or more. 

In the design, processing, and testing of the device, 
particular attention has been paid tothe optimization ofthe 
entire distribution of several key parameters. Slew rate, 
gain-bandwidth, and 1 kHz noise are 100% tested for each 
individual amplifier. Consequently, the specifications of 
even the lowest cost grades (the L T1126C and the L T1127C) 
have been enhanced. 

Power consumption of the dual LT1126 is less than one 
half of two OP-37s. Low power and high performance in 
an 8-pin SO package makes the LT1126 a first choice for 
surface mounted systems and where board space is 
restricted. 

Protected by U.S. patents 4,775,884 and 4,837,496. 

Voltage Noise vs Frequency 

100 

If :s 30 
~ 

~ 
o 
~ 10 
o z 
w 

OUTPUT ~ 
:; 3 
§; 

~ 
a: 

I""-. 

1 
0.1 

Vs-±15V 
TA = 25'C 

f' 

["'0" 
httXIMUM 

IMPl 
1/fCORNER 

2.3HZIIIIII 

1.0 10 100 1000 

FREQUENCY (Hz) 
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LTl126/LT1l27 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ...................................................... ±22V 
Input Voltage ............................. Equal to Supply Voltage 
Output Short Circuit Duration .......................... Indefinite 
Differential Input Current (Note 5) ...................... ±25mA 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

PACKAGE/ORDER InFORmATiOn 

58 PACKAGE 
8-LEAD PLASTIC SOIC 

NOTE: THIS PIN CONFIGURATION DIFFERS FROM THE 
a-PIN DIP CONFIGURATION. INSTEAD. IT FOLLOWS 
THE INDUSTRY STANDARD LT1013DS8 SO PACKAGE 

PIN LOCATIONS 

S PACKAGE 
16-LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

LT1126CS8 

S8 PART 
MARKING 

1126 

LT1127CS 

Operating Temperature Range 
L T1126AM/L T1126M 
LT1127AM/L T1127M ......................... -55°C to 125°C 
LT1126AC/LT1126C 
L T1127 AC/L T1127C ............................ -40°C to 85°C 

Storage Temperature Range 
All Grades ......................................... -65°C to 150°C 

TOP VIEW 

J8 PACKAGE N8 PACKAGE 
8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

TOP VIEW 

J PACKAGE N PACKAGE 
14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 

ORDER PART 
NUMBER 

LT1126AMJ8 
LT1126MJ8 
LT1126CJ8 
LT1126ACN8 
LT1126CN8 

LT1127AMJ 
LT1127MJ 
LT1127CJ 
LT1127ACN 
LT1127CN 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, unless othelWise noted. 

LT1126AM/AC LT1126M/C 
LT1127 AM/AC LT1127M/C 

SYMBOL PARAMETER CONOITIONS (Note 1) MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage LT1126 20 70 25 100 IlV 
LT1127 25 90 30 140 IlV 

t;.Vos long Term Input Offset 0.3 0.3 IlViMo 
t;.Time Voltage Stability 
los Input Offset Current LTl126 5 15 6 20 nA 

LTl127 6 20 7 30 nA 
18 Input Bias Current ±7 ±20 ±8 ±30 nA 
en Input Noise Voltage 0.1 Hz to 10Hz (Notes 7 and 8) 70 200 70 nVp-p 
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LTl126/LTl127 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, unless otherwise noted. 

LT1126AM/AC LT1126M/C 
LT1127AM/AC LT1127M/C 

SYMBOL PARAMETER CONOITIONS (Nole 1) MIN TYP MAX MIN TYP MAX UNITS 

Input Noise Voltage Density fo = 10Hz (Note 3) 3.0 5.5 3.0 5.5 nV/,1Hz 
fa = 1000Hz (Note 2) 2.7 4.2 2.7 4.2 nV/,1RZ 

in Input Noise Current Density fa = 10Hz 1.3 1.3 pAl,!RZ 
fo = 1000Hz 0.3 0.3 pAlvRZ 

VCM Input Voltage Range ± 12.0 ± 12.8 ±12.0 ±12.8 V 
CMRR Common Mode Rejection Ratio VCM = ±12V 112 126 106 124 dB 
PSRR Power Supply Rejection Ratio Vs = ±4V to ±18V 116 126 110 124 dB 
AVOL Large Signal Voltage Gain RL ~ 10kn, Vo = ±10V 5.0 17.0 3.0 15.0 V/IlV 

RL ~ 2kn, Vo = ±10V 2.0 4.0 1.5 3.0 V/IlV 
VOUT Maximum Output Voltage Swing RL ~ 2kn +13.0 ±13.8 +12.5 +13.8 V 
SR Slew Rate RL ~ 2kn (Notes 2 and 6) 8.0 11 8.0 11 V/IlS 
GBW Gain-Bandwidth Product fo = 10kHz (Note 2) 45 65 45 65 MHz 
Zo Open Loop Output Resistance Vo = 0,10 = 0 75 75 n 
Is Supply Current Per Amplifier 2.6 3.1 2.6 3.1 mA 

Channel Separation f,;:; 10Hz (Note 8) 134 150 130 150 dB 
Vo = ±10V, RL = 2kQ 

ELECTRICAL CHARACTERISTICS VS = ±15V, -55°C $TA$125°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS (Nole 1) 

Vos Input Offset Voltage LT1126 
LT1127 

I1Vos Average Input Offset Voltage Drift (Note 4) 
I1Temp 

los Input Offset Current LT1126 
LT1127 

18 Input Bias Current 
VCM Input Voltage Range 
CMRR Common Mode Rejection Ratio VCM = ±11.3V 
PSRR Power Supply Rejection Ratio Vs = ±4V to ±18V 
AVOL Large Signal Voltage Gain RL ~ 10kn, Vo = ±10V 

RL22kn, Vo=±10V 
VOUT Maximum Output Voltage Swing RL ~2kn 
SR Slew Rate RL 2 2kn (Notes 2 and 6) 
Is Supply Current Per Amplifier 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers; i.e., out of 100 LT1127s (or 100 
LT1126s) typically 240 op amps (or 120) will be better than the indicated 
specification. 
Nole 2: This parameter is 100% tested for each individual amplifier. 
Nole 3: This parameter is sample tested only. 
Nole 4: This parameter is not 100% tested. 
Nole 5: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input 
voltage exceeds ±1.4V, the input current should be limited to 25mA. 

LT1126AM LT1126M 
lT1127AM LT1127M 

MIN TYP MAX MIN TYP MAX UNITS 

• 50 170 60 250 IlV 

• 55 190 70 290 IlV 

• 0.3 1.0 0.4 1.5 llV/oC 

• 18 45 20 60 nA 

• 18 55 20 70 nA 

• ±18 ±55 ±20 ±70 nA 

• ±11.3 ±12 ±11.3 ±12 V 

• 106 122 100 120 dB 

• 110 122 104 120 dB 

• 3.0 10.0 2.0 10.0 V/IlV 

• 1.0 3.0 0.7 2.0 V/IlV 

• + 12.5 + 13.6 +12.0 +13.6 V 

• 7.2 10 7.0 10 V/IlS 

• 2.8 3.5 2.8 3.5 mA 

Nole 6: Slew rate is measured in Av = -10; input signal is ±1V, output 
measured at ±5V. 
Note 7: 0.1 Hz to 10Hz noise can be inferred from the 10Hz noise voltage 
density test. See the test circuit and frequency response curve for 0.1 Hz 
to 10Hz tester in the Applications Information section of the L T1 007 or 
L T1 028 datasheets. 
Nole 8: This parameter is guaranteed but not tested. 
Nole 9: The L T1126 and L T1127 are not tested and are not quality 
assurance sampled at -40°C and at 85°C. These specifications are 
guaranteed by deSign, correlation and/or inference from -55°C, O°C, 
25°C, 70°C and/or 125°C tests. 
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LT1l26/LT1l27 

ELECTRICAL CHARACTERISTICS VS = ±15V, O°C:<; TA:<; 70°C, unless otherwise noted. 

LT1126AC LT1126C 
LT1127AC LT1127C 

SYMBOL PARAMETER CONDITIONS (Nole 1) MIN TYP MAX MIN TYP MAX 
Vas Input Offset Voltage LT1126 35 120 45 170 

LT1127 40 140 50 210 
AVos/AT Average Input Offset Voltage Drift (Note 4) 0.3 1.0 0.4 1.5 
los Input Offset Current LT1126 6 25 7 35 

LT1127 7 35 8 45 
18 Input Bias Current ±8 ±35 ±9 ±45 
VCM Input Voltage Range ±11.5 ±12.4 ± 11.5 ±12.4 
CMRR Common Mode Rejection Ratio VCM = ±11.5V 109 125 102 122 
PSRR Power Supply Rejection Ratio Vs=±4Vto±18V 112 125 107 122 
AVOL Large Signal Voltage Gain RL ~ 10kn, Va = ±10V 4.0 15.0 2:5 14.0 

RL ~ 2kn, Va = ±10V 1.5 3.5 1.0 2.5 
VOUT Maximum Output Voltage Swing RL ~2kn ±12.5 ±13.7 ±12.0 ±13.7 
SR Slew Rate RL ~ 2kn (Notes 2 and 6) 7.5 10.5 7.3 10.5 
Is Supply Current Per Amplifier 2.7 3.3 2.7 3.3 

ELECTRICAL CHARACTERISTICS VS = ±15V, -40°C:<; TA:<; 85°C, unless otherwise noted. (Note 9) 

LT1126AC LT1126C 
LT1127AC LT1127C 

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

Vas Input Offset Voltage LT1126 • 40 140 50 200 
LT1127 • 45 160 55 240 

AVos/AT Average Input Offset Voltage Drift • 0.3 1.0 0.4 1.5 
los Input Offset Current LT1126 • 15 40 17 55 

LT1127 • 15 50 17 65 
Is Input Bias Current • ±15 ±50 ±17 ±65 
VCM Input Voltage Range • ±11.4 ±12.2 ± 11.4 ±12.2 
CMRR Common Mode Rejection Ratio VCM=±II.4V • 107 124 101 121 
PSRR Power Supply Rejection Ratio Vs = ±4V to ±18V • 111 124 106 121 
AVOL Large Signal Voltage Gain RL ~ 10kn, Va = ±10V • 3.5 12.0 2.2 12.0 

RL ~ 2kn, Vo.= ±10V • 1.2 3.2 0.8 2.3 
VOUT Maximum Output Voltage Swing RL~2kn • ± 12.5 ± 13.6 ±12.0 ±13.6 
SR Slew Rate RL ~ 2kn (Note 6) • 7.3 10.2 7.1 10.2 
Is Supply Current Per Amplifier • 2.8 3.4 2.8 3.4 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Input Bias Current Over the Common Mode Range 
Voltage Gain vs Temperature 
Input Offset Voltage Drift Distribution 

UNITS 
/lV 
/lV 

/lV/oC 
nA 
nA 
nA 
V 

dB 
dB 

V/IlV 
V/IlV 

V 
V//lS 

mA 

UNITS 

/lV 
/lV 

/lV/oC 
nA 
nA 
nA 
V 

dB 
dB 

V//lV 
V//lV 

V 
V//lS 

mA 

The typical behavior of many L T1126/L T1127 parameters 
is identical to the L T1124/LT1125. Please refer to the 
L T1124/LT1125 data sheet for the following performance 
characteristics: Offset Voltage Drift with Temperature of Representative 

0.1 Hz to 10Hz Voltage Noise 
0.01Hz to 1Hz Voltage Noise 
Current Noise vs Frequency 
Input Bias or Offset Current vs Temperature 
Output Short Circuit Current vs Time 
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Units 
Output Voltage Swing vs Load Current 
Common Mode Limit vs Temperature 
Channel Separation vs Frequency 
Warm-Up Drift 
Power Supply Rejection Ratio vs Frequency 



TYPICAL PERFORmAnCE CHARACTERISTICS 

Gain, Phase Shift vs Frequency Small Signal Transient Response 
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Large Signal Transient Response 
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Supply Current vs Supply Voltage 
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Intermodulation Distortion 
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LTl126/LT1l27 

APPLICATions InFORmATion, 

Matching Specifications 

In many applications the performance of a system de
pends on the matching between two op amps, rather than 
the individual characteristics of the two devices. The three 
op amp instrumentation amplifier configuration shown in 
this data sheet is an example. Matching characteristics are 
not 100% tested on the LT1126/LT1127. 

Some specifications are guaranteed by definition. For 
example, 70~V maximum offset voltage implies that mis
match cannot be more than 140~V. 112dB (= 2.5~VN) 
GMRR means that worst case GMRR match is 106dB 
(5~VN). However, the following table can be used to 
estimate the expected matching performance between the 
two sides of the LT1126, and between amplifiers A and D, 
and between amplifiers Band G of the L T1127. 

Expected Match 

L T1126AM/AC 
LT1127AM/AC 

PARAMETER 50% YIELD 9S%YIELD 
VOS Match, LlVos IILTl126 20 110 

LT1127 30 150 
Temperature Coefficient Match 0.35 1.0 
Average Non-Inverting IB 6 18 
Match of Non-Inverting IB 7 22 
CMRR Match 126 115 
PSRR Match 127 118 

TYPICAL APPLICATiOnS 
Gain 1000 Amplifier with 0.01% Accuracy, DC to 5Hz 

1>--- OUTPUT 

High Speed Operation 

When the feedback around the op amp is resistive (RF), a 
pole will be created with RF, the source resistance and 
capacitance (Rs, Gs), and the amplifier input capacitance 
(GIN'" 2pF). In low closed loop gain configurations and 
with Rs and RF in the kilohm range, this pole can create 
excess phase shift and even oscillation. A small capacitor 
(GF) in parallel with RF eliminates this problem. With 
Rs (Gs + GIN) = RFGF, the effect of the feedback pole is 
completely removed. 

CF 

50% YIELD 
30 
50 
0.5 
7 
8 

123 
127 

LT1126M/C 
LT1127M/C 

1.0 

>---OUTPUT 

98% YIELD 
130 
180 
1.5 
25 
30 
112 
114 

Gain Error vs Frequency 
Closed loop Gain = 1000 

TYPICAL 

UNITS 
~V 
~V 

~Vloc 

nA 
nA 
dB 
dB 

PRECISION 

~ 0.1 
a: 
o 

ffi 
z 

~O.o1 

OPAMP 

10' 

L T1126/l T1127 

THE HIGH GAIN AND WIDE BANDWIDTH OF THE LT11261LT1127IS 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 GAIN ERROR PLOT SHOWS, THIS DEVICE IS CAPABLE OF 0.1% 
AMPLIFYING ACCURACY UP TO 0.3Hz ONLY. EVEN INSTRUMENTATION RANGE SIGNALS CAN VARY AT A FASTER 
RATE. THE LTl126/l T1127 "GAIN PRECISION - BANDWIDTH PRODUCT" IS 330 TIMES HIGHER, AS SHOWN. 

I--

0.001 
0.1 

GAIN ERROR _ CLOSED LOOP GAIN 
'"'' - OP~MOOP GAIN 

10 

FREQUENCY (Hz) 

100 
lT1126·TA03 
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LTl126/LT1l27 

TYPICAL APPLICATions 
Low Noise, Wideband, Gain = 100 Amplifier with High Input Impedance 

INPUT--t-----

Uk 2.4k 

OUTPUT 

2.4k 

-3dB BANDWIDTH = 910 kHz 
GAIN BANDWIDTH PRODUCT = 91.0MHz 

WIDEBAND NOISE = 3.2nVlv'Hz = 1.85nVl,j"Hz REFERRED TO INPUT 
,j3 

RMS NOISE DC TO FULL BANDWIDTH = 21.211V REFERRED TO INPUT 
LT1126·TA05 

SCHEmATIC DIAGRAm (1/2 LT1126, 1/4 LT1127) 

V-
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~"""'-Llntf\Q LTl 178/LTl 179 
~~ TBCHNOLOGY~----17-~-A-M--a-x,-D-u-a-l-a-nd--Q-u-a-d, 

FEATURES 
• 17 pA Max Supply Current per Amplifier 
• 70p,V Max Offset Voltage 
• 250pA Max Offset Current 
• 5nA Max Input Bias Current 
• 0.9p,Vp·p 0.1Hz to 10Hz Voltage Noise 
• 1.5pAp-p 0.1 Hz to 10Hz Current Noise 
• 0.5p,V/oC Offset Voltage Drift 
• 85kHz Gain·Bandwidth-Product 
• O.04VIp,s Slew Rate 
• Single Supply Operation 

Input Voltage Range Includes Ground 
Output Swings to Ground while Sinking Current 
No Pull Down Resistors are Needed 

• Output Sources and Sinks 5mA Load Current 

APPLICATions 
• Battery or Solar Powered Systems 

Portable Instrumentation 
Remote Sensor Amplifier 
Satellite Circuitry 

• Micropower Sample and Hold 
• Thermocouple Amplifier 
• Micropower Filters 

Self·Buffered, Dual Output, Micropower Reference 

2-112 

., =0.1% FILM RESISTORS 
TOTAL BATTERY CURRENT =28,JI. 

OUTPUT ACCURACY= ::1::0.4% MAX 
TEMPERATURE COEFFICIENT =20ppm/uC 

LOAD REGULATION =25ppm/mA, Il s5mA, V + 0!::5V 
LINE REGULATION = 10ppmIV 

1.2365V 

Single Supply, Precision Op Amps 

DESCRIPTion 
The LT1178 is a micropower dual op amp in the standard 
8-pin configuration; the LT1179 is a micropower quad op 
amp offered in the standard 14·pin packages. Both devices 
are optimized for single supply operation at 5V. Specifica· 
tions are also provided at ± 15V supplies. 

The extremely low supply current is combined with true 
precision specifications: offset voltage is 30p,V, offset cur· 
rent is 50pA. Both offset parameters have low drift with 
temperature. The 1.5pAp·p current noise and picoampere 
offset current permit the use of megaohm level source reo 
sistors without introducing serious errors. Voltage noise, 
at 0.9p,Vp·p, is remarkably low considering the low supply 
current. 

Both the LT1178 and LT1179 can be operated from a single 
supply (as low as one lithium cell or two Ni·cad batteries). 
The input range goes below ground. The all·NPN output 
stage swings to within a few millivolts of ground while 
sinking current -no power consuming pull down resistors 
are needed. 

For applications where three times higher supply current 
is acceptable, the micropower mon single, LT1078 dual 
and LT1079 quad are recommended. The LT1077178/79 
have significantly higher bandwidth, slew rate; lower volt
age noise and better output drive capability. 

Supply Current vs Temperature 
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ABSOLUTE mAXimum RATinGS 
Supply Voltage ................................... ± 22V 
Differential Input Voltage ......................... ± 30V 
Input Voltage .......... Equal to Positive Supply Voltage 

........ 5V Below Negative Supply Voltage 
Output Short Circuit Duration .................. Indefinite 

PACKAGE/ORDER InFORmATiOn 

H PACKAGE 
HEAD TO-5 METAl CAN 

ORDER PART 
NUMBER 

LT1178ACH 
LT1178CH 

J PACKAGE N PACKAGE 
HEAD CERAMIC DIP B-LEAD PLASTIC DIP 

SPACKAGE 
16-lEADPlASTlCSOL 

ORDER PART 
NUMBER 

LT1178S 

LTl178/LTl179 

Operating Temperature Range 
LT11781/LT11791 ....................... - 40°C to 85°C 
LT1178C/LT1178S/LT1179C/LT1179S ........ OOC to 70°C 

Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 

ORDER PART 
NUMBER 

LT1178ACJ8 
LT1178CJ8 
LT1178ACN8 
LT1178CN8 
LT11781N8 

TOP VIEW 

J PACKAGE N PACKAGE 
14-LEADCERAMICDIP 14-LEADPlASTICDlP 

SPACKAGE 
16-lEADPLASnCSOL 

ORDER PART 
NUMBER 

LT1179ACJ 
LT1179CJ 
LT1179ACN 
LT1179CN 
LT11791N 

ORDER PART 
NUMBER 

LT1179S 

ELECTRICAL CHARACTERISTICS Vs=5V,OV, VCM=O.1V, Vo=1.4V, TA=25°C, unless noted. 

LTI178ACJ1179AC LT1178UCISIII79UC/s 
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 ~V 
LT1178S 80 450 ~V 
LT1179S 90 600 ~V 

AVos Long Term Input Offset 0.5 0.6 ~V/Mo 

ATime Voltage Stability 

los Input Offset Current 0.05 0.25 0.05 0.35 nA 

Is Input Bias Current 3 5 3 6 nA 

en Input Noise Voltage 0.1 Hz to 10Hz (Note 2) 0.9 2.0 0.9 ~Vp·p 

Input Noise Voltage Density f. = 10Hz (Note 2) 50 75 50 nV/v'Ffz 
f. = 1000Hz (Note 2) 49 65 49 nV/v'Ffz 

in Input Noise Current 0.1 Hz to 10Hz (Note 2) 1.5 2.5 1.5 pAp·p 
Input Noise Current Density f. = 10Hz (Note 2) 0.03 0.07 0.03 pAfv'Ffz 

f.= 1000Hz 0.01 0.01 pAfv'Ffz 
Input Resistance (Note 3) 

Differential Mode 0.8 2.0 0.6 2.0 Gil 
Common·Mode 12 12 GO 

Input Voltage Range 3.5 3.9 3.5 3.9 V 
0 -0.3 0 -0.3 V 

CMRR Common·Mode Rejection VcM =OVt03.5V 93 103 90 102 dB 
Ratio 

PSRR Power Supply Rejection Vs = 2.2V to 12V 94 104 92 104 dB 
Ratio 
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LTl 1 78/LTll 79 

ELECTRICAL CHARACTERISTICS Vs=5V,OV, VCM=0.1V, Vo=1.4V, TA=25°C, unless noted. 
LTI178AC/1179AC LT11781/C/s/11791/C1S 

SYMBOL PARAMETER CONDITIONS(NOTE 1) MIN TYP MAX MIN TYP MAX UNITS 

AVOL Large Signal Voltage Gain Vo = 0.03V to 4V, No Load (Note 3) 140 700 110 700 VlmV 
Vo = O.03V to 3.5V, RL = 50k 80 200 70 200 VlmV 

Maximum Output Voltage Output Low, No Load 6.5 9 6.5 9 mV 
Swing Output Low, 2k to GND 0.2 0.6 0.2 0.6 mV 

Output Low, ISINK = loo,.A 120 160 120 160 mV 
Output High, No Load 4.2 4.4 4.2 4.4 V 
Output High, 2k to GND 3.5 3.8 3.5 3.8 V 

SR SJewRate Av= +1,CL=10pF(Note3) 0.013 0.025 0.013 0.025 VIp.S 
GBW Gain Bandwidth Product f.:s5kHz 60 60 kHz 

Is Supply Current per Amplifier 13 18 14 21 pA 
Vs= ±1.5V, Vo=OV 12 17 13 20 pA 

Channel Separation AVIN =3V, RL=10k 130 130 dB 
Minimum Supply Voltage (Note 4) 2.0 2.2 2.0 2.2 V 

ELECTRICAL CHARACTERISTICS Vs = 5V, OV, VCM = 0.1V, Vo = 1.4V, -4ooe ~ TA ~ 85°e for I grades, 
ooe ~ TA ~ 700 e for S grades, unless noted. (Note 6) 

LT11781111791 LT1178S11179S 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage LT1178 • 80 315 120 650 pV 
LTII79 • 80 345 130 800 pV 

AVC"RJAT Input Offset Voltage Drift (Note 5) • 0.6 3.0 0.8 4.5 pV/oC 

los Input Offset Current • 0.07 0.7 0.06 0.50 nA 

Ie Input Bias Current • 4 8 3 7 nA 
CMRR Common·Mode Rejection V r». = O.05V to 3.2V I grade • 84 98 86 100 dB 

Ratio VCM = OV to 3.4V S grade 
PSRR Power Supply Rejection Vs=3.0Vto12VI grade • 86 100 88 102 dB 

Ratio Vs = 2.5V to 12V S grade 

AVOL Large Signal Voltage Gain Vo = O.05V to 4V, No Load (Note 3) • 55 350 80 500 VlmV 
Vo = O.05V to 3.5V, RL =50k • 35 130 45 160 VlmV 

Maximum Output Voltage Output Low, No Load • 9 13 8 11 mV 
Swing Output Low, ISINK = loo,.A • 180 220 140 190 mV 

Output High, No Load • 3.9 4.2 4.1 4.3 V 
Output High, 2k to GND • 3.0 3.7 3.3 3.8 V 

Is Supply Current per Amplifier • 15 27 15 24 ,.A 

ELECTRICAL CHARACTERISTICS VS=5V,OV,VCM=0.1V,Vo=1.4V,0°CsTAS700C, unless noted. 
LTl178AClII79AC LTl178CM179C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vos Input Offset Voltage LTl178 • 50 170 65 250 pV 

LTl179 ," 60 200 70 290 pV 
AVC"RJAT lnput Offset Voltage Drift (Note 5) • 0.5 2.2 0.6 3.0 pVloC 

los Input Offset Current • 0.06 0.35 0.06 0.50 nA 
Ie Input Bias Current • 3 6 3 7 nA 
CMRR Common·Mode Rejection VCM=OVto3.4V • 90 101 86 100 dB 

Ratio 
PSRR Power Supply Rejection Vs = 2.5V to 12V • 90 102 88 102 dB 

Ratio 

AVOL Large Signal Voltage Gain Vo = O.05V to 4V, No Load (Note 3) • 105 500 80 500 VlmV 
Vo = 0.05V to 3.5V, RL = 50K • 55 160 45 160 VlmV 

Maximum Output Voltage Output Low, No Load • 8 11 8 11 mV 
Swing Output Low, ISINK = loo,.A • 140 190 140 190 mV 

Output High, No Load • 4.1 4.3 4.1 4.3 V 
Output High, 2k to GND • 3.3 3.8 3.3 3.8 V 

Is Supply Current per Amplifier • 14 21 15 24 ,.A 
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LTl 1 78/LTll 79 

ELECTRICAL CHARACTERISTICS VS = ± 15V, TA = 25°C, unless noted. 
LT1178AC/I179AC LTI17811C1S11179I1C/s 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage 80 350 100 480 ~V 
LT1178S 150 900 ~V 
LTl179S 160 1050 ~V 

los Input Offset Current 0.05 0.25 0.05 0.35 nA 

18 Input Bias Current 3 5 3 6 nA 
Input Voltage Range 13.5 13.9 13.5 13.9 V 

-15.0 -15.3 -15.0 -15.3 V 
CMRR Common·Mode Rejection Ratio VcM +13.5V, -15V 97 106 94 106 dB 
PSRR Power Supply Rejection Ratio Vs=5V,OVto±18V 96 112 94 112 dB 

AVOL Large Signal Voltage Gain Vo= ±10V,RL=50k 300 1200 250 1000 V/mV 
Vo= ± 10V, No Load 600 2500 400 2500 V/mV 

VOUT Maximum Output Voltage Swing RL =50k ±13.0 ±14.2 ±13.0 ±14.2 V 
RL=2k ±11.0 ±12.7 ±11.0 ±12.7 V 

SR Slew Rate Av= +1 0.02 0.04 0.02 0.04 V/~ 

GBW Gain Bandwidth Product fos5kHz 85 85 kHz 

Is Supply Current per Amplifier 16 21 17 25 ~ 

ELECTRICAL CHARACTERISTICS VS = ±15V, -40°C::; TA::; 85°C lor I grades, DoC::; TA::; 70°C for S grades, 
unless noted. 

LT1178UII791 LTI178S11179S 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos Input Offset Voltage LTl178 • 130 740 190 1150 ~V 
LT1179 • 130 740 200 1300 ~V 

IlVor}IlT Input Offset Voltage Drill (Note5) • 0.7 4.0 0.9 5.5 ~V/oC 

los Input Offset Current • 0.07 0.7 .0.06 0.35 nA 

18 Input Bias Current • 4 8 3 7 nA 

AVOL Large Signal Voltage Gain Vo= ±10V,RL=50k • 100 500 150 750 V/mV 
CMRR Common·Mode Rejection Ratio VCM = + 13V, -14.9V • 88 103 91 104 dB 
PSRR Power Supply Rejection Ratio Vs=5V,OVto ±18V • 88 109 91 110 dB 

Maximum Output Voltage Swing RL=5k • ±11.0 ±13.5 ±11.0 ±13.5 V 

Is Supply Current per Amplifier • 19 30 18 28 ~ 

ELECTRICAL CHARACTERISTICS Vs= ±15V,O°C::;TA::;70°C,unlessnoted. 

SYMBOL PARAMETER CONDITIONS 

Vos Input Offset Voltage 
IlVorJllT Input Offset Voltage Drill (Note5) 

los Input Offset Current 

18 Input Bias Current 

AVOL Large Signal Voltage Gain Vo= ± 10V, RL =50k 
CMRR Common·Mode Rejection Ratio . VCM = 13V, -15V 
PSRR Power Supply Rejection Ratio Vs=5V,OVto ±18V 

Maximum Output Voltage Swing RL=5k 

Is Supply Current per Amplifier 

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

Note1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers; i.e., out of 100 LT1179s (or 100 
LT117Ss) 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 Vs = ±2.5, Va = OV. 

LT1178AC/1179AC LTI178C11179C 
MIN TYP MAX MIN TYP MAX UNITS 

• 100 480 130 660 ~V 

• 0.6 2.8 0.7 4.0 ~V/·C 

• 0.06 0.35 0.06 0.3.5 nA 

• 3 6 3 7 nA 

• 200 800 150 750 V/mV 

• 94 104 91 104 dB 

• 93 110 91 110 dB 

• ±11.0 ±13.6 ±11.0 ±13.6 V 

• 17 24 18 28 ~ 

Note 3: This parameter is guaranteed by design and is not tested. 
Note 4: Power supply rejection ratio is measured at the minimum supply 
voltage. The op amps actually work at 1. 7V supply but with a typical offset 
skew of -300IN 
Note 5: This parameter is not 100% tested. 

Note 6: During testing at -40·C, the 5V power supply turn on time is less 
than 0.5 seconds. 
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LTl178/LTl179 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Input Offset Voltage Distribution 
N, J, H Package 
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Input Offset Voltage Distribution 
Surface Mount Package 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

a;-

140 

120 

100 

i- 80 

~ 60 

~ 40 
~ 

20 

Voltage Gain vs Frequency 
30 

- --.. TA=25° 

l"-
t\. , 

,=±15V--

Vs=5V,OV " " ~ -20 -10 

Gain, Phase vs Frequency 

TA~Jo6 I 
~ 

NO LOAD 

I 
~ r-- ..... /PHASE 

±15V 

'(r-.. :"\. I 
r\, \ "- PHAS 

r"" ,OV 

GAl >- '< 
5V,OV l\. 

HGAIN 
±15V '\ 

0,0010,01 0,1 1 10 100 lk 10k lOOk 1M 10k 
FREQUENCY (Hz) 

lOOk 
FREQUENCY (Hz) 

/ ~-
20r-- .-

0- =r IIlU 
AV=n 

10 100 1000 
CAPACITIVE LOAD (pF) 

Small Signal Transient Response 
Vs= ±2.5V 

2O,s/DIV 
Av= +1,Cl=12pF 

10,000 

Large Signal Transient Response 
Vs= ±15V 

5OO,s/DIV 

Av= +l,Cl=12pF 

Small Signal Transient Response 
Vs= ±15V 

20pslDIV 
Av= +l,Cl=12pF 

! 
80 

100 

120 " :z: ,. 
140 ~ 

rn 
:z: 

160 :!j 
'0 

180 2l 
ill 

200 m 
220 

240 
1M 

LT1l78/LTl179 

Voltage Gain vs Load Resistance 
10M 

s=± V, TA- 5° 

[ 1M 
f-' 

z 
:;;: 

'" ~ ~ 

'" "" ~l00k i'Vs= ,OV, TA=25° 

> 
s=5V, OV, TA-85° 

10k 111111 II 
10k lOOk 1M 10M 

LOAD RESISTANCE TO GROUND (0) 

Large Signal Transient Response 
Vs=5V,OV 

loops/DIV 

INPUT PULSE = OV TO 3.BV 
Av= +l,Cl=12pF 

Small Signal Transient Response 
Vs=5V,OV 

2Ops/DiV 
Av= + l,Cl=12pF,INPUT50T0150mV 

100mV 

2-117 



LT1178/LT1l79 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 
Please see the LT1078/LT1079 data sheet for applications 
information. All comments relating to specifications, 

single supply operation and phase reversal protection are 
directly applicable to the LT1178/LT1179. 

Micropower 1 DDHz to 1 MHz V·to·F Converter 
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SimPLIFIED SCHEmATIC 
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'''''''''''-unt:N2 OP-270/0P-470 
~~ TECHNOLO·GY~----D--u-a-I/-Q-U-a-d--Lo-W--N-o--ise-, 

Precision Operational Amplifiers 

FEATURES 
• Low Noise 
• Input Offset Voltage 

• Low Offset Voltage Drift 

• Very High Gain 

• Outstanding CMRR 

• Slew Rate 
• Gain Bandwidth Product 
• Industry Standard Pinouts 

APPLICATions 

5nVl,!Hz @ 1 kHz Max 
OP-270: 75!!V Max 

OP-470: 400!!V Max 
OP-270: 1!!V/oC Max 
OP-470: 2!!V/oC Max 

OP-270: 1500VlmV Min 
OP-470: 1000V/mV Min 

OP-270: 106dB Min 
OP-470: 11 OdB Min 

3.0V/lls Typ 
6MHzTyp 

• Two and Three Op Amp Instrumentation Amplifiers 
• Low Noise Signal Processing 
• Microvolt Accuracy Threshold Detection 
• Strain Gauge Amplifiers 
• Accelerometer Amplifiers 
• I nfrared Detectors 

Strain Gauge Signal Conditioner with Bridge Excitation 
+15V 

-15V 

2-120 

3600 
5V 
REFERENCE 
OUT 

3600 

, RN60C FILM RESISTORS 

k' 

DESCRIPTion 
The OP-270 dual and OP-470 quad are high performance 
op amps with BOnVp-p noise, from 0.1 Hzto 10Hz, offering 
comparable performance to the industry standard OP-27. 
The OP-270 (OP-470) feature input offset voltage below 
751lV (400IlV) and offset drift under 1IlV/oC (2!!V/°C), 
guaranteed overthefull military temperature range. Open
loop gain of the OP-270 (OP-470) is over 1.5 million (1.0 
million) into a 1 Okn load ensuring excellent gain accuracy 
and linearity, even in high-gain applications. Input bias 
current is under±20nA (±25nA) which reduces errors due 
to signal source resistance. The OP-270's (OP-470's) 
CMRR of over 106dB (110dB) and PSRR of less than 
3.21lVN (1.BIlVN) significantly reduce errorsdueto ground 
noise and power supply fluctuations. Power consumption 
of the dual OP-270 (quad OP-470) is one-third less than 
two (four) OP-27's, a significant advantage for power 
conscious applications. The OP-270 and OP-4 70 are unity
gain stable with a gain bandwidth product of 6MHz and a 
slew rate of 3.0V/lls. 
For applications requiring higher performance, see the 
L T1124 and LT1125 data sheets. 
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OP-270jOP-470 

ABSOLUTE mAXimum RATinGS Operating Temperature Range 
Supply Voltage ...................................................... ± 18V 
Differential Input Voltage (Note 4) ......................... ±1.0V 
Differential Input Current (Note 4) ....................... ±25mA 
Input Voltages ......................... Equal to Supply Voltages 
Output Short Circuit Duration .......................... Indefinite 

OP270NOP470A ............................... -55°C to 125°C 
OP270E/OP470E 
OP270G/OP470G ................................. -40°C to 85°C 

Storage Temperature Range 
All Grades ......................................... -65°C to 150°C 

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

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

TOP VIEW 

J8 PACKAGE 
HEAD CERAMIC DIP 

N8 PACKAGE J PACKAGE 8·LEAD PLASTIC DIP 1 HEAD CERAMIC DIP S PACKAGE N PACKAGE 
1HEAD PLASTIC DIP 16-LEAD PLASTIC SOL OP27QJ470' POIOl 

ORDER PART ORDER PART ORDER PART 
NUMBER NUMBER NUMBER 

OP-270AJ8 OP-470AJ 
OP-270EJ8 OP-470EJ OP-470GS 
OP-270GN8 OP-470GN 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, unless otherwise noted. 

OP-270G 
OP-270AJE OP·470AJE OP·470G 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Vas Input Offset Voltage OP-270 10 75 50 250 ltV 
OP-470 100 400 400 1000 ltV 

los Input Offset Current OP-270 VCM = OV 5 15 6 20 nA 
OP-470 VCM = OV 6 20 12 30 nA 

18 Input Bias Current VCM = OV ±7 ±20 ±7 ±25 ±15 ±60 nA 

en pop Input Noise Voltage 0.1Hzto 10Hz (Note 1) 80 200 80 200 80 200 nVp-p 

en Input Noise Voltage Density fa = 10Hz (Note 2) 3.6 6.5 3.6 6.5 3.6 6.5 nV/;iHz 
fa = 100Hz (Note 2) 3.2 5.5 3.2 5.5 3.2 5.5 nVNHz 
fa = 1000Hz (Note 2) 3.2 5.0 3.2 5.0 3.2 5.0 nVNHz 
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OP-270jOP-470 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°e, unless otherwise noted. 

Op·270G 
OP·270A/E OP·470A/E Op·470G 

SYMBOL PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

in Input Noise Current Density fo = 10Hz 1.5 1.5 1.5 pA/v'Hz 
fa = 100Hz 0.5 0.5 0.5 pA/v'Hz 
fa = 1000Hz 0.4 0.4 0.4 pA/v'Hz 

AVOL Large Signal Voltage Gain VOUT = ± 10V, RL = 10kn 1500 5000 1000 5000 BOO 2000 V/mV 
VOUT = ± 10V, RL = 2kn 750 2000 500 2000 400 1000 V/mV 

VCM Input Voltage Range (Note 3) ±12 ±12.5 ±12 ±12.5 ±12 ± 12.5 V 

VOUT Output Voltage Swing RL ~ 2kn ±12 ± 13.5 ±12 ±13.5 ±12 ±13.5 V 

CMRR Common Mode VCM = ±12V 106 125 110 125 100 120 dB 
Rejection Ratio 

PSRR Power Supply Vs = ±4.5V to ±1BV 0.56 3.2 0.56 1.B 1.0 5.6 I1VN 
Rejection Ratio 

SR Slew Rate 1.7 3.0 1.7 3.0 1.7 3.0 V/l1s 

Is Supply Current OP·270 No Load 4.5 6.5 4.0 6.5 rnA 
OP·470 No Load 9.0 11.0 9.0 11.0 rnA 

GBW Gain Bandwidth Product Av = +10 6 6 6 MHz 

CS Channel Separation VOUT = 20Vp-p, fa = 10Hz 125 175 125 175 125 175 dB 
(Note 1) 

CIN Input Capacitance 3 3 3 pF 

ELECTRICAL CHARACTERISTICS VS = ±15V, -55°e ::; TA::; moe, unless otherwise noled. 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage 

!J.Vos Average Input Offset Voltage Drift 
!J.Temp 

los Input Offset Current VCM = OV 

Is Input Bias Current VCM = OV 

AVOL Large Signal Voltage Gain RL ~ 10kn, VOUT = ±10V 
RL <: 2kn, VOUT = ±1 OV 

VCM Input Voltage Range (Note 3) 

VOUT Output Voltage Swing RL ~2kn 

CMRR Common Mode Rejection Ratio VCM=±11V 

PSRR Power Supply Rejection Ratio Vs = ±4.5V to ±18V 

Is Supply Current All Amplifiers No Load 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: This parameter is guaranteed but not 100% tested. 
Nole 2: This parameter is sample tested only. 
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OP·270A OP·470A 
MIN TVi' MAX MIN TYP MAX UNITS 

• 30 175 140 600 I1V 

• 0.2 1.0 0.4 2.0 I1V/oC 

• 10 45 10 55 nA 

• ±15 ±60 ±15 ±50 nA 

• 750 3000 750 3000 V/mV 

• 400 1500 400 1500 V/mV 

• ±11 ±12 ±11 ±12 V 

• ±12 ±13 ±12 ±13 V 

• 100 120 100 120 dB 

• 1.0 5.6 1.0 5.6 I1VN 

• 5.0 7.5 10 13 rnA 

Nole 3: This parameter is guaranteed by the CMRR test. 
Nole 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 
voltage exceeds ±1.4V, the input current should be limited to 25mA. 



OP-270jOP-470 

ELECTRICAL CHARACTERISTICS VS = ±15V, -40°C:<; TA:<; 85°C, unless otherwise noted. 

Op·270E 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN 

Vas 1nput Offset Voltage OP-270 • 25 150 
OP-470 • 

t..vos Average Input Offset OP-270 • 0.2 1.0 
t.Temp Voltage Drift OP-470 • 
los Input Offset Current VCM = OV • 15 30 

Is Input Bias Current VCM = OV • ± 15 ±60 

AVOl Large Signal Voltage Gain VOUT = ±10V, Rl <': 10kn • 1000 2000 BOO 
VOUT = ±10V, Rl <': 2kQ • 500 1000 400 

VCM Input Voltage Range (Note 3) • ±11 ±12 ±11 

VOUT Output Voltage Swing Rl <': 2kn • ±12 ±13 ±12 

CMRR Common Mode VCM=±llV • 100 120 100 
Rejection Ratio 

PSRR Power Supply Vs = ±4.5V to ±lBV • 0.7 5.6 
Rejection Ratio 

Is Supply Current All OP-270 No Load • 4.B 7.2 
Amplifiers OP-470 No Load • 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Voltage Noise vs Frequency 
100 

Vs =±15V 
TA - 25'C 
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1 
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;Q:PICAl 

11111 II 
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r-- h -V ......... 
~. ....... ........ 

......... 
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TEMPERATURE ('G) 

Op·270G 
OP-470E OP-470G 

TYP MAX MIN TYP MAX UNITS 

100 400 ~V 
120 500 500 1500 ~V 

0.7 3.0 ~V/oC 

0.4 2.0 2.0 ~V/oC 

17 20 17 50 nA 

±17 ±50 ±lB ±75 nA 

2000 600 1500 VlmV 
1000 300 BOO VlmV 

±12 ±11 ±12 V 

±13 ±12 ±13 V 

120 90 110 dB 

0.7 5.6 1.8 10 /J.VN 

4.8 7.2 rnA 
9.6 13 9.6 13 rnA 

Small Signal Transient Response 

+50mV 

OmV 

-50mV 
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Operational Amplifier 

FEATURES 
• Gain Bandwidth Product, Av = + 1 
• Slew Rate 
• Low Cost 
• Output Current 
• Settling Time 
• Differential Gain Error 
• Differential Phase Error 
• High Open Loop Gain 
• Single Supply +5V Operation 
• Output Shutdown 

APPLICATions 
• Video Cable Drivers 
• Video Signal Processing 
• Fast Integrators 
• Pulse Amplifiers 
• D/A Current to Voltage Conversion 

CMOS IN 
CH. SELECT 

2-126 

Video MUX Cable Driver 
+5V 

50MHz 
450V/~s 

±50mA 
140ns to 0.1% 

0.1%, (RL = 1k) 
0.060 , (RL = 1 k) 

15V/mV Min 

750 

DESCRIPTiOn 
The LT1190 is a video operational amplifier optimized for 
operation on ± 5V, and a single +5V supply. Unlike many 
high speed amplifiers, this amplifier features high open 
loop gain, over 85dB, and the ability to drive heavy loads 
to a full power bandwidth of 20M Hz at 7Vp-p. In addition 
to its very fast slew rate, the L T1190 features a unity gain 
stable bandwidth of 50MHz, and a 75 0 phase margin, 
making it extremely easy to use. 

Because the LT1190 is a true operational amplifier, it is an 
ideal choice for wideband signal conditioning, fast inte
grators, active filters, and applications requiring speed, 
accuracy, and low cost. 

The LT1190 is available in 8-pin miniDIPs and SO pack
ages with standard pinouts. The normally unused pin 5 is 
used for a shutdown feature that shuts off the output and 
reduces power dissipation to a mere 15mW. 

Inverter Pulse Response 

AV = -1. CL = 1 OpF SCOPE PROBE LT1100' TA02 



LTl190 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Total Supply Voltage (V + to V -) ............................... 1BV 
Differential Input Voltage ......................................... ±6V 
Input Voltage ............................................................ ±Vs 
Output Short Circuit Duration (Note 1) ......... Continuous 
Operating Junction Temperature Range 

L T1190M ......................................... -55°C to 150°C 
LT1190C .............................................. O°C to 150°C 

ORDER PART 
TOP VIEW NUMBER 

~'O~ LT1190MJB 
-IN 2 7 V' 

LT1190CJB +IN 3 6 OUT 
LT1190CNB V-4 5 SID 
LT1190CSB 

Max. Junction Temperature ......... See Pkg. Descriptions 
Storage Temperature Range .................. -65°C to 150°C 

J8 PACKAGE N8 PACKAGE 
8-LEAD HERMETIC DIP 8-LEAD PLASTIC DIP SB PART MARKING 

S8 PACKAGE 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 8-LEAD PLASTIC SOIC 1190 

LT1190'POI01 

ELECTRICAL CHARACTERISTICS VS = ±5V, TA = 25°C, Cl::; 10pF, pin 5 open circuit unless otherwise noted. 

LT1190M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage 3.0 10.0 mV 

los Input Ollset Current 0.2 1.7 IlA 

Is Input Bias Current ±0.5 ±2.5 I!A 
en Input Noise Voltage fa = 10kHz 50 nV/;fifz 

in Input Noise Current fa = 10kHz 4.0 pAl;fifz 

RIN Input Resistance I Differential Mode 130 kn 

1 Common Mode 5.0 MO 

CIN Input Capacitance Av=+l 2.2 pF 

Input Voltage Range (Note 2) -2.5 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = - 2.5V to + 3.5V 60 70 dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±8.0V 60 70 dB 

AVOL Large Signal Voltage Gain RL = lk, Va = ±3.0V 10 22 V/mV 

RL = 1000, Va = ±3.0V 2.5 6 

Vs = ±8V, RL = 1000, Va = ±5V 3.5 12 

VOUT Output Voltage Swing Vs = ±5V, Rl = 1 k ±3.7 ±4.0 V 

Vs = ±8V, RL = 1 k ±6.7 ±7.0 

SR Slew Rate Av = -1, RL = 1 k, (Note 3, 8) 325 450 V/IlS 
FPBW Full Power Bandwidth Va = 6Vp-p, (Note 4) 17.2 23.9 MHz 

GBW Gain Bandwidth Product 50 MHz 

t,1,tn Rise Time, Fall Time Av = +50, Va = ± 1.5V, 20% to 80%, (Note 8) 175 250 325 ns 

tr2, t12 Rise Time, Fall Time Av = +1, Va = ±125mV, 10% to 90% 1.9 ns 

tpo Propagation Delay Av = +1, Va =±125mV, 50% to 50% 2.4 ns 

Overshoot Av = +1, Vo = ±125mV 5 % 

ts Settling Time 3V Step, 0.1%, (Note 5) 140 ns 

DiflAv Differential Gain RL = 1500, Av= +2, (Note 6) 0.35 % 

Dill Ph Differential Phase RL = 1500, Av = +2, (Note 6) 0.16 Deg. pop 
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ELECTRICAL CHARACTERISTICS VS = ±5V. TA = 25°C. CL ~ 10pF. pin 5 open circuit unless otherwise noted. 

LT1190M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Is Supply Current 32 38 mA 

Shutdown Supply Current Pin 5 at V- 1.3 2.0 mA 

15/0 Shutdown Pin Current Pin 5 atV- 20 50 IlA 
ton Turn On Time Pin 5 from V-to Ground, RL = 1k 100 ns 

toll Turn Off Time Pin 5 from Ground to V -, RL = 1 k 400 ns 

ELECTRICAL CHARACTERISTICS 
Vs+ = +5V. Vs- = OV, VCM = +2.5V. TA = 25°C. CL ~ 10pF. pin 5 open circuit unless otherwise noted. 

LT119DM/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage 3.0 11.0 mV 

los Input Offset Current 0.2 1.2 IJ.A 
16 Input Bias Current ±0.5 ±1.5 IJ.A 

Input Voltage Range (Note 2) +2.0 +3.5 V 
CMRR Common Mode Rejection Ratio VCM = +2.0V to +3.5V 55 70 dB 

AVOL Large Signal Voltage Gain RL = 100n to Ground, 2.5 7.0 V/mV 
Vo = + 1.0V to +3.0V 

VOUT Output Voltage Swing RL = 100n to Ground I VOUT High 3.6 3.8 V 

I VOUT Low 0.25 0.4 

SR Slew Rate Av=-1, Vo=+1Vto+3V 250 VlIlS 
GBW Gain Bandwidth Product 47 MHz 

Is Supply Current 24.5 29 36 mA 
Shutdown Supply Current Pin 5 atV- 1.2 2.0 mA 

ISID Shutdown Pin Current Pin5atV- 20 50 IJ.A 

ELECTRICAL CHARACTERISTICS VS = ±5V, -55°C ~ TA ~ 125°C. pin 5 open circuit unless otherwise noted. 

LT119DM 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage • 5.0 14.0 mV 

I1Vos/I1T Input Vos Drift • 16 IlV/oC 

los Input Offset Current • 0.2 2.0 IJ.A 
16 Input Bias Current • ±0.5 ±2.5 IJ.A 
CMRR Common Mode Rejection Ratio VCM = -2.5V to + 3.5V • 55 70 dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±5.0V • 55 70 dB 

AvoL Large Signal Voltage Gain RL = 1k, Vo = ±3.0V • 8 16 V/mV 

RL = 100n, Vo = ±3.0V • 1.0 2.5 

VOUT Output Voltage Swing RL = 1k • ±3.7 ±3.9 V 

Is Supply Current • 32 38 mA 

Shutdown Supply Current Pin 5 at V -, (Note 7) • 1.5 2.5 mA 

ISiD Shutdown Pin Current Pin 5 at V- • 20 IJ.A 
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ELECTRICAL CHARACTERISTICS VS = ±5V, DOC ~ TA ~ 70°C, pin 5 open circuit unless otherwise noted. 

LT1190C 
SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage • 3.0 11.0 mV 

l',vos/I'.T Input Vas Drift • 16 llV/oC 

los Input Offset Current • 0.2 1.7 !lA 
IB Input Bias Current • ±0.5 ±2.5 !lA 
CMRR Common Mode Rejection Ratio VCM = -2.5Vto +3.5V • 58 70 dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±5.0V • 58 70 dB 

AvaL Large Signal Voltage Gain RL = lk, Va = ±3.0V • 9 20 V/mV 

RL = lOOn, Vo = ±3.0V • 2.0 6.0 

VauT Output Voltage Swing RL = lk • ±3.70 ±3.9 V 

Is Supply Current • 32 38 rnA 

Shutdown Supply Current Pin 5 at V -, (Note 7) • 1.4 2.1 rnA 

ISID Shutdown Pin Current Pin 5 at V-

The. denotes the specifications which apply over the full operating 
temperature range. 
Note1: A heat sink is required to keep the junction temperature below 
absolute maximum when the output is shorted. 
Note 2: Exceeding the input common mode range may cause the output 
to invert. 
Note 3: Slew rate is measured between ±lVon the output, with a ±3V 
input step. 
Note 4: Full power bandwidth is calculated from the slew rate measure· 
ment: FPBW = SR!2ItVp. 

• 20 

Note 5: Settling time measurement techniques are shown in "Take the 
Guesswork Out of Settling Time Measurements," EON, September 19, 
1985. Av = -1, RL = lk. 

IlA 

Note 6: NTSC (3.58MHz). For RL = 1 k, Diff Av = 0.1 %, Diff Ph = 0.06°. 
Note 7: See Applications section for shutdown at elevated temperatures. 
Do not operate the shutdown above TJ > 125°C. 
Note 8: AC parameters are 100% tested on the ceramic and plastiC DIP 
packaged parts (J and N suffix) and are sample tested on every lot of the 
SO packaged parts (S suffix). 

Optional OHset Nulling Circuit 

INPUT OFFSET VOLTAGE CAN BE ADJUSTED OVER A ±150mV 
RANGE WITH A 1 ka TO 1 aka POTENTIOMETER. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Power Supply Bypassing 

The L T1190 is quite tolerant of power supply bypassing. In 
some applications a 0.1!!F ceramic disc capacitor placed 
112 inch from the amplifier is all that is required. A scope 
photo of the amplifier output with no supply bypassing is 
used to demonstrate this bypassing tolerance, RL = 1 kn. 

No Supply Bypass Capacitors 

• ir&1 
! 

I 

• II' 
+ 

I i -III • 
• !.: = I.~ ~ 

• II 10 nl 
AV=-1, IN DEMO BOARD, RL = 1k!l 

Supply bypassing can also affect the response in the 
frequency domain. It is possible to see a slight 1 dB rise in 
the frequency response at 130MHz depending on the gain 
configuration, supply bypass, inductance in the supply 
leads, and printed circuit board layout. This can be further 
minimized by not using a socket. 

Closed Loop Voltage Gain vs Frequency 

20 
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In most applications, and those requiring good settling time, 
it is important to use multiple bypass capacitors. A O.1!!F 
ceramic disc in parallel with a 4.7!!F tantalum is recom
mended. Two oscilloscope photos with different bypass 
conditions are used to illustrate the settling time character
istics of the amplifier. Note that although the output wave
form looks acceptable at 1V/div, when amplified to 1 mV/div 
the settling time to 2mV is 4.244!!S forthe 0.1!!F bypass; the 
time drops to 163ns with multiple bypass capacitors. 

Settling Time Poor Bypass 

SETTLING TIME TO 2mV, Av =-1 
SUPPLY BYPASS CAPACITORS = O,1~F 

Settling Time Good Bypass 

SETILING TIME TO 2mV, Av =-1 
SUPPLY BYPASS CAPACITORS = O.1}!F + 4.7}!F TANTALUM 
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APPLICATions InFORmATion 
Cable Terminations 

The L T1190 operational amplifier has been optimized as a 
low cost video cable driver. The ±SOmA guaranteed out
put current enables the LT1190 to easily deliver 7.SVp-p 
into 100Q, while operating on ±SV supplies, or 2.6Vp-p 
on a single SV supply. 

Double Terminated Cable Driver 

Cable Driver Voltage Gain vs Frequency 
10 

-
-
-

-
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When driving a cable it is important to terminate the cable 
to avoid unwanted reflections. This can be done in one of 
two ways: single termination or double termination. With 
single termination, the cable must be terminated at the 
receiving end (7SQ to ground) to absorb unwanted en
ergy. The best performance can be obtained by double 
termination (7SQ in series with the output ofthe amplifier, 
and 7SQ to ground at the other end of the cable). This 
termination is preferred because reflected energy is ab
sorbed at each end of the cable. When using the double 
termination technique it is important to note thatthe signal 
is attenuated by a factor of 2, or 6dB. This can be compen
sated for by taking a gain of 2, or 6dB in the amplifier. The 
cable driver has a -3dB bandwidth in excess of 30MHz 
while driving the 1S0Q load. 
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Using the Shutdown Feature 

The L T1190 has a unique feature that allows the amplifier 
to be shutdown for conserving power, or for multiplexing 
several amplifiers onto a common cable. The amplifier will 
shutdown by taking pin S to V-.ln shutdown, the amplifier 
dissipates 1SmW while maintaining a true high impedance 
output state of 1SkQ in parallel with the feedback resis
tors. The amplifiers must be used in a non-inverting 
configuration for MUX applications. In inverting configu
rations the input signal is fed to the output through the 
feedback components. The following scope photos show 
that with very high RL, the output is truly high impedance; 
the output slowly decays toward ground. Additionally, 
when the output is loaded with as little as 1 kQ the amplifier 
shuts off in 400ns. This shutoff can be under the control 
of HC CMOS operating between OV and -SV. 

{
OV 

VSHUTDOWN 

-5V 

VOUT 

{
OV 

VSHUTDOWN 

-5V 

VOUT 

Output Shutdown 

1MHz SINE WAVE GATED OFF WITH 
SHUTDOWN PIN. Ay = +1. At. = SCOPE PROBE 

Output Shutdown 

1MHz SINE WAVE GATED OFF WITH 
SHUTDOWN PIN. Ay = +1. RL = 1 kn 



APPLICATions InFoRmATion 
The ability to maintain shutoff is shown on the curve 
Shutdown Supply Current vs Temperature in the Typical 
Performance Characteristics section. At very high elevated 
temperatures it is important to hold the shutdown pin 
close to the negative supply to keep the supply current 
from increasing. 

Murphy Circuits 

There are several precautions the user should take when 
using the L T1190 in order to realize its full capability. 
Although the LT1190 can drive a 50pF load, isolating the 
capacitance with 10n can be helpful. Precautions prima
rily have to do with driving large capacitive loads. 

Driving Capacitive load 

AV=-1, IN DEMO BOARD, CL=50pF """'TA" 

LTl190 

Other precautions include: 

1. Use a ground plane (see Design Note 50, High Frequency 
Amplifier Evaluation Board). 

2. Do not use high source impedances. The input capacitance 
of2pF, and Rs = 10kn for instance, will give an 8MHz -3dB 
bandwidth. 

3. PC board socket may reduce stability. 

4. A feedback resistor of 1 kn or lower reduces the effects 
of stray capacitance at the inverting input. (For instance, 
closed loop gain of +2 can use RFB = 300n and RG = 300n.) 

Driving Capacitive load 

AV = -1, IN DEMO BOARD, CL = 50pF WITH 
10(1 ISOLATING RESISTOR 

Murphy Circuits 

An Unterminated Cable Is 
a large Capacitive Load 

A 1X Scope Probe Is a 
Large Capacitive Load 

A Scope Probe on the Inverting 
Input Reduces Phase Margin 
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SimPLIFIED SCHEmATIC 

SID BAL BAL 

• SUBSTRATE DIODE, DO NOT FORWARD BIAS 
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'~TLElcnHN~OI'O-G~q~----------_Ul_l~ ~, L-" If Ultra High Speed 

FEATURES 
• Gain Bandwidth Product, Av = + 1 
• Slew Rate 
• Low Cost 
• Output Current 
• Settling Time 
• Differential Gain Error 
• Differential Phase Error 
• High Open Loop Gain 
• Single Supply +5V Operation 
• Output Shutdown 

APPLICATions 
• Video Cable Drivers 
• Video Signal Processing 
• Fast Integrators 
• Pulse Amplifiers 
• D/A Current to Voltage Conversion 

CMOS IN 
CH. SELECT 

1kQ 

Video MUX Cable Driver 

+5V 

90MHz 
450VlllS 

±50mA 
110ns to 0.1% 

0.07%, (RL = 1 k) 
0.02°, (RL '" 1 k) 

25V1mV Min 

75Q 

Operational Amplifier 

DESCRIPTion 
The LT1191 is a video operational amplifier optimized for 
operation on ±5V, and a single +5V supply. Unlike many 
high speed amplifiers, this amplifier features high open 
loop gain, over 90dB, and the ability to drive heavy loads 
to a full power bandwidth of 20M Hz at 7Vp-p. In addition 
to its very fast slew rate, the LT1191 features a unity gain 
stable bandwidth of 90MHz. 

Because the LT1191 is a true operational amplifier, it is an 
ideal choice for wideband signal conditioning, fast inte
grators, active filters, and applications requiring speed, 
accuracy, and low cost. 

The LT1191 is available in a-pin miniDIPs and SO pack
ages with standard pinouts. The normally unused pin 5 is 
used for a shutdown feature that shuts off the output and 
reduces power dissipation to a mere 15mW. 

Inverter Pulse Response 

-I I r.' III 18._' 
I ... I. -I. I 

I 
i 

I I 

I 
il:l ! 
If.l, : • • • 1IIl, I I • • II II • 

Av = -1, CL = 1 OpF SCOPE PROBE 
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ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATion 
Total Supply Voltage (V+ to V-) ............................... 1BV 

Differential Input Voltage ......................................... ± 6V 

Input Voltage ........................................................... ± Vs 
Output Short Circuit Duration (Note 1) .....•... Continuous 

Operating Junction Temperature Range 
LT1191 M ......................................... -55°C to 150°C 

LT1191C .......................••..................... O°C to 150°C 
Max. Junction Temperature ......... See Pkg. Descriptions 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .....•........... 300°C 

TOP VIEW 

~o~ -IN 2 7 v+ 
+IN 3 6 OUT 
V-4 5SJO 

J8 PACKAGE N8 PACKAGE 
HEAO HERMETIC DIP 8-LEAD PLASTIC DIP 

S8 PACKAGE 
8·LEAD PLASTIC SOIC 

lT1191·POI01 

ORDER PART 
NUMBER 

LT1191MJB 
LT1191CJB 
LT1191CNB 
LT1191CSB 

SB PART MARKING 

1191 

ELECTRICAL CHARACTERISTICS VS = ± 5V, TA = 25°C, CL s; 1 OpF, pin 5 open circuit unless otherwise noted. 

LT1191MJC 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage 1.0 5.0 mV 

los Input Offset CurrenI' 0.2 1.7 IIA 
IB Input Bias Current ±0.5 ±2.5 IIA 
en Input Noise Voltage fa = 10kHz 25 nVlVHz 

in Input Noise Current fa = 10kHz 4.0 pAlVHz 

RIN Input Resistance I Differential Mode 70 kn 

I Common Mode 5.0 Mn 

CIN Input CapaCitance Av=+l 2.0 pF 

Input Voltage Range (Note 2) -2.5 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = - 2.5V to + 3.5V 60 75 dB 

PSRR Power Supply Rejection Ratio Vs = ± 2.375V to ± 8.0V 60 75 dB 

AVOL Large Signal Voltage Gain RL = lk, Va =±3.0V 20 45 VlmV 

RL = lOOn, Va = ±3.0V 6.0 12 

Vs = ±8V, RL = lOOn, Va = ± 5V 9.0 17 

VOUT Output Voltage Swing Vs=±5V,RL=lk ±3.7 ±4.0 V 

Vs = ±8V, RL = lk ±6.7 ±7.0 

SR Slew Rate Av = -2, RL = 1 k, (Note 3, 8) 325 450 ViIlS 

FPBW Full Power Bandwidth Va = 6Vp-p, (Note 4) 17.2 23.9 MHz 

GBW Gain Bandwidth Product 90 MHz 

tr1, tf1 Rise Time, Fall Time Ai; = +50, Va = ± 1.5V, 20% to 80%, (Note 8) 100 130 160 ns 

tr2, tf2 Rise Time, Fall Time Av=+l, Va = ±125mV, 10% to 90% 1.25 ns 

tpD Propagation Delay Av= +1, Va = ±125mV, 50% to 50% 2.2 ns 

Overshoot Av=+l, Vo=±125mV 25 % 

Is Settling Time 3V Step, 0.1 %, (Note 5) 110 ns 

DiffAv Differential Gain RL = 150n, Av= +2, (Note 6) 0.15 % 

DiffPh Differential Phase RL = 150n, Av = + 2, (Note 6) 0.09 Deg. pop 
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ELECTRICAL CHARACTERISTICS Vs = ±5V, TA = 25°C, CL ~ 10pF, pin 5 open circuit unless otherwise noted. 

LT1191M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Is Supply Current 32 38 rnA 

Shutdown Supply Current Pin 5 at V- 1.3 2.0 rnA 

ISiD Shutdown Pin Current Pin 5 at V- 20 50 IJA 
ton Turn On Time Pin 5 from V - to Ground, RL = 1 k 100 ns 

ton Turn OIfTime Pin 5 from Ground to V-, RL = 1k 400 ns 

ELECTRICAL CHARACTERISTICS 
Vs+ = +5V, vs- = OV, VCM = +2.5V, TA = 25°C, CL ~ 10pF, pin 5 open circuit unless otherwise noted. 

LT1191M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage 2.0 7.0 mV 

los Input Offset Current 0.2 1.2 ~ 
18 Input Bias Current ±0.5 ±1.5 ~ 

Input Voltage Range (Note 2) +2.0 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = +2.0V to +3.5V 55 70 dB 

AVOL Large Signal Voltage Gain RL = 100n to Ground, 6.0 9.0 V/mV 
Vo = + 1.0V to +3.0V 

VOUT Output Voltage Swing RL = 100n to Ground I VOUT High 3.6 3.8 V 

I VDUT Low 0.25 0.4 

SR Slew Rate Av=-1, Vo=+1Vt0+3V 250 V/)lS 

GBW Gain Bandwidth Product 80 MHz 

Is Supply Current 29 36 rnA 

Shutdown Supply Current Pin5atV- 1.2 2.0 rnA 

ISiD Shutdown Pin Current Pin 5 atV 20 50 ~ 

ELECTRICAL CHARACTERISTICS Vs = ±5V, -55°C ~ TA ~ moc, pin 5 open circuit unless otherwise noted. 

LT1191M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage • 2.0 8.0 rnV 

I!Nos/flT Input Vos Drift • 8.0 )lV/DC 

los Input Offset Current • 0.2 2.0 ~ 
18 Input Bias Current • ±0.5 ±2.5 ~ 
CMRR Common Mode Rejection Ratio VCM = -2.5V to +3.5V • 55 70 dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±5.0V • 55 70 dB 

AVOL Large Signal Voltage Gain RL = 1k, Vo =±3.0V • 16 32 V/mV 

RL = 100, Vo = ±3.0V • 2.0 5.0 

VOUT Output Voltage Swing RL= 1k • ±3'? ±3.9 V 

Is Supply Current • 32 38 mA 

Shutdown Supply Current Pin 5 at V -, (Note 7) • 1.5 2.5 rnA 

ISID Shutdown Pin Current Pin 5 atV • 20 ~ 
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ELECTRICAL CHARACTERISTICS VS = ±5V, DOC:; TA:; 7DoC, pin 5 open circuit unless otherwise noted. 

LT1191C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage • 2.0 6.0 mV 

1Wos/I'J.T Input Vos Drift • 8.0 IlV/oC 

los Input Offset Current • 0.2 1.7 IlA 
Is Input Bias Current • ±0.5 ±2.5 IlA 
CMRR Common Mode Rejection Ratio VCM = -2.5V to+3.5V • 58 70 dB 

PSRR Power Supply Rejection Ratio Vs = ± 2.375V to ± 5.0V • 58 70 dB 

AVOL Large Signal Voltage Gain RL = 1k, Vo =±3.0V • 20 40 VlmV 

RL = 100, Vo = ±3.0V • 5.0 9.0 

VOUT Output Voltage Swing RL = 1k • ±3.7 ±3.9 V 

Is Supply Current • 32 38 mA 

Shutdown Supply Current Pin 5 at V -, (Note 7) • 1.4 2.1 mA 

IS/D Shutdown Pin Current Pin 5 at V-

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: A heat sink is required to keep the junction temperature below 
absolute maximum when the output is shorted. 
Nole 2: Exceeding the input common mode range may cause the output 
to invert. 
Nole 3: Slew rate is measured between ± 1V on the output, with a ± 1.5V 
input step. 
Nole 4: Full power bandwidth is calculated from the slew rate measure
ment: FPBW = SR/21tVp. 

• 20 

Nole 5: Settling time measurement techniques are shown in "Take the 
Guesswork Out of Settling Time Measurements," EON, September 19, 
1985. Av =-1, RL = 1k. 

IlA 

Nole 6: NTSC (3.58MHz). For RL = 1 k, Diff Av = 0.07%, Diff Ph = 0.02°. 
Note 7: See Applications section for shutdown at elevated temperatures. 
Do not operate the shutdown above TJ > 125°C. 
Nole 8: AC parameters are 100% tested on the ceramic and plastic DIP 
packaged parts (J and N suffix) and are sample tested on every lot of the 
SO packaged parts (S suffix). 

Optional Offset Nulling Circuit 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

4 

-1 

-2 

~ 300 

3> 
.5 250 
w 
~ 
':i 200 
~ 

~ 150 
z 
~ 
~ 100 
Ii; 

~ 50 

Input Bias Current vs Common 
Mode Voltage 

vi =I±s~ 

J 
a 

25°C 
~ 

-5SoC 

125°C 

I I , I I 
-4 -3 -2 -1 

COMMON MODE VOLTAGE (V) 

Equivalent Input Noise Voltage vs 
Frequency 

IIIIIIIII 
1\ V~!I~J~I-
\ TA=2SoC_ 

Rs=on 

"- -~ o 
10 100 lk 10k lOOk 

5.0 

! 4.5 

ffi 4.0 
a:: 
~ 3.5 
<.> 

~ 3.0 
o.. 
::0 

~ 2.5 

15 5 2.0 

~ 1.5 

1.0 

FREQUENCY (Hz) 

Shutdown Supply Current vs 
Temperature 

-VS=±5V 

VSJo =-VEE+0.4V 7 lL-

" , 
I VSJD = -VEE + 0.2Vj 

V VSJD =-VEE:::;. / 
./ 

./ -
-50 -25 25 50 75 100 125 

TEMPERATURE (OC) 

-D.3 

l-D.4 

Ii; 
~ -tJ.S 
a:: 
6 
~ -0.6 

~ 
o.. 
z 
- -D.7 

-D.8 

Input Bias Current vs Temperature 

..... " V~=~5J-
..... ~ 

It ..... ~B 
~ II~s ..... ~ 

I"'-~ ~~ 
..... 

-1;-
r 1"'1' 

-50 -25 25 50 75 100 125 

TEMPERATURE (OC) 

Equivalent Input Noise Current vs 

i 80 

~ 60 
a:: a:: 
::0 
<.> 
w 
en 
C5 40 
z 

~ 
;;!; 

!z 20 

~ 
::; 

Frequency 

\ 

f' 

111111111 
Vs -±5V 
TA = 25°~;o;-
Rs = 100kn 

S 0 
10 100 lk 10k 

50k 

[ 40k 
z 
<C 

'" w 30k 

~ 
0 
> 20k o.. 
0 

9 
z 
~ 10k 
0 

o 

FREQUENCY (Hz) 

Open Loop Voltage Gain vs 
Temperature 

~r::~ Rl =lk 

Vs =±5V 
Vo= ±3V 

R~" loon 

~rr 

lOOk 

-50 -25 25 50 75 100 125 

TEMPERATURE (OC) 

10 

8 

~ 
w 

'" 4 
!3 

2 0 
> 
w 
<> 
0 
::;; -2 z 
0 ::;; 
::;; -4 
0 -6 '.-: 

-8 

-10 

40 

<" 30 
g 
>-
ffi 
cr 
cr 20 ::0 
<.> 

~ o.. 
o.. 
::0 
en 10 

o 

50k 

[ 40k 
z 
~ 
~ 3Dk 

':i 
o 
;;: 20k 

§ 
z 
~ 10k 
o 

o 

LT 11 91 

Common Mode Voltage vs 
Supply Vollage 

-55O~ 
25°C 

I- .,1, 
I-- +V COMMON MO~~~12SoC-

-55°C 

I-- -V COMMON MODE: ~ ~ 
25°C 

I-- 125°C 

o 10 

±V SUPPLY VOLTAGE (V) 

Supply Current vs Supply Vollage 

---
'({ - -55°C 

-I-- 25°C 

1.- 125°C 

~ 
o 10 

±SUPPLY VOLTAGE (V) 

Open Loop Voltage Gain vs 
Load Resistance 

I 
Vs=±5V 

-Vo=±3V 
II _ TA=25°C 

I 
I 

I 

10 100 1000 

LOAD RESISTANCE (n) 

2-141 



LTl191 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Power Supply Bypassing 

The L T1191 is quite tolerant of power supply bypassing. In 
some applications a O.1J.1F ceramic disc capacitor placed 
1/2 inch from the amplifier is all that is required. A scope 
photo of the amplifier output with no supply bypassing is 
used to demonstrate this bypassing tolerance, RL = 1 kQ. 

No Supply Bypass Capacitors 

Av =-l.IN DEMO BOARD, RL = lkn 

Supply bypassing can also affect the response in the 
frequency domain. It is possible to see a slight rise in the 
frequency response at 130MHz depending on the gain 
configuration, supply bypass, inductance in the supply 
leads, and printed circuit board layout. This can be further 
minimized by not using a socket. 

2-144 

Closed Loop Voltage Gain vs Frequency 
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In most applications, and those requiring good settling 
time, it is important to use multiple bypass capacitors. A 
O.1J.1F ceramic disc in parallel with a 4.7J.1F tantalum is 
recommended. Two oscilloscope photos with different 
bypass conditions are used to illustrate the settling time 
characteristics of the amplifier. Note that although the 
output waveform looks acceptable at 1 V/div, when ampli
fied to 1 mV/div the settling time to 2mV is 2.61J.1s for the 
O.1J.1F bypass; the time drops to 143ns with multiple 
bypass capacitors. 

Settling Time Poor Bypass 

SETTLING TIME TO 2mV, Av =-1 
SUPPLY BYPASS CAPACITORS = O.l~F 

Settling Time Good Bypass 

SETTLING TIME TO 2mV, Av=-l 
SUPPLY BYPASS CAPACITORS = O.lW + 4.7W TANTALUM 

OV 3' 
2j 
<: 



APPLICATions InFoRmATion 
Cable Terminations 

The LT1191 operational amplifier has been optimized as a 
low cost video cable driver. The ±50mA guaranteed output 
current enables the L T1191 to easily deliver 7.5Vp-p into 
100Q, while operating on ±5V supplies, or 2.6Vp-p on a 
single 5V supply. 

When driving a cable it is important to terminate the cable 
to avoid unwanted reflections. This can be done in one of 
two ways: single termination or double termination. With 
single termination, the cable must be terminated at the 
receiving end (75Q to ground) to absorb unwanted en
ergy. The best performance can be obtained by double 
termination (75Q in series with the output of the amplifier, 
and 75Q to ground at the other end of the cable). This 
termination is preferred because reflected energy is ab
sorbed at each end of the cable. When using the double 
termination technique it is importantto note thatthe signal 
is attenuated by a factor of 2, or 6dB. This can be com
pensated for by taking a gain of 2, or 6dB in the amplifier. 
The cable driver has a -3dB bandwidth of 1 OOMHz while 
driving the 150Q load. Note the response can be improved 
by lowering the impedance of the feedback elements. 

Double Terminated Cable Driver 
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Using the Shutdown Feature 

The LT1191 has a unique feature that allows the amplifier 
to be shutdown for conserving power, or for multiplexing 
several amplifiers onto a common cable. The amplifier will 
shutdown by taking pin 5 to V-. In shutdown, the amplifier 
diSSipates 15mWwhile maintaining a true high impedance 
output state of 15kQ in parallel with the feedback resis
tors. The amplifiers must be used in a non-inverting 
configuration for MUX applications. In inverting configu
rations the input signal is fed to the output through the 
feedback components. The following scope photos show 
that with very high RL, the output is truly high impedance; 
the output slowly decays toward ground. Additionally, 
when the output is loaded with as little as 1 kg the amplifier 
shuts off in 400ns. This shutoff can be under the control 
of HC CMOS operating between OV and -5V. 

{
OV 

VSHUTDOWN 

-5V 

VOUT 

{
OV 

VSHUTOOWN 
-5V 

VOUT 

Output Shutdown 

lMHzSINE WAVE GATED OFF WITH 
SHUTDOWN PIN, Av = +1, RL = ~ 

Output Shutdown 

1 MHz SINE WAVE GATED OFF WITH 
SHUTDOWN PIN, Av = + 1, RL= 1 kQ 
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APPLICATions InFoRmATion 
The ability to maintain shutoff is shown on the curve 
Shutdown Supply Current vs Temperature in the Typical 
Performance Characteristics section. At very high elevated 
temperatures it is important to hold the shutdown pin 
close to the negative supply to keep the supply current 
from increasing. 

Murphy Circuits 

There are several precautions the user should take when 
using the LT1191 in order to realize its full capability. 
Although the LT1191 can drive a 30pF load, isolating the 
capacitance with 1 on can be helpful. Precautions prima
rily have to do with driving large capacitive loads. 

Driving Capacitive Load 

AV =-1, IN DEMO BOARD, CL = 30pF 

Other precautions include: 

1. Use a ground plane (see Design Note 50, High Frequency 
Amplifier Evaluation Board). 

2. Do not use high source impedances. The input capacitance 
of 2pF, and Rs = 1 Okn for instance, will give an 8M Hz -3dB 
bandwidth. 

3. PC board socket may reduce stability. 

4. A feedback resistor of 1 kn or lower reduces the effects 
of stray capacitance at the inverting input. (For instance, 
closed loop gain of +2 can use RFB = 300n and RG = 300n.) 

I 

• I 

• 
I; 

Driving Capacitive Load 

~ • ... 
I 

I 
• • -• Ifa. 

D • liD 
AV = -1, IN DEMO BOARD, CL = 30pF WITH 

100 ISOLATING RESISTOR 

I 

I 

Murphy Circuits 

An Unterminated Cable Is 
a Large Capacitive Load 
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A Scope Probe on the Inverting 
Input Reduces Phase Margin 
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SimPLIFIED SCHEmATIC 

SID BAL BAL 

• SUBSTRATE DIODE, DO NOT FORWARD BIAS 
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FEATURES 
• Gain Bandwidth Product, Av = +5 
• Slew Rate 
• Low Cost 
• Output Current 
• Settling Time 
• Differential Gain Error 
• Differential Phase Error 
• High Open Loop Gain 
• Single Supply +5V Operation 
• Output Shutdown 

APPLICATions 
• Video Cable Drivers 
• Video Signal Processing 
• Photo-Diode Amplifier 
• Pulse Amplifiers 
• D/A Current to Voltage Conversion 

350M Hz 
450Vll1s 

±50mA 
90ns to 0.1% 

0.1% (RL = 1kQ) 
0.010 (RL = 1 kQ) 

125V/mV Min 

Double Terminated Cable Driver 

75Q 

-3dB BANDWIDTH = 55MHz 
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Operational Amplifier 

DESCRIPTion 
The LT1192 is a video operational amplifier optimized for 
operation on ± 5V, and a single +5V supply. Unlike many 
high speed amplifiers, this amplifier features high open 
loop gain, over 1 OOdB, and the ability to drive heavy loads 
to a full power bandwidth of 20MHz at 7Vp-p. In addition 
to its very fast slew rate, the LT1192 has a high gain 
bandwidth of 350M Hz, and is compensated for a closed 
loop gain of 5 or greater. 

Because the L T1192 is a true operational amplifier, it is an 
ideal choice for wideband signal conditioning, active fil
ters, and applications requiring speed, accuracy, and low 
cost. 

The L T1192 is available in a-pin miniDIPs and SO pack
ages with standard pinouts. The normally unused pin 5 is 
used for a shutdown feature that shuts off the output and 
reduces power dissipation to a mere 15mW. 

Inverter Pulse Response 

I II 1:1 •• l 

• I ' • 
I 
II I 
Ij 
I 

'. .0,- _ • ~v 

Av = -5, CL = 10pF SCOPE PROBE 
LT1192·TA02 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Total Supply Voltage (V+ to V-) ............................... 1BV 

Differential Input Voltage .................•...••..•....•...••..•.. ± 6V 

Input Voltage .•..••..••.•.•...•.....••.•••...••......••...............•. ±Vs 
Output Short Circuit Duration (Note 1) .•....... Continuous 
Operating Junction Temperature Range 

LT1192M ..........••........•....•...•••..•....•. -55°C to 150°C 
LT1192C ••...................••.................•...•. O°C to 150°C 

Max. Junction Temperature ••..••... See Pkg. Descriptions 
Storage Temperature Range •..•••...•...•.... -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

TOP VIEW 

~o~ -IN 2 7 v+ 
+IN 3 6 OUT 
V-4 5SJO 

J8 PACKAGE N8 PACKAGE 
HEAO HERMETIC alP HEAO PLASTIC DIP 

S8 PACKAGE 
8·LEAD PLASTIC SOIC 

LT1192'POIOl 

ORDER PART 
NUMBER 

LT1192MJB 
LT1192CJB 
LT1192CNB 
LT1192CSB 

SB PART MARKING 

1192 

ELECTRICAL CHARACTERISTICS VS = ±5V, TA = 25°C, CL ~ 10pF, pin 5 open circuit unless otherwise noted. 

LT1192M/C 
SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage 0.2 2.5 mV 

los Input Offset Current 0.2 1.7 itA 

18 Input Bias Current ±O.S ±2.S ItA 
en Input Noise Voltage fa = 10kHz 9.0 nV/VHz 

in Input Noise Current fa = 10kHz 4.0 pAlVHz 

RIN Input Resistance I Differential Mode 16 kQ 

I Common Mode S.O Mn 

CIN Input CapaCitance Av = +10 1.8 pF 

Input Voltage Range (Note 2) -2.S +3.S V 

CMRR Common Mode Rejection Ratio VCM = - 2.SV to + 3.SV 70 85 dB 

PSRR Power Supply Rejection Ratio Vs = ± 2.375V to ± 8.0V 70 85 dB 

AVOL Large Signal Voltage Gain RL = 1 k, Va = ± 3.0V 100 180 V/mV 

RL = lOOn, Va = ± 3.0V 16 35 

Vs = ± av, RL = lOOn, Va = ±5V 20 60 

VOUT Output Voltage Swing Vs = ± 5V, RL = 1 k ±3.7 ±4.0 V 

Vs = ± 8V, RL = 1 k ±6.7 ±7.0 

SR Slew Rate Av = -1 0, RL = 1 k, (Note 3, 8) 325 450 VlI!S 
FPBW Full Power Bandwidth Va = 6Vp-p, (Note 4) 17.2 23.9 MHz 

GBW Gain Bandwidth Product 350 MHz 

t,1,tf1 Rise Time, Fall Time Av = +SO, Va = ± I.SV, 20% to 80%, (Note 8) 23 35 50 ns 

t,2, t12 Rise Time, Fall Time Av = +S, Va = ± 125mV, 10% to 90% 2.7 ns 

tpo Propagation Delay Av = +S, Va = ± 125mV, SO% to 50% 3.5 ns 

Overshoot Av = +5, Va = ± 12SmV 50 % 

ts Settling Time 3V Step, 0.1 %, (Note 5) 90 ns 

DiffAv Differential Gain RL = 1 son, Av= + 10, (Note 6) 0.23 % 

DiffPh Differential Phase RL = 150n, Av= + 10, (Note 6) 0.15 Oeg. p-p 
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ELECTRICAL CHARACTERISTICS Vs =±5V, TA= 25°e, eL::; 1DpF, pin 5 open circuit unless otherwise noted. 

LT1192M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Is Supply Current 32 38 mA 

Shutdown Supply Current Pin 5atV- 1.3 2.0 mA 

ISiD Shutdown Pin Current Pin 5atV- 20 50 IlA 
Ion Turn On Time Pin 5 from V - to Ground, RL = 1 k 100 ns 

toff Turn Off Time Pin 5 from Ground to V -, RL = 1 k 400 ns 

ELECTRICAL CHARACTERISTICS 
Vs+ = +5V, Vs- = DV, VCM =+2.5V, TA = 25°e, eL::; 1DpF, pin 5 open circuit unless otherwise noted. 

LTl192M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage 0.4 4.0 mV 

los Input Offset Current 0.2 1.2 ~ 
Is Input Bias Current ±0.5 ±1.5 ~ 

Input Voltage Range (Note 2) +2.0 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = +2.0V to +3.5V 60 80 dB 

AVOL Large Signal Voltage Gain RL = lOOn to Ground, 30 50 V/mV 
Vo = + 1.0V to +3.0V 

VOUT Output Voltage Swing RL = lOOn to Ground I VauT High 3.6 3.8 V 

I VOUT Low 0.25 0.4 

SR Slew Rate Av = -5, Vo = +lVto +3V 250 V/~s 

GBW Gain Bandwidth Product 350 MHz 

Is Supply Current 29 36 mA 

Shutdown Supply Current Pin 5 atV 1.2 2.0 rnA 

15/0 Shutdown Pin Current Pin 5atV- 20 50 ~ 

ELECTRICAL CHARACTERISTICS Vs = ±5V, -55°e::; TA::; moe, pin 5 open circuit unless otherwise noted. 

LT1192M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage • 0.4 3.5 mV 

!Nos/IlT Input Vas Drift • 2.0 ~V/oC 

los Input Offset Current • 0.2 2.0 ~ 
Is Input Bias Current • ±O.S ±2.S ~ 
CMRR Common Mode Rejection Ratio VCM = -2.5V to +3.5V • 65 85 dB 

PSRR Power Supply Rejection Ratio Vs = ± 2.375V to ± 5.0V • 70 90 dB 

AVOL Large Signal Voltage Gain RL = lk, Vo =±3.0V • 55 90 V/mV 

RL = lOOn, Vo = ± 3.0V • 5.0 14 

VOUT Output Voltage Swing RL = lk • ±3.7 ±3.9 V 

Is Supply Current • 32 38 mA 

Shutdown Supply Current Pin 5 at V -, (Note 7) • 1.5 2.5 mA 

15/0 Shutdown Pin Current Pin 5 atV- • 20 ~ 
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ELECTRICAL CHARACTERISTICS VS = ±5V, DoC::; TA::; 70°C, pin 5 open circuit unless otherwise noted. 

LT1192C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Ollset Voltage • 0.4 3.0 mV 

I1VosI/1T Input Vos Drift • 2.0 JlV/oC 

los Input Ollset Current • 0.2 1.7 JJ.A 
IB Input Bias Current • ±0.5 ±2.5 JJ.A 
CMRR Common Mode Rejection Ratio VCM = -2.5V to +3.5V • 68 85 dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±5.0V • 70 90 dB 

AVOL Large Signal Voltage Gain RL = 1k, Vo = ±3.0V • 90 140 V/mV 

RL = 100n, Vo = ±3.0V • 10 30 

VOUT Output Voltage Swing RL = 1k • ±3.7 ±3.9 V 

Is Supply Current • 32 38 mA 

Shutdown Supply Current Pin 5 at V -, (Note 7) • 1.4 2.1 mA 

ISlo Shutdown Pin Current Pin 5 at V-

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: A heat sink is required to keep the junction temperature below 
absolute maximum when the output is shorted. 
Nole 2: Exceeding the input common mode range may cause the output 
to invert. 
Nole 3: Slew rate is measured between ± 1 V on the output, with a ± 0.3V 
input step. 
Nole 4: Full power bandwidth is calculated from the slew rate measure
ment: FPBW = SR/21tVp. 

• 20 

Nole 5: Settling time measurement techniques are shown in "Take the 
Guesswork Out of Settling Time Measurements," EON, September 19, 
1985. Av = -5, RL = 1k. 
Note 6: NTSC (3.58MHz). For RL = 1k, Dill Av = 0.1%, Dill Ph = O.W. 
Dill Avand Dill Ph can be reduced for Av < 10. 

JJ.A 

Note 7: See Applications section for shutdown at elevated temperatures. 
Do not operate the shutdown above TJ > 125°C. 
Note 8: AC parameters are 100% tested on the ceramic and plastic DIP 
packaged parts (J and N sullix) and are sample tested on every lot of the 
SO packaged parts (S sullix). 

Optional Offset Nulling Circuit 

INPUT OFFSET VOLTAGE CAN BE ADJUSTED OVER A ±20mV 
RANGE WITH A 1kO TO 10kO POTENTIOMETER. 

LT11Q2.TA03 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Power Supply Bypassing 

The L T1192 is quite tolerant of power supply bypassing. 
In some applications a 0.11lF ceramic disc capacitor 
placed 1/2 inch from the amplifier is all that is required. A 
scope photo of the amplifier output with no supply by
passing is used to demonstrate this bypassing tolerance, 
RL = 1kn. 

No Supply Bypass Capacitors 

II '11 I I 
II l~ -- • .-.-
::= I • .. 

:m IIil [Ii .-
Av = -5. IN DEMO BOARD. Rl = 1 kn 

In most applications, and those requiring good settling 
time, it is important to use multiple bypass capacitors. A 
0.11lF ceramic disc in parallel with a 4.7/lF tantalum is 
recommended. Two oscilloscope photos with different 
bypass conditions are used to illustrate the settling time 
characteristics of the amplifier. Note that although the 
output waveform looks acceptable at 1 V/div, when ampli
fied to 1 mV/div the settling time to 1 mV is 4.1321ls forthe 
0.11lF bypass; the time drops to 140ns with multiple 
bypass capacitors. 

Settling Time Poor Bypass 

SETILING TIME TO 1mV, Av=-1 
SUPPLY BYPASS CAPACITORS = 0.1!1F 

§ 
ov 3 

2j 
<: 

LTl192 

Sellling Time Good Bypass 

SETILING TIME TO 1mV, Av = -1 SUPPLY 
BYPASS CAPACITORS = 0.1!1F + 4.7!1F TANTALUM 

Cable Terminations 

f 
ov 3 

2j 
<: 

The LT1192 operational amplifier has been optimized as a 
low cost video cable driver. The ± 50mA guaranteed out
put current enables the L T1192 to easily deliver 7.5Vp-p 
into 1 oon, while operating on ± 5V supplies, or 2.6Vp-p 
on a single 5V supply. 

Double Terminated Cable Driver 

Cable Driver Voltage Gain vs Frequency 
24 
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When driving a cable it is important to terminate the cable 
to avoid unwanted reflections. This can be done in one of 
two ways: single termination or double termination. With 
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APPLICATions InFoRmATion 
single termination, the cable must be terminated at the 
receiving end (75Q to ground) to absorb unwanted en
ergy. The best performance can be obtained by double 
termination (75Q in series with the output of the amplifier, 
and 75Q to ground at the other end of the cable). This 
termination is preferred because reflected energy is ab
sorbed at each end of the cable. When using the double 
termination technique it is importantto note thatthe signal 
is attenuated by a factor of 2, or6dB. Fora cable driver with 
a gain of +5 (op amp gain of +10) the - 3dB bandwidth is 
56MHz with only 0.25dB of peaking. 

Using the Shutdown Feature 

The LT1192 has a unique feature that allows the amplifier 
to be shutdown for conserving power, or for multiplexing 
several amplifiers onto a common cable. The amplifier will 
shutdown by taking pin 5 to V-.ln shutdown, the amplifier 
dissipates 15mW while maintaining a true high impedance 
output state of 15kQ in parallel with the feedback resis
tors. The amplifiers must be used in a non-inverting 
configuration for MUX applications. In inverting configu
rations the input signal is fed to the output through the 
feedback components. When the output is loaded with as 
little as 1 kQ from the amplifier's feedback reSistors, the 
amplifier shuts off in 400ns. This shutoff can be under the 
control of HC CMOS operating between OV and -5V. 

{
OV 

VSHUTDOWN 
-fJV 

VOUT 

Output Shutdown 

1 MHz SINE WAVE GATED OFF WITH 
SHUTDOWN PIN, Av = +10, RL = 1 k 

The ability to maintain shutoff is shown on the curve 
Shutdown Supply Current vs Temperature in the Typical 
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Performance Characteristics section. At very high el
evated temperatures it is important to hold the shutdown 
pin close to the negative supply to keep the supply current 
from increasing. 

Operating with Low Closed Loop Gains 

When using de-compensated amplifiers it should be real
ized that peaking in the frequency domain, and overshoot 
and ringing in the time domain occur as closed loop gain 
is lowered. The LT1192 is stable to a closed loop gain of 
+5, however, peaking and ringing can be minimized by 
increasing the closed loop gain. For instance, the LT1192 
peaks +5dBwhen used in a gain of +5, but peaks by less 
than 0.5dB for a closed loop gain of +10. Likewise, the 
overshoot drops from 50% to 4% for gains of +10. 

Small Signal Transient Response 

AV = +10 SMALL SIGNAL RISE TIME, WITH FET PROBES 

Closed Loop Voltage Gain vs Frequency 

1 0 L-l...J.J..LW"--J....J.J..LW"--J....J.J..LWIL-J....I.WlJI 

100k 1M 10M 100M 1G 

FREQUENCY (Hz) 
LT1192.TA10 



APPLICATions InFoRmATion 
Murphy Circuits 

There are several precautions the user should take when 
using the LT1192 in order to realize its full capability. 
Although the LT1192 can drive a 50pF load, isolating the 
capacitance with 20Q can be helpful. Precautions prima
rily have to do with driving large capacitive loads. 

LTl192 

Other precautions include: 

1. Use a ground plane (see Design Note 50, High Frequency 
Amplifier Evaluation Board). 

2. Do not use high source impedances. The input capacitance 
of 2pF, and Rs = 1 OkQ for instance, will give an 8MHz -3dB 
bandwidth. 

3. PC board socket may reduce stability. 

4. A feedback resistor of 1 kQ or lower reduces the effects 
of stray capacitance at the inverting input. 

Murphy Circuits 

An Unterminated Cable Is 
a Large Capacitive Load 

A Scope Probe on the Inverting 
Input Reduces Phase Margin 

A 1X Scope Probe Is a 
Large Capacitive Load 

LT1192Is Stable lor Gains ~ +5VN 
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APPLICATions InFoRmATion 
Driving Capacitive Load 

Ay = -5, IN DEMO BOARD, CL = 50pF 

SimPLIFIED SCHEmATIC 

SID BAL BAL 

• SUBSTRATE DIODE, DO NOT FORWARD BIAS 
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Driving Capacitive Load 

Ay = -5, IN DEMO BOARO, CL = 50pF WITH 
20Q ISOLATING RESISTOR 



L7~lO~~----V-id-e-O-D-if-fe-r-~-T~-:_! 
FEATURES 
• Differential or Single-Ended Gain Block (Adjustable) 
• -3dB Bandwidth, Av = ±2 80MHz 
• Slew Rate SOOV//ls 
• Low Cost 
• Output Current 
• Settling Time 
• CMRR @ 10MHz 
• Differential Gain Error 
• Differential Phase Error 
• Single +SV Operation 
• Drives Cables Directly 
• Output Shutdown 

APPLICATions 
• Line Receivers 
• Video Signal Processing 
• Cable Drivers 
• Oscillators 
• Tape and Disc Drive Systems 

±SOmA 
180ns to 0.1% 

>40dB 
0.2% 
0.08° 

Cable Sense Amplifier for loop Through Connections 
with DC Adjust 

+5V 

Amplifier 

DESCRIPTion 
The LT1193 is a video difference amplifier optimized for 
operation on ±5V, and a single +5V supply. This versatile 
amplifier features uncommitted high input impedance (+) 
and (-) inputs, and can be used in differential or single
ended configurations. Additionally, a second set of inputs 
give gain adjustment and DC control to the differential 
amplifier. 

The LT1193's high slew rate, SOOV//ls, wide bandwidth, 
80M Hz, and ±SOmA output current, make it ideal for 
driving cables directly. The shutdown feature reduces the 
power dissipation to a mere 1SmW, and allows multiple 
amplifiers to drive the same cable. 

The LT1193 is available in 8-pin miniDIPs and SO packages. 

INVERTING 
INPUT 

Recovered Signal from Common Mode Noise 

NON-INVERTING 
INPUT 

OUTPUT 

5MHz SINE WAVE RECOVERED FROM 
COMMON MODE NOISE, Av = +2 
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ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATion 
Total Supply Voltage (V+ to V-) ............................... 1av 
Differential Input Voltage ......................................... ± 6V 
Input Voltage ........................................................... ± Vs 
Output Short Circuit Duration (Note 1) ......... Continuous 
Operating Junction Temperature Range 

L T1193M ......................................... -55°C to 150°C 
LT1193C .............................................. O°C to 150°C 

ORDER PART 
TOP VIEW NUMBER 

-o~ -IN 2 7 v+ LT1193MJa 
.IN 3 6 OUT LT1193CJa 
V-4 5s/D LT1193CNa 

J8 PACKAGE N8 PACKAGE LT1193CSa 
Max. Junction Temperature ......... See Pkg. Descriptions 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

8-LEAD HERMETIC DIP 8-LEAD PLASTIC DIP 

S8 PACKAGE sa PART MARKING 
8-LEAD PLASTIC SOIC 

1193 LT1193·POIIU 

ELECTRICAL CHARACTERISTICS VS = ±5V, VREF = OV, RFB1 = 900n from pins 610 8, RFB2 = 100n from pin 8 
to ground, RL = RFB1 + RFB2 = 1k (Note 2), TA = 25°&, &L s; 10pF, pin 5 open circuit, unless otherwise noted. 

LT1193MJC 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage Both Inputs, (Note 3) 2.0 12.0 mV 

los Input Offset Current Either Input 0.2 3.0 I!A 
16 Input Bias Current Either Input ±0.5 ±3.5 I!A 
en Input Noise Voltage fo; 10kHz 50 nVl.,[HZ 

in Input Noise Current fo; 10kHz 4.0 pAl.,[HZ 

RIN Input Resistance Either Input 100 kn 

CIN Input Capacitance Either Input 2.0 pF 

VINLIM Input Voltage Limit (Note 4) 1.3 V 

Input Voltage Range -2.5 +3.5 V 

CMRR Common Mode Rejection Ratio VCM; - 2.5V to +3.5V 60 75 dB 

PSRR Power Supply Rejection Ratio Vs; ± 2.375V to ± 8V 60 75 dB 

VOUT Output Voltage Swing Vs;±5V,RL;lk ±3.8 ±4.0 V 

Vs; ±8V, RL; lk ±6.8 ±7.0 

Vs; ±8V, RL; loon 6.4 6.6 

GE Gain Error Vo ; ±3V, RL; 1 k 0.1 1.0 % 

RL; loon 0.1 1.2 

SR Slew Rate Vo; ±2V, RL; 3000, (Note 5, 10) . 350 500 VlIlS 
FPBW Full Power Bandwidth Vo ; 6Vp-p, (Note 6) 18.5 26.5 MHz 

BW Small Signal Bandwidth 9.0 MHz 

t" tf Rise Time, Fall Time Av; +50, Vo; ±1.5V, 20% to 80% (Note 10) 110 160 210 ns 

tpD Propagation Delay RL; lk, Vo ;±125mV, 50% to 50% 15 ns 

Overshoot Vo;±50mV 0 % 

Is Settling Time 3V Step, 0.1 %, (Note 7) 180 ns 

DiffAv Differential Gain RL; 150n, Av= +2, (Note 8) 0.2 % 

Diff Ph Differential Phase RL ; 150n, Av = + 2, (Note 8) 0.08 Deg. pop 

Is Supply Current 35 43 rnA 

Shutdown Supply Current Pin 5 atV- 1.3 2.0 rnA 
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ELECTRICAL CHARACTERISTICS VS = ±5V, VREF = OV, RFB1 = goon from pins 6 to 8, RFB2 = 100n from pin 8 
to ground, RL = RFB1 + RFB2 = 1k (Note 2), TA = 25°C, CL ~ 10pF, pin 5 open circuit, unless otherwise noted. 

LT1193M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

ISID Shutdown Pin Current Pin 5 atV- 20 50 ~ 
ton Turn On Time Pin 5 from V - to Ground, RL = 1 k 300 ns 

toff Turn Off Time Pin 5 from Ground to V-, RL = 1k 200 ns 

ELECTRICAL CHARACTERISTICS Vs+= +5V, Vs-= OV, VREF= +2.5V, RFB1 = goon from pins 6to 8, RFB2 = 
100n from pin 8to VREF, RL = RFB1 + RFB2 = 1k (Note 2), TA = 25°C, CL ~ 10pF, pin 5 open circuit, unless otherwise noted. 

LT1193M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage Both Inputs, (Note 3) 3.0 15 mV 

los Input Offset Current Either Input 0.2 3.0 ~ 
IB Input Bias Current Either Input ±0.5 ±3.5 ~ 

Input Voltage Range +2.0 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = +2.0V to +3.5V 55 70 dB 

VOUT Output Voltage Swing RL = loon to Ground I VOUT High 3.6 3.8 V 

I VOUT Low 0.25 0.4 

SR Slew Rate Va = +1Vto +3V 250 V/flS 

BW Small Signal Bandwidth 8.0 MHz 

Is Supply Current 32 40 mA 

Shutdown Supply Current Pin 5 atV- 1.3 2.0 mA 

ISID Shutdown Pin Current Pin 5atV- 20 50 ~ 

ELECTRICAL CHARACTERISTICS Vs =±5V, VREF=ov, RFB1 = goon from pins 6to 8, RFB2 = 100n from pin 8 
to ground, RL = RFB2 = 1k (Note 2), TA = -55°C ~ TA ~ 125°C, CL ~ 10pF, pin 5 open circuit, unless otherwise noted. 

LT1193M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage • 2.0 16 mV 

I'Nos/IlT Input Vas Drift • 20 flV/oC 

los Input Offset Current • 0.8 5.0 ~ 
IB Input Bias Current • ±1.0 ±5.5 ~ 

Input Voltage Range • -2.5 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = -2.5V to +3.5V • 53 70 dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±5.0V • 53 70 dB 

VOUT Output Voltage Swing RL = lk • 3.6 4.0 V 

Vs = ±BV, RL = loon • 6.0 6.5 

GE Gain Error Va = ±3V, RL = 1 k • 0.2 1.2 % 

Is Supply Current • 35 43 mA 

Shutdown Supply Current Pin 5 at V -, (Note 9) • 1.3 2.2 mA 

ISID Shutdown Pin Current Pin 5 at V- • 20 ~ 
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ELECTRICAL CHARACTERISTICS Vs =±5V, VREF= OV, RFB1 = goon from pins 6 to 8, RFB2 = 100n from pin 8 
to ground, RL = RFB1 + RFB2 = 1k (Nota 2), TA = DoC::; TA::; 70°C, CL ::;10pF, pin 5 open circuit, unless otherwise noted. 

LT1193C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage • 2.0 14 mV 

AVos/AT Input Vos Drift • 20 !lV/oC 

los Input Offset Current • 0.2 3.5 jiA 

18 Input Bias Current • ±0.5 ±4.0 jiA 

Input Voltage Range • -2.5 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = - 2.5V to +3.5V • 55 70 dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±5.0V • 55 70 dB 

VOUT Output Voltage Swing RL= 1k • 3.7 4.0 V 

RL = 100n • 6.2 6.6 

GE Gain Error Vo = ±3V, RL = 1 k • 0.2 1.2 % 

Is Supply Current • 35 43 rnA 

Shutdown Supply Current Pin 5 at V ,(Note 9) • 1.3 2.1 rnA 

Is/D Shutdown Pin Current Pin 5 atV-

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: A heat sink is required to keep the junction temperature below 
absolute maximum when the output is shorted. 
Nole 2: When RL = 1 k is specified, the load resistor is RFB1 + RFB2, but 
when RL = 100n is specified, then an additional 1 OOn is added to the 
output. 
Nole 3: Vos measured at the output (pin 6) is the contribution from both 
input pair, and is input referred. 
Nole 4: VIN LIM is the maximum voltage between -VIN and +VIN (pin 2 
and pin 3) for which the output can respond. 
Nole 5: Slew rate is measured between ±2V on the output, with a ± 1 V 
input step, Av = +3. 
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• 20 jiA 

Note 6: . Full power bandwidth is calculated from the slew rate measure
ment: FPBW = SRI2xVp. 
Nole 7: Settling time measurement techniques are shown in "Take the 
Guesswork Out of Settling Time Measurements," EON, September 19, 
1985. 
Nole B: NTSC (3.58MHz). 
Nole 9: See Applications section for shutdown at elevated temperatures. 
Do not operate the shutdown above TJ > 125°C. 
Nole 10: AC parameters are 100% tested on the ceramic and plastic DIP 
packaged parts (J and N suffix) and are sample tested on every lot of the 
SO packaged parts (S suffix). 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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Common Mode Voltage vs 
Supply Voltage 
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Supply Current vs Supply Voltage 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 
The L T1193 is a video difference amplifier which has two 
uncommitted high input impedance (+) and (-) inputs. 
The amplifier has one set of inputs which can be used for 
reference and feedback. Additionally, this set of inputs 
give gain adjust, and DC control to the differential ampli
fier. The voltage gain of the L T1193 is set like a conven
tional operational amplifier. Feedback is applied to pin 8, 
and it is optimized for gains of 2 or greater. The amplifier 
can be operated single-ended by connecting either the (+) 
or (-) inputs to the +/Reference pin 1. The voltage gain is 
set by the resistors: (RFB + RG)/RG. 

SID SID 

The primary usefulness of the L T1193 is in converting 
high speed differential signals to a single-ended output. 
The amplifier has common mode rejection beyond 50MHz, 
and a full power bandwidth of 40MHz at 4Vp-p. Like the 
single-ended case, the differential voltage gain is set by the 
external resistors: (RFB + RG)/RG. The maximum input 
differential signal for which the output will respond is 
approximately ±1.3V. 
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Power Supply Bypassing 

The L T1193 is quite tolerant of power supply bypassing. In 
some applications a O.1~F ceramic disc capacitor placed 
1/2 inch from the amplifier is all that is required. A scope 
photo of the amplifier output with no supply bypassing is 
used to demonstrate this bypassing tolerance, RL = 1 kn. 

No Supply Bypass Capacitors 

AV = +10, IN DEMO BOARD, RL = 1 kQ 

In many applications and those requiring good settling 
time it is important to use multiple bypass capacitors. 
A O.1~F ceramic disc in parallel with a 4.7~F tantalum is 
recommended. Two oscilloscope photos with different 
bypass conditions are used to illustrate the settling time 
characteristics of the amplifier. Note that although the 
output waveform looks acceptable at 1V/div, when 

Settling Time Poor Bypass 

SETILING TIME TO 10mV, Av = 2 
SUPPLY BYPASS CAPACITORS = O.1jlF 

~ 
ov I 

<: 



APPLICATions InFoRmATion 
Settling Time Good Bypass 

SmllNG TIME TO 10mV, Av = 2 
SUPPLY BYPASS CAPACITORS = O.1I1F + 4.7I1FTANTALUM 

amplified to 1 OmV/div the settling time to 1 OmV is 347ns 
for the 0.11lF bypass; the time drops to 96ns with multiple 
bypass capacitors. 
Operating With Low Closed Loop Gains 

The L T1193 has been optimized for closed loop gains of 2 
or greater; the frequency response illustrates the obtain
able closed loop bandwidths. For a closed loop gain of 2 
the response peaks about +2dB. Peaking can be mini
mized by keeping the feedback elements below 1!<n, and 
can be eliminated by placing a capacitor across the feed
back resistor, (feedback zero). This peaking shows up as 
time domain overshoot of about 40%. With the feedback 
capacitor it is eliminated. 

Closed Loop Vollage Gain vs Frequency 
25 
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Small Signal Transient Response 

AV = +2, OVERSHOOT = 40%, RFB = 1 k, Ra = 1 k 

Small Signal Transient Response 

Av = +2, WITH 8pF FEEDBACK CAPACITOR 
RISE TIME = 3.75n5, RFB= 1k, RG = 1k 
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APPLICATions InFORmATion 
Cable Terminations 

The LT1193 video difference amplifier has been optimized as 
a low cost cable driver. The ±SOmA guaranteed output 
current enables the LT1193 to easily deliver 7.SVp-p into 
1000, while operating on ±SV supplies, and gains >3. On a 
single SV supply the L T1193 can swing 2.6Vp-p for gains :?:2. 

When driving a cable it is important to terminate the cable 
to avoid unwanted reflections. This can be done in one of 
two ways: single termination or double termination. With 
single termination, the cable must be terminated at the 
receiving end (7S0 to ground) to absorb unwanted en
ergy. The best performance can be obtained by double 
termination (7S0 in series with the output of the amplifier, 
and 7S0 to ground at the other end of the cable). This 
termination is preferred because reflected energy is ab
sorbed at each end of the cable. When using the double 
termination technique it is important to note that the signal 
is attenuated by a factor of 2, or 6dB. The cable driver has 
a -3dB bandwidth of 80MHz while .driving a 1S00 load. 

Double Terminated Cable Driver 

Closed loop Voltage Gain vs Frequency 

FREQUENCY (Hz) 
LT1193.TA11 
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Using the Shutdown Feature 

The LT1193 has a unique feature that allows the amplifier 
to be shutdown for conserving power, or for multiplexing 
several amplifiers onto a common cable. The amplifier will 
shutdown by taking pin Sto V-.ln shutdown, the amplifier 
dissipates 1SmWwhile maintaining a true high impedance 
output state of 1SkO in parallel with the feedback resis
tors. The amplifiers may be connected inverting, 
non-inverting or differential for MUX applications. When 
the output is loaded with as little as 1 kg from the amplifier's 
feedback resistors, the amplifier shuts off in 200ns. This 
shutoff can be under the control of HC CMOS operating 
between OV and -SV. 

ton = 300ns 

toff = 200ns 

Output Shutdown 

1 MHz SINE WAVE GATED OFF WITH SHUTDOWN PIN, 
Av= +3, ~= lkO, RG=500Cl 

The ability to maintain shutoff is shown on the curve 
Shutdown Supply Current vs Temperature in the Typical 
Performance Characteristics section. At very high el
evated temperatures it is important to hold the shutdown 
pin close to the negative supply to keep the supply current 
from increasing. 



APPLICATions InFoRmATion 
Murphy Circuits 

There are several precautions the user should take when 
using the LT1193 in order to realize its full capability. 
Although the LT1193 can drive a 30pF in gains as low as 2, 
isolating the capacitance with 1 on can be helpful. Precau
tions primarily have to do with driving large capacitive 
loads. 

Other precautions include: 

1. Use a ground plane (see Design Note 50, High Frequency 
Amplifier Evaluation Board). 

Driving Capacitive Load 

AV = +2, IN DEMO BOARD, CL= 30pF 
f¥B= lk, RG= lk 

LTl193 

2. Do not use high source impedances. The input capaci
tance 
of2pF, and Rs = 10knfor instance, will give an 8MHz-3dB 
bandwidth. 

3. PC board socket may reduce stability. 

4. A feedback resistor of 1 kn or lower reduces the effects 
of stray capacitance at the inverting input. (For instance, 
closed loop gain of±2can use RFB=300nand RG =300n.) 

Driving Capacitive Load 

II I • 
I 

ID 
I 

I I 

.. ~ 

I 
I m I DD .-

AV = +2, IN DEMO BOARD, CL= 30pF 
WITH 10n ISOLATING RESISTOR 

Murphy Circuits 

An Unterminated Cable Is 
a Large Capacitive Load 

A 1X Scope Probe Is a 
Large Capacitive Load 

A Scope Probe on the Inverting 
Input Reduces Phase Margin 
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SimPLIFIED SCHEmATIC 

SID 
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'~TLElcnHN~O"O-G~Q~----------U_1l9_4 ~, L-' IT Video Difference 

FEATURES 
• Differential or Single-Ended Gain Block 
• -3dB Bandwidth 
• Slew Rate 
• Low Cost 
• Output Current 
• Settling Time 
• CMRR @ 10MHz 
• Differential Gain Error 
• Differential Phase Error 
• Input Amplitude Limiting 
• Single +SV Operation 
• Drives Cables Directly 

APPLICATions 
• Line Receivers 
• Video Signal Processing 
• Gain Limiting 
• Oscillators 
• Tape and Disc Drive Systems 

±1 0 (20dB) 
3SMHz 

SOOV/jls 

±SOmA 
200ns to 0.1% 

4SdB 
0.2% 
0.08° 

Wide band Differential Amplifier 
with Limiting 

AV = 1000. --3dB BW = 35MHz 

Amplifier 
DESCRIPTion 
The L T1194 is a video difference amplifier optimized for 
operation on ± SV, and a single +SV supply. The amplifier has 
a fixed gain of 20dB, and features adjustable input limiting 
to control tough over-drive applications. It has uncommit
ted high input impedance (+) and (-) inputs, and can be 
used in differential or single-ended configurations. 

The L T1194's high slew rate, SOOVljls, wide bandwidth, 
3SMHz, and ±SOmA output current, make it ideal for driv
ing cables directly. This versatile amplifier is easy to use 
for video, or applications requiring speed, accuracy, and 
low cost. 

The L T1194 is available in 8-pin miniDIPs and SO packages. 

Sine Wave Reduced by Limiting 

200kHz SINE WAVE WITH VCONTROl = --5V. -4V, -3V, -2V 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Total Supply Voltage (V+ to V-) ................................ 1BV 
Differential Input Voltage ......................................... ±6V 

Input Voltage ........................................................... ±VS 
Output Short Circuit Duration (Note 1) ......... Continuous 
Operating Junction Temperature Range 

L T1194M ........................................... -55°C to 150°C 
LT1194C ................................................ O°C to 150°C 

ORDER PART 
TOP VIEW NUMBER 

~'o-' LT1194MJB -IN 2 7 v+ 
+IN 3 6 OUT LT1194CJB 

v- 4 5 REF LT1194CNB 
LT1194CSB 

Max. Junction Temperature ......... See Pkg. Descriptions 
Storage Temperature Range .................. -65°C to 150°C 

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

J8 PACKAGE N8 PACKAGE 
HEAD HERMETIC DIP HEAD PLASTIC DIP 

SB PART MARKING S8 PACKAGE 
HEAD PLASTIC SOIC 

1194 LT1\!I4-POI01 

ELECTRICAL CHARACTERISTICS 
VS = ±5V, VREF = OV, Null pins 1 and 8 open circuit, TA = 25°C, Cl ~ 10pF, unless otherwise noted. 

LT1194M/C 
SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage 1.0 6.0 mV 

los Input Offset Current 0.2 3.0 I!A 
IB Input Bias Current ±0.5 ±3.5 I!A 
en Input Noise Voltage 10 = 10kHz 15 nV/;fHz 

in Input Noise Current 10 = 10kHz 4.0 pA/;fHz 

RIN Input Resistance Either Input 30 kO 

CIN Input Capacitance Either Input 2.0 pF 

Input Voltage Range -2.5 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = -2.5V to +3.5V 65 80 dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±8V 65 80 dB 

VOMAX Maximum Output Signal Vs = ±8V, (Note 2) ±3.9 ±4.3 V 

VUM Output Voltage Limit Vi = ±0.5V, Vc = +2V, (Note 3) ±20 ±120 mV 

VOUT Output Voltage Swing Vs = ±8V, VREF = +3V Rl=1k +6.6 +6.9 V 

Rl = 100n +6.3 +6.7 

Vs = ±8V, VREF = -3V Rl= 1k -6.7 -7.4 

Rl = 1000 -6.4 -6.7 

Vs = ±5V, VREF= OV, Rl = 1k ±3.8 ±4.0 

GE Gain Error Va = ±3V Rl= 1k 0.5 3.0 % 

Rl = 1000 0.5 3.0 

SR Slew Rate Va = ±1V, Rl = 1k, (Note 4,8) 350 500 V/iJ.S 
FPBW Full Power Bandwidth Va = 6Vp-p, (Note 5) 18.5 26.5 MHz 

BW Small Signal Bandwidth 35 MHz 

tr, tf Rise Time, Fall Time Rl = 1k, Va = ±500mV, 20% to 80%, 4.0 6.0 8.0 ns 
(Note 8) 

tPD Propagation Delay Rl = 1k, Va =±125mV, 50% to 50% 6.5 ns 

Overshoot Vo=±125mV 0 % 
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ELECTRICAL CHARACTERISTICS 
VS = ±5V, VREF = OV, Null pins 1 and 8 open circuit, Tp 25°C, CL:;; 10pF, unless otherwise noted. 

LT1194MJC 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Is Settling Time 3V Step, 0.1%, (Note 6) 200 ns 

DiffAv Differential Gain RL = 1500, (Note 7) 0.2 % 
Diff Ph Differential Phase RL = 1500, (Note 7) O.OB Deg pop 

Is Supply Current 35 43 mA 

ELECTRICAL CHARACTERISTICS 
Vs+ = +5V, Vs- = OV, VREF = +2.5V, Null pins 1 and 8 open circuit, TA = 25°C, CL:;; 10pF, unless otherwise noted. 

lT1194M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage 2.0 B.O mV 

los Input Offset Current 0.2 3.0 J.LA 
18 Input Bias Current ±0.5 ±3.0 J.LA 

Input Voltage Range +2.0 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = +2.0V to +3.5V 55 70 dB 

VUM Output Voltage Limit Vi = ±0.5V, Vc = +2V, (Note 3) ±20 ±120 mV 

VOUT Output Voltage Swing RL = 1000 to Ground I VOUT High 3.6 3.B V 

I VOUT Low 0.25 0.4 

SR Slew Rate Vo=+lVto+3V 250 V/IJ-S 
BW Small Signal Bandwidth 32 MHz 

Is Supply Current 32 40 rnA 

ELECTRICAL CHARACTERISTICS 
Vs+ = ±5V, VREF = DV, Null pins 1 and B open circuit, -55°C:;; TA:;; 125°C, unless otherwise noted. 

lT1194M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage • 1.0 9.0 mV 

liVos/liT Input Vos Drift • 6.0 )lV/oC 

los Input Offset Current • 0.8 5.0 J.LA 
18 Input Bias Current • ±1.0 ±5.5 J.LA 

Input Voltage Range • -2.5 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = - 2.5V to +3.5V • 5B BO dB 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to ±5.0V • 60 BO dB 

VUM Output Voltage Limit Vi = ±0.5V, Vc = +2V, • ±20 ±150 mV 
(Note 3) 

VOUT Output Voltage Swing Vs = ±BV RL = lk • +6.0 +6.6 V 
VREF = +3V RL = 1000 • +5.9 +6.5 

Vs = ±BV RL = lk • -6.1 -6.7 
VREF = -3V RL = 1000 • -6.0 -6.5 

GE Gain Error Vo = ±3V, RL = lk • 1.0 5.0 % 

Is Supply Current • 35 43 rnA 

2-173 



LTl194 

ELECTRICAL CHARACTERISTICS 
Vs+ = ±5V, VREF = DV, Null pins 1 and 8 open circuit, DOC $ TA $ 7DoC, unless otherwise noted. 

LT1194C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage • 1.0 7.0 mV 

!:"vos/I!.T Input Vos Drift • 6.0 l!V/oC 

los Input Offset Current • 0.2 3.5 IJA 
18 Input Bias Current • ±0.5 ±4.0 IJA 

Input Voltage Range • -2.5 +3.5 V 

CMRR Common Mode Rejection Ratio VCM = -2.5V to +3.5V • 60 80 dB 

PSRR Power Supply Rejection Ratio Vs = ± 2.375V to ± 5.0V • 60 80 dB 

VLlM Output Voltage Limit Vi = ±0.5V, Vc = +2V, (Note 3) • ±20 ±130 mV 

VOUT Output Voltage Swing Vs = ±8V 
VREF = +3V 

Vs = ±8V 
VREF = -3V 

GE Gain Error Vo=±3V,RL=lk 

Is Supply Current 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: A heat sink is required to keep the junction temperature below 
absolute maximum when the output is shorted. 
Note 2: There are two limitations on signal swing. Output swing is limited 
by clipping or saturation in the output stage. Input swing is controlled by 
an adjustable input limiting function. On Vs = ±5V, the overload 
characteristic is output limiting, but on ±8V the overload characteristic is 
input limiting. VOMAX is measured with the null pins open circuit. 
Note 3: Output amplitude is reduced by the input limiting function. The 
input limiting function occurs when the null pins, 1 and 8, are tied 
together and raised to a potential 0.3V or more above the negative supply. 

RL= lk • +6.2 +6.9 V 

RL = lOOn • +6.1 +6.7 

RL = lk • -6.4 -7.2 

RL = loon • -6.2 -6.6 

• 1.0 4.0 % 

• 35 43 rnA 

Note 4: Slew rate is measured between ±lVon the output, with a ±0.3V 
input step. 
Note 5: Full power bandwidth is calculated from the slew rate measure
ment: FPBW = SR/21tVp. 
Note 6: Settling time measurement techniques are shown in "Take the 
Guesswork Out of Settling Time Measurements," EON, September 19, 1985. 
Nole 7: NTSC (3.58MHz). 
Nole 8: AC parameters are 100% tested on the ceramic and plastic DIP 
packaged parts (J and N suffix) and are sample tested on every lot of the 
SO packaged part (S suffix). 

Optional OHset Nulling Circuit Input Limiting Connection Input Limiting with OHset Nulling 

+5V 

INPUT OFFSET VOLTAGE CAN BE ADJUSTED OVER A ±250mV 
RANGE WITH A 1kU TO 10kQ POTENTIOMETER 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Common Mode Voltage vs 
Supply Voltage 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Output Voltage Step vs 
Settling Time 
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APPLICATions InFoRmATion 

The LT1194 is a video difference amplifier with a fixed gain 
of 1 0 (20dB). The amplifier has two uncommitted high input 
impedance (+) and (-) inputs which can be used either 
differentially or single-ended. The L T1194 includes a 
Limiting feature which allows the amplifier to reduce its 
outputasa function of DC voltage onthe BALNc pins. The 
Limiting feature uses input differential pair limiting to 
prevent overload in subsequent stages. This technique 
allows extremely fast limiting action. 

Input Limiting 

• --• 
1111 •• -.. 

OUTPUT I 

II • • II II • -I • • 
I 

.,. 
• ~ • • ... • -• INPUT 

-, III! 

20dB INPUT OVERDRIVE Vc = -4.2V 

Power Supply Bypassing 

The LT1194 is quite tolerant of power supply bypassing. In 
some applications a 0.1J.LF ceramic disc capacitor placed 
1/2 inch from the amplifier is all that is required. A scope 
photo of the amplifier output with no supply bypassing is 
used to demonstrate this bypassing tolerance, RL = 1 ka. 

No Supply Bypass 

IN DEMO BOARD, RL = 1kO 
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In many applications, and those requiring good settling 
time, it is important to use multiple bypass capacitors. A 
0.1J.LF ceramic disc in parallel with a 4.7J.LF tantalum is 
recommended. Two oscilloscope photos with different 
bypass conditions are used to illustrate the settling time 
characteristics of the amplifier. Note that although the 
output waveform looks acceptable at 1V/div, when ampli
fied to 1 OmV/div the settling time to 10mV is 200ns. The 
time drops to 162ns with multiple bypass capacitors, and 
does not exhibit the characteristic power supply ringing. 

Settling Time Poor Bypass 

SETILING TIME TO 10mV, 
SUPPLY BYPASS CAPACITORS = O.1~F 

Seltling Time Good Bypass 

SETILING TIME TO 10mV, SUPPLY BYPASS 
CAPACITORS = O.1~F + 4.7~F TANTALUM 

LT1194-TA09 



APPLICATions InFoRmATion 

Cable Terminations 

The LT1194 video difference amplifier has been optimized 
as a low cost cable driver. The ±50mA guaranteed output 
current enables the LT1194 to easily deliver 7.5Vp-p into 
1000, while operating on ±5V supplies, or 2.SVp-p on a 
single 5V supply. 

When driving a cable it is important to terminate the cable 
to avoid unwanted reflections. This can be done in one of 
two ways: single termination or double termination. With 
single termination, the cable must be terminated at the 
receiving end (750 to ground) to absorb unwanted en
ergy. The best performance can be obtained by double 
termination (750 in series with the output of the amplifier, 
and 750 to ground at the other end of the cable). This 
termination is preferred because reflected energy is ab
sorbed at each end of the cable. When using the double 
termination technique it is importantto note thatthe signal 
is attenuated by a factor of 2, orSdB. For a cable driver with 
a gain of +5 (L T1194 gain of + 10), the -3dB bandwidth is 
over 30M Hz with no peaking. 

Double Terminated Cable Driver 
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A Voltage Controlled Current Source 

The LT1194 can be used to make a fast, precise, voltage 
controlled current source. The L T1194 high speed differ
ential amplifier senses the current delivered to the load. 
The input signal VIN, applied to the (+) input ofthe L T1191, 
will appear at the (-) input if the feedback loop is properly 
closed. In steady state the input signal appears at the 
output of the LT1194, and 1/10 of this signal is applied 
across the sense resistor. Thus the output current is 
simply: 

10 = 1J.L. 
R x 10 

The compensation capacitor Cc forces the L T1191 to be 
the dominate pole for the loop, while the LT1194 is fast 
enough to be transparent in the feedback path. The ratio of 
the load resistor to the sense resistor should be approxi
mately 10:1 or greater for easy compensation. For the 
example shown the load resistor is 1000, the sense 
resistor is 5.10, and various loop compensation capaci
tors cause the output to exhibit an underdamped, criti
cally, and overdamped response. 

Voltage Controlled Current Source 

+5V 

R 
5.10 

+ 10 = ±20mA 

RL 
1000 
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APPLICATions InFoRmATion 

Cc = 1pF 

Cc = 3pF 

Cc = 20pF 

Output Current Response 

.20mA CURRENT SOURCE WITH DIFFERENT 
COMPENSATION CAPACITORS 

Differential VIdeo Loop Thru Amplifier for Power Down 
Applications 

1% RESISTOR WORST CASE CMRR = 22dB 
TYPICALLY = 38dB 

Murphy Circuits 

OUTPUT 

There are several precautions the user should take when 
using the L T1194 in order to realize its full capability. 
Although the L T1194 can d rive a 50pF capacitive load, 
isolating the capacitance with 1 on can be helpful. Precau
tions primarily have to do with driving large capacitive 
loads. 
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Other precautions include: 

1. Use a ground plane (see Design Note 50, High Frequency 
Amplifier Evaluation Board). 

2. Do not use high source impedances. The input capacitance 
of 2pF, and Rs = 10kn, for instance, will give an 8M Hz 
-3dB bandwidth. 

3. PC board socket may reduce stability. 

Driving Capacitive Load 

LT1194IN DEMO BOARD, Cl = SOpF 

Driving Capacitive Load 

LT1194IN DEMO BOARD, Cl = 50pF 
WITH 10ClISOLATING RESISTOR 



APPLICATions InFoRmATion 

An Unterminated Cable Is 
a Large Capacitive Load 

SimPLIFIED SCHEmATIC 

Murphy Circuits 

A 1 X Scope Probe Is a 
Large Capacitive Load 

• SUBSTRATE DIODE, DO NOT FORWARD BIAS 

LTl194 
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FEATURES 
• 1 rnA Supply Current 
• SOVl)lS Slew Rate 
• 11 MHz Gain Bandwidth 
• Unity Gain Stable 
• 430ns Settling Time to 0.1%, 10V Step 
• 6V1mV DC Gain, RL = 2kQ 
• 1 mV Maximum Input Offset Voltage 
• SOnA Input Offset Current 
• SOOnA Input Bias Current 
• ±12V Minimum Output Swing into 2kn 
• Wide Supply Range ±2.SV to ±1SV 
• Drives All Capacitive Loads 

APPLICATions 
• Wideband Amplifiers 
• Buffers 
• Active Filters 
• Data Acquisition Systems 

TYPICAL APPLICATiOn 

DAC Current to Voltage Converter 

~""""-VOUT 

1 LSB SETTLING = 550n5 
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Operational Amplifier 

DESCRIPTion 
The L T1200 is a low power high speed operational amplifier 
with excellent DC performance. The LT1200 features 
much lower supply current than devices with comparable 
bandwidth and slew rate. The circuit is a single gain stage 
with outstanding settling characteristics. The fast settling 
time makes the circuit an ideal choice for data acquisition 
systems. The output is capable of driving a 2kn load to 
±12V with ±1SV supplies and a soon load to ±3Von ±SV 
supplies. The circuit is also capable of driving large 
capacitive loads which makes it useful in buffer or cable 
driver applications. 

The L T1200 is a member of a family of fast, high per
formance amplifiers that employ Linear Technology 
Corporation's advanced bipolar complementary 
processing. 

Inverter Pulse Response 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Total Supply Voltage (V+ to V-) .............................. 36V 

Differential Input Voltage ........................................ ±6V 

Input Voltage ........................................................... ±Vs 

Output Short Circuit Duration (Note 1) .•......... Indefinite 

Operating Temperature Range 

L T1200C ....•.......•...............••................. O°C to 70°C 

Maximum Junction Temperature 

Plastic Package.............................................. 150°C 

Storage Temperature Range ..............•.. -65°C to 150°C 

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

TOP VIEW 

'""0'"" -IN 2 7 V' 

+IN 3 6 OUT 

v- 4 5 NC 

N8 PACKAGE 58 PACKAGE 
HEAD PLASTIC DIP 8·LEAD PLASTIC SOIC 

LT1200P(J 

ORDER PART 

NUMBER 

LT1200CN8 

LT1200CS8 

S8 PART MARKING 

1200 

ELECTRICAL CHARACTERISTICS Vs =±15V, TA = 25°C, VCM = OVunless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage (Note 2) O.S 1.0 mV 

los Input Offset Current 50 100 nA 

16 Input Bias Current O.S 1.0 flA 
en Input Noise Voltage f = 10kHz 30 nV/,!Hz 

in Input Noise Current f = 10kHz 0.7 pAl,!Hz 

RIN Input Resistance VCM = ±12V 48 90 MO 

Input Resistance Differential sao kO 

CIN Input Capacitance 2 pF 

Input Voltage Range+ 12 14 V 

Input Voltage Range- -13 -12 V 

CMRR Common Mode Rejection Ratio VCM = ±12V 80 100 dB 

PSRR Power Supply Rejection Ratio Vs = ±SVto ±1SV 80 90 dB 

AVOL Large Signal Voltage Gain VOUT = ±10V, RL = SkO 4 8 VlmV 
VOUT = ±10V, RL = 2kO 3 6 VlmV 

VOUT Output Swing RL = 2kO 12.0 13.8 :BI 

lOUT Output Current VOUT= ±12V 6 12 mA 

SR Slew Rate AVCL = -2, (Note 3) 30 SO ViliS 

Full Power Bandwidth 10V Peak, (Note 4) 0.8 MHz 

GBW Gain Bandwidth f = 0.1MHz 11 MHz 

tr,tf Rise Time, Fall Time AVCL=+1,10%to90%,0.1V 18 ns 

Overshoot AVCL=+1, 0.1V 2S % 

Propagation Delay SO% VIN to SO% VOUT 18 ns 

ts Settling Time 10V Step, 0.1% 430 ns 

Ro Output Resistance AVCL = +1, f = 0.1MHz 1.1 0 

Is Supply Current 1 1.4 mA 
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ELECTRICAL CHARACTERISTICS VS = ±5V, TA = 25°C, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 2) 1.0 3.0 mV 

los Input Offset Current 50 100 nA 

Is Input Bias Current 0.5 1.0 IlA 
Input Voltage Range+ 2.5 4 V 
Input Voltage Range -3 -2.5 V 

CMRR Common Mode Rejection Ratio VCM =±2.5V 80 100 dB 

AVOL Large Signal Voltage Gain VOUT = ±2.5V, RL = 2kO 2.5 5 VlmV 
VOUT = ±2.5V, RL = lkO 2.0 4 VlmV 

VOUT Output Voltage RL = 5000 3.0 4.0 ±V 

lOUT Output Current VOUT =±3V 6 12 rnA 

SR Slew Rate AVCL = -2, (Note 3) 20 33 V/fJS 
Full Power Bandwidth 3V Peak, (Note 4) 1.7 MHz 

GBW Gain Bandwidth f=O.lMHz 8.5 MHz 

tr,t, Rise Time, Fall Time AVCL = +1,10%-90%, O.lV 23 ns 

Overshoot AVCL = +1, O.lV 20 % 

Propagation Delay 50% VIN to 50% VOUT 23 ns 

Is Settling Time -2.5V to 2.5V, 0.1 % 300 ns 

Is Supply Current 1 1.4 rnA 

ELECTRICAL CHARACTERISTICS DoC s TA S 70°C, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage Vs = ±15V, (Note 2) 0.5 2.0 mV 
Vs = ±5V, (Note 2) 1.0 3.5 mV 

Input Vas Drift 11 !lVrC 

los Input Offset Current Vs = ±15V and Vs = ±5V 50 150 nA 

Is Input Bias Current Vs = ±15Vand Vs =±5V 0.5 1.2 IlA 
CMRR Common Mode Rejection Ratio Vs = ±15V, VCM = ±12V; Vs = ±5V, VCM = ±2.5V 80 100 dB 

PSRR Power Supply Rejection Ratio Vs = ±5Vto ±15V 80 90 dB 

AVOL Large Signal Voltage Gain Vs = ±15V, VOUT = ±10V, RL = 5kO 3.5 8 V/mV 
Vs = ±15V, VOUT = ±10V, RL = 2kQ 2.5 6 VlmV 
Vs = ±5V, VOUT = ±2.5V, RL = 2kO 2.0 5 VlmV 
Vs = ±5V, VOUT = ±2.5V, RL = lkO 1.6 4 VlmV 

VOUT Output Swing Vs = ±15V, RL = 2kQ 12.0 13.8 ±V 
Vs = ±5V, RL = 5000 3.0 4.0 ±V 

lOUT Output Current Vs = ±15V, VOUT = ±12V 6 12 rnA 
Vs = ±5V, VOUT = ±3V 6 12 rnA 

SR Slew Rate Vs = ±15V, AVCL = -2, (Note 3) 27 50 Vlms 
Vs = ±5V, AVCL = -2, (Note 3) 18 33 Vlms 

Is Supply Current Vs = ±15V and Vs = ±5V 1 1.6 rnA 

Nole 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 
Nole 2: Input offset voltage is tested with automated test eqUipment 
in <1 second. 

Nole 3: Slew rate is measured in a gain of -2 between ±10V on the output 
with ±6V on the input for ±15V supplies and ±2V on the output with 
±1.75V on the input for ±5V supplies. 
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Nole 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SR/2ltVp. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 

The L T1200 may be inserted directly into many applications, 
provided thatthe nulling circuitry is removed. The suggested 
nulling circuit forthe L T1200 is shown below. 

) 

Offset Nulling 

Layout and Passive Components 

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

CF ~RG x~ 
RF 

should be used to cancel the input pole and optimize 
dynamic performance. For unity gain applications where a 
large feedback resistor is used, CF should be greater than 
or equal to CIN. 

LT1200 

Capacitive loading 

The L T1200 is stable with all capacitive loads. This is 
accomplished by sensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases both the bandwidth and phase 
margin decrease so there will be peaking in the frequency 
domain and in the transient response. The photo of the 
small signal response with 1000pF load shows 50% 
peaking. The large signal response with a 1 O,OOOpF load 
shows the output slew rate being limited by the short
circuit current. 

Av = -1, CL = 1000pF Av = +1, CL = 10,OOOpF 

OAC Current to Voltage Converter 

The wide bandwidth, high slew rate and fast settling time 
of the L T1200 make it well suited for current to voltage 
conversion after current output D/A converters. A typical 
application is shown on page one with a DAC-08 type 
converter with a full-scale output of 2mA. A compensation 
capacitor is used across the feedback resistor to null the 
pole at the inverting input caused by the DAC output 
capacitance. The combination of the L T1200 and DAC 
settles to 40mV in 550ns for a 1 OV to OV step and 450ns 
for a OV to 10V step. 

Input Considerations 

Resistors in series with the inputs are recommended for 
the L T1200 in applications where the differential input 
voltage exceeds ±6V continuously or on a transient basis. 
An example would be in noninverting configurations with 
high input slew rates or when driving heavy capacitive 
loads. The use of balanced source resistance at each input 
is recommended for applications where DC accuracy must 
be maximized. 
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APPLICATions InFoRmATion 
Transient Response 

The L T1200 gain bandwidth is 11 MHz when measured at 
100kHz. The actual frequency response in unity gain is 
considerably higher than 11 MHz dueto peaking caused by 
a second pole beyond the unity gain crossover. This is 
reflected in the 45° phase margin and shows up as 
overshoot in the unity gain small signal transient response. 
Higher noise gain configurations exhibit less overshoot as 
seen in the inverting gain of one response. 

Small Signal, Av=+1 Small Signal, Av =-1 

The large signal reponse in both inverting and noninverting 
gain shows symmetrical slewing characteristics. Normally 
the noninverting response has a much faster rising edge 
due to the rapid change in input common mode voltage 
which affects the tail current of the input differential pair. 
Slew enhancement circuitry has been added to the L T1200 
so that the falling edge slew rate is enhanced which 
balances the noninverting slew rate. 

TYPICAL APPLICATions 

R1 
6.19kn 
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100kHz, 2nd Order Butterworth Filter 

R2 

C1 I 500PF 

The large signal, unity gain response shows the 
characteristic noninverting response of an op amp with an 
input slew rate much faster than that of the amplifier. In 
this case the input is slewing at greater than 1000VlJ.Ls. 

Large Signal, Av = +1 Large Signal, Av =-1 

Low Voltage Operation 

The L T1200 is functional at room temperature with only 
3V of total supply voltage. Under this condition, however, 
the undistorted output swing is only O.8Vp_p. A more 
realistic condition is operation at ±2.5V supplies (or 5V 
and ground). Under these conditions at room temperature 
the typical input common mode range is +2.2V to -1.5V, 
and a 1 MHz, 2.5Vp_psinewave can be faithfully reproduced. 
With 5Vtotal supply voltage the gain bandwidth is reduced 
to 6MHz and the slew rate is reduced to 20V/J.Ls. 

Two Op Amp Instrumentation Amplifier 

R5 
432Q 

AV=!l1 [1 + 1(R? + ~)+ R2+R3] -104 R3 2R1R4 R5-

TRIM R5 FOR GAIN 
TRIM R1 FOR COMMON MOOE REJECTION 
BW = 125kHz 

R4 

VOUT 

LTl200TA05 
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SimPLIFIED SCHEmATIC 
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FEATURES 
• 1 mA Quiescent Current 
• 50mA Output Current (Minimum) 
• 1 OM Hz Bandwidth 
• 500VlllS Slew Rate 
• 280ns Settling Time to 0.1 % 
• Wide Supply Range, ±5V to ±15V 
• 1 mV Input Offset Voltage 
• 100nA Input Bias Current 
• 100Mn Input Resistance 

APPLICATions 
• Video Amplifiers 
• Buffers 
• IF and RF Amplification 
• Cable Drivers 
• 8, 10, 12-Bit Data Acquisition Systems 

TYPICAL APPLICATiOn 
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Cable Driver 

AV=1+~ 
AT AMPLIFIER OUTPUT. 
6dB LESS AT VOUT' 

Current Feedback Amplifier 

DESCRIPTion 
The L T1217 isa 1 OMHzcurrentfeedbackamplifierwith DC 
characteristics better than many voltage feedback ampli
fiers. This versatile amplifier is fast, 280ns settling to 0.1 % 
for a 1 OV step thanks to its 500V IllS slew rate. The L T1217 
is manufactured on Linear Technology's proprietary 
complementary bipolar process resulting in a low 1 mA 
quiescent current. To reduce power dissipation further, 
the LT1217 can be turned off, eliminating the load current 
and dropping the supply current to 350IlA. 

The LT1217 is excellent for driving cables and other low 
impedance loads thanks to a minimum output drive cur
rent of 50mA. Operating on any supplies from ±5Vto ±15V 
allows the L T1217 to be used in almost any system. Like 
other current feedback amplifiers, the LT1217 has high 
gain bandwidth at high gains. The bandwidth is over 1 MHz 
at a gain of 100. 

The LT1217 comes in the industry standard pinout and 
can upgrade the performance of many older products. 

Voltage Gain vs Frequency 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ....................................................... ±1BV TOP VIEW ORDER PART 
Input Current ....................................................... ±1 OmA 

~"o~m- NUMBER 
Input Voltage ............................. Equal to Supply Voltage 
Output Short Circuit Duration (Note 1) ......... Continuous 
Operating Temperature Range ..................... O°C to 70°C 

-IN 2 7 V+ 
LT1217CNB 

+IN 3 6 OUT 
LT1217CSB v- 4 5 NULL 

Storage Temperature Range .................. -65°C to 150°C N8 PACKAGE S8 PACKAGE SB PART MARKING 
Junction Temperature ........................................... 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

8·LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 
lTl217·POIOI 1217 

ELECTRICAL CHARACTERISTICS Vs = ±15V, TA = DOC to 70°C unless otherwise noted. 

SYMBOL PARAMETER 

Vas Input Offset Voltage 

IIN+ Non-Inverting Input Current 

liN- Inverting Input Current 

en Input Noise Voltage Density 

in Input Noise Current Density 

RIN Input Resistance 

CIN Input Capacitance 

Input Voltage Range 

CMRR Common Mode Rejection Ratio 

Inverting Input Current Common Mode Rejection 

PSRR Power Supply Rejection Ratio 

Non-Inverting Input Current Power Supply Rejection 

Inverting Input Current Power Supply Rejection 

Av Large Signal Voltage Gain 

ROL Transresistance, aVouT/allN-

VOUT Output Swing 

lOUT Output Current 

SR Slew Rate (Note 2, 3) 

BW Bandwidth 

t, Rise Time, Fall Time (Note 3) 

tpD Propagation Delay 

Overshoot 

Is Settling Time, 0.1 % 

Is Supply Current 

Supply Current, Shutdown 

The. denotes specifications which apply over the operating temperature 
range. 
Nola 1 : A heat sink may be required. 

CONOITIONS MIN TYP MAX UNITS 

VCM= OV • ±1 ±3 mV 

VCM= OV • ±100 ±500 nA 

VCM = OV • ±100 ±500 nA 

f= 1kHz, RF = 1k, RG = 100 6.5 nVl1Hz 
f= 1kHz, RF= 1k, RG = 100 0.7 pAl1Hz 

VIN = ±10V • 20 100 MO 

1.5 pF 

• ±10 ±12 V 

VCM=±10V • 60 66 dB 

VCM = ±10V • 5 20 nAIV 

Vs = ±4.5V to ±18V • 68 76 dB 

Vs = ±4.5V to ±18V • 2 20 nAIV 

Vs = ±4.5V to ±18V • 10 50 nAIV 

RLOAD = 2k, VOUT = ±10V • 90 105 dB 
RLOAD = 4000, VOUT = ± 1 OV • 70 dB 

RLOAD = 2k, VOUT = ±10V • 5 45 MO 
RLOAD = 4000, VOUT = ±10V • 1.5 MO 

RLOAD = 2k • ±12 ±13 V 
RLOAD = 2000 • ±10 V 

RLOAD = 00 • 50 100 mA 

RF=3k,RG=3k • 100 500 V/IlS 

RF = 3k, RG = 3k, VOUT = 100mV 10 MHz 

RF = 3k, RG = 3k, VOUT = 1V • 30 40 ns 

RF = 3k, RG = 3k, VOUT = 1V 25 ns 

RF = 3k, RG = 3k, VOUT = 1V 5 % 

RF = 3k, RG = 3k, VOUT = 10V 280 ns 

VIN = OV • 1 2 mA 

Pin 8 Current = 501lA • 350 1000 IlA 
Nole 2: Non-Inverting operation, VOUT = ±10V, measured at ±5V. 
Note 3: AC parameters are 100% tested on the plastic DIP packaged parts 
(N suffix), and are sample tested on every lot of the SO packaged parts 
(S suffix). 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 
Current Feedback Basics 

The small signal bandwidth of the LT1217, like all current 
feedback amplifiers, isn't a straight inverse function of the 
closed loop gain. This is because the feedback resistors 
determine the amount of current driving the amplifier's 
internal compensation capacitor. In fact, the amplifier's 
feedback resistor (RF) from output to inverting input 
works with internal junction capacitances of the L T1217 to 
set the closed loop bandwidth. 

Even though the gain set resistor (RG) from inverting input 
to ground works with RF to set the voltage gain just like it 
does in a voltage feedback op amp, the closed loop 
bandwidth does not change. This is because the equivalent 
gain bandwidth product of the current feedback amplifier 
is set by the Thevenin equivalent resistance atthe inverting 
input and the internal compensation capacitor. By keeping 
RF constant and changing the gain with RG, the Thevenin 
resistance changes by the same amount as the change in 
gain. As a result, the net closed loop bandwidth of the 
L T1217 remains the same for various closed loop gains. 

The curve on the first page shows the L T1217 voltage gain 
versus frequency while driving 1 OOQ, for five gain settings 
from 1 to 100. The feedback resistor is a constant 3k and 
the gain resistor is varied from infinity to 30Q. Second 
order effects reduce the bandwidth somewhat at the 
higher gain settings. 
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Feedback Resistor Selection 

The small signal bandwidth of the L T1217 is set by the 
external feedback resistors and the internal junction ca
pacitors. As a result, the bandwidth is a function of the 
supply voltage, the value of the feedback resistor, the 
closed loop gain and load resistor. The characteristic 
curves of bandwidth versus supply voltage are done with 
a heavy load (100Q) and a light load (1 kQ) to show the 
effect of loading. These graphs also show the family of 
curves that result from various values of the feedback 
resistor. These curves use a solid line when the response 
has less than 0.5dB of peaking and a dashed line when the 
response has 0.5dB to 5dB of peaking. The curves stop 
where the response has more than 5dB of peaking. 

At a gain of two, on ± 15V supplies with a 3kQ feedback 
resistor, the bandwidth into a light load is 13.5MHz with a 
little peaking, but into a heavy load the bandwidth is 
1 OM Hz with no peaking. At very high closed loop gains, the 
bandwidth is limited by the gain bandwidth product of 
about 100MHz. The curves show that the bandwidth at a 
closed loop gain of 100 is about 1 MHz. 

CapaCitance on the Inverting Input 

Current feedback amplifiers want resistive feedback from 
the output to the inverting input for stable operation. Take 



APPLICATions InFoRmATion 
care to minimize the stray capacitance between the output 
and the inverting input. Capacitance on the inverting input 
to ground will cause peaking in the frequency response 
(and overshoot in the transient response), but it does not 
degrade the stability of the amplifier. The amount of 
capacitance that is necessary to cause peaking is a func
tion of the closed loop gain taken. 

The higher the gain, the more capacitance is required to 
cause peaking. We can add capacitance from the inverting 
input to ground to increase the bandwidth in high gain 
applications. For example, in this gain of 100 application, 
the bandwidth can be increased from 1 MHz to 2MHz by 
adding a 2200pF capacitor. 

~~-VOUT 

Boosting Bandwidth of High Gain Amplifier with 
Capacitance on Inverting Input 

45 .----r-TT'1TTTT'----'--' IlrTl'TTTTl 

~: :=:::::::=~=:II~I:: 
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Capacitive Loads 

The L T1217 can be isolated from capacitive loads with a 
small resistor (10Q to 20Q) or it can drive the capacitive 
load directly if the feedback resistor is increased. Both 
techniques lower the amplifier's bandwidth about the 

LT1217 

same amount. The advantage of resistive isolation is that 
the bandwidth is only reduced when the capacitive load is 
present. The disadvantage of resistor isolation is that 
resistive loading causes gain errors. Because the DC 
accuracy is not degraded with resistive loading, the de
sired way of driving capacitive loads, such as flash 
converters, is to increase the feedback resistor. The Maxi
mum Capacitive Load versus Feedback Resistor curve 
shows the value of feedback resistor and capacitive load 
that gives 5dB of peaking. For less peaking, use a larger 
feedback resistor. 

Power Supplies 

The L T1217 may be operated with single or split supplies 
as low as ±4.5V (9V total) to as high as ±18V (36V total). 
It is not necessary to use equal value split supplies, 
however, the offset voltage will degrade about 350llV per 
volt of mismatch. The internal compensation capacitor 
decreases with increasing supply voltage. The -3dB Band
width versus Supply Voltage curves show how this affects 
the bandwidth for various feedback resistors. Generally, 
the bandwidth at ±5V supplies is about half the value it is 
at ±15V supplies for a given feedback resistor. 

The LT1217 is very stable even with minimal supply 
bypassing, however, the transient response will suffer if 
the supply rings. It is recommended for good slew rate and 
settling time that 4.71lF tantalum capacitors be placed 
within 0.5 inches of the supply pins. 

Input Range 

The non-inverting input ofthe LT1217 looks like a 100MQ 
resistor in parallel with a 3pF capacitor until the common 
mode range is exceeded. The input impedance drops 
somewhat and the input current rises to about 1 01lA when 
the input comes too close to the supplies. Eventually, 
when the input exceeds the supply by one diode drop, the 
base collector junction of the input transistor forward 
biases and the input current rises dramatically. The input 
current should be limited to 10mA when exceeding the 
supplies. The amplifier will recover quickly when the input 
is returned to its normal common mode range unless the 
input was over 500mV beyond the supplies, then it will 
take an extra 100ns. 
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APPLICATions InFORmATion 
Offset Adjust 

Output offset voltage is equal to the input offset voltage 
times the gain plus the inverting input bias current times 
the feedback resistor. The LT1217 output offset voltage 
can be nulled by pulling approximately 301JA from pin 1 or 
S. The easy way to do this is to use a 1 OOkQ pot between 
pin 1 and S with a 430kQ resistor from the wiperto ground 
for 1SV supply applications. Use a 110k resistor when 
operating on a SV supply. 

Shutdown 

Pin 8 activates a shutdown control function. Pulling more 
than SOIJA from pin 8 drops the supply current to less than 
3S01JA, and puts the output into a high impedance state. 
The easy way to force shutdown is to ground pin 8, using 
an open collector (drain) logic stage. An internal resistor 
limits current, allowing direct interfacing with no addi
tional parts. When pin 8 is open, the L T1217 operates 
normally. 

Slew Rate 

The slew rate of a current feedback amplifier is not 
independent of the amplifier gain configuration the way it 
is in a traditional op amp. This is because the input stage 
and the output stage both have slew rate limitations. 
Inverting amplifiers do not slew the input and are therefore 
limited only by the output stage. High gain, non-inverting 
amplifiers are similar. The input stage slew rate of the 
L T1217 is about SOVl~ before it becomes non-linear and 
is enhanced by the normally reverse biased emitters on the 
input transistors. The output slew rate depends on the size 
of the feedback resistors. The output slew rate is about 
8S0V/j.1s with a 3k feedback resistor and drops propor
tionally for larger values. The photos show the L T1217 
with a 20V peak-to-peak output swing for three different 
gain configurations. 

Settling Time 

The characteristic curves show that the L T1217 settles to 
within 1 OmVoffinal value in less than 300ns for any output 
step up to 10V. Settling to 1mV of final value takes less 
than SOOns. 
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SimPLIFIED SCHEmATIC 
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FEATURES 
• 45MHz Gain Bandwidth 
• 250VlllS Slew Rate 
• 20,000 Minimum DC Gain 
• 1 mV Maximum Input Offset Voltage 
• 300nA Maximum Input Bias Current 
• 300nA Maximum Input Offset Current 
• 90ns Settling Time to 0.1 % 
• Drives All Capacitive Loads 

APPLICATions 
• Wideband Amplifiers 
• Buffers 
• Active Filters 
• Video and RF Amplification 
• Cable Drivers 
• 8, 10, 12-Bit Data Acquisition Systems 

TYPICAL APPLICATiOn 
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2nd Order low Pass Filler 
10 = 700kHz 

C2 

C3 
10pF 

1kn 

VOUT 

Operational Amplifier 

DESCRIPTiOn 
The LT1220 isa very high speed operational amplifier with 
superior DC performance. The LT1220 features reduced 
input offset voltage, lower input bias currents, and higher 
gain than devices with comparable bandwidth and slew 
rate. The circuit is a single gain stage that includes propri
etary DC gain enhancement circuitry to obtain precision 
with high speed. The high gain and fast settling time make 
the circuit an ideal choice for data acquisition systems. The 
circuit is also capable of driving large capacitive loads 
which makes it useful in buffer or cable driverapplications. 
This is the first of a family of fast, high performance 
amplifiers that employ Linear Technology Corporation's 
advanced bipolar complementary processing. For gains of 
four or greater the decompensated LT1221 can be used 
for greater bandwidth. Likewise, for gains of 1 0 or greater 
the L T1222 can be used. 

Inverler Pulse Response 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER inFORmATion 
Total Supply Voltage (V+ to V-) ................................ 36V 

Differential Input Current .................................... ± 25mA 

Input Voltage ........................................................... ± Vs 
Output Short Circuit Duration (Note 1) ............ Indefinite 
Operating Temperature Range 

L T1220C .................................................. O°C to 70°C 
Maximum Junction Temperature .......................... 150°C 

Storage Temperature Range .................. -65°C to 150°C 

ORDER PART 
TOP VIEW NUMBER 

""ceO""" -IN 2 7 V+ LT1220CN8 
+IN 3 6 OUT 
V- 4 5 NC 

NB PACKAGE 
B-LEAD PLASTIC DIP 

Lead Temperature (Soldering, 10 sec.) ................. 300°C 
LT1220'POlOl 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, RL = 1kQ, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage (Note 2) 0.5 1.0 mV 

los Input Offset Current 100 300 nA 

IB Input Bias Current 100 300 nA 

en Input Noise Voltage f = 10kHz 17 nVNHz 

in Input Noise Current f = 10kHz 3 pANfiz 

RIN Input Resistance VCM = ±12V 24 45 Mn 

Input Resistance Differential 150 kn 

CIN Input Capacitance 2 pF 

Input Voltage Range + 12 14 V 

Input Voltage Range - -13 -12 V 

CMRR Common Mode Rejection Ratio VCM = ±12V 92 114 dB 

PSRR Power Supply Rejection Ratio Vs = ±5Vto ±15V 86 94 dB 

AVOL Large Signal Voltage Gain Vour= ±10V, RL = 500n 20 50 V/mV 

VOUT+ Output Swing+ RL = 500n 12.0 13.0 V 

VOUT- Output Swing- RL = 500n -13.0 -12.0 V 

lOUT Output Current VOUT = ±12V 24 40 mA 

SR Slew Rate AVCL = -2, (Note 3) 200 250 V/!J,s 
Full Power Bandwidth 10V Peak, (Note 4) 4 MHz 

GBW Gain Bandwidth f= lMHz 45 MHz 

t" tf Rise Time, Fall Time AVCL = + 1,10% to 90%, O.IV 4 ns 

Overshoot AVCL = +1, O.IV 25 % 

Propagation Delay 50% VIN to 50% VOUT 4 ns 

Is Settling Time 10V Step, 0.1% 90 ns 

Differential Gain f = 3.58MHz 1.7 % 

Differential Phase f = 3.58MHz 2.9 Deg. 

Ro Output Resistance AVCL = +1,1 = lMHz 2.6 n 

Is Supply Current 8 10.5 mA 
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ELECTRICAL CHARACTERISTICS VS = ±15V, DOC::; TA::; 70°C, RL = 1kO, VCM = DV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Vos Input Offset Voltage (Note 2) 

Input Vos Drift 

los Input Offset Current 

Ie Input Bias Current 

CMRR Common Mode Rejection RatiO VCM=±12V 
PSRR Power Supply Rejection Ratio Vs = ±5V to ±15V 

AVOL Large Signal Voltage Gain VOUT = ±1 OV, RL = 5000 

VOUT+ Output Swing+ RL = 500n 

VOUT- Output SWing- RL = 500n 

lOUT Output Current Vour= ±12V 
SR Slew Rate AVCL = -2, (Note 3) 

Is Supply Current 

Note 1: A heat sink is required to keep the junction temperature below 
absolute maximum when the output is shorted indefinitely. 
Note 2: Input offset voltage is tested with automatic test equipment in <1 
second. 

MIN TYP MAX UNITS 

0.5 3.5 mV 

20 IlV/oC 

100 400 nA 

100 400 nA 

92 114 dB 

86 94 dB 

20 50 VimV 

12.0 13.0 V 

-13.0 -12.0 V 

24 40 rnA 

180 250 ViIlS 
8 11 rnA 

Note 3: Slew rate is measured between ±10Von the output with ±6Von 
the input and a gain of -2. 
Note 4: Full power bandwidth is calculated from the slew rate measure
ment: FPBW = SRl21tVp. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Input Voltage Noise Spectral 
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APPLICATions InFoRmATion 
The LT1220 may be inserted directly into HA2505/15/25, 
HA2541, HA2544, AD841 , AD847, and LM6361 applica
tions, provided that the nulling circuitry is removed. The 
suggested nulling circuit for the L T1220 is shown below. 

Offset Nulling 

Layout and Passive Components 

As with any high speed operational amplifier, care must be 
taken in board layout in order to obtain maximum per
formance. Key layout issues include: use of a ground 
plane, minimization of stray capacitance at the input pins, 
short lead lengths, RF-quality bypass capacitors located 
close to the device (typically 0.01 ~F to 0.1 ~F), and use of 
low ESR bypass capacitors for high drive current appli
cations (typically 1~F to 1O~F tantalum). Sockets should 
be avoided when maximum frequency performance is 
required, although low-profile sockets can provide rea
sonable performance up to 50MHz. For more details see 
Design Note 50. Feedback resistor values greater than 5kQ 
are not recommended because a pole is formed with the 
input capacitance which can cause peaking. If feedback 
resistors greater than 5kQ are used, a parallel capacitor of 
5pF-10pF should be used to cancel the input pole and 
optimize dynamic performance. 

Input Considerations 

Bias current cancellation circuitry is employed on the 
inputs of the LT1220 so that the input bias current and 
input offset current have identical specifications. For this 
reason, matching the impedance on the inputs to reduce 
bias current errors is not needed. The input pins are 
protected by zener diode clamps which limitthe maximum 
differential input voltage to about 6V. The effect of the 

2-204 

clamps can be seen in high slew applications, especially in 
unity gain. Forunitygain configurations, an optional series 
resistor to the non-inverting input can be used to reduce 
the differential input current. An example would be if the 
input were at + 1 OV and the output unintentionally shorted 
to ground. Forthis case, a 160Q series resistor would limit 
the inputcurrentto 25mAas the non-inverting input would 
be clamped at +6V. 

Input Current Limiting 

8>--+- VOUT 

Capacitive Loading 

The L T1220 is stable with all capacitive loads. This is 
accomplished by sensing the load-induced output pole 
and adding compensation at the amplifier gain node. As 
the capacitive load increases both the bandwidth and 
phase margin decrease. There will be peaking in the 
frequency response as shown in the curve of Frequency 
Response vs Capacitive Load. The small signal transient 
response will have more overshoot as shown in the photo 
of an inverter loaded with 1 OOOpF. The output slew rate will 
be limited by the output short circuit current as seen in the 
photo of the large signal response of an inverter loaded 
with 10,000pF. The L T1220 can drive coaxial cable di
rectly, butfor best pulsefidelitythe cable should be doubly 
terminated with a resistor in series with the output and 
also at the end of the cable. 

Small Signal Capacitive Loading 



APPLICATions InFoRmATion 
Large Signal Capacitive Loading 

Settling Time 

The L T1220 is a single gain stage topology and has 
outstanding settling characteristics. Settling time to 0.1 % 
for a 10V step is straightforward to measure using a false 
sum node and an inverter configuration. Note that the 
voltage measured at the sum node is 1/2 the difference 
between the input and output voltage, sothefalse sum node 
must settle to 5mVforthe output to be within 1 OmV. A photo 
showing the results of this method is shown in the typical 
performance curves. 

The 0.01 % settling time measurements were made with a 
fixture whose design was based on "Take the Guesswork 
Out of Settling Time Measurements," EON, September 19, 
1985. The LT1220 has an input referred settling tail of 
approximately 0.5mV with a time constant of 1 ~s for a 1 OV 
output step. Since an inverting gain of 1 has a noise gain 
of 2, the settling time to 1 mV at the output is therefore 
longer than for a unity gain configuration. This is reflected 
in the settling time curves. 

0.1% Settling Time Measurement 

DAC Current to Voltage Amplifier 

The high gain, low offset voltage, low input bias current, 
and fast settling of the L T1220 make it particularly useful 

LT1220 

as an I to V converter for current output DACs. A typical 
application is shown wth an AD565, 12-bit, 2mA full-scale 
output current DAC. The 5kn feedback resistor around the 
LT1220 is internal to the DAC and gives a 10V full-scale 
output voltage. A 5pF capacitor in parallel with the feed
back resistor compensates forthe DAC output capacitance 
and improves settling. The output of the LT1220 settles to 
1/2 LSB (1.2mV) in less than 300ns. The measurement of 
the DAC + LT1220 combined settling involved creating a 
false sum node between the output of the LT1220 and a 
reference voltage (-1 OV for settling to + 1 OV). The settling 
at the false sum node was then measured to 1 mV. This is 
a difficult measurement because the node is normally 
clamped at several hundred millivolts and any method 
used to measure the node must have outstanding over
drive recovery. One method used was a sampling oscillo
scope. Another method used was the previously described 
fixture used for 0.01% settling. A final method was a 
variation of a method used in AN-10 that employs a 
sampling switch and a variable delay. The delay allows 
looking at the settling waveform when it is close to 1 mV 
and therefore does not overdrive the gain stage which 
follows. All three methods agreed within better than 10%. 
A full description of the techniques used to measure the 
settling time is given in AN-47, "High Speed Amplifier 
Techniques." 

12-Bit OAC Buller (1DV Full-Scale Output) 

~-----VOUT 

1/2 LSB Settling for 1DV Output Step 

DAC IN 5V1DIV 

lmVlDIV 

100nS/DIV 
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TYPICAL APPLICATions 
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TYPICAL APPLICATions 
Vos Nulling Loop Doubly Terminated Cable Driver 
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TYPICAL APPLICATions 
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SimPLIFIED SCHEmATIC 
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FEATURES 
• Gain of +4 Stable 
• 150MHz Gain Bandwidth 
• 250Vl~s Slew Rate 
• 50,000 Minimum DC Gain 
• 1 mV Maximum Input Offset Voltage 
• 300nA Maximum Input Bias Current 
• 300nA Maximum Input Offset Current 
• 6nVl~ Input Noise Voltage 
• 12V Minimum Output Swing into 5000 
• 90ns Settling Time to 0.1 % 
• Drives All Capacitive Loads 

APPLICATions 
• Wideband Amplifiers 
• Buffers 
• Active Filters 
• Video and RF Amplification 
• Cable Drivers 
• 8, 10, 12-Bit Data Acquisition Systems 

TYPICAL APPLICATiOn 

Summing Amplifier 

1kll 1kll 
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Operational Amplifier 

DESCRIPTion 
The LT1221 is a very high speed operational amplifier with 
superior DC performance. The L T1221 is stable in a noise 
gain of four or greater. It features reduced input offset 
voltage, lower input bias currents, and higher DC gain than 
devices with comparable bandwidth and slew rate. The 
circuit is a single gain stage that includes proprietary DC 
gain enhancement circuitry to obtain precision with high 
speed. The high gain and fast settling time make the circuit 
an ideal choice for data acquisition systems. The circuit is 
also capable of driving large capacitive loads which make 
it useful in buffer or cable driver applications. The LT1221 
is a member of a family of fast, high performance ampli
fiers that employ Linear Technology Corporation's ad
vanced bipolar complementary processing. For unity gain 
stable applications the LT1220 can be used, and for gains 
of 10 or greater the LT1222 can be used. 

Summing Amplifier Pulse Response 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER inFORmATion 
Total Supply Voltage (V+ to V-) ................................ 36V 

Differential Input Current .................................... ±25mA 

Input Voltage ............................................................ ±Vs 
Output Short Circuit Duration (Note 1) ............ Indefinite 
Operating Temperature Range 

LT1221 C ................................................ DoC to 70°C 

Maximum Junction Temperature .......................... 150°C 

ORDER PART 
TOP VIEW NUMBER 

~O'~ LT1221CN8 
-IN 2 7 v+ 
+IN 3 6 OUT 
V-4 5NC 

Storage Temperature Range ................. - 65°C to 150°C N8 PACKAGE 
HEAD PLASTIC DIP 

Lead Temperature (Soldering, 10 sec.) ................. 300°C lT1221·POlOl 

ELECTRICAL CHARACTERISTICS Vs = ±15V, TA = 25°C, RL = 1kn, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS -; MIN TYP MAX UNITS 

Vas Input Offset Voltage (Note 2) 0.5 1.0 mV 

los Input Offset Current 100 300 nA 

Is Input Bias Current 100 300 nA 

en Input Noise Voltage f = 10kHz 6 nVl-JiiZ 

in Input Noise Current f = 10kHz 2 pAl-JiiZ 

RIN Input Resistance VCM = ±12V 24 45 Mn 

Input Resistance Differential 80 kg 

CIN Input Capacitance 2 pF 

Input Voltage Range + 12 14 V 

Input Voltage Range - -13 -12 V 

CMRR Common Mode Rejection Ratio VCM = ±12V 92 114 dB 

PSRR Power Supply Rejection Ratio Vs=±5Vto±15V 86 94 dB 

AVOL Large Signal Voltage Gain VOUT = ±10V, RL = 500n 50 100 VlmV 

VOUT + Output Swing + RL = 500n 12.0 13.0 V 

VOUT- Output Swing- RL = 500n -13.0 -12.0 V 

SR Slew Rate (Note 3) 200 250 V/IlS 
Full Power Bandwidth 10V Peak (Note 4) 4 MHz 

GBW Gain Bandwidth f= lMHz 150 MHz 

t"tf Rise Time AVCL = +4,10%-90%, O.lV 5 ns 

Overshoot AVCL = +4, O.lV 20 % 
Propagation Delay 50% VIN to 50% VOUT, 0.1V 5 ns 

ts Settling Time 10V Step, 0.1% 90 ns 

Differential Gain f = 3.58MHz, RL = 150n 1.0 % 

Differential Phase f = 3.58MHz, RL = 150n 2.0 Deg. 

Ro Output Resistance AVCL = +4, f = lMHz 2.5 n 

Is Supply Current 8 10.5 mA 
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ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 0°C-70°C, RL = 1kn, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 2) 0.5 2.0 mV 

Input Vos Drift 15 INloC 

los Input Offset Current 100 400 nA 

18 Input Bias Current 100 400 nA 

CMRR Common Mode Rejection Ratio VCM=±12V 92 114 dB 

PSRR Power Supply Rejection Ratio Vs=±5Vto±15V 86 94 dB 

AVOL Large Signal Voltage Gain VOUT = ±10V, RL = SOOn 50 100 V/mV 

VOUT + Output Swing + RL = soon 12.0 13.0 V 

VOUT- Output Swing- RL = soon -13.0 -12.0 V 
SR Slew Rate (Note 3) 180 250 V/1J1l 

Is Supply Current 8 11 mA 

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

Nole 3: Slew rate is measured between ±10V on an output swing of ±12V. 
Nole 4: Full power bandwidth = SRl21tVPEAK. 

Nole 2: Input Offset Voltage is tested with automated test equipment in 
less than one second. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Output Voltage Swing vs 
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Open Loop Gain vs 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
The L T1221 is stable in noise gains of four or greater and 
may be inserted directly into HA2541, HA2544, ADB4?, 
EL2020 and LM6361 applications, provided that the null
ing circuitry is removed and the amplifier configuration 
has a high enough noise gain. The suggested nulling 
circuit for the LT1221 is shown below. 

Offset Nulling 

v· 

Layout and Passive Components 

As with any high speed operational amplifier, care must be 
taken in board layout in order to obtain maximum perfor
mance. Key layout issues include: use of a ground plane, 
minimization of stray capacitance at the input pins, short 
lead lengths, RF-quality bypass capacitors located close 
to the device (typically 0.01 J!F to 0.1 J!F), and use of low 
ESR bypass capacitors for high drive current applications 
(typically 1 J!F to 10J!F tantalum). Sockets should be 
avoided when maximum frequency performance is re
quired, although low-profile sockets can provide reason
able performance up to 50MHz. For more details see 
Design Note 50. 

Feedback resistor values greater than 5kQ are not recom
mended because a pole is formed with the input capaci
tance which can cause peaking. 

Input Considerations 

Bias current cancellation circuitry is employed on the 
inputs of the LT1221 so the input bias current and input 
offset current have identical specifications. For this rea
son, matching the impedance on the inputs to reduce bias 
current errors is not necessary. The input pins are pro-

.L7lJDY:B 

LT1221 

tected by zener diode clamps which limit the maximum 
differential input voltage to about 6V. The effect of the 
clamps can be seen in high slew applications, especially in 
non-inverting configurations. 

Capacitive Loading 

The LT1221 is stable with all capacitive loads. This is 
accomplished by sensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases both the bandwidth and phase 
margin decrease. There will be peaking in the frequency 
domain as shown in the curve Frequency Response vs 
Capacitive Load. The small signal transient response will 
have more overshoot as shown in the photo Av = -4 loaded 
with 1000pF. The large signal response for Av = +4 with a 
1 O,OOOpF load shows the output slew rate being limited by 
the short circuit current. . 

AV = -4, CL = 1000pF Av = +4, CL = 10,OOOpF 

The LT1221 can drive coaxial cable directly, but for best 
pulse fidelity the cable should be doubly terminated with 
a resistor in series with the output. 

Cable Driving 

VOUT 
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APPLICATions InFoRmATion 
Compensation 

The L T1221 has a typical gain bandwidth product of 
15~MHz ~hich .allows it to have wide bandwidth in high 
gam c?nflguratlons (Le., in a gain of 10, it will have a 
bandwidth of about 15MHz). The amplifier is stable in a 
~oise .gai~ of four so the ratio of the output signal to the 
Invertmg mput must be 1/4 or less. Straightforward gain 
configurations of +4 or -3 are stable, but there are a few 
configurations that allow the amplifier to be stable for 
lower signal gains (the noise gain, however, remains four 

TYPICAL APPLICATiOnS 
Lag Compensation 

-----VOUT 

AV=+l. f<3MHz 

or more). One example is the summing amplifier on the 
first. p~ge. ~ach input signal has a gain of -1 to the output, 
but I~ IS easily seen that this configuration is equivalent to 
a gam of -3 as far as the amplifier is concerned. Another 
circuit is shown below with a DC gain of one but an AC 
gain of +5. The break frequency of the RC c~mbination 
across the amplifier inputs should be approximately a 
f~c~or of 10 less .than the gain bandwidth of the amplifier 
divided by the high frequency gain (in this case 1/10 of 
150MHzl5 or 3MHz). 

Wi en Bridge Oscillator 

430n 

VOUT 
........... - ,10Vp·p 

lMHz 

20M Hz, Av = 50 Instrumentation Amplifier 

+------1 
V1N 

r.-----VOUT 
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SimPLIFIED SCHEmATIC 

v- 4j----_----______ ----4 ___ -----' 
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FEATURES 
• Gain of + 10 Stable Uncompensated 
• External Compensation Pin 
• 500MHz Gain Bandwidth 
• 200V/~ Slew Rate 
• 3nVNHz Input Noise Voltage 
• 100,000 Minimum DC Gain 
• 1 mV Maximum Input Offset Voltage 
• 300nA Maximum Input Bias Current 
• 300nA Maximum Input Offset Current 
• 12V Minimum Output Swing into 500a 
• gOns Settling Time to 0.1 % 
• Drives All Capacitive Loads 

APPLICATions 
• Wideband Amplifiers 
• Buffers 
• Active Filters 
• Video and RF Amplification 
• Cable Drivers 
• 8,10, 12-Bit Data Acquisition Systems 

TYPICAL APPLICATiOn 
Av = +10 with Output Clamping 

.15V 

2-218 

Speed Operational Amplifier 

DESCRIPTion 
The L T1222 is a low noise, very high speed operational 
amplifier with superior DC performance. The L T1222 
features reduced input offset voltage, lower input bias 
currents, lower noise and higher DC gain than devices with 
comparable bandwidth and slew rate. The circuit is a 
single gain stage that includes proprietary DC gain en
hancement Circuitry to obtain precision with high speed. 
The L T1222 is stable in gains of +10 without compensa
tion, but the part can be externally compensated for lower 
closed-loop gain at the expense of lower bandwidth and 
slew rate. The compensation node can also be used to 
clamp the output swing. The high gain and fast settling 
time make the circuit an ideal choice for data acquisition 
systems. The circuit is also capable of driving large 
capacitive loads which make it useful in buffer or cable 
driver applications. The part is a member of a family otfast, 
high performance amplifiers that employ Linear Technol
ogy Corporation's advanced bipolar complementary pro
cessing. For unity gain stable applications the LT1220 can 
be used, and for gains of four or greater the L T1221 can be 
used. 

Av = -1, Cc = 30pF Pulse Response 



LT1222 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER inFORmATion 
Total Supply Voltage (V+ to V-) ................................ 36V 
Differential Input Current .................................... ±25mA 
Input Voltage ............................................................ ±Vs 
Output Short Circuit Duration (Note 1) ............ Indefinite 
Operating Temperature Range 

L T1222C ................................................ DoC to 70°C 
Maximum Junction Temperature .......................... 150°C 
Storage Temperature Range ................. - 65°C to 150°C 

ORDER PART 
TOPYIEW NUMBER 

"""0""" -IN 2 7 Y' LT1222CN8 
+IN 3 6 OUT 
v- 4 5 CaMP 

N8 PACKAGE 
8-LEAO PLASTIC 01 P 

Lead Temperature (Soldering, 10 sec.) ................. 300°C lTim·PQIQ1 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, RL = 1kn, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage (Note 2) 0.3 1.0 mV 

los Input Offset Current 100 300 nA 

18 Input Bias Current 100 300 nA 

en Input Noise Voltage f = 10kHz 3 nV/'i'Hz 
in Input Noise Current f = 10kHz 2 pAl'i'Hz 

RIN Input Resistance VCM =±12V 24 45 MO 

Input Resistance Differential 12 ill 

CIN Input Capacitance 2 pF 

Input Voltage Range + 12 14 V 

Input Voltage Range - -13 -12 V 

CMRR Common Mode Rejection Ratio VCM=±12V 100 120 dB 

PSRR Power Supply Rejection Ratio Vs = ±5V to ±15V 98 110 dB 

AVOL Large Signal Voltage Gain Vour= ±10V, RL = 5000 100 200 VlmV 

VOUT + Output Swing + RL = 5000 12.0 13.0 V 

VOUT- Output Swing- RL = 5000 -13.0 -12.0 V 

SR Slew Rate AVCL = -1 0 (Note 3) 150 200 VlV-s 
Full Power Bandwidth 10V Peak (Note 4) 3.2 MHz 

GBW Gain Bandwidth f=1MHz 500 MHz 

t" tf Rise Time AYCL = + 10,10%-90%, 0.1V 5 ns 

Overshoot AYCL = + 10, 0.1V 35 % 
Propagation Delay 50% VIN to 50% VOUT, 0.1V 6.5 ns 

Is Settling Time 10V Step, 0.1% 90 ns 

Differential Gain f = 3.58MHz, RL = 1500 1.0 % 

Differential Phase f = 3.58MHz, RL = 1500 2.1 Deg. 

Ro Output Resistance AVCL = +10, f= 1MHz 2.5 0 

Is Supply Current 8 10.5 mA 
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ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 0°C-70°C, RL = 1kn, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 2) 0.5 1.5 mV 

Input Vos Drift 10 JlVloC 

los Input Offset Current 100 400 nA 

18 Input Bias Current 100 400 nA 

CMRR Common Mode Rejection Ratio VCM=±12V 100 120 dB 

PSRR Power Supply Rejection Ratio Vs = ±5V to ±15V 98 110 dB 

AVOL Large Signal Voltage Gain VOUT = ±10V, RL = 500n 100 200 VlmV 

VOUT + Output Swing + RL = 500n 12.0 13.0 V 

VOUT- Output Swing- RL = soon -13.0 -12.0 V 

SR Slew Rate AVCL = -10 (Note 3) 150 200 VlJls 

Is Supply Current 8 11 mA 

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

Nole 3: Slew rale is guaranteed by measuring the slew currents at the 
compensation pin. 

Nole 2: Input offset voltage is tested with automated test equipment in 
less than one second. 

Nole 4: Full power bandwidth = SRl21tVPEAK. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
The LT1222 is stable without external compensation in 
noise gains of 10 or greater and may be inserted directly 
into HA2541, HA2544, AD847, EL2020 and LM6361 appli
cations, provided that the nulling circuitry is removed and 
the amplifier configuration has a high enough noise gain. 
The suggested nulling circuit for the LT1222 is shown 
below. 

Offset Nulling and Compensation 

Layout and Passive Components 

As with any high speed operational amplifier, care must be 
taken in board layout in order to obtain maximum perfor
mance. Key layout issues include: use of a ground plane, 
minimization of stray capacitance at the input pins, short 
lead lengths, RF-quality bypass capacitors located close 
to the device (typically 0.0111F to 0.1I1F), and use of low 
ESR bypass capacitors for high drive current applications 
(typically 111F to 10l1F tantalum). Sockets should be 
avoided when maximum frequency performance is re
quired, although low-profile sockets can provide reason
able performance up to 50MHz. For more details see 
Design Note 50. 

Feedback resistor values greater than 5kn are not recom
mended because a pole is formed with the input capaci
tance which can cause peaking. 

Input Considerations 

Bias current cancellation circuitry is employed on the 
inputs of the LT1222 so the input bias current and input 
offset current have identical specifications. For this rea
son, matching the impedance on the inputs to reduce bias 
current errors is not necessary. The input pins are pro-

LT1222 

tected by zener diode clamps which limit the maximum 
differential input voltage to about 6V. The effect of the 
clamps can be seen in high slew applications, especially in 
non-inverting configurations. 

Capacitive Loading 

The L T1222 is stable with all capacitive loads. This is 
accomplished by sensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases both the bandwidth and phase 
margin decrease. There will be peaking in the frequency 
domain as shown in the curve Frequency Response vs 
Capacitive Load. The small signal transient response will 
have more overshoot as shown in the photo Av = -10 
loaded with 1000pF. The large signal response for 
Av = +10 with a 1 O,OOOpF load shows the output slew rate 
being limited by the short circuit current. 

Av=-10, CL=1000pF Av = +10, CL = 10,000pF 

The L T1222 can drive coaxial cable directly, but for best 
pulse fidelity the cable should be doubly terminated with 
a resistor in series with the output. 

R2 
100n 

Cable Driving 

VOUT 
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APPLICATions InFoRmATion 
Compensation 

The L T1222 has a typical gain bandwidth product of 
SOOMHz which allows it to have wide bandwidth in high 
gain configurations (i.e., in a gain of 100, it will have a 
bandwidth of SMHz). For added flexibility the amplifier 
frequency response may be adjusted by adding capaci
tance from pin 5 to ground. A compensation capacitor may 
be used to reduce overshoot, to allow the amplifier to be 
used in lower noise gain configurations, or simply to 
reduce bandwidth. The table below shows gain and com
pensation capacitor versus -3dB bandwidth, maximum 
peaking in the frequency domain, and small signal over
shoot. 

Av Cc I.3dB Mp 

-1 30pF 79MHz 4.5dB 
-1 50pF 70MHz 0.5dB 
-1 82pF 44MHz 0 
-1 150pF llMHz 0 
+5 5pF 92MHz 7.3dB 
+5 10pF 82MHz 2.2dB 
+5 20pF 46MHz O.ldB 
+5 30pF 24MHz 0 
+5 50pF llMHz 0 
+10 0 90MHz 4.3dB 
+10 5pF 55MHz O.ldB 
+10 10pF 26MHz 0 
+10 20pF 12MHz 0 
+20 0 40MHz O.ldB 
+20 5pF 17MHz 0 
+20 10pF 10MHz 0 

TYPICAL APPLICATiOnS 
Two Dp Amp Instrumentation Amplifier 

VIN +---------1 
P.J = ~ [1 + ! ( ~ + * ) + R2;S R3 ] = 102 

TRIM RS FOR GAIN 
TRIM R1 FOR COMMON MODE REJECTION 
BW=3MHz 
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os 
35% 
10% 
0 
0 
55% 
25% 
5% 
0 
0 
35% 
5% 
0 
0 
5% 
0 
0 

Your 

For frequencies less than or equal to 1 OMHz the frequency 
response of the amplifier is approximately: 

1 f=-__ _ 
2n-530·(Cc + 6pF) Noise Gain 

Adjusting the bandwidth also affects the slew rate of the 
amplifier as follows: 

SR = (1.2mA)/(Cc + 6pF) 

An example would be a gain of -1 0 (noise gain of 11) and 
Cc = 20pF which has about 10.5MHz bandwidth and 
46V1lls slew rate. It should be noted that the LT1222 is not 
stable in Av = + 1 unless Cc = 1 OOpF and 200pF is placed on 
the output (f = 2SMHz, slew rate = 11 VlIlS). In any 
application, to reduce peaking, increase gain or add more 
compensation capacitance. 

Output Clamping 

Access to the internal compensation node at pin S also 
allows the output swing of the L T1222 to be clamped. An 
example is shown on the front page of the data sheet. The 
compensation node is approximately one diode drop above 
the output and can source or sink about 1.2mA. Back-to
back Schottky diodes clamp pin S to a diode drop above 
ground so the output is clamped to ±O.SV (the drop of the 
Schottkys at 1.2mA). The diode reference is bypassed for 
good AC response. This circuit is particularly useful for 
amplifying the voltage at false sum nodes used 
in settling time measurements. 

Vos Null Loop 

Your .--..-+- Av=+1001 
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SimPLIFIED SCHEmATIC 
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FEATURES 
• 100MHz Bandwidth at Av = 1 
• 1000V/IlS Slew Rate 
• Wide Supply Range, ±5V to ±15V 
• 1 mV Input Offset Voltage 
• 1!lA Input Bias Current 
• 5Mn Input Resistance 
• 75ns Settling Time to 0.1 % 
• 50mA Output Current 
• 6mA Quiescent Current 

APPLICATions 
• Video Amplifiers 
• Buffers 
• IF and RF Amplification 
• Cable Drivers 
• 8, 10, 12-Bit Data Acquisition Systems 

TYPICAL APPLICATiOn 

2-226 

AV=1. fu 
Rg 

Video Cable Driver 

AT AMPLIFIER OUTPUT. 
6dB LESSATVOUT. 

VOUT 

Feedback Amplifier 

DESCRIPTion 
The LT1223 is a 1 OOMHz current feedback amplifier with 
very good DC characteristics. The L T1223's high slew 
rate, 1 OOOV/IlS, wide supply range, ±15V, and large output 
drive, ±50mA, make it ideal for driving analog signals over 
double terminated cables. The current feedback amplifier 
has high gain bandwidth at high gains, unlike conventional 
op amps. 

The LT1223 comes in the industry standard pinout and 
can upgrade the performance of many older products. 

The L T1223 is manufactured on Linear Technology's 
proprietary complementary bipolar process. 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER inFORmATion 
Supply Voltage ....................................................... ±18V ORDER PART 
Differential Input Voltage .......................................... ±5V TOP VIEW 

Input Voltage ............................. Equal to Supply Voltage 
Output Short Circuit Duration (Note 1) ......... Continuous 
Operating Temperature Range 

LT1223M ......................................... -55°C to 125°C 
L T1223C ................................................ O°C to 70°C 

'"'D~--IN 2 7 V' 
,IN 3 6 OUT 
v- 4 5 NULL 

NUMBER 

LT1223MJ8 
LT1223CJ8 
LT1223CN8 
LT1223CSa 

J8 PACKAGE N8 PACKAGE 
Storage Temperature Range .................. -65°C to 150°C 8-LEAD CERAMIC DIP 8-lEAD PLASTIC DIP sa PART MARKING 

Junction Temperature Plastic Package ........... 150°C 
Junction Temperature Ceramic Package ......... 175°C 

S8 PACKAGE 
8-LEAD PLASTIC SOIC 1223 

LTlW·POOT 

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

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, unless otherwise noted. 

LT1223M/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage VCM = OV ±1 ±3 mV 

liNt Non-Inverting Input Current VCM = OV ±1 ±3 ~ 
IIN- Inverting Input Current VCM = OV ±1 ±3 ~ 
en Input Noise Voltage Density f = 1kHz, RF= lk, RG = 100 3.3 nV/'I'Hz 

in Input Noise Current Density f = 1kHz, RF= lk, RG = 100 2.2 pN'I'Hz 

RIN Input Resistance VIN = ±10V 1 10 MO 

CIN Input Capacitance 1.5 pF 

Input Voltage Range ±10 ±12 V 

CMRR Common Mode Rejection Ratio VCM=±10V 56 63 dB 

Inverting Input Current Common Mode Rejection VCM =±10V 30 100 nNY 

PSRR Power Supply Rejection Ratio Vs = ±4.5V to ±18V 68 80 dB 

Non-Inverting Input Current Power Supply Rejection Vs =±4.5Vto ±18V 12 100 nNY 

Inverting Input Current Power Supply Rejection Vs = ±4.5Vto ±18V 60 500 nNY 

Av Large Signal Voltage Gain RLOAD = 4000, VOUT = ±10V 70 89 dB 

ROL Transresistance, t.VouT/t.IIN- RLOAD = 4000, VOUP ±10V 1.5 5 MO 

VOUT Maximum Output Voltage Swing RLOAD= 2000 ±10 ±12 V 

lOUT Maximum Output Current RLOAO= 2000 50 60 rnA 

SR Slew Rate RF = 1.5k, RG = 1.5k, (Note 2) 800 1300 V/1lJ; 

BW Bandwidth RF = lk, RG = lk, VOUT = 100mV 100 MHz 

t, Rise Time Rf= 1.5k, RG= 1.5k, Voup lV 6.0 ns 

tpD Propagation Delay RF = 1.5k, RG = 1.5k, Your = 1 V 6.0 ns 

Overshoot RF = 1.5k, RG = 1.5k, Your = 1 V 5 % 

ts Settling Time, 0.1 % RF = lk, RG = lk, VOUT = 10V 75 ns 

Differential Gain RF=lk,RG=lk,RL=1500 0.02 % 
Differential Phase RF= lk, RG= lk, RL = 1500 0.12 Deg. 

ROUT Open Loop Output Resistance VOUT = 0, lOUT = 0 35 0 

Is Supply Current VIN=OV 6 10 rnA 
Supply Current, Shutdown Pin 8 Current = 200~ 2 4 rnA 
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ELECTRICAL CHARACTERISTICS VS = ±15V, VCM = DV, DOC::; TA::; 70°C, unless otherwise noted. 

lT1223C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

Vos Input Offset Voltage VCM = OV • ±1 ±3 

liNt Non-Inverting Input Current VCM = OV • ±1 ±3 

Inr Inverting Input Current VCM = OV • ±1 ±3 

RIN Input Resistance VIN =±10V • 1 10 

Input Voltage Range • ±10 ±12 

CMRR Common Mode Rejection Ratio VCM =±10V • 56 . 63 

Inverting Input Current Common Mode Rejection VCM=±10V • 30 100 

PSRR Power Supply Rejection Ratio Vs = ±4.5V to ±18V • 68 80 
Non-Inverting Input Current Power Supply Rejection Vs = ±4.5V to ±16V • 12 100 

Inverting Input Current Power Supply Rejection Vs = ±4.5V to ±16V • 60 500 

Av large Signal Voltage Gain RLOAO = 4000, VOUT = ±1 OV • 70 89 

ROL Transresistance, LlVOUT/LlIIN- RLOAO = 4000, Vour= ±1 OV • 1.5 5 

VOUT Maximum Output Voltage Swing RLOAO= 2000 • ±10 ±12 

louT Maximum Output Current RLOAO = 2000 • 50 60 

Is Supply Current VIN = OV • 6 10 

Supply Current, Shutdown Pin 6 Current = 200!iA • 2 4 

ELECTRICAL CHARACTERISTICS VS = ±15V, VCM = DV, -55°C::; TA::; 125°C, unless otherwise noted. 

SYMBOL PARAMETER 

Vos Input Offset Voltage 

liNt Non-Inverting Input Current 

IIN- Inverting Input Current 

RIN Input Resistance 

Input Voltage Range 

CMRR Common Mode Rejection Ratio 

Inverting Input Current Common Mode Rejection 

PSRR Power Supply Rejection Ratio 

Non-Inverting Input Current Power Supply Rejection 

Inverting Input Current Power Supply Rejection 

Av large Signal Voltage Gain 

ROL Transresistance, LlVOUT/LlIIN-

VOUT Maximum Output Voltage Swing 

lOUT Maximum Output Current 

Is Supply Current 

Supply Current, Shutdown 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: A heat sink may be required. 
Note 2: Non-inverting operation, VOUT = ±10V, measured at ±5V. 
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CONDITIONS 

VCM = OV 

VCM = OV 

VCM = OV 

VIN = ±10V 

VCM =±10V 

VCM=±10V 

Vs = ±4.5V to ±15V 

Vs = ±4.5V to ±15V 

Vs = ±4.5V to ±15V 

RLOAD = 4000, VOUT = ±10V 

RLOAD = 4000, VOUT = ±1 OV 

RLOAO= 2000 

RLOAO= 2000 

VIN = OV 
Pin 8 Current = 200!iA 

lT1223M 
MIN TYP MAX 

• ±1 ±5 

• ±1 ±5 

• ±1 ±10 

• 1 10 

• ±10 ±12 

• 56 63 

• 30 100 

• 68 80 

• 12 200 

• 60 500 

• 70 89 

• 1.5 5 

• ±7 ±12 

• 35 60 

• 6 10 

• 2 4 

UNITS 

mV 

!iA 

!iA 
MO 

V 

dB 

nAN 

dB 

nAN 

nAN 

dB 

MO 

V 

rnA 

rnA 

rnA 

UNITS 

mV 

!iA 

!iA 
MO 

V 

dB 

nAN 

dB 

nAN 

nAN 

dB 

MO 

V 

rnA 

rnA 

rnA 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATIOnS InFORmATion 
Current Feedback Basics 

The small signal bandwidth of the LT1223, like all current 
feedback amplifiers, isn't a straight inverse function of the 
closed loop gain. This is because the feedback resistors 
determine the amount of current driving the amplifier's 
internal compensation capacitor. In fact, the amplifier's 
feedback resistor (Rf) from outputto inverting input works 
with internal junction capacitances of the LT1223 to set 
the closed loop bandwidth. 

Even though the gain set resistor (Rg) from inverting input 
to ground works with Rf to set the voltage gain just like it 

does in a voltage feedback op amp, the closed loop 
bandwidth does not change. This is because the equiva
lent gain bandwidth product of the current feedback am
plifier is set by the Thevenin equivalent resistance at the 
inverting input and the internal compensation capacitor. 
By keeping Rf constant and changing the gain with Rg, the 
Thevenin resistance changes by the same amount as the 
change in gain. As a result, the net closed loop bandwidth 
of the L T1223 remains the same for various closed loop 
gains. 
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APPLICATions InFoRmATion 
The curve on the first page shows the LT1223 voltage gain 
versus frequency while driving 1000, for five gain settings 
from 1 to 100. The feedback resistor is a constant 1 k and 
the gain resistor is varied from infinity to 100. Shown for 
comparison is a plot of the fixed 1 OOMHz gain bandwidth 
limitation that a voltage feedback amplifier would have. It 
is obvious that for gains greater than one, the L T1223 
provides 3 to 20 times more bandwidth. It is also evident 
that second order effects reduce the bandwidth somewhat 
at the higher gain settings. 

Feedback Resistor Selection 

Because the feedback resistor determines the compensa
tion of the LT1223, bandwidth and transient response can 
be optimized for almost every application. To increase the 
bandwidth when using higher gains, the feedback resistor 
(and gain resistor) can be reduced from the nominal 1 k 
value. The Minimum Feedback Resistor versus Voltage 
Gain curve shows the values to use for ±15V supplies. 
Larger feedback resistors can also be used to slow down 
the LT1223 as shown in the -3dB Bandwidth versus 
Feedback Resistor curve. 

Capacitive Loads 

The LT1223 can be isolated from capacitive loads with a 
small resistor (100 to 200) or it can drive the capacitive 
load directly if the feedback resistor is increased. Both 
techniques lower the amplifier's bandwidth about the 
same amount. The advantage of resistive isolation is that 
the bandwidth is only reduced when the capacitive load is 
present. The disadvantage of resistor isolation is that 
resistive loading causes gain errors. Because the DC 
accuracy is not degraded with resistive loading, the de
sired way of driving capacitive loads, such as flash con
verters, is to increase the feedback resistor. The Maximum 
Capacitive Load versus Feedback Resistor curve shows 
the value of feedback resistor and capacitive load that 
gives 5dB of peaking. For less peaking, use a larger 
feedback resistor. 

Power Supplies 

The L T1223 may be operated with single or split supplies 
as low as ±4V (8V total) to as high as ±18V (36V total). It 
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is not necessary to use equal value split supplies, how
ever, the offset voltage will degrade about 350j.1V per volt 
of mismatch. The internal compensation capacitor de
creases with increasing supply voltage. The -3dB Band
width versus Supply Voltage curve shows how this affects 
the bandwidth for various feedback resistors. Generally, 
the bandwidth at ±5V supplies is about half t~e value it is 
at ±15V supplies for a given feedback resistor. 

The LT1223 is very stable even with minimal supply 
bypassing, however, the transient response will suffer if 
the supply rings. It is recommended for good slew rate and 
settling time that 4.7j.1F tantalum capacitors be placed 
within 0.5 inches of the supply pins. 

Input Range 

The non-inverting input of the L T1223 looks like a 10M 
resistor in parallel with a 3pF capacitor until the common 
mode range is exceeded. The input impedance drops 
somewhat and the input current rises to about 1 OJ.1A when 
the input comes too close to the supplies. Eventually, 
when the input exceeds the supply by one diode drop, the 
base collector junction of the input transistor forward 
biases and the input current rises dramatically. The input 
current should be limited to 10mA when exceeding the 
supplies. The amplifier will recover quickly when the input 
is returned to its normal common mode range unless the 
input was over 500mV beyond the supplies, then it will 
take an extra 100ns. 

Offset Adjust 

Output offset voltage is equal to the input offset voltage 
times the gain plus the inverting input bias current times 
the feedback resistor. For low gain applications (3 or less) 
a 1 Oka pot connected to pins 1 and 5 with wiper to V+ will 
trim the inverting input current (±1 0j.1A) to null the output; 
it does not change the offset voltage very much. If the 
L T1223 is used in a high gain application, where input 
offset voltage is the dominate error, it can be nulled by 
pulling approximately 100j.1Afrom pin 1 or5. The easy way 
to do this is to use a 1 OkO pot between pin 1 and 5 with a 
150ka resistor from the wiper to ground for 15V supply 
applications. Use a 47k resistor when operating on a 5V 
supply. 



APPLICATions InFoRmATion 
Shutdown 

Pin 8 activates a shutdown control function. Pulling more 
than 200llA from pin 8 drops the supply current to less 
than 3mA, and puts the output into a high impedance state. 
The easy way to force shutdown is to ground pin 8, using 
an open collector (drain) logic stage. An internal resistor 
limits current, allowing direct interfacing with no additional 
parts. When pin 8 is open, the L T1223 operates normally. 

Slew Rate 

The slew rate of a current feedback amplifier is not inde
pendent of the amplifier gain configuration the way it is in 
a traditional op amp. This is because the input stage and 
the output stage both have slew rate limitations. Inverting 
amplifiers do not slew the input and are therefore limited 
only by the output stage. High gain, non-inverting ampli
fiers are similar. The input stage slew rate of the LT1223 is 
about 350V/IlS before it becomes non-linear and is en
hanced by the normally reverse biased emitters on the 
input transistors. The output slew rate depends on the size 
of the feedback resistors. The peak output slew rate is 
about 2000V/IlS with a 1 k feedback resistor and drops 
proportionally for larger values. At an output slew rate of 
1 OOOV/IlS or more, the transistors in the "mirror circuits" 
will begin to saturate due to the large feedback currents. 
This causes the output to have slew induced overshoot and 
is somewhat unusual looking; it is in no way harmful or 
dangerous to the device. The photos show the L T1223 in 
a non-inverting gain of three (Rf = 1 k, Rg = 500Q) with a 
20V peak-to-peak output slewing at 500V/IlS, 1000V/IlS 
and 2000V/IlS. 

Settling Time 

The Inverting Amplifier Settling Time versus Output Step 
curve shows that the LT1223 will settle to within 1 mV of 
final value in less than 1 OOns for all output changes of 1 OV 
or less. When operated as an inverting amplifier there is 
less than 500llV of thermal settling in the amplifier. 
However, when operating the LT1223 as a non-inverting 
amplifier, there is an additional thermal settling compo
nent that is about 200llV for every volt of input common 
mode change. So a non-inverting gain of one amplifier will 

.L7lJD~ 

LT1223 

Output Slew Rate of 5DDV//ls 

Output Slew Rate of 1DDDV//ls 

Output Slew Rate at 2DDDV//ls Shows Aberrations (See Text) 
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APPLICATions InFoRmATion 
have about 2.5mV thermal tail on a 10V step. Unfortu
nately, reducing the input signal and increasing the gain 
always results in a thermal tail of about the same amount 
for a given output step. For this reason we show separate 
graphs of 1 OmV and 1 mV non-inverting amplifier settling 
times. Just as the bandwidth of the L T1223 is fairly 
constant for various closed loop gains, the settling time 
remains constant as well. 

Adjustable Gain Amplifier 

To make a variable gain amplifier with the LT1223, vary the 
value of Rg. The implementation of Rg can be a pot, a light 
controlled resistor, a FET, or any other low capacitance 
variable resistor. The value of Rt should not be varied to 
change the gain. If Rt is changed, then the bandwidth will 
be reduced at maximum gain and the circuit will oscillate 
when Rt is very small. 

VOUT 

Adjustable Bandwidth Amplifier 

Because the resistance at the inverting input determines 
the bandwidth of the LT1223, an adjustable bandwidth 
circuit can be made easily. The gain is set as before with 
Rt and Rg; the bandwidth is maximum when the variable 
resistor is at a minimum. 
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Accurate Bandwidth Limiting The LT1223 

It is very common to limit the bandwidth of an op amp by 
putting a small capacitor in parallel with Rt. DO NOT PUT 
A SMALL CAPACITOR FROM THE INVERTING INPUT OF 
A CURRENT FEEDBACK AMPLIFIER TO ANYWHERE ELSE, 
ESPECIALLY NOT TO THE OUTPUT. The capacitor on the 
inverting input will cause peaking or oscillations. If you 
need to limitthe bandwidth of acurrentfeedbackamplifier, 
use a resistor and capacitor atthe non-inverting input (R1 
& C1). This technique will also cancel (to a degree) the 
peaking caused by stray capacitance atthe inverting input. 
Unfortunately, this will not limit the output noise the way 
it does for the op amp. 

R1 =3000 
C1 = 100pF 

BW=5MHz 

Current Feedback Amplifier Integrator 

VOUT 

Since we remember that the inverting input wants to see 
a resistor, we can add one to the standard integrator 
circuit. This generates a new summing node where we can 
apply capacitive feedback. The LT1223 integrator has 
excellent large signal capability and accurate phase shift at 
high frequencies. 

\ 
\ 

VOUT 
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Summing Amplifier (DC Accurate) 

The summing amplifier is easily made by adding additional 
inputs to the basic inverting amplifier configuration. The 
L T1223 has no los spec because there is no correlation 
between the two input bias currents. Therefore, we will not 
improve the DC accuracy of the inverting amplifier by 
putting in the extra resistor in the non-inverting input. 

( VI1 VI2 Vln ) Vour=-R, ~ + - +-
Rg1 Rg2 Rgn 

Difference Amplifier 

The L T1223 difference amplifier delivers excellent 
performance if the source impedance is very low. This is 
because the common mode input resistance is only equal 
to Rf + Rg. 

Video Instrumentation Amplifier 

This instrumentation amplifier uses two L T1223s to in
crease the input resistance to well over 1 Mil. This makes 
an excellent "loop through" or cable sensing amplifier if 

LT1223 

the inverting input (Al) senses the shield and the non
inverting input (A2) senses the center conductor. Since 
this amplifier does not load the cable (take care to mini
mize stray capacitance) and it rejects common mode hum 
and nOise, several amplifiers can sense the signal with 
only one termination at the end of the cable. The design 
equations are simple. Just select the gain you need (it 
should be two or more) and the value of the feedback 
resistor (typically 1 k) and calculate Rg1 and Rg2. The gain 
can be tweaked with Rg2 and the CMRR with Rg1 if needed. 
The bandwidth of the non-inverting input signal is not 
reduced by the presence of the other amplifier, however, 
the inverting input signal bandwidth is reduced since it 
passes two amplifiers. The CMRR is good at high frequen
cies because the bandwidth of the amplifiers are about the 
same even though they do not necessarily operate at the 
same gain. 

VOUT = G (VIN' - VIN-) 

Rf1 = Rf2; Rg1 = (G -1) Rf2; R92 = GR~~ 
TRIM GAIN (G) WITH Rg2; TRIM CMRR WITH Rg1 

Cable Driver 

The cable driver circuit is shown on the front page. When 
driving a cable it is important to properly terminate both 
ends if even modest high frequency performance is 
required. The additional advantage of this is that it isolates 
the capacitive load of the cable from the amplifier so it can 
operate at maximum bandwidth. 
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TYPICAL APPLICATion 
150mA Output Currenl Video Amp 

RI = 2k TO STABILIZE CIRCUIT 
DIFFERENTIAL GAIN = 1 % 
DIFFERENTIAL PHASE = 10 

SimPLIFIED SCHEmATIC 
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FEATURES 
• Unity Gain Stable 
• 45MHz Gain Bandwidth 
• 400Vl!!s Slew Rate 
• 7V1mV DC Gain, RL = 500Q 
• 2mV Input Offset Voltage 
• ±12V Output Swing into 500Q 
• Wide Supply Range ±5V to ±15V 
• 7mA Supply Current 
• 90ns Settling Time to 0.1 %, 10V Step 
• Drives All Capacitive Loads 

APPLICATions 
• Wideband Amplifiers 
• Buffers 
• Active Filters 
• Video and RF Amplification 
• Cable Drivers 
• Data Acquisition Systems 

TYPICAL APPLICATiOn 

DAC Current to Voltage Converter 

II>-.......... -VOUT 

1 LSB SETILING = 140n5 

Operational Amplifier 
DESCRIPTion 
The LT1224 is a very high speed operational amplifier with 
excellent DC performance. The L T1224 features reduced 
input offset voltage and higher DC gain than devices with 
comparable bandwidth and slew rate. The circuit is a 
single gain stage with outstanding settling characteristics. 
The fast settling time makes the circuit an ideal choice for 
data acquisition systems. The output is capable of driving 
a 500Q load to ±12V with ±15V supplies and a 150Q load 
to ±3V on ±5V supplies. The circuit is also capable of 
driving large capacitive loads which makes it useful in 
buffer or cable driver applications. 

The LT1224 is a member of a family of fast, high per
formance amplifiers that employ Linear Technology 
Corporation's advanced bipolar complementary 
processing. 

Inverter Pulse Response 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Total Supply Voltage (V+ to V-) ................................ 36V 
Differential Input Voltage ......................................... ±6V 
Input Voltage ............................................................ ±Vs 
Output Short Circuit Duration (Note 1) ............ Indefinite 
Operating Temperature Range 

LT122,4C ................................................ O°C to 70°C 
Maximum Junction Temperature 

Plastic Package ............................................... 150°C 
Storage Temperature Range ................. - 65°C to 150°C 

ORDER PART 
TOP VIEW NUMBER 

"""0'"" -IN 2 7 V+ LT1224CN8 

+IN 3 6 OUT LT1224CS8 
v- 4 5 NC 

N8 PACKAGE S8 PACKAGE S8 PART MARKING 
HEAD PLASTIC DIP B-LEAD PLASTIC SOIC 

LTl224'POIDl 1224 

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

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, RL = 1kn, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 2) 0.5 2.0 mV 

los Input Offset Current 100 400 nA 

18 Input Bias Current 4 8 !lA 
en Input Noise Voltage f = 10kHz 22 nVl'i'Hz 

in Input Noise Current f = 10kHz 1.5 pAl'i'Hz 

RIN Input Resistance VCM=±12V 24 40 Mn 
Input Resistance Differential 250 kn 

CIN Input Capacitance 2 pF 

Input Voltage Range + 12 14 V 

Input Voltage Range - -13 -12 V 

CMRR Common-Mode Rejection Ratio VCM =±12V 86 100 dB 

PSRR Power Supply Rejection Ratio Vs = ±5Vto ±15V 75 84 dB 

AYOL Large Signal Voltage Gain VOUT = ±10V, RL = 500n 3.3 7 VlmV 

VOUT Output Swing RL = 500n 12.0 13.3 -j}.J 

lOUT Output Current VOUT = ±12V 24 40 mA 
SR Slew Rate AVCL = -2, (Note 3) 250 400 V/flS 

Full Power Bandwidth 10V Peak, (Note 4) 6.4 MHz 

GBW Gain Bandwidth f=lMHz 45 MHz 

tr,t, Rise Time, Fall Time AYCL=+1,10%-90%,0.lV 5 ns 

Overshoot AVCL = +1, O.lV 30 % 

Propagation Delay 50% VIN to 50% VOUT 5 ns 

ts Settling Time 10V Step, 0.1% 90 ns 

Differential Gain f = 3.58MHz, RL = 150n 1.0 % 

Differential Phase f = 3.58MHz, RL = 150n 2.4 Deg 

Ro Output Resistance AVCL = +1, f = lMHz 2.5 n 

Is Supply Current 7 9 mA 
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ELECTRICAL CHARACTERISTICS VS = :t5V, TA = 25°C, RL = 1kn, VCM = OV unless otherwise noted. 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 2) 1.0 4.0 mV 

los Input Offset Current 100 400 nA 

18 Input Bias Current 4 8 !lA 
Input Voltage Range + 2.5 4 V 

Input Voltage Range - -3 -2.5 V 

CMRR Common-Mode Rejection Ratio VCM =±2.5V 86 98 dB 

AVOL Large Signal Voltage Gain VOUT = ±2.5V, RL = 5000 2.5 7 VlmV 

Large Signal Voltage Gain Vour= ±2.5V, RL = 1500 3 VlmV 

VOUT Output Swing RL = SOon 3.0 3.7 ±V 

Output Swing RL = 1500 3.0 3.3 ±V 

lOUT Output Current VOUT= ±3V 20 40 mA 

SR Slew Rate AVCL = -2, (Note 3) 250 V/lls 

Full Power Bandwidth 3V Peak, (Note 4) 13.3 MHz 

GBW Gain Bandwidth f=1MHz 34 MHz 

t" tf Rise Time, Fall Time AVCL=+1,10%-90%,0.1V 7 ns 

Overshoot AVCL = +1, 0.1V 20 % 

Propagation Oelay 50% VIN to 50% VOUT 7 ns 

Is Settling Time -2.5V to 2.5V, 0.1% 90 ns 

Is Supply Current 7 9 mA 

ELECTRICAL CHARACTERISTICS DoC s: TA s: 70°C, RL = 1kn, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage Vs = ±15V, (Note 2) 1 4 mV 

Input Offset Voltage Vs = ±SV, (Note 2) 2 5 mV 

Input Vos Orift 25 IlV/oC 

los Input Offset Current Vs = ±15V and Vs = ±5V 100 600 nA 

18 Input Bias Current Vs = ±15V and Vs = ±5V 4 9 !lA 
CMRR Common-Mode Rejection Ratio Vs = ±15V, VCM = ±12V and Vs = ±SV, VCM = ±2.5V 83 98 dB 

PSRR Power Supply Rejection Ratio Vs=±5Vto±1SV 73 84 dB 

AVOL Large Signal Voltage Gain Vs = ±1SV, VOUT = ±10V, RL = soon 2.5 7 V/mV 

Large Signal Voltage Gain Vs = ±5V, VOUT = ±2.5V, RL = SOOO 2.0 7 VlmV 

VOUT Output Swing Vs = ±15V, RL = 5000 12.0 13.3 ±V 

Output Swing Vs = ±5V, RL = soon or 1S00 3.0 3.3 ±V 

lOUT Output Current Vs=±15V, Vour=±12V 24 40 mA 

Output Current Vs = ±5V, VOUT = ±3V 20 40 mA 

SR Slew Rate Vs = ±15V, AVCL = -2, (Note 3) 250 400 VlIJ.S 

Is Supply Current Vs = ±15V and Vs=±5V 7 10.5 mA 

Nole 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 
Nole 2: Input offset voltage is tested with automated test equipment 
in <1 second. 

Note 3: Slew rate is measured in a gain of -2 between ±10V on the output 
with ±6V on the input for ±15V supplies and ±2V on the output with 
±1.75V on the input for ±5V supplies. 
Note 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SRl2n;Vp. 

2-239 



LT1224 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Inpul Noise Spectral Density 

10000~ml~~ 
W ~ 
:;; 
:;1000 
on 
i5 z 
w 

~ 
§! 100 

~~ ;;;; I==+=j:ffij 

10~'-'-'"W"'---'-.u..u 

10 100 lk 

FREQUENCY (Hz) 

10k 

Voltage Gain and Phase vs 
Frequency 

100 

10 

0.1 
lOOk 

80 F=r=~:-T-rl-ll00 

60 I----f--+~'<+-

-20 0 

100 

9: 10 
W 
<> z 
13 
it 1 
;,;; 

~ 
00.1 

100 lk 10k lOOk 1M 10M 100M 

FREQUENCY (Hz) 

Closed Loop Output Impedance vs 
Frequency 

Vs = ±15V 
r-TA = 25°C 

/ Av=+l 

/ 
V 

L 
V 

/ 
0_01 

10k lOOk 1M 10M 100M 

FREQUENCY (Hz) 

a> 
~ 

~Q 
~~ 
cz 
;DO 

~@ 
-l ~ 
ZW 
0 00 
->-"'-' m<>-
-<>-

~~ 
tf100 
~;: 

B:> 

~ 
5 
iO 
'" §: 

'" z 
;ll .. « 
<-0 

100 

80 

60 

40 

20 

o 

10 

-10 

48 

47 

46 

45 

44 

43 

42 

Power Supply Rejection Ratio vs 
Frequency 

Vs = ±15V 
TA = 25°C 

" 0 +PSRR 

ps~ ~ 
'\ ~ 

\ [\ 
100 lk 10k lOOk 1M 10M 100M 

FREQUENCY (Hz) 

Output Swing vs Settling Time 

o 

VS=~15V I / V 
TA=25°C 1// 
10mVSEITLI~G 

Av=+Y (Av=-1 

'\ ~ 
Av=+l~ Av =-1 

~ 
~ 

20 40 60 80 100 120 

SEITLING TIME (ns) 

Gain Bandwidth vs Temperature 

.! .~ 
Vs = .15V 

l-i'-... .......... 
.......... r--.. r-- ---., 

-50 -25 25 50 75 100 125 

TEMPERATURE (OC) 

120 

<C 

LT1224 

Common Mode Rejection Ratio vs 
Frequency 

Vs = .15V 

;; 100 
TA = 25°C 

'~ ~ 
00 
z 
0 
i= 
f:;l 
c;J 
00 
W 

'" 0 
:;; 
z 
0 
:;; 
:;; 
0 
<> 

<C 
:e 
l!5 
=> 
f--

'" <-0 

"" :;; 
W 
<-0 

i3 
0 
> 

80 

60 '" 40 " 20 " o 
lk 10k lOOk 1M 10M 100M 

10 

-2 

-4 

-6 

-8 

FREQUENCY (Hz) 

Frequency Response vs 
Capacitive Load 

Vs = .15V 
TA = 25°C 
Av=-l 

~~ - C = lOOpF 

C=5 OpF 

'\ ~, 'I J 
\ 

-IC=15~0~FIm-\ 
'r\ C = 0 

C = 1000PF" \.. 1\ 
-10 

1M 
I I 11111\ \ 

10M 

FREQUENCY (Hz) 

100M 

Slew Rate vs Temperature 
500 

450 

.! . ~ 
Vs = .15V 
Av =-2 -

~ 400 

~ 350 
/'" 

I" 

-
V 

...;:,SR 

~ ~ :::..... 
-..... r': a: 

/ 1:'; 
ii'i 300 

250 

200 
-50 -25 25 50 75 100 125 

TEMPERATURE (OC) 

2-241 



LT1224 

APPLICATions InFoRmATion 

The LT1224 may be inserted directly into HA2541, HA2544, 
AD847, EL2020 and LM6361 applications, provided that 
the nulling circuitry is removed. The suggested nulling 
circuit forthe LT1224 is shown below. 

Offset Nulling 

Layout and Passive Components 

As with any high speed operational amplifier, care must be 
taken in board layout in order to obtain maximum perfor
mance. Key layout issues include: use of a ground plane, 
minimization of stray capacitance at the input pins, short 
lead lengths, RF-quality bypass capacitors located close 
to the device (typically 0.01~F to O.1~F), and use of low 
ESR bypass capacitors for high drive current applications 
(typically 1~F to 1O~F tantalum). Sockets should be 
avoided when maximum frequency performance is 
required, although low profile sockets can provide 
reasonable performance up to 50MHz. For more details 
see Design Note 50. Feedback resistor values greater than 
5kO are not recommended because a pole is formed with 
the input capacitance which can cause peaking. If feed
back resistors greater than 5kO are used, a parallel 
capacitor of 5pF to 1 OpF should be used to cancel the input 
pole and optimize dynamic performance. 

Transient Response 

The L T1224 gain bandwidth is 45MHz when measured at 
f = 1 MHz. The actual frequency response in unity gain is 
considerably higher than 45MHz dueto peaking caused by 
a second pole beyond the unity gain crossover. This is 
reflected in the 50° phase margin and shows up as 
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overshoot in the unity gain small signal transient re
sponse. Higher noise gain configurations exhibit less 
overshoot as seen in the inverting gain of one response. 

Small Signal, Av = +1 Small Signal, Av = -1 

The large signal responses in both inverting and non
inverting gain show symmetrical slewing characteristics. 
Normally the non-inverting response has a much faster 
rising edge than falling edge due to the rapid change in 
input common mode voltage which affects the tail current 
of the input differential pair. Slew enhancement circuitry 
has been added to the LT1224 so that the non-inverting 
slew rate response is balanced. 

large Signal, Av = +1 large Signal, Av =-1 

Input Considerations 

Resistors in series with the inputs are recommended for 
the L T1224 in applications where the differential input 
voltage exceeds ±6V continuously or on a transient basis. 
An example would be in non-inverting configurations with 
high input slew rates or when driving heavy capacitive 
loads. The use of balanced source resistance at each input 
is recommended for applications where DC accuracy must 
be maximized. 



APPLICATions InFoRmATion 

Capacitive Loading 

The L T1224 is stable with all capacitive loads. This is 
accomplished by sensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases, both the bandwidth and phase 
margin decrease so there will be peaking in the frequency 
domain and in the transient response. The photo of the 
small signal response with 1000pF load shows 50% 
peaking. The large signal response with a 1 O,OOOpF load 
shows the output slew rate being limited by the short 
circuit current. 

Av = -1, CL = 1000pF Av = +1, CL = 10,OOOpF 

The LT1224 can drive coaxial cable directly, but for best 
pulse fidelity the cable should be doubly terminated with 
a resistor in series with the output. 

TYPICAL APPLICATiOnS 

1 MHz, 2nd Order Butterworth Filler 

R2 

R1 R3 
619Q 825Q 

C1 J 500pF 

-38dB AT 10MHz 
SMALL SIGNAL OVERSHOOT = 10% 

........... -VOUT 

R2 
1kQ 

Cable Driving 

OAC Current to Voltage Converter 

LT1224 

VOUT 

The wide bandwidth, high slew rate and fast settling time 
of the LT1224 make it well suited for current to voltage 
conversion after current output D/A converters. A typical 
application is shown on page one with a DAC-08 type 
converter with a full-scale output of 2mA. A compensation 
capacitor is used across the feedback resistor to null the 
pole at the inverting input caused by the DAC output 
capacitance. The combination of the LT1224 and DAC 
settles to 40mV in 140ns for both a OV to 1 OV step and for 
a 1 OV to OV step. 

Two Op Amp Instrumentation Amplifier 

R5 

R1 R2 
10k 1kQ 

R4[ 1(R2 R3) R2+R3] AV=ii3 1+2 1i1+li4 +~ =102 

TRIM R5 FOR GAIN 
TRIM R1 FOR COMMON MODE REJECTION 
BW = 430kHz 

R4 

VOUT 
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SimPLIFIED SCHEmATIC 
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FEATURES 
• Gain of 5 Stable 
• 150MHz Gain Bandwidth 
• 400V/~s Slew Rate 
• 20VlmV DC Gain, RL = 500n 
• 1 mV Maximum Input Offset Voltage 
• ±12V Minimum Output Swing into 500n 
• Wide Supply Range ±2.5V to ± 15V 
• 7mA Supply Current 
• gOns Settling Time to 0.1 %, 10V Step 
• Drives All Capacitive Loads 

APPLICATions 
• Wideband Amplifiers 
• Buffers 
• Active Filters 
• Video and RF Amplification 
• Cable Drivers 
• Data Acquisition Systems 

TYPICAL APPLICATiOn 

20MHz,Av = 50 Instrumentation Amplifier 

10k 

+ 2500 
200pF 

VIN ~ 
2501l 

1k 

VOUT 

LT1225TAOI 

Operational Amplifier 
DESCRIPTiOn 
The L T1225 is a very high speed operational amplifier with 
excellent DC performance. The LT1225 features reduced 
input offset voltage and higher DC gain than devices with 
comparable bandwidth and slew rate. The circuit is a 
single gain stage with outstanding settling characteristics. 
The fast settling time makes the circuit an ideal choice for 
data acquisition systems. The output is capable of driving 
a 500n load to ±12V with ±15V supplies and a 150n load 
to ±3V on ±5V supplies. The circuit is also capable of 
driving large capacitive loads which makes it useful in 
buffer or cable driver applications. 

The LT1225 is a member of a family of fast, high per
formance amplifiers that employ Linear Technology 
Corporation's advanced bipolar complementary 
processing. 

Gain of +5 Pulse Response 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Total Supply Voltage (V+ to V-) ................................ 36V 
Differential Input Voltage ..•...•................••................ ±6V 
Input Voltage ................•......................•.......•.......•...• ±Vs 
Output Short Circuit Duration (Note 1) .•.....•.... Indefinite 
Operating Temperature Range 

L T1225C ....•........................•............•...•. O°C to 70°C 
Maximum Junction Temperature 

Plastic Package ............................................... 150°C 
Storage Temperature Range ................. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

TOPYIEW 

~o~ -IN 2 7 Y+ 
tiN 3 6 OUT 
Y- 4 5 NC 

N8 PACKAGE 58 PACKAGE 
8-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

LT1225POOf 

ORDER PART 
NUMBER 

LT1225CN8 
LT1225CS8 

S8 PART MARKING 

1225 

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offsel Voltage (Note 2) 0.5 1.0 mV 

los Input Offset Current 100 400 nA 

16 Input Bias Current 4 8 ItA 
en Input Noise Voltage f = 10kHz 7.5 nV/.,fHz 

in Input Noise Current f= 10kHz 1.5 pAl.,fHz 

RIN Input Resistance VCM=±12V 24 40 MO 
Differential 70 kO 

CIN Input Capacitance 2 pF 

Input Voltage Range + 12 14 V 

Input Voltage Range - -13 -12 V 

CMRR Common-Mode Rejection Ratio VCM =±12V 94 115 dB 
PSRR Power Supply Rejection Ratio Vs = ±5Vto ±15V 86 95 dB 

AYOL Large Signal Voltage Gain VOUT = ±10V, RL = 5000 12.5 20 V/mV 

VOUT Output Swing RL = 5000 12.0 13.3 :IN 

lOUT Output Current VOUT= ±12V 24 40 rnA 

SR Slew Rate (Note3) 250 400 V/IJ$ 
Full Power Bandwidth 10V Peak, (Note 4) 6.4 MHz 

GBW Gain Bandwidth f=1MHz 150 MHz 

t"tf Rise Time, Fall Time AVGL = +5,10% to 90%, 0.1V 7 ns 

Overshoot AVGL = +5, 0.1V 20 % 
Propagation Delay 50% VIN to 50% VOUT 7 ns 

Is Settling Time 10V Step, 0.1%, Av =-5 90 ns 

Differential Gain f = 3.58MHz, Av = + 5, RL = 1500 1.0 % 

Differential Phase f = 3.58MHz, Av = + 5, RL = 1500 1.7 Deg 

Ro Output Resistance AYGL = +5, f = 1MHz 4.5 0 

Is Supply Current 7 9 rnA 
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ELECTRICAL CHARACTERISTICS VS = ±5V, TA = 25°&, VCM = DV unless otherwise noted. 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 2) 1.0 2.0 mV 

los Input Offset Current 100 400 nA 

18 Input Bias Current 4 8 ~ 
Input Voltage Range + 2.5 4 V 

Input Voltage Range- -3 -2.5 V 

CMRR Common-Mode Rejection Ratio VCM = ±2.5V 94 115 dB 

AVOL Large Signal Voltage Gain VOUT = ±2.5V, RL = 5000 10 15 V/mV 
VOUT = ±2.5V, RL = 1500 13 VimV 

VOUT Output Voltage RL = 5000 3.0 3.7 ±V 
RL = 1500 3.0 3.3 ±V 

lOUT Output Current VOUT =±3V 20 40 rnA 

SR Slew Rate (Note 3) 250 VilJ.s 
Full Power Bandwidth 3V Peak, (Note 4) 13.3 MHz 

GBW Gain Bandwidth f= lMHz 100 MHz 

tr,t, Rise Time, Fall Time AVCL = +5,10% to 90%, O.lV 9 ns 

Overshoot AVCL = +5, O.lV 10 % 

Propagation Delay 50% VIN to 50% VOUT 9 ns 

ts Settling Time -2.5V to 2.5V, 0.1%, Av =-4 70 ns 

Is Supply Current 7 9 rnA 

ELECTRICAL CHARACTERISTICS 0°&::;; TA::;; 70°&, VCM = DV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage Vs = ±15V, (Note 2) 0.5 1.5 mV 
Vs = ±5V, (Note 2) 1.0 2.5 mV 

Input Vos Drift 10 IJ.V/oC 

los Input Offset Current Vs = ±15V and Vs = ±5V 100 600 nA 

18 Input Bias Current Vs = ±15V and Vs = ±5V 4 9 ~ 
CMRR Common-Mode Rejection Ratio Vs = ±15V, VCM = ±12V and Vs = ±5V, VCM = ±2.5V 93 115 dB 

PSRR Power Supply Rejection Ratio Vs = ±5Vto ±15V 85 95 dB 

AVOL Large Signal Voltage Gain Vs = ±15V, VOUT = ±10V, RL = 5000 10 12.5 V/mV 
Vs = ±5V, VOUT = ±2.5V, RL = 5000 8 10 VimV 

VOUT Output Swing Vs = ±15V, RL = 5000 12.0 13.3 ±V 
Vs = ±5V, RL = 5000 or 1500 3.0 3.3 ±V 

lOUT Output Current Vs = ±15V, VOUT = ±12V 24 40 rnA 
Vs = ±5V, Vour= ±3V 20 40 rnA 

SR Slew Rate Vs = ±15V, (Note 3) 250 400 ViIlS 

Is Supply Current Vs = ±15V and Vs = ±5V 7 10.5 rnA 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 
Note 2: Input offset voltage is tested with automated test equipment 
in <1 second. 

Note 3: Slew rate is measured between ±10V on an output swing of ±12V 
on ±15V supplies, and ±2V on an output swing of ±3.5V on ±5V supplies. 
Note 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SRl21tVp. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 

The L T1225 may be inserted directly into HA2541, HA2544, 
AD847, EL2020 and LM6361 applications, provided that 
the amplifier configuration is a noise gain of 5 or greater, 
and the nulling circuitry is removed. The suggested nulling 
circuit for the L T1225 is shown below. 

Offset Nulling 

V' 

Layout and Passive Components 

As with any high speed operational amplifier, care must be 
taken in board layout in order to obtain maximum perfor
mance. Key layout issues include: use of a ground plane, 
minimization of stray capacitance at the input pins, short 
lead lengths, RF-quality bypass capacitors located close 
to the device (typically 0.01 ~F to 0.1 ~F), and use of low 
ESR bypass capacitors for high drive current applications 
(typically 1~F to 1O~F tantalum). Sockets should be 
avoided when maximum frequency performance is 
required, although low profile sockets can provide 
reasonable performance up to 50MHz. For more details 
see Design Note 50. Feedback resistor values greaterthan 
5knare not recommended because a pole is formed with 
the input capacitance which can cause peaking.lffeedback 
resistors greater than 5k are used, a parallel 
capacitor of 5pF to 1 OpF should be used to cancel the input 
pole and optimize dynamic performance. 

Transient Response 

The LT1225 gain bandwidth is 150MHz when measured at 
1 MHz. The actual frequency response in gain of +5 is 
considerably higher than 30MHz due to peaking caused by 
a second pole beyond the gain of 5 crossover point. This 
is reflected in the small signal transient response. Higher 
noise gain configurations exhibit less overshoot as seen in 
the inverting gain of 5 response. 

2-250 

Small Signal, Av = +5 Small Signal, Av =-5 

The large signal response in both inverting and noninverting 
gain shows symmetrical slewing characteristics. Nor
mally the noninverting response has a much faster riSing 
edge than falling edge due to the rapid change in input 
common mode voltage which affects the tail current of the 
input differential pair. Slew enhancement circuitry has 
been added to the LT1225 so that the noninverting slew 
rate response is balanced. 

Large Signal, Av = +5 Large Signal, Av =-5 

Input Considerations 

Resistors in series with the inputs are recommended for 
the L T1225 in applications where the differential input 
voltage exceeds ±6V continuously or on a transient basis. 
An example would be in noninverting configurations with 
high input slew rates or when driving heavy capacitive 
loads. The use of balanced source resistance at each input 
is recommended for applications where DC accuracy must 
be maximized. 

Capacitive Loading 

The LT1225 is stable with all capacitive loads. This is 
accomplished bysensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases, both the bandwidth and phase 
margin decrease so there will be peaking in the frequency 



APPLICATions InFoRmATion 

domain and in the transient response. The photo of the 
small signal response with 1000pF load shows 50% 
peaking. The large signal response with a 10,000pF load 
shows the output slew rate being limited by the short 
circuit current. 

Av = -5, Cl = 1000pF Av = +5, Cl = 10,OOOpF 

The LT1225 can drive coaxial cable directly, but for best 
pulse fidelity the cable should be doubly terminated with 
a resistor in series with the output. 

TYPICAL APPLICATiOnS 
Lag Compensation 

"'-"'-VOUT 

AV=+1,f<3MHz 
LT1225TAOa 

Wein Bridge Oscillator 

'-""""VOUT 
>10Vp.p 
1MHz 

LT1225 

Compensation 

The LT1225 has a typical gain bandwidth product of 
150MHz which allows it to have wide bandwidth in high 
gain configurations (Le., in a gain of 10 it will have a 
bandwidth of about 15MHz). The amplifier is stable in a 
noise gain of 5 so the ratio of the output signal to the 
inverting input must be 1/5 or less. Straightforward gain 
configurations of +5 or -4 are stable, but there are a few 
configurations that allow the amplifier to be stable for 
lower signal gains (the noise gain, however, remains 5 or 
more). One example is the summing amplifier shown in 
the typical applications section below. Each input signal 
hasa gain of-RFiRIN to the output, but it is easily seen that 
this configuration is equivalentto a gain of -4 as far as the 
amplifier is concerned. Lag compensation can also be 
used to give a low frequency gain less than 5 with a high 
frequency gain of 5 or greater. The example below has a 
DC gain of one, but an AC gain of +5. The break frequency 
of the RC combination across the amplifier inputs should 
be approximately a factor of 10 less than the gain band
width of the amplifier divided by the high frequency gain 
(in this case 1/10 of 150MHzJ5 or 3MHz). 

2500 

Cable Driving 

Summing Amplifier 

R4 
750 

VOUT 

'-+-VOUT 
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SimPLIFIED SCHEmATIC 
~7~ __ --~------------~--~------~ 

NULL 
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~7~JfJ~~f'(~--Lo-W-N-o-iS-e-\li-e-rY-H-ig-h-S-~-:-:-~ 
FEATURES 
• Gain of 25 Stable 
• lGHz Gain Bandwidth 
• 400VlllS Slew Rate 
• 2.6nVl-vHz Input Noise Voltage 
• 50VlmV Minimum DC Gain, RL = 500n 
• 1 mV Maximum Input Offset Voltage 
• ±12V Minimum Output Swing into 50 on 
• Wide Supply Range ±2.5V to ±15V 
• 7mA Supply Current 
• lOOns Settling Time to 0.1 %, 10V Step 
• Drives All Capacitive Loads 

APPLICATions 
• Wide band Amplifiers 
• Buffers 
• Active Filters 
• Video and RF Amplification 
• Cable Drivers 
• Data Acquisition Systems 

TYPICAL APPLICATiOn 

Pholodiode Preamplifier, Av = 5.1kQ, BW = 15MHz 
v+ 

51Q 

Operational Amplifier 

DESCRIPTiOn 
The L T1226 is a low noise, very high speed operational 
amplifier with excellent DC performance. The LT1226 
features low input offset voltage and high DC gain. The 
circuit is a single gain stage with outstanding settling 
characteristics. The fast settling time makes the circuit an 
ideal choice for data acquisition systems. The output is 
capable of driving a 500n load to ±12Vwith ±15V supplies 
and a 150n load to±3Von ±5V supplies. The circuit is also 
capable of driving large capacitive loads which makes it 
useful in buffer or cable driver applications. 

The LT1226 is a member of a family of fast, high per
formance amplifiers that employ Linear Technology 
Corporation's advanced bipolar complementary 
processing. 

Gain 01 +25 Pulse Response 
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ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATion 
Total Supply Voltage (V+ to V-) ................................ 36V 
Differential Input Voltage ......................................... ±6V 
Input Voltage ............................................................ ~s 
Output Short Circuit Duration (Note 1) ............ Indefinite 
Operating Temperature Range 

L T1226C ................................................ O°C to 70°C 
Maximum Junction Temperature 

Plastic Package ............................................... 150°C 
Storage Temperature Range .........•....... - 65°C to 150°C 

ORDER PART 
TOP VIEW NUMBER 

'""0'"" LT1226CN8 -IN 2 7 v+ 
+IN 3 6 OUT LT1226CS8 
v- 4 5 NC S8 PART MARKING 

N8 PACKAGE 58 PACKAGE 
8·LEAD PLASTIC DIP HEAD PLASTIC SOIC 1226 

LT1226POOl 

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

ELECTRICAL CHARACTERISTICS VS = ±15V, TA = 25°C, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage (Note 2) 0.3 1.0 mV 

los Input Offset Current 100 400 nA 

18 Input Bias Current 4 8 IIA 
en Input Noise Voltage f = 10kHz 2.6 nV/~ 

in Input Noise Current f = 10kHz 1.5 pA/~ 

RIN Input Resistance VCM=±12V 24 40 MO 
Differential 15 kO 

CIN Input Capacitance 2 pF 

Input Voltage Range + 12 14 V 

Input Voltage Range - -13 -12 V 

CMRR Common-Mode Rejection Ratio VCM = ±12V 94 103 dB 

PSRR Power Supply Rejection Ratio Vs = ±5V to ±15V 94 110 dB 

AVOL Large Signal Voltage Gain VOUT = ±10V, RL = 5000 50 150 VlmV 

VOUT Output Swing RL = 5000 12.0 13.3 J:J 

lOUT Output Current VOUT= ±12V 24 40 mA 

SR Slew Rate (Note 3) 250 400 VIlIS 
Full Power Bandwidth 10V Peak, (Note 4) 6.4 MHz 

GBW Gain Bandwidth f= 1MHz 1 GHz 

tr,tf Rise Time, Fall Time AVCL = +25,10% to 90%, 0.1V 5.5 ns 

Overshoot AVCL = +25, 0.1V 35 % 

Propagation Delay 50% VIN to 50% VOUT 5.5 ns 

ts Settling Time 10V Step, 0.1%, Av = -25 100 ns 

Differential Gain f = 3.58MHz, Av = +25, RL = 1500 0.7 % 

Differential Phase f = 3.58MHz, Av = +25, RL = 1500 0.6 Deg 

Ro Output Resistance AVCL = +25, f = 1 MHz 3.1 0 

Is Supply Current 7 9 mA 
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ELECTRICAL CHARACTERISTICS VS = ±5V, TA = 25°C, VCM = DV unless otherwise noted. 
SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage (Note 2) 1.0 1.4 mV 

los Input Offset Current 100 400 nA 

18 Input Bias Current 4 8 !IA 
Input Voltage Range + 2.5 4 V 

Input Voltage Range- -3 -2.5 V 

CMRR Common-Mode Rejection Ratio VCM = ±2.5V 94 103 dB 

AVOL Large Signal Voltage Gain VOUT = ±2.5V, RL = 5000 50 100 V/mV 
VOUT = ±2.5V, RL = 1500 75 V/mV 

VOUT Output Voltage RL = 5000 3.0 3.7 ±V 
RL = 1500 3.0 3.3 ±V 

lOUT Output Current VOUT= ±3V 20 40 mA 

SR Slew Rate (Note 3) 250 VlI!S 
Full Power Bandwidth 3V Peak, (Note 4) 13.3 MHz 

GBW Gain Bandwidth f=IMHz 700 MHz 

tr,tf Rise Time, Fall Time AVCL = +25, 10% to 90%, O.tv 8 ns 

Overshoot AVCL = +25, O.tv 25 % 

Propagation Delay 50% VIN to 50% VOUT 8 ns 

ts Settling Time -2.5V to 2.5V, 0.1%, Av = -24 60 ns 

Is Supply Current 7 9 mA 

ELECTRICAL CHARACTERISTICS DOC :s;TA :S;7DoC, VCM = DVunless otherwise noted. 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage Vs = ±15V, (Note 2) 0.3 1.3 mV 
Vs = ± 5V, (Note 2) 1.0 1.8 mV 

Input Vos Drift 6 v.V/oC 

los Input Offset Current Vs = ±15V and Vs = ±5V 100 600 nA 

18 Input Bias Current Vs = ±15V and Vs = ±5V 4 9 !IA 
CMRR Common-Mode Rejection Ratio Vs = ±15V, VCM = ±12V and Vs = ±5V, VCM = ±2.5V 92 103 dB 

PSRR Power Supply Rejection Ratio Vs = ±5Vto ±15V 92 110 dB 

AVOL Large Signal Voltage Gain Vs = ±15V, VOUT = ±10V, RL = 5000 35 150 V/mV 
Vs = ±5V, VOUT = ±2.5V, RL = 5000 35 100 V/mV 

VOUT Output Swing Vs = ±15V, RL = 5000 12.0 .13.3 ±V 
Vs = ±5V, RL = 5000 or 1500 3.0 3.3 ±V 

lOUT Output Current Vs = ±15V, VOUT = ±12V 24 40 mA 
Vs = ±5V, VOUT = ±3V 20 40 mA 

SR Slew Rate Vs = ±15V, (Note 3) 250 400 Vlv.s 

Is Supply Current Vs = ±15V and Vs = ±5V 7 10.5 mA 

Note 1: A heat sink may be required to keep the junction temperature 
below absolute maximum when the output is shorted indefinitely. 
Note 2: Input offset voftage is tested with automated test equipment 
in <1 second. 

Note 3: Slew rate is measured between ±10V on an output swing of ±12V 
on ±15V supplies, and ±2V on an output swing of ±3.5V on ±5V supplies. 
Nole 4: Full power bandwidth is calculated from the slew rate 
measurement: FPBW = SRl21CVp. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Input Noise Spectral Density 
1000 10 

Vs = .15V 
TA = 25"C 
Av =+101 I~ 

?; 
r--

flu. Rs = 100kn 

~ 100 
<Jl 
i5 z 
w 

'" ~ 
§; 10 

~ 
;;; 

1 

110 

90 

<C 
8 
z 70 « 
'" w 

'" ~ 50 
0 
> 

30 

10 

en 

10 100 lk 10k 

FREQUENCY (Hz) 

Voltage Gain and Phase vs 
Frequency 

Tp 25"C 

100 lk 10k lOOk 1M 10M 
FREQUENCY (Hz) 

1.0 

0.1 

0.01 
lOOk 

100 

80 

60 

40 

20 

0 
100M 

Closed Loop Output Impedance vs 

g 
~ z 
< 
0 

if 
~ 
f--
::> 
"-f--
::> 
0 

Frequency 
100 

10 

Vs = .15V i-' TA = 25"C 

/ Av = +25 

/ 
V 

0.1 / 
V 

./ 

0.01 
10k lOOk 1M 10M 

FREQUENCY (Hz) 
100M 

Power Supply Rejection Ratio vs 

120 
Frequency 

Vs = .15V 
TA = 25"C 

~ ~ 100 
c:< -< a: 
<z 
00 

;~ 80 

~~ 
za: 

~~ 60 

~~ 
<<Jl 

~ffi 40 .!:!.;;: 

" ~ ~ 
-PS~ 0\.PSRR 

~ 
\-, 

0 
"-

o 
100 lk 10k lOOk 1M 10M 100M 

FREQUENCY (Hz) 

Output Swing vs Sellling Time 
10 

Vs = .15 ./ 
TA = 25"C A 10mVSETIUNG 

"U 
:I: » 4 :;:l ~ 
s: '" 

r-- Av=-}7 
~v=+25 

» z 
:II § '" Z <Jl 

f---a ::> 
-2 "-ill f--

r!! 
::> 
0 -4 

!!J -6 

-8 

"\.\ 
\.\Av=-25 

Av=+25~ 

\.""'-.. -10 
o 20 40 60 80 100 

SETIUNG TIME (ns) 

Gain Bandwidth vs Temperature 
1.15 

1.10 

~ 
~ 1.05 

~ 
§ 1.0 
o 
z 
<1i 
z 0.95 
1ii 

0.90 

0.85 

Vs = .15V 

V /" 
I--

120 

-50 -25 25 50 75 100 125 
TEMPERATURE eC) 

LT1226 

Common Mode Rejection Ratio vs 
Frequency 

120 

'" 
Vs = .15V 

;; 100 r---... Tp 25"C 

"" 
;;;: 
a: 
z 
0 
>= 
&l 
;;J 
a: 
w 
0 
0 
:;; 
z 
0 
::;; 
::;; 
0 
u 

~ 
Z. 
~ 
a: 

~ 
<Jl 

80 

60 " 40 " " 20 

O'---.J.---'-----'------'----' 

500 

450 

400 

350 

300 

250 

200 

lk 10k lOOk 1M 10M 100M 
FREQUENCY (Hz) 

10M 
FREQUENCY (HZ) 

Slew Rate vs Temperature 

Vs = .15V 
Av = -25 

-SR 
.,; --V V ":"SR 

....... 

V V 
V 

100M 

" 
-50 -25 25 50 75 100 125 

TEMPERATURE eC) 

2-257 



LT1226 

APPLICATions InFoRmATion 

The LT1226 may be inserted directly into HA2541, HA2544, 
AD847, EL2020 and LM6361 applications, provided that 
the amplifier configuration is a noise gain of 25 or greater, 
and the nulling circuitry is removed. The suggested nulling 
circuit for the LT1226 is shown below. 

Ollsel Nulling 

v+ 

Layout and Passive Components 

As with any high speed operational amplifier, care must be 
taken in board layout in order to obtain maximum perfor
mance. Key layout issues include: use of a ground plane, 
minimization of stray capacitance at the input pins, short 
lead lengths, RF-quality bypass capacitors located close 
to the device (typically 0.01!!F to 0.1 !!F), and use of low 
ESR bypass capacitors for high drive current applications 
(typically 1!!F to 10!!F tantalum). Sockets should ~e 
avoided when maximum frequency performance IS 
required, although low profile sockets can provide 
reasonable performance up to 50MHz. For more details 
see Design Note 50. Feedback resistors greater than 5kn 
are not recommended because a pole is formed with the 
input capacitance which can cause peaking. If feedback 
resistors greater than 5kn are used, a parallel 
capacitor of 5pFto 1 OpF should be used to cancel the input 
pole and optimize dynamic performance. 

Transient Response 

The LT1226 gain bandwidth is 1 GHz when measured at 
1 MHz. The actual frequency response in a gain of +25 is 
considerably higher than 40MHz due to peaking caused by 
a second pole beyond the gain of 25 crossover pOint. This 
is reflected in the small signal transient response. Higher 
noise gain configurations exhibit less overshoot as seen in 
the inverting gain of 25 response. 
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Small Signal, Av = +25 Small Signal, Av = -25 

The large signal response in both inverting and noninverting 
gain shows symmetrical slewing characteristics. Nor
mally the non inverting response has a much faster rising 
edge due to the rapid change in input common mode 
voltage which affects the tail current of the input differen
tial pair. Slew enhancement circuitry has been added to the 
LT1226 so that the falling edge slew rate is enhanced which 
balances the noninverting slew rate response. 

Large Signal, Av = +25 Large Signal, Av = - 25 

Input Considerations 

Resistors in series with the inputs are recommended for 
the LT1226 in applications where the differential input 
voltage exceeds ±6V continuously or on a transient basis. 
An example would be in non inverting configurations with 
high input slew rates or when driving heavy capacitive 
loads. The use of balanced source resistance at each input 
is recommended for applications where DC accuracy must 
be maximized. 

Capacitive Loading 

The LT1226 is stable with all capacitive loads. This is 
accomplished by sensing the load induced output pole and 
adding compensation at the amplifier gain node. As the 
capacitive load increases, both the bandwidth and phase 
margin decrease so there will be peaking in the frequency 



APPLICATions InFoRmATion 
domain and in the transient response. The photo ofthe small 
signal response with 1 OOOpF load shows 55% peaking. The 
large signal response with a 1 O,OOOpF load shows the output 
slew rate being limited by the short circuit current. 

Av" +25, CL = 10,OOOpF 

The LT1226 can drive coaxial cable directly, but for best 
pulse fidelity the cable should be doubly terminated with 
a resistor in series with the output. 

Compensation 

The L T1226 has a typical gain bandwidth product of 1 GHz 
which allows it to have wide bandwidth in high gain 

TYPICAL APPLICATiOnS 
lag Compensation 

'-",-VOUT 

330pF 

Ik 
Av = +6, f < 2MHz 

Compensation for lower Closed-loop Gains 
RF 

AV=--RRF ; RF,,24x (RIN II Rc) 
IN 

VOUT 

LT1226 

configurations (Le., in a gain of 1000 it will have a 
bandwidth of about 1 MHz). The amplifier is stable in a 
noise gain of 25 so the ratio of the output signal to the 
inverting input must be 1/25 or less. Straightforward gain 
configurations of +25 or -24 are stable, butthere are a few 
configurations that allow the amplifier to be stable for 
lower signal gains (the noise gain, however, remains 25 or 
more). One example is the inverting amplifier shown in the 
typical applications sections below. The input signal has a 
gain of -RF/RIN to the output, but it is easily seen that this 
configuration is equivalent to a gain of -24 as far as the 
amplifier is concerned. Lag compensation can also be 
used to give a low frequency gain less than 25 with a high 
frequency gain of 25 or greater. The example below has a 
DC gain of 6, but an AC gain of +31. The break frequency 
of the RC combination across the amplifier inputs should 
be at least a factor of 10 less than the gain bandwidth of the 
amplifier divided by the high frequency gain (in this case 
1/10 of 1GHzl31 or 3MHz). 

Cable Driving 

VIN 

VOUT 

R4 
750 

':' 

R2 
500 

Vos Null loop 

VIN 

VOUT 

25k 

250 

LT1226TA06 
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SimPLIFIED SCHEmATIC 
v+ 7~~--~--------------~~------~ 

NULL 
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FEATURES 
• Very Fast Transconductance Amplifier 

- 75MHz Bandwidth 
- gm = 10 x ISET 
- Low THD, 0.2% @ 30mVRMS Input 
- Wide ISET Range, 1 ~ to 1 mA 

• Very Fast Current Feedback Amplifier 
-1 OOMHz Bandwidth 
- 1000V/IlS Slew Rate 
- 30mA Output Drive Current 
- 0.04% Differential Gain 
- 0.1 0 Differential Phase 
- High Input Impedance, 25Mn, 6pF 

• Wide Supply Range, ±2V to ±15V 
• Inputs Common Mode to Within 1.5V of Supplies 
• Outputs Swing Within 0.8V of Supplies 
• 7mA Supply Current 

APPLICATions 
• Video DC Restore (Clamp) Circuits 
• Video Differential Input Amplifiers 
• Video Keyer/Fader Amplifiers 
• AGC Amplifiers 
• Tunable Filters 
• Oscillators 

TYPICAL APPLICATiOn 
Differential Input Variable Gain Amp 

.15V 

+ -.1\10111-_---..::. 

Y,N 

Amplifier with DC Gain Control 
DESCRIPTion 
The LT1228 makes it easy to electronically control the gain 
of signals from DC to video frequencies. The LT1228 imple
ments gain control with a transconductance amplifier (volt
age to current) whose gain is proportional to an externally 
controlled current. A resistor is typically used to convert the 
output current to a voltage, which is then amplified with a 
current feedback amplifier. The L T1228 combines both 
amplifiers into an 8-pin package, and operates on any supply 
voltage from 4V (±2V) to 30V (±15V). A complete differential 
input, gain controlled amplifier can be implemented with the 
LT1228 and just a few resistors. 

The LT1228 transconductance amplifier has a high imped
ance differential input and a current source output with wide 
output voltage compliance. The transconductance, gm, is set 
by the currentthat flows into pin 5, ISET. The small signal gm 
is equal to ten times the value of ISET and this relationship 
holds over several decades of set current. The voltage at pin 
5 is two diode drops above the negative supply, pin 4. 

The LT1228 current feedback amplifier has very high input 
impedance and therefore it is an excellent buffer for the 
output of the transconductance amplifier. The current feed
back amplifier maintains its wide bandwidth over a wide 
range of voltage gains making it easy to interface the 
transconductance amplifier output to other circuitry. The 
current feedback amplifier is designed to drive low imped
ance loads, such as cables, with excellent linearity at high 
frequencies. 

lII>"-........ - Your 

Frequency Response 

1111111 
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ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATion 
Supply Voltage ....................................................... ±18V 
Input Current, Pins 1,2, 3, 5, & 8 ....................... ±15mA 
Output Short Circuit Duration (Note 1) ......... Continuous 

TOP VIEW 

Operating Temperature Range 
L T1228C ................................................ O°C to 70°C 
LT1228M ......................................... -55°C to 125°C 

Storage Temperature Range .................. -65°C to 150°C 

+IN 
v-

J8 PACKAGE N8 PACKAGE Junction Temperature 8·LEAD CERAMIC DIP HEAD PLASTIC DIP 
Plastic Package ............................................... 150°C S8 PACKAGE 

8·LEAD PLASTIC SOIC 
Ceramic Package ............................................ 175°C 

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

ELECTRICAL CHARACTERISTICS Current Feedback Amplifier 
Pins 1,6, & 8. ±5V:5 Vs:5 ±15V, ISET = O/lA, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage TA = 25°C 

Input Offset Voltage Drift 

IIN+ Non-Inverting Input Current TA = 25°C 

liN· Inverting Input Current TA = 25°C 

en Input Noise Voltage Density f = 1kHz, RF = 1kn, RG = 10n, Rs = on 

in Input Noise Current Density f= 1kHz, RF = 1kn, RG = 10n, Rs= 10kn 

RIN Input Resistance VIN=±13V, Vs=±15V 
VIN = ±3V, Vs = ±5V 

CIN Input Capacitance (Note 2) Vs = ±5V 
Input Voltage Range Vs = ±15V, TA = 25°C 

Vs = ±5V, TA = 25°C 

CMRR Common Mode Rejection Ratio Vs = ±15V, VCM = ±13V, TA = 25°C 
Vs=±15V, VCM=±12V 
Vs = ±5V, VCM = :t'3V, TA= 25°C 
Vs = ±5V, VCM = ±2V 

Inverting Input Current Vs=±15V, VCM= ±13V, TA=25°C 
Common Mode Rejection Vs = ±15V, VCM = ±12V 

Vs = ±5V, VCM = :t'3V, TA = 25°C 
Vs = ±5V, VCM = ±2V 

PSRR Power Supply Rejection Ratio Vs = ±2Vto ±15V, TA= 25°C 
Vs = ±3V to ±15V 

Non-Inverting Input Current Vs = ±2Vto ±15V, TA= 25°C 
Power Supply Rejection Vs = ±3Vto ±15V 

Inverting Input Current Vs= ±2Vto ±15V, TA= 25°C 
Power Supply Rejection Vs= ±3Vto ±15V 
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MIN 

• 
• 
• 
• 

• 2 

• 2 

±13 

• ±12 
±3 

• ±2 

55 

• 55 
55 

• 55 

• 
• 

60 

• 60 

• 
• 

ORDER PART 
NUMBER 

LT1228MJ8 
LT1228CJ8 
LT1228CN8 
LT1228CS8 

S8 PART MARKING 

1228 

TYP MAX UNITS 

±3 ±10 mV 
±15 mV 

10 11V1°C 
±0.3 ±3 I1A 

±10 I1A 
±10 ±65 I1A 

±100 I1A 
6 nVlVHz 

1.4 pAlVHz 

25 Mn 
25 Mn 

6 pF 

±13.5 V 
V 

±3.5 V 
V 

69 dB 
dB 

69 dB 
dB 

2.5 10 I1AiV 
10 I1AiV 

2.5 10 I1AiV 
10 I1AiV 

80 dB 
dB 

10 50 nAIV 
50 nAIV 

0.1 5 I1AiV 
5 I1AiV 



ELECTRICAL CHARACTERISTICS Current Feedback Amplifier 
Pins 1. 6. & B. ±5V :s; Vs :s; ±15V. ISET = OIlA. VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONOITIONS 

Av Large Signal Voltage Gain Vs=±15V, VouT=±10V, RLOAO= 1kn 
Vs = ±5V, VOUT = ±2V. RLOAO = 1500 

ROL Transresistance, ~VouT/~IIN- Vs = ±15V, VOUT = ±10V, RLOAD = 1kO 
Vs = ±5V, VOUT = ±2V, RLOAD = 1500 

VDUT Maximum Output Voltage Swing Vs = ±15V, RLOAD = 4000, TA = 25°C 

Vs = ±5V, RLOAD = 1500, TA = 25°C 

lOUT Maximum Output Current RLOAD = 00, TA = 25°C 

I, Supply Current VOUF OV, ISEP OV 

SR Slew Rate (Notes 3 and 5) TA= 25°C 

SR Slew Rate Vs = ±15V, RF = 7500, RG= 7500, RL = 4000 

tr Rise Time (Notes 4 and 5) TA= 25°C 

BW Small Signal Bandwidth Vs = ±15V, RF = 7500, RG=7500, RL = 1000 

tr Small Signal Rise Time Vs =±15V, RF = 7500, RG= 7500, RL = 1000 

Propagation Delay Vs = ±15V, RF = 7500, RG= 7500, RL = 1000 

Small Signal Overshoot Vs = ±15V, RF = 7500, RG= 7500, RL = 1000 

ts Settling Time 0.1%, VOUT= 10V, RF =1kO, RG= 1kO, RL =1kO 

Differential Gain (Note 6) Vs=±15V, RF=7500,RG=7500,RL=1kO 

Differential Phase (Note 6) Vs = ±15V, RF = 7500, RG= 7500, RL = 1kO 

Differential Gain (Note 6) Vs = ±15V, RF = 7500, RG=7500, RL = 1500 

Differential Phase (Note 6) Vs = ±15V, RF = 7500, RG= 7500, RL = 1500 

ELECTRICAL CHARACTERISTICS Transconductance Amplifier 
Pins 1.2.3. & 5. ±5V:s; Vs :s;±15V, ISET = 1001lA. VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Vos Input Offset Voltage ISET = 1mA, TA = 25°C 

Input Offset Voltage Drift 

los Input Offset Current TA= 25°C 

Is Input Bias Current TA = 25°C 

en Input Noise Voltage Density f= 1kHz 

RIN Input Resistance-Differential Mode VIN~±30mV 

Input Resistance-Common Mode Vs=±15V, VCM=±12V 
Vs = ±5V, VCM = ±2V 

CIN Input Capacitance 

Input Voltage Range Vs = ±15V, TA = 25°C 
Vs=±15V 
Vs = ±5V, TA= 25°C 
Vs=±5V 

LT1228 

MIN TYP MAX UNITS 

• 55 65 dB 

• 55 65 dB 

• 100 200 kO 

• 100 200 kO 

±12 ±13.5 V 

• ±10 V 
±3 ±3.7 V 

• ±2.5 V 

30 65 125 mA 

• 25 125 mA 

• 6 11 mA 

300 500 V/Jls 

3500 V/)J.S 

10 20 ns 

100 MHz 

3.5 ns 

3.5 ns 

15 % 

45 ns 

0.01 % 

0.01 Deg. 

0.04 % 

0.1 Deg. 

MIN TYP MAX UNITS 

0.5 5 mV 

• 10 mV 

• 10 JlV/oC 

40 200 nA 

• 500 nA 

0.4 1 JJ.A 

• 5 JJ.A 
20 nV/..jHz 

• 30 200 kn 

• 50 1000 Mo 

• 50 1000 MO 

3 pF 

±13 ±14 V 

• ±12 V 
±3 ±4 V 

• ±2 V 
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ELECTRICAL CHARACTERISTICS Transconductance Amplifier 
Pins 1, 2, 3, & 5. ±5V ~Vs ~±15V, ISET= 100!lA, VCM = OV unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

CMRR Common Mode Rejection Ratio Vs = ±15V, VCM = ±13V, TA = 25°C 
Vs = ±15V, VCM = ±12V 
Vs = ±5V, VCM = :t'lV, TA = 25°C 
Vs = ±5V. VCM = ±2V 

PSRR Power Supply Rejection Ratio Vs = ±2V to ±15V, TA = 25°C 
Vs = ±3V to ±15V 

gm Transconductance ISET = 100J,lA, lOUT = :t'lOJ,lA, TA = 25°C 

Transconductance Drift 

lOUT Maximum Output Current ISET = 100J,lA 

IOL Output Leakage Current ISET = 0J,lA (+IIN of CFA), TA = 25°C 

VOUT Maximum Output Voltage Swing Vs=±15V,R1=~ 

Vs = ±5V , RI = ~ 

Ro Output Resistance Vs = ±15V, VOUT= ±13V 
Vs = ±5V, VOUT =:t'lV 

Output CapaCitance (Note 2) Vs = ±5V 

Is Supply Current, Both Amps ISET= 1mA 

THD Total Harmonic Distortion VIN = 30mVRMS at 1 kHz, R1 = 100kn 

BW Small Signal Bandwidth RI = 50n, ISET = 500J,lA 

t, Small Signal Rise Time R 1 = 50n, ISET = 500J,lA, 10%-90% 

Propagation Delay RI = 50n, ISET = 500J,lA, 50%-50% 

MIN TYP MAX UNITS 

60 100 dB 

• 60 dB 
60 100 dB 

• 60 dB 

60 100 dB 

• 60 dB 

0.75 1.00 1.25 J.lAImV 

• -0.33 %/oC 

• 70 100 130 J,lA 
0.3 3 J,lA 

• 10 J,lA 

• ±13 ±14 V 

• ±3 ±4 V 

• 2 8 Mn 

• 2 8 Mn 

6 pF 

• 9 15 mA 

0.2 % 

80 MHz 

5 ns 

5 ns 

The. denotes speCifications which apply over the operating temperature 
range. 
Nole 1: A heatsink may be required depending on the power supply 
voltage. 
Nole 2: This is the total capacitance at pin 1. It includes the input 
capacitance of the current feedback amplifier and the output capaCitance 
of the transconductance amplifier. 

Nole 4: Rise time is measured from 10% to 90% on a ±500mV output 
signal while operaling on ±15Vsupplies with RF = Ikn, RG = 110n and 
RL = 1 OOn. This condition is not the fastest possible, however, il does 
guarantee the inlernal capacitances are correct and it makes automatic 
testing practical. 

Nole 3: Slew rate is measured at ±5V on a ±10V output signal while 
operating on ±15V supplies with RF = Ikn, RG = 110n and RL = 400n. 
The slew rate is much higher when the input is overdriven, see the 
applications section. 
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Nole 5: AC parameters are 100% tested on the ceramic and plastiC DIP 
packaged parts (J and N suffix) and are sample tested on every lot of the 
SO packaged parts (S suffix). 
Nole 6: NTSC composite video with an output level of 2V. 
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TYPICAL PERFORmAnCE CHARACTERISTICS Transconductance Amplifier, Pins 1,2,3 & 5 
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TYPICAL PERFORmAnCE CHARACTERISTICS Current Feedback Amplifier, Pins 1, 6 & 8 
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TYPICAL PERFORmAnCE CHARACTERISTICS Current Feedback Amplifier, Pins 1,6 & 8 
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TYPICAL PERFORmAnCE CHARACTERISTICS Current Feedback Amplifier, Pins 1, 6 & 8 
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APPLICATions InFoRmATion 
The LT1228 contains two amplifiers, a transconductance 
amplifier (voltage to current) and a current feedback 
amplifier (voltage to voltage). The gain of the 
transconductance amplifier is proportional to the current 
that is externally programmed into pin 5. Both amplifiers 
are designed to operate on almost any available supply 
voltage from 4V (±2V) to 30V (±15V). The output of the 
transconductance amplifier is connected to the non-in
verting input ofthe current feedback amplifier so that both 
fit into an eight pin package. 

TRANSCONDUCTANCE AMPLIFIER 

The L T1228transconductance amplifier has a high imped
ance differential input (pins 2 and 3) and a current source 
output (pin 1) with wide output voltage compliance. The 
voltage to current gain or transconductance (gm) is set by 
the current that flows into pin 5, ISET. The voltage at pin 5 
is two forward biased diode drops above the negative 
supply, pin 4. Therefore the voltage at pin 5 (with respect 
to V-) is about 1.2V and changes with the log of the set 
current (120mV/decade), see the characteristic curves. 
The temperature coefficient ofthis voltage is about -4mVl 
°C (-3300ppm/OC) and the temperature coefficient of the 
logging characteristic is +3300ppm/oC. It is important that 
the current into pin 5 be limited to less than 15mA. THE 
LT1228 WILL BE DESTROYED IF PIN 51S SHORTED TO 
GROUND OR TO THE POSITIVE SUPPLY. A limiting resis
tor (2kn orso) should be used to prevent morethan 15mA 
from flowing into pin 5. 

The small signal transconductance (gm) is equal to ten 
times the value of ISET (in mNmV) and this relationship 
holds over many decades of set current (see the character
istic curves). The transconductance is inversely propor
tional to absolute temperature (-3300ppm/OC). The input 
stage of the transconductance amplifier has been de
signed to operate with much larger signals than is possible 
with an ordinary diff-amp. The transconductance of the 
i~put stage varies much less than 1 % for differential input 
Signals over a ±30 mV range (see the characteristic curve 
Small Signal Transconductance vs DC Input Voltage). 

LT1228 

Resistance Controlled Gain 

If the set current is to be set or varied with a resistor or 
potentiometer it is possible to use the negative tempera
ture coefficient at pin 5 (with respect to pin 4) to compen
sate for the negative temperature coefficient of the 
transconductance. The easiest way is to use an L T1 004-
2.5, a 2.5V reference diode, as shown below: 

Temperature Compensation of um with a 2.5V Reference 

R 

c> ..£: 2.5V -=- 2Eg 

V-------' 

The current flowing into pin 5 has a positive temperature 
coefficient that cancels the negative coefficient of the 
transconductance. The following derivation shows why a 
2.5V reference results in zero gain change with tempera
ture: 

Sineegm = ~ x ISET =10 xlSET 
kT 3.87 

andVbe=Eg- akT Wherea=ln(eTn] '" 19.4 at 27°C 
q Ie 

(e = 0.001, n = 3, le= 100IlA) 

Eg is about 1.25V so the 2.5V reference is 2Eg. Solving 

the loop for the set current gives: 

2E - 2lE - akT ) 
9 9 q 2akT 

ISET = or ISET = --
R Rq 
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APPLICATions InFoRmATion 
Substituting into the equation for transconductance gives: 

a 10 
gm= 1.94R =If 

The temperature variation in the term "an can be ignored 
since it is much less than that of the term "Tn in the 
equation for Vbe. Using a 2.5V source this way will main
tain the gain constant within 1 % over the full temperature 
range of-55°C to + 125°C.lfthe 2.5Vsource is offby10%, 
the gain will vary only about:±6% over the same tempera
ture range. 

We can also temperature compensate the transconductance 
without using a 2.5V reference if the negative power 
supply is regulated. A Thevenin equivalent of 2.5V is 
generated from two resistors to replace the reference. The 
two resistors also determine the maximum set current, 
approximately 1.1V/RTH. By rearranging the Thevenin 
equations to solve for R4 and R6 we get the following 
equations in terms of RTH and the negative supply, VEE. 

R4 =. RTH and R6 = RTHVEE 

(1- 2.5V] 2.5V 
VEE 

Temperature Compensation of gm with a Thevenin Voltage 

R4 
1.24kn 

1.03kn R' 

........... --

.......... ::::::: VTH = 2.SV 

L...----....... --1SV 

Voltage Controlled Gain 

LTl228'TAQf> 

To use a voltage to control the gain ofthe transconductance 
amplifier requires converting the voltage into a current 
that flows into pin 5. Because the voltage at pin 5 is two 
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diode drops above the negative supply, a single resistor 
from the control voltage source to pin 5 will suffice in many 
applications. The control voltage is referenced to the 
negative supply and has an offset of about 900mV. The 
conversion will be monotonic, but the linearity is deter
mined by the change in the voltage at pin 5 (120mV per 
decade of current). The characteristic is very repeatable 
since the voltage at pin 5 will vary less than ±5% from part 
to part. The voltage at pin 5 also has a negative tempera
ture coefficient as described in the previous section. When 
the gain of several L T1228s are to be varied together, the 
current can be split equally by using equal value resistors 
to each pin 5. 

For more accurate (and linear) control, a voltage to current 
converter circuit using one op amp can be used. The 
following circuit has several advantages. The input no 
longer has to be referenced to the negative supply and the 
input can be either polarity (or differential). This circuit 
works on both single and split supplies since the input 
voltage and the pin 5 voltage are independent of each 
other. The temperature coefficient of the output current is 
set by R5. 

V1 

V2 

R1 = R2 
R3 = R4 

R1 
1Mn 

R2 
1Mn 

50pF 

lOUT = (V1 - V2) x ~ = 1 mAN 
RS R1 

RS 
1k lOUT 

TO PIN 5 
OF LT1228 

Digital control of the transconductance amplifier gain is 
done by converting the output of a DACtoa currentflowing 
into pin 5. Unfortunately most current output DACs 
sink rather than source current and do not have output 
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compliance compatible with pin 5 of the L T1228. There
fore, the easiest way to digitally control the set current is 
to use a voltage output DAC and a voltage to current 
circuit. The previous voltage to current converter will take 
the output of any voltage output DAC and drive pin 5 with 
a proportional current. The R, 2R CMOS multiplying DACs 
operating in the voltage switching mode work well on both 
single and split supplies with the above circuit. 

Logarithmic control is often easier to use than linear 
control. A simple circuit that doubles the set current for 
each additional volt of input is shown in the voltage 
controlled state variable filter application near the end of 
this data sheet. 

Transconductance Amplifier Frequency Response 

The bandwidth of the transconductance amplifier is a 
function of the set current as shown in the characteristic 
curves. At set currents below 1 OO~A, the bandwidth is 
approximately: 

-3dB bandwidth = 3 x 1011 1SET 

The peak bandwidth is about 80MHz at 500~. When a 
resistor is used to convert the output current to a voltage, 
the capacitance at the output forms a pole with the 
resistor. The best case output capacitance is about 5pF 
with ±15V supplies and 6pF with ±IN supplies. You must 
add any PC board or socket capacitance to these values to 
get the total output capacitance. When using a 1 kQ 
resistor at the output of the transconductance amp, the 
output capacitance limits the bandwidth to about 25M Hz. 

The output slew rate of the transconductance amplifier is 
the set current divided by the output capacitance, which is 
6pF plus board and socket capacitance. For example with 
the set current at 1 mA, the slew rate would be over 
100V/~s. 

LT1228 

Transconductance Amp Small Signal Response 
ISET = 500~, R1 = 50n 

CURRENT FEEDBACK AMPLIFIER 

The LT1228 currentfeedback amplifier has very high non
inverting input impedance and is therefore an excellent 
buffer for the output of the transconductance amplifier. 
The non-inverting input is at pin 1, the inverting input at pin 
8 and the output at pin 6. The current feedback amplifier 
maintains its wide bandwidth for almost all voltage gains 
making it easy to interface the output levels of the 
transconductance amplifier to other circuitry. The current 
feedback amplifier is designed to drive low impedance 
loads such as cables with excellent linearity at high 
frequencies. 

Feedback Resistor Selection 

The small signal bandwidth of the L T1228 current feed
back amplifier is set by the external feedback resistors and 
the internal junction capacitors. As a result, the bandwidth 
is a function of the supply voltage, the value of the 
feedback resistor, the closed loop gain and load resistor. 
The characteristic curves of bandwidth versus supply 
voltage are done with a heavy load (1 OOQ) and a light load 
(1 kQ) to show the effect of loading. These graphs also 
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show the family of curves that result from various values 
of the feedback resistor. These curves use a solid line 
when the response has less than 0.5dB of peaking and a 
dashed line forthe response with 0.5dB to 5dB of peaking. 
The curves stop where the response has more than 5dB of 
peaking. 

Current Feedback Amp Small Signal Response 
Vs = ±15V, RF = RG = 7500, RL = 1000 

At a gain of two, on ±15V supplies with a 7500 feedback 
resistor, the bandwidth into a light load is over 160MHz 
without peaking, but into a heavy load the bandwidth 
reduces to 100MHz. The loading has so much effect 
because there is a mild resonance in the output stage that 
enhances the bandwidth at light loads but has its Q 
reduced by the heavy load. This enhancement is only 
useful at low gain settings, at a gain often it does not boost 
the bandwidth. At unity gain, the enhancement is so 
effective the value of the feedback resistor has very little 
effect on the bandwidth. At very high closed loop gains, the 
bandwidth is limited by the gain bandwidth product of 
about 1 GHz. The curves show that the bandwidth at a 
closed loop gain of 100 is 10MHz, only one tenth what it 
is at a gain of two. 
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Capacitance on the Inverting Input 

Current feedback amplifiers want resistive feedback from 
the output to the inverting input for stable operation. Take 
care to minimize the stray capacitance between the output 
and the inverting input. Capacitance on the inverting input 
to ground will cause peaking in the frequency response 
(and over shoot in the transient response), but it does not 
degrade the stability of the amplifier. The amount of 
capacitance that is necessary to cause peaking is a func
tion of the closed loop gain taken. The higher the gain, the 
more capacitance is required to cause peaking. For ex
ample, in a gain of 100 application, the bandwidth can be 
increased from 10MHz to 17MHz by adding a 2200pF 
capacitor, as shown below. CG must have very low series 
resistance, such as silver mica. 

RG 
5.10 

"'-'-VOUT 

Boosting Bandwidth 01 High Gain Amplifier 
with Capacitance On Inverting Input 
49 

46 
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40 
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Capacitive Loads 

The L T1228 current feedback amplifier can drive capaci
tive loads directly when the proper value of feedback 
resistor is used. The graph of Maximum Capacitive Load 
vs Feedback Resistor should be used to select the appro
priate value. The value shown is for 5dB peaking when 
driving a 1 kQ load, at a gain of 2. This is a worst case 
condition, the amplifier is more stable at higher gains, and 
driving heavier loads. Alternatively, a small resistor (1 OQ 
to 20Q) can be put in series with the output to isolate the 
capacitive load from the amplifier output. This has the 
advantage that the amplifier bandwidth is only reduced 
when the capacitive load is present and the disadvantage 
that the gain is a function of the load resistance. 

Slew Rate 

The slew rate of the current feedback amplifier is not 
independent of the amplifier gain configuration the way it 
is in a traditional op amp. This is because the input stage 
and the output stage both have slew rate limitations. The 
input stage ofthe LT1228 current feedback amplifier slews 
at about 100V/J.!s before it becomes non-linear. Faster 
input signals will turn on the normally reverse biased 
emitters on the inputtransistors and enhance the slew rate 
significantly. This enhanced slew rate can be as much as 
3500V/J.!s! 

Current Feedback Amp Large Signal Response 
Vs = ±15V, RF = RG = 7500 Slew Rate Enhanced 

LT1228 

The output slew rate is set by the value of the feedback 
resistors and the internal capacitance. At a gain often with 
a 1 kQ feedback resistor and ±15V supplies, the output 
slew rate is typically t500V/J.!s and -850V/J.!s. There is no 
input stage enhancement because of the high gain. Larger 
feedback resistors will reduce the slew rate as will lower 
supply voltages, similar to the way the bandwidth is 
reduced. 

Current Feedback Amp Large Signal Response 
Vs = ±15V, RF = 1k, RG = 1100, RL = 4000 

Settling Time 

The characteristic curves show that the L T1228 current 
feedback amplifier settles to within 1 OmV of final value in 
40ns to 55ns for any output step less than 1 OV. The curve 
of settling to 1 mV offinal value shows thatthere is a slower 
thermal contribution up to 20J.!s. The thermal settling 
component comes from the output and the input stage. 
The output contributes just under 1 mVN of output change 
and the input contributes 300J.!VN of input change. 
Fortunately the input thermal tends to cancel the output 
thermal. For this reason the non-inverting gain of two 
configuration settles faster than the inverting gain of one. 
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Power Supplies 

The L T1228 amplifiers will operate from single or split 
supplies from ±2V (4V total) to ±18V (36V total). It is not 
necessary to use equal value split supplies, however the 
~.w~e~~w~~~~b~~mM~~ 
current feedback amplifier will degrade. The offset voltage 
changes about 350l-tV N of supply mismatch, the inverting 
bias current changes about 2.5tJAIV of supply mismatch. 

Power Dissipation 

The worst case amplifier power dissipation is the total of 
the quiescent current times the total power supply voltage 
plus the power in the IC due to the load. The quiescent 
supply current of the LT1228 transconductance amplifier 
is equal to 3.5 times the set currentat all temperatures. The 
quiescent supply current of the LT1228 current feedback 
amplifier has a strong negative temperature coefficient 
and at 150°C is less than 7mA, typically only 4.5mA. The 
power in the IC due to the load is a function of the output 
voltage, the supply voltage and load resistance. The worst 
case occurs when the output voltage is at half supply, if it 
can go that far, or its maximum value if it cannot reach half 
supply. 

TYPICAL APPLICATiOnS 
Basic Gain Control 

The basic gain controlled amplifier is shown on the front 
page of the data sheet. The gain is directly proportional to 
the set current. The signal passes through three stages 
from the input to the output. 

First the input signal is attenuated to match the dynamic 
range of the transconductance amplifier. The attenuator 
should reduce the signal down to less than 100mV peak. 
The characteristic curves can be used to estimate how 
much distortion there will be at maximum input signal. For 
single ended inputs eliminate R2A or R3A. 

The signal is then amplified by the transconductance 
amplifier (gm) and referred to ground. The voltage gain of 
the transconductance amplifier is: 
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For example, let's calculate the worst case power dissipa
tion in a variable gain video cable driver operating on ±12V 
supplies that delivers a maximum of 2V into 150Q. The 
maximum set current is 1 mAo 

Po = 2Vs(lsMAX + 3.5IsET ) + (Vs - VOMAX ) VOMAX 
RL 

Po = 2 x 12V x [7mA + (3.5 x 1mA)] + (12V - 2V) 1:~n 
= 0.252 + 0.133= 0.385W 

The total power dissipation times the thermal resistance of 
the package gives the temperature rise of the die above 
ambient. The above example in S08 surface mount pack
age (thermal resistance is 150°CIW) gives: 

Temperature Rise = PDflJA = 0.385W x 150°CIW 
= 57.75°C 

Therefore the maximum junction temperature is 70°C 
+ 57. 75°C or 127.75°C, well under the absolute maximum 
junction temperature for plastic packages of 150°C. 

gm x R1 = 10 x ISET x R1 

Lastly the signal is buffered and amplified by the current 
feedback amplifier (CFA). The voltage gain of the current 
feedback amplifier is: 

1+ RF 
RG 

The overall gain of the gain controlled amplifier is the 
product of all three stages: 

AV=(R3:~3A)X10XISETXR1X(1+ ~~) 
Morethan one output can be summed into R1 because the 
output of the transconductance amplifier is a current. This 
is the simplest way to make a video mixer. 



TYPICAL APPLICATions 
Video Fader 

VOUT 

The video fader uses the transconductance amplifiers 
from two L T1228s in the feedback loop of another current 
feedback amplifier, the L T1223. The amount of signal 
from each input at the output is set by the ratio of the 
set currents of the two L T1228s, not by their absolute 
value. The bandwidth of the current feedback amplifier 
is inversely proportional to the set current in this 
configuration. Therefore, the set currents remain high 
over most of the pot's range, keeping the bandwidth over 
15MHz even when the signal is attenuated 20dB. The pot 
is set up to completely turn off one L T1228 at each end of 
the rotation. 

Video DC Restore (Clamp) Circuit 

rE'l! !l~C!~S~~YJ,=-T.!!~ ~OURCE RESISTANCE IS LESS THAN 500 

l 1000pF 

I I 

:":" I -----_. 

LOGIC 
INPUT 

+5V 

VIDEO 
INPUT 

LT1228 

The video restore (clamp) circuit restores the black level of 
the composite video to zero volts at the beginning of every 
line. This is necessary because AC coupled video changes 
DC level as a function of the average brightness of the 
picture. DC restoration also rejects low frequency noise 
such as hum. 

The circuit has two inputs: composite video and a logic 
signal. The logic signal is high except during the back 
porch time right atter the horizontal sync pulse. While the 
logic is high, the PNP is off and ISET is zero. With I SET equal 
to zero the feedback to pin 2 has no affect. The video input 
drives the non-inverting input of the current feedback 
amplifier whose gain is set by RF and RG. When the logic 
signal is low, the PNPturns on and ISET goes to about 1 mA. 
Then the transconductance amplifier charges the capaci
tor to force the output to match the voltage at pin 3, in this 
case zero volts. 

This circuit can be modified so thatthe video is DC coupled 
by operating the amplifier in an inverting configuration. 
Just ground the video input shown and connect RG to the 
video input instead of to ground. 
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Single Supply Wien Bridge Oscillator 

f=lMHz 
Vo = .6dBm (450mVRMS) 

2nd HARMONIC = -3BdBc 
3rd HARMONIC = -54 dBc 

loon 

FOR +5V OPERATION SHORT OUT loon RESISTOR 

In this application the LT1228 is biased for operation from 
a single supply. An artificial signal ground at half supply 
voltage is generated with two 10kQ resistors and by
passed with a capacitor. A capacitor is used in series with 
RG to set the DC gain of the current feedback amplifier to 
unity. 

The transconductance amplifier is used as a variable 
resistor to control gain. A variable resistor is formed by 
driving the inverting input and connecting the output back 
to it. The equivalent resistor value is the inverse of the gm. 
This works with the 1.8kQ resistor to make a variable 
attenuator. The 1 MHz oscillation frequency is set by the 
Wien bridge network made up of two 1000pF capacitors 
and two 160Q resistors. 

For clean sine wave oscillation, the circuit needs a net gain 
of one around the loop. The current feedback amplifier has 
a gain of 34 to keep the voltage at the transconductance 
amplifier input low. The Wien bridge has an attenuation of 
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3 at resonance; therefore the attenuation of the 1.8kQ 
resistor and the transconductance amplifier must be about 
11, resulting in a set current of about 600~ at oscillation. 
At start up there is no set current and therefore no 
attenuation for a net gain of about 11 around the loop. As 
the output oscillation builds up it turns on the PNP 
transistor which generates the set current to regulate the 
output voltage. 

12 MHz Negative Resistance LC Oscillator 

V-

ATVS = ±5V ALL HARMONICS40dB DOWN 
ATVs = .12V ALL HARMONICS 50dB DOWN 

This oscillator uses the transconductance amplifier as a 
negative resistor to cause oscillation. A negative resistor 
results when the positive input of the transconductance 
amplifier is driven and the output is returned to it. In this 
example a voltage divider is used to lower the signal level 
at the positive input for less distortion. The negative 
resistor will not DC bias correctly unless the output of the 
transconductance amplifier drives a very low resistance. 
Here it sees an inductorto ground so the gain at DC is zero. 
The oscillator needs negative resistance to start and that 
is provided by the 4.3kQ resistor to pin 5. As the output 
level rises it turns on the PNP transistor and in turn the 
NPN which steals current from the transconductance 
amplifier bias input. 
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TYPICAL APPLICATions 
Filters 

Single Pole Low/High/Allpass Filler 

VOUT 

R2 F 10 ISET RF+ 1 R2 
12011 C' 2it x eX RG x R2+R2A 

Fc ,1091SET FOR THE VALUES SHOWN 

Allpass Filler Phase Response 

1111111 II 

r-.... NmA SET CURRENT 

<il 
I±J -45 
a:: 
fa 
c 
~ -90 

1i5 
w 

~-135 
a. 

-180 

~ 
\ 

100~A SET CURRENT 

II jllil 
1111111 

10k 100k 

~ 
\ 

........ 

1M 10M 

FREQUENCY (Hz) 

Using the variable transconductance of the L T1228 to 
make variable filters is easy and predictable. The most 
straight forward way is to make an integrator by putting a 
capacitor at the output of the transconductance amp and 
buffering it with the current feedback amplifier. Because 
the input bias current of the current feedback amplifier 
must be supplied by the transconductance amplifier, the 
set current should not be operated below 1 O~. This limits 
the filters to about a 100:1 tuning range. 

The Single Pole circuit realizes a single pole filter with a 
corner frequency (fc) proportional to the set current. The 

values shown give a 100kHz corner frequency for 1 OO~ 
set current. The circuit has two inputs, a lowpass filter 
input and a highpass filter input. To make a lowpass filter, 
ground the highpass input and drive the lowpass input. 
Conversely for a highpass filter, ground the lowpass input 
and drive the highpass input. If both inputs are driven, the 
result is an ali pass filter or phase shifter. The ali pass has 
flat amplitude response and 0° phase shift at low frequen
cies, going to -180° at high frequencies. The ali pass filter 
has -90° phase shift at the corner frequency. 
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TYPICAL APPLICATIOnS 

Voltage Controlled State Variable Filler 

loon 

lOon 

10 = 100kHz AT Vc OV 
fO = 200kHz AT Vc tv 
fO = 400kHz AT Vc 2V 
fO = 800kHz AT Vc 3V 
fO=I.6MHzATVC 4V 

The state variable filter has both lowpass and bandpass 
outputs. Each LT1228 is configured as a variable integra
tor whose frequency is set by the attenuators, the capaci
tors and the set current. Because the integrators have both 
positive and negative inputs, the additional op amp nor
mally required is not needed. The input attenuators set the 
circuit up to handle 3Vpp signals. 

The set current is generated with a simple circuit that gives 
logarithmic voltage to current control. The two PNP tran
sistors should be a matched pair in the same package for 
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LOWPASS 
OUTPUT 

best accuracy. If discrete transistors are used, the 51 kQ 
resistor should be trimmed to give proper frequency 
response with Vc equal zero. The circuit generates 1 OO~ 
for Vc equal zero volts and doubles the current for every 
additional volt. The two 3kQ resistors divide the current 
between the two LT1228s. Therefore the set current of 
each amplifier goes from 50~ to 800~ for a control 
voltage of OV to 4V. The resulting filter is at 100kHz for Vc 
equal zero, and changes it one octaveN of control input. 



TYPICAL APPLICATions 

CARRIER 
INPUT 
30mV 

RF AGC Amp (Leveling Loop) 

+15V 

.-1"""'""--t-- OUTPUT 2Vp-p 

I-.... ..,.".,.,..-'!N!r---..... »-;---..... -IVI/Ir- -15V 

-15V 

1- __ ~ 

1N4148's 
COUPLE THERMALLY 

Inverting Amplifier with OC Output Less Than 5mV 

Vs = ±5V, R5 = 3.6k 
Vs = .15V, R5 = 13.6k 
v8UT MUST BE LESS THAN 
2 OmVpp FOR LOW OUTPUT OFFSET VIN 
BW = 30Hz TO 20MHz INCLUDES DC 

Amplitude Modulator 

MODULATION 
INPUT" BVpp 

D"'--+-Vo 

Your 
OdBm(230mV) AT 
MODULATION = OV 

LT1004 
1.2V 

LT1228 
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LYLlnCf\Q LTl229/LTl230 
. TECHNO' 'OG~v--------~ I T Dual and Quad lOOMHz 

FEATURES 
• 1 OOMHz Bandwidth 
• 1 OOOV/~s Slew Rate 
• Low Cost 
• 30mA Output Drive Current 
• 0.04% Differential Gain 
• 0.10 Differential Phase 
• High Input Impedance, 25MQ, 3pF 
• Wide Supply Range, ±2V to ±15V 
• Low Supply Current, 6mA Per Amplifier 

Current Feedback Amplifiers 

DESCRIPTiOn 
The LT1229 and L T1230 dual and quad 1 OOMHz current 
feedback amplifiers are designed for maximum perfor
mance in small packages. Using industry standard 
pinouts, the dual is available in the 8-pin miniDIP and the 
8-pin SO package while the quad is in the 14-pin DIP and 
14-pin SO. The amplifiers are designed to operate on 
almost any available supply voltage from 4V (±2V) to 30V 
(±15V). 

• Inputs Common Mode to Within 1.5V of Supplies These current feedback amplifiers have very high input 
impedance and make excellent buffer amplifiers. They 
maintain their wide bandwidth for almost all closed loop 
voltage gains. The amplifiers drive over 30mA of output 
current and are optimized to drive low impedance loads, 
such as cables, with excellent linearity at high frequencies. 

• Outputs Swing Within 0.8V of Supplies 

APPLICATions 
• Video Instrumentation Amplifiers 
• Cable Drivers 
• RGB Amplifiers 
• Test Equipment Amplifiers 

TYPICAL APPLICATiOn 

RG1 
3.01kO 

Video Loop Through Amplifier 

RS2 
18m 

HIGH INPUT RESISTANCE DOES NOT LOAD CABLE EVEN 
WHEN POWER IS OFF 
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The L T1229 and LT1230 are manufactured on Linear 
Technology's proprietary complementary bipolar process. 
For a single amplifier like these see the L T1227 and for 
better DC accuracy see the LT1223. 

ID-+--VOUT 

Vour = G (VIN+ - VIN-) 
RFl = RF2 

RSJ= (G -1) RF2 

RF2 
RS2=~ 

TRIM CMRR WITH RG1 
lT1229.TAI)1 

10 

-10 

;-20 
z 
1ii -30 

-40 

-50 

-60 

Loop Through Amplifier Frequency 
Response 

NORMAL SIGNAL '\ 

" / 
CO~MON rODE fIGNA~ 

10 100 lk 10k lOOk 1M 10M 100M 

FREQUENCY (Hz) 



LTl229jLT1230 

ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATiOn 
Supply Voltage ....................................................... ±1BV 
Input Current ...................................................... ±15mA 
Output Short Circuit Duration (Note 1) ......... Continuous 
Operating Temperature Range 

L T1229C, L T1230C ................................ O°C to 70°C 
LT1229M, LT1230M ........................ -55°C to 125°C 

TOP VIEW 

OUTB 

-IN B 

J8 PACKAGE N8 PACKAGE Storage Temperature Range .................. -65°C to 150°C 
Junction Temperature 

HEAD CERAMIC DIP HEAD PLASTIC DIP 
S8 PACKAGE 

HEAD PLASTIC SOIC 
Plastic Package ............................................... 150°C 
Ceramic Package ............................................ 175°C 

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

J PACKAGE N PACKAGE 
14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 

S PACKAGE 
14-LEAD PLASTIC SOIC 

ELECTRICAL CHARACTERISTICS 
Each Amplifier, VCM = OV, ±5V ~ Vs = ±15V, pulse tested unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN 

VDS Input Offset Voltage TA = 25°C 

• 
Input Offset Voltage Drift • 

IIN+ Non-Inverting Input Current TA= 25°C 

• 
IIN- Inverting Input Current TA= 25°C 

• 
en Input Noise Voltage Density f = 1kHz, RF = lkn, RG = lOn, Rs = on 

in Input Noise Current Density f = 1kHz, RF= lkn, RG = lOn, Rs = 10kn 

RIN Input Resistance VIN= ±13V, Vs=±15V • 2 
VIN = ±3V, Vs = ±5V • 2 

CIN Input Capacitance 

Input Voltage Range Vs = ±15V, Tp 25°C ±13 

• ±12 
Vs = ±5V, TA = 25°C ±3 

• ±2 

CMRR Common Mode Rejection Ratio Vs = ±15V, VCM = ±13V, TA = 25°C 55 
Vs=±15V, VCM,,±12V • 55 
Vs = ±5V, VCM = ±3V, TA = 25°C 55 
Vs = ±5V, VCM = ±2V • 55 

ORDER PART 
NUMBER 

LT1229MJB 
LT1229CJB 
LT1229CNB 
LT1229CS8 

SB PART MARKING 
1229 

LT1230MJ 
LT1230CJ 
LT1230CN 
LT1230CS 

TYP MAX 
±3 ±10 

±15 

10 

±0.3 ±3 
±10 

±10 ±50 
±100 

6 

1.4 

25 
25 

3 

±13.5 

±3.5 

69 

69 

UNITS 

mV 
mV 

JlV/oC 

IJA 
JlA 

IJA 
JlA 

nV/1Hz 

pAl1Hz 

Mn 
Mn 

pF 

V 
V 
V 
V 

dB 
dB 
dB 
dB 
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ELECTRICAL CHARACTERISTICS 
Each Amplifier, VCM = OV, ±5V <; Vs = ±15V, pulse tested unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

Inverting Input Current Vs = ±15V, VCM = ±13V, TA = 25°C 2.5 10 
Common Mode Rejection Vs=±15V, VCM=±12V • 10 

Vs = ±5V, VCM = ±3V, TA = 25°C 2.5 10 
Vs = ±5V, VCM = ±2V • 10 

PSRR Power Supply Rejection Ratio Vs = ±2V to ±15V, TA = 25°C 60 80 
Vs = ±3V to ±15V • 60 

Non·lnverting Input Current Vs=±2Vto±15V, TA=25°C 10 50 
Power Supply Rejection Vs=±3Vto±15V • 50 

Inverting Input Current Vs=±2Vto±15V, TA=25°C 0.1 5 
Power Supply Rejection Vs=±3Vto±15V • 5 

Av Large Signal Voltage Gain, (Note 2) Vs = ±15V, VOUT = ±10V, RL = lkO • 55 65 
Vs = ±5V, VOUT = ±2V, RL = 1500 • 55 65 

ROL Transresistance, .1.VouT/.1.IIN-, (Note 2) Vs= ±15V, Vour=±10V, RL = lkO • 100 200 
Vs = ±5V, VOUT = ±2V, RL = 1500 • 100 200 

VOUT Maximum Output Voltage Swing, (Note 2) Vs=±15V, RL=4000,TA=25°C ±12 ±13.5 

• ±10 
Vs = ±5V, RL = 1500, TA = 25°C ±3 ±3.7 

• ±2.5 

lOUT Maximum Output Current RL = 00, TA = 25°C 30 65 125 

Is Supply Current, (Note 3) VOUT = OV, Each Amplifier, TA = 25°C 6 9.5 

• 11 

SR Slew Rate, (Notes 4 and 6) TA = 25°C 300 700 

SR Slew Rate Vs = ±15V, RF = 7500, RG= 7500, RL = 4000 2500 

t, Rise Time, (Notes 5 and 6) TA= 25°C 10 20 

BW Small Signal Bandwidth Vs = ±15V, RF = 7500, RG= 7500, RL = 1000 100 

t, Small Signal Rise Time Vs = ±15V, RF = 7500, RG= 7500, RL = 100O 3.5 

Propagation Delay Vs = ±15V, RF = 7500, RG= 7500, RL = 1000 3.5 

Small Signal Overshoot Vs = ±15V, RF = 7500, RG= 7500, RL = 1000 15 

Is Settling Time 0.1%, VOUT= 10V, RF =lkO, RG= lkO, RL =lkO 45 

Differential Gain, (Note 7) Vs = ±15V, RF = 7500, RG= 7500, RL = 1 kg 0.Q1 

Differential Phase, (Note 7) Vs = ±15V, RF = 7500, RG= 7500, RL = 1 kg 0.01 

Differential Gain, (Note 7) Vs = ±15V, RF = 7500, RG= 7500, RL = 1500 0.04 

Differential Phase, (Note 7) Vs = ±15V, RF = 7500, RG= 7500, RL = 1500 0.1 

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

slew rate is much higher when the input is overdriven and when the 
amplifier is operated inverting, see the applications section. 

UNITS 

IJAIV 
IJAIV 
IJAIV 
IJAIV 

dB 
dB 

nAN 
nAN 

IJAIV 
IJAIV 

dB 
dB 

kO 
kO 

V 
V 
V 
V 

mA 

mA 
mA 

Vlj.ls 

Vlj.ls 

ns 

MHz 

ns 

ns 

% 

ns 

% 

Deg. 

% 

Deg. 

Nole 1: A heatsink may be required depending on the power supply 
voltage and how many amplifiers are shorted. 
Nole 2: The power tests done on ±15V supplies are done on only one 
amplifier at a time to prevent excessive junction temperatures when testing 
at maximum operating temperature. 

Nole 5: Rise time is measured from 10% to 90% on a ±500mV output 
signal while operating on ±15V supplies with RF = 1 kO, RG = 1100 and 
RL = 1000. This condition is not the fastest possible, however, it does 
guarantee the internal capacitances are correct and it makes automatic 
testing practical. 

Nole 3: The supply current of the L 11229, L 11230 has a negative 
temperature coefficient. For more information see the application 
information section. 
Nole 4: Slew rate is measured at ±5V on a ±10V output signal while 
operating on ±15V supplies with RF = 1 kO, RG = 1100 and RL = 4000. The 
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Note 6: AC parameters are 100% tested on the ceramic and plastic DIP 
packaged parts (J and N suffix) and are sample tested on every lot of the 
SO packaged parts (S suffix). 
Nola 7: NTSC composite video with an output level of 2Vp. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1229/LT1230 

APPLICATions InFoRmATion 
The LT1229 and LT1230 are very fast dual and quad 
current feedback amplifiers. Because they are current 
feedback amplifiers, they maintain their wide bandwidth 
over a wide range of voltage gains. These amplifiers are 
designed to drive low impedance loads such as cables 
with excellent linearity at high frequencies. 

Feedback Resistor Selection 

The small signal bandwidth of the LT1229/L T1230 is set 
by the external feedback resistors and the internal junction 
capacitors. As a result, the bandwidth is a function of the 
supply voltage, the value of the feedback resistor, the 
closed loop gain and load resistor. The characteristic 
curves of bandwidth versus supply voltage are done with 
a heavy load (100Q) and a light load (1 kQ) to show the 
effect of loading. These graphs also show the family of 
curves that result from various values of the feedback 
resistor. These curves use a solid line when the response 
has less than 0.5dB of peaking and a dashed line when the 
response has 0.5dB to 5dB of peaking. The curves stop 
where the response has more than 5dB of peaking. 

Small Signal Rise Time with 
RF = RG = 750n, Vs = ±15V, and RL = 100n 

At a gain of two, on ±15V supplies with a 750Q feedback 
resistor, the bandwidth into a light load is over 160MHz 
without peaking, but into a heavy load the bandwidth 
reduces to 100MHz. The loading has so much effect 
because there is a mild resonance in the output stage that 
enhances the bandwidth at light loads but has its Q 
reduced by the heavy load. This enhancement is only 
useful at low gain settings; ata gain often it does not boost 
the bandwidth. At unity gain, the enhancement is so 
effective the value of the feedback resistor has very little 
effect. At very high closed loop gains, the bandwidth is 
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limited by the gain bandwidth product of about 1GHz. The 
curves show that the bandwidth at a closed loop gain of 
100 is 10MHz, only one tenth what it is at a gain of two. 

Capacitance on the Inverting Input 

Current feedback amplifiers want resistive feedback from 
the output to the inverting input for stable operation. Take 
care to minimize the stray capacitance between the output 
and the inverting input. Capacitance on the inverting input 
to ground will cause peaking in the frequency response 
(and overshoot in the transient response), but it does not 
degrade the stability of the amplifier. The amount of 
capacitance that is necessary to cause peaking is a func
tion of the closed loop gain taken. The higher the gain, the 
more capacitance is required to cause peaking. We can 
add capacitance from the inverting input to ground to 
increase the bandwidth in high gain applications. For 
example, in this gain of 1 00 application, the bandwidth can 
be increased from 1 OM Hz to 17MHz by adding a 2200pF 
capacitor. 

'----'-VOUT 
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Boosting Bandwidth 01 High Gain Amplifier with 
Capacitance on Inverting Input 
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APPLICATions InFoRmATion 

Capacitive Loads 

The LT1229/LT1230 can drive capacitive loads directly 
when the proper value of feedback resistor is used. The 
graph Maximum Capacitive Load vs Feedback Resistor 
should be used to select the appropriate value. The value 
shown is for 5dB peaking when driving a 1 kQ load at a gain 
of 2. This is a worst case condition; the amplifier is more 
stable at higher gains and driving heavier loads. Alterna
tively, a small resistor (10Q to 20Q) can be put in series 
with the output to isolate the capacitive load from the 
amplifier output. This has the advantage that the amplifier 
bandwidth is only reduced when the capacitive load is 
present, and the disadvantage that the gain is a function of 
the load resistance. 

Power Supplies 

The L T1229 and L T1230 amplifiers will operate from 
single or split supplies from ±2V (4V total) to ±15V (30V 
total). It is not necessary to use equal value split supplies, 
however, the offset voltage and inverting input bias cur
rent will change. The offset voltage changes about 350/lV 
per volt of supply mismatch, the inverting bias current 
changes about 2.5/lA per volt of supply mismatch. 

Power Dissipation 

The LT1229/L T1230 amplifiers combine high speed and 
large output current drive into very small packages. Be
cause these amplifiers work over a very wide supply range, 
itis possible to exceed the maximum junction temperature 
under certain conditions. To ensure that the LT1229/ 
L T1230 remain within their absolute maximum ratings, 
we must calculate the worst case power dissipation, 
define the maximum ambient temperature, select the 
appropriate package and then calculate the maximum 
junction temperature. 

The worst case amplifier power dissipation is the total of 
the quiescent current times the total power supply voltage 
plus the power in the IC due to the load. The quiescent 
supply current of the L T1229/L T1230 has a strong nega
tive temperature coefficient. The supply current of each 

LTl229jLT1230 

amplifier at 150°C is less than 7mA and typically is only 
4.5mA. The power in the IC due to the load is a function of 
the output voltage, the supply voltage and load resistance. 
The worst case occurs when the output voltage is at half 
supply, if it can go that far, or its maximum value if it 
cannot reach half supply. 
For example, let's calculate the worst case power dissipa
tion in a video cable driver operating on ±12V supplies that 
delivers a maximum of 2V into 150Q. 

PdMAX == 2VsIsMAX + (Vs - VOMAX) VOMAX 
RL 

PdMAX == 2 x 12V x 7mA+ (12V -2V) x 1~~Q 
== 0.168 + 0.133 == 0.301W per Amp 

Now if that is the dual L T1229, the total power in the 
package is twice that, or 0.602W. We now must calculate 
how much the dietemperature will rise above the ambient. 
The total power dissipation times the thermal resistance of 
the package gives the amount oftemperature rise. Forthe 
above example, if we use the S08 surface mount package, 
the thermal resistance is 150°C/W junction to ambient in 
still air. 

Temperature Rise = PdMAX RaJA = 0.602W x 150°CIW 
= 90.3°C 

The maximum junction temperature allowed in the plastic 
package is 150°C. Therefore, the maximum ambient al
lowed is the maximum junction temperature less the 
temperature rise. 

Maximum Ambient = 150°C - 90.3°C = 59.7°C 

Note that this is less than the maximum of 70°C that is 
specified in the absolute maximum data listing. If we must 
use this package at the maximum ambient we must lower 
the supply voltage or reduce the output swing. 

As a guideline to help in the selection of the L T1229/ 
L T1230 the following table describes the maximum sup
ply voltage that can be used with each part in cable driving 
applications. 
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APPLICATions InFoRmATion 

Assumptions: 

1. The maximum ambient is 70°C for the commercial 
parts (C suffix) and 125°C for the full temperature 
parts (M suffix). 

2. The load is a double terminated video cable, 150Q. 

3. The maximum output voltage is 2V (peak or DC). 

4. The thermal resistance of each package: 

J8 is 100°C/W J is 80o/W 

N8 is 100°C/W 

S8 is 150°C/W 

N is 70o/W 

Sis 110o/W 

Maximum Supply Voltage for 750 Cable Driving Applications at 
Maximum Ambient Temperature 

PART 

LT1229MJ8 
lT1229CJ8 
LT1229CN8 
LT1229CSB 

LT1230MJ 
lT1230CJ 
LT1230CN 
LT1230CS 

Slew Rate 

PACKAGE 

Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic SOB 

Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic S014 

MAX POWER AT TA 

O.SOOW@ 12SoC 
1.0S0W @ 70°C 
O.BOOW @ 70°C 
O.S33W @ 70°C 

O.62SW @ 12SoC 
1.313W @ 700e 
1.143W @ 70cC 
O.727W @ 70°C 

MAX SUPPLY 

Vs < ±10.1 
Vs < ±1B.O 
Vs < ±1S.6 
Vs <±10.6 

Vs < ±6.6 
Vs < ±13.0 
Vs<±11.4 
Vs < ±7.6 

The slew rate of a current feedback amplifier is not 
independent of the amplifier gain the way it is in a tradi
tional op amp. This is because the input stage and the 
output stage both have slew rate limitations. The input 
stage of the L T1229/LT1230 amplifiers slew at about 
100V/IlS before they become non-linear. Faster input 
signals will turn on the normally reverse biased emitters 
on the input transistors and enhance the slew rate signifi
cantly. This enhanced slew rate can be as much as 
2500VlIlS. 

The output slew rate is set by the value of the feedback 
resistors and the internal capacitance. At a gain of ten with 
a 1 kQ feedback resistor and ±15V supplies, the output 
slew rate is typically + 700VlllS and -1000VlIlS. There 
is no input stage enhancement because of the high gain. 

2-288 

Large Signal Response, Av = 2, RF = RG = 7500 

Larger feedback resistors will reduce the slew rate as will 
lower supply voltages, similar to the way the bandwidth is 
reduced. 

Large Signal Response, Av = 10, RF = 1k, RG = 1100 

lT1229'TAOS 

Settling Time 

The characteristic curves show that the LT1229/LT1230 
amplifiers settle to within 10mV of final value in 40ns to 
55ns for any output step up to 10V. The curve of settling 
to 1 mV of final value shows that there is a slower thermal 
contribution up to 20IlS. The thermal settling component 
comes from the output and the input stage. The output 
contributes just under 1 mV per volt of output change and 
the input contributes 300llV per volt of input change. 
Fortunately, the input thermal tends to cancel the output 
thermal. For this reason the non-inverting gain of two 
configurations settles faster than the inverting gain of one. 



APPLICATions InFoRmATion 
Crosstalk and Cascaded Amplifiers 

The amplifiers in the L T1229 and L T1230 do not share any 
common circuitry. The only thing the amplifiers share is 
the supplies. As a result, the crosstalk between amplifiers 
is very low. In a good breadboard or with a good PC board 
layout the crosstalk from the output of one amplifier to the 
input of another will be over 100dB down, up to 100kHz 
and 65dB down at 10MHz. The following curve shows 
the crosstalk from the output of one amplifier to the 
input of another. 

Amplifier Crosstalk vs Frequency 

120 
Vs = ±15V 
Av=10 _ 

~ 
f-- f-o-

~ 
Rs = 50n 
Rl = 100n 1\ -
\ 

~110 

'" ~ 100 
~ 
~ 90 
'-' 
~ 

~ 
'~ 

~ 80 
o 
~ 70 

~ 
is 60 

~ 
50 10 100 1k 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 

TYPICAL APPLICATiOnS 
Single +5V Supply Cable Driver for Composite Video 

This circuit amplifies standard 1V peak composite video 
input (1.4Vp-p) by two and drives an AC coupled doubly 
terminated cable. In order for the output to swing 
2.8Vp-p on a single SV supply, it must be biased accu
rately. The average DC level of the composite input is a 
function of the luminance signal. This will cause problems 
if we AC couple the input signal into the amplifier because 
a rapid change in luminance will drive the output into the 
rails. To prevent this we must establish the DC level at the 
input and operate the amplifier with DC gain. 

The transistor's base is biased by R1 and R2 at 2V. The 
emitter of the transistor clamps the non-inverting input of 
the amplifier to 1.4V at the most negative part of the input 

LT1229jLT1230 

The high frequency crosstalk between amplifiers is 
caused by magnetic coupling between the internal wire 
bonds that connect the IC chip to the package lead frame. 
The amount of crosstalk is inversely proportional to the 
load resistor the amplifier is driving, with no load (just 
the feedback resistor) the crosstalk improves 18dB. The 
curve shows the crosstalk of the L T1229 amplifier B 
output (pin 7) to the input of amplifier A. The crosstalk 
from amplifier A's output (pin 1) to amplifier B is about 
10dB better. The crosstalk between all of the LT1230 
amplifiers is as shown. The LT1230 amplifiers that are 
separated by the supplies are a few dB better. 

When cascading amplifiers the crosstalk will limit the 
amount of high frequency gain that is available because 
the crosstalk signal is out of phase with the input signal. 
This will often show up as unusual frequency response. 
For example: cascading the two amplifiers in the LT1229, 
each set up with 20dB of gain and a -3dB bandwidth of 
6SMHz into 100Q will result in 40dB of gain, BUT the 
response will start to drop at about 1 OM Hz and then flatten 
out from 20MHz to 30MHz at about O.SdB down. This is 
due to the crosstalk back to the input of the first amplifier. 

For best results when cascading amplifiers use the L T1229 
and drive amplifier B and follow it with amplifier A. 

(the sync pulses). R4, RS and R6 setthe amplifier up with 
a gain of two and bias the output so the bottom of the sync 
pulses are at 1.1 V. The maximum input then drives the 
output to 3.9V. 
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TYPICAL APPLICATions 
Single Supply AC Coupled Amplifiers 

Non-Inverting Inverting 
+5V-

+5V 

"'--VOUT 

~-+-VOUT 

510 51011 

AV = 11 
BW = 600Hz TO 50MHz 

AV= 5100 =10 
Rs + 510 

BW = 600Hz TO 50MHz 
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''''''''-unCI\Q LTC 1047 
~, TECHNOLOG~k>~-D-u-a-I-M-i-C-rO-p-o-w-e-r -C-h-o-p-p-e-r 

FEATURES 
• No External Components Required 
• Supply Current 80~ 
• Maximum Offset Voltage 10~V 
• Maximum Offset Voltage Drift 50nV/oC 
• Minimum CMRR 110dB 
• Minimum PSRR 110dB 
• Single Supply Operation 4.75V to 16V 
• Common Mode Range Includes GND 
• Output Swings to GND 
• Typical Overload Recovery Time 70ms 
• Pin Compatible with Industry Standard Dual 

Op Amps 

APPLICATions 
• Thermocouple Amplifiers 
• Electronic Scales 
• Battery Powered Instrumentation 
• Strain Gauge Amplifiers 
• Remote Located Sensors 

TYPICAL APPLICATiOn 

Stabilized Operational Amplifier 
with Internal Capacitors 

DESCRIPTion 
The LTC1047 is a micropower, high performance dual 
chopper stabilized operational amplifier. The sample-and
hold capacitors usually required by other chopper ampli
fiers are integrated on-chip, minimizing the need for 
external components. 

The LTC1047 has a typical offset voltage of 3~V, drift of 
10nV/oC, input noise voltage typically 3.5~Vp-p, and 
typical voltage gain of 150dB. The common mode rejec
tion is 110dB minimum, with minimum power supply 
rejection of 110dB. The LTC 1 047 also offers 0.2v/~s slew 
rate and a gain bandwidth product of 200kHz. Overload 
recovery time from saturation is 70ms, four times faster 
than chopper amplifiers with external capacitors. 

The LTC 1 047 is available in a standard plastic 8-pin DIP as 
well as a 16-pin SOL package. The LTC 1 047 is a plug-in 
replacement for most dual op amps with improved DC 
performance and substantial power savings. 

Micropower Single Supply Instrumentation Amplifier CMRR vs Frequency 
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ABSOLUTE mAXimum RATlnGS(Note1) 
Total Supply Voltage (V+ to V-) ................................ 16V 
Input Voltage (Note 2) ............ (V+ + O.3V) to (V- - O.3V) 
Output Short Circuit Duration .......................... Indefinite 
Storage Temperature Range ................. - 65°C to 150°C 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

OUTADB v' 
-IN A 2 7 OUT B 

+IN A 3 6 -IN B 

v- 4 5 +IN B 

NB PACKAGE 
HEAD PLASTIC DIP 

ORDER PART 
NUMBER 

LTC1047CN8 

LTC1047 

Operating Temperature Range 
LTC1047C .............................................. O°C to 70°C 

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

S PACKAGE 
16·LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

LTC1047CS 

ELECTRICAL CHARACTERISTICS VS = ±5V, TA = Operating Temperature Range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage TA = 25°C (Note 3) ±3 ±to !LV 
Average Input Offset Voltage Drift (Note 3) • ±0.01 ±0.05 !LVloC 

Long Term Offset Drift 100 nVlrt mo. 

Input Bias Current TA = 25°C ±5 ±30 pA 

• ±300 pA 

Input Offset Current TA = 25°C ±10 ±60 pA 

• ±150 pA 

Input Noise Voltage O.lHzto 10Hz 3.5 !LVp-p 
O.lHzto 1Hz 0.8 !LVp-p 

Input Noise Current f = 10Hz (Note 4) 1.5 fAlrtHz 

Common Mode Rejection Ratio VCM = V- to +2.7V, TA = 25°C 110 130 dB 

• 105 dB 

Power Supply Rejection Ratio Vs = ±2.375V to ±8V • 105 122 dB 

Large Signal Voltage Gain RL = lOOk, VOUT = ±4V • 120 150 dB 

Maximum Output Voltage Swing RL = 10k + 4.3/-4.8 V 
RL = lOOk • + 4.8/-4.9 ±4.95 V 

Slew Rate RL = toOk, CL = 50pF 0.2 V/!LS 

Gain Bandwidth Product 200 kHz 

Supply Current/Amplifier No Load, 25°C ~ TA ~ 70°C 60 150 !LA 
No Load, O°C ~ TA ~ 25°C 80 275 !LA 

Internal Sampling Frequency TA = 25°C 680 Hz 
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LTC1047 

The. denotes specifications which apply over the full operating 
temperature range. 
Nole 1: Absolute Maximum Ratings are those values beyond which life of 
the device may be impaired. 
Nola 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 
LTC1047. 

TEST CIRCUITS 

Electrical Characteristics Tast Circuit 

lk 1M 100 

OUTPUT 

LTC1047 

Nola 3: These parameters are guaranteed by deSign. Thermocouple 
effects preclude measurements of these voltage levels in high speed 
automatic test systems. Vas is measured to a limit determined by test 
equipment capability. 
Nole 4: Current Noise is calculated from the formula: In = ~(2q -18) where 
q = 1.6 x 10-19 Coulomb. 

DC-10Hz Noise Tast Circuit 

lOOk 475k 

OUTPUT 

FOR 1Hz NOISE BANDWIDTH, INCREASE ALL CAPACITORS BY A FACTOR OF 10. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC1047 

APPLICATions InFoRmATion 
Input Considerations 

Frequently circuits built with parts as precise as the 
LTC 1 047 show errors at the output far greater than the 

, designer expects. Rarely is the problem the op amp; more 
often the surrounding circuitry is causing errors several 
orders of magnitude greaterthan those duetothe LTC1 047. 
Such obscure effects as leakage between pins due to 
residual solder flux and thermocouple effects between the 
tin/lead solder and the copper PC board traces can over
whelm the pA-level bias currents and the Il V-level offset of 
the LTC1047. For a more complete description of these 
types of problems (and some advice on avoiding them), 
see the LTC1051/53 data sheet. 

Input Capacitance 

The LTC1047 has approximately 12pF of capacitance at 
each input pin. This will react with large series resistors to 
form a pole at the input, degrading the LTC1047's phase 
margin. The problem is especially common with 
micropower parts like the LTC1047 because high value 
resistors are often used to minimize power dissipation. As 

TYPICAL APPLICATiOnS 

Low OUset, Low Drift Instrumentation Amplifier 

OUTPUT 
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a rule of thumb, bypass feedback resistors larger than 7k 
with a 20pF capacitor to minimize this effect. 

Aliasing 

Like all sampled data systems, the LTC1 047 will alias input 
signals near its internal sampling frequency. The design 
includes internal circuitry to minimize this effect; as a 
result, most applications do not exhibit aliasing problems. 
For a complete discussion of the correction circuitry and 
aliasing behavior, refer to the LTC 1 051/53 data sheet. 

Single Supply Operation 

The LTC1047 is compatible with all single supply applica
tions. It has an input common mode range which includes 
V-, and an output which will swing within millivolts of the 
negative power supply. The LTC1047 is guaranteed func
tional down to 4.75V total supply, allowing it to run from 
minimum TTL voltage all the way upto 16V. See the Typical 
Applications section for examples of single supply 
operation. 

Precise DC Full Wave Rectifier (Absolute Value Circuit) 

220k 

D,p.ov 

IS =. 50~A 
Vos = 3~V 



TYPICAL APPLICATions 

4-2DmA Transducer Amplifier 

1000pF 

LTC1047 

49.9Q 
1% 

TO 
LOOP 

INITIAL ACCURACY = 3% (LIMITED BY REFERENCE IN LT1120). 
TRIM R1 FOR 4.00mA WITH O.OOV IN. 
TRIM R2 FOR 20.0mAWITH 1.00V IN. L..-______________ ---1~- I~op 

Low Noise, Low Drift Composite Amplifier 

.5V 

-5V 

INPUT -o ............... -------"i 

OOQ 
Vos= 3"V 

0.1 Hz-10Hz NOISE = 0.7"Vp-p 
Is = 490j!A 
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TYPICAL APPLICATions 

Ultra Low Noise Micropower Chopper 

-IN 50pF 

+IN 

10n 

lOOk 

Is = 15011A 
0.1-10Hz = 95nVp-p 

Av = 10000 

*0.47~ LTCt047·TA06 

0.1 Hz-10Hz NOISE (INPUT REFERRED) 
200nV I 

Vs = ±5V 
Is = 15011A 

100nV 

.d uA.i. ~J\J ~U\ Itt JaA lj 1.110 JJ.~ ALj Iht .u ~ .A .. 
'V-'" 'Y'" , u ~~, 

'"''' ~W'l 
~. , .".,v '''''1 I~l" 

50nVlDIV 

-lOOnV 

-200nV 
o SEC 10 SEC 
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I~TLElcnHNt1\O"O-G~~~----------U_Cl_04_9 ~, ~ IT Low Power Chopper Stabilized 

FEATURES 
• Low Supply Current 200!J,A 
• No External Components Required 
• Maximum Offset Voltage 1011V 
• Maximum Offset Voltage Drift 0.111V/oC 
• Single Supply Operation 4. 75V to 16V 
• Input Common Mode Range Includes Ground 
• Output Swings to Ground 
• Typical Overload Recovery Time 6ms 

APPLICATions 
• 4mA-20mA Current Loops 
• ThermocoupleAmplifiers 
• Electronic Scales 
• Medicallnstrumentation 
• Strain Gauge Amplifiers 
• High Resolution DataAcquisition 

TYPICAL APPLICATiOn 

Operational Amplifier with 
Internal Capacitors 

DESCRIPTion 
The LTC1049 is a high performance, low power chopper 
stabilized operational amplifier. The two sample-and-hold 
capacitors usually required externally by other chopper 
stabilized amplifiers are integrated on the chip. Further, the 
L TC1049 offers superior DC and AC performance with a 
nominal supply current of only 200!J,A. 

The LTC 1 049 has a typical offset voltage of 0.511V, with 
drift of 0.0111V/oC, 0.1 Hz to 10Hz input noise voltage of 
311VP-P and typical voltage gain of 160dB. The slew rate 
is 0.8V/IlS with a gain bandwidth product of 0.8MHz. 

Overload recovery time from a saturation condition is 
6ms, a significant improvement over chopper amplifiers 
using external capacitors. 

The LTC1049 is available in a standard 8-pin metal can, 
plastic and ceramic dual in line packages as well asan 8-pin 
SO package. The LTC1 049 can be a plug-in replacementfor 
most standard op amps with improved DC performance 
and substantial power savings. 

Single Supply Thermocouple Amplifier 

O.068~F 

VIN =5V -_-----...., 

LT1025A 

SUPPLY CURRENT = 280~ A 

LTC1Q49.TAQl 
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LTC 1 049 

ABSOLUTE mAXimum RATinGS 
(Note 1) 
Total Supply Voltage (V+ to V-) .............................. 1BV 
Input Voltage (Note 2) .......... (V+ + 0.3V) to (V- -0.3V) 
Output Short Circuit Duration ......................... Indefinite 
Operating Temperature Range 

LTC1049C .......................................... -40°C to B5°C 
Storage Temperature Range ................ -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ............... 300°C 

PACKAGE/ORDER InFORmATion 
TOP VIEW 

NC08NC 
-IN 2 7 V+ 

+IN 3 6 OUT 

V- 4 5 NC 

J8 PACKAGE N8 PACKAGE 
HEAD CERAMIC DIP HEAD PlASTIC DIP 

sa PACKAGE 
HEAD PlASTIC SOIC 

ORDER PART 
NUMBER 

LTC1049CJB 
LTC1049CNB 

LTC1049CSB 

SB PART MARKING 

1049 

ELECTRICAL CHARACTERISTICS VS = ±5V, TA = operating temperature range, unless otherwise specified. 

LTC1049C 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage T A=25°C(Note 3) ±2 ±10 I1V 
Average Input Offset Drift (Note 3) • ±0.02 ±0.1 11V1°C 
Long Term Offset Voltage Drift 50 nVlvrno 

Input Offset Current TA= 25°C ±30 ±100 pA 
• ±150 

Input Bias Current TA= 25°C ±15 ±50 pA 
• ±150 

Input Noise Voltage O.lHzto 10Hz 3.0 I1VP-P 
O.lHzto 1Hz 1.0 

Input Noise Current f= 10Hz (Note 4) 2.0 fA/VAl 

Common Mode Rejection Ratio VCM= V- to 2.7V • 110 130 dB 

Power Supply Rejection Ratio Vs= ±2.375V to ±8V • 110 130 dB 

Large Signal Voltage Gain RL =100kQ,Vour= ±4.9V • 130 160 dB 
Maximum Output Voltage Swing RL=10kQ TA=25°C -4.9/+4.2 V 

• -4.6/+3.2 

RL=100kQ • ±4.9 ±4.97 

Slew Rate RL=10kQ, CL=50pF 0.8 VIlIS 
Gain Bandwidth Product 0.8 MHz 
Supply Current No Load TA=25°C 200 300 ItA 

• 450 

Internal Sampling Frequency 700 Hz 
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The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 
Nole 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 
LTC1049. 

TEST CIRCUITS 

LTC1049 

Nole 3: These parameters are guaranteed by design. Thermocouple 
effects preclude measurement of these voltage levels in high speed 
automatic test systems. Vos is measured to a limit determined by test 
equipment capability. 
Note 4: Current Noise is calculated from the formula: 

IN d{2q .lb) 
where q = 1.6 X 10-19 Coulomb. 

Electrical Characteristics Test Circuit 

DC to 10Hz and DC to 1Hz Noise Test Circuit 

C2 C3 

R4 

V' R3 

BANDWIDTH R1 R2 R3 R4 C2 C3 C4 
10Hz 16.2!l 162k 16.2k 16.2!l O.ll1F 1.011F 1.011F 

1Hz 16.2!l 162k 162k 162k 1.011F 1.011F 1.011F 
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LTC 1 049 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Overload Recovery 
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LTC 1 049 

APPLICATions InFoRmATion 

ACHIEVING PICOAMPERE/MICROVOLT PERFORMANCE 

Picoamperes 

In order to realize the picoampere level of accuracy of the 
LTC1 049, 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 surfaces 
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 inhigh humidity environments. 

Board leakage can be minimized by encircling the input 
connections with a guard ring operated ata 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. 

Microvolts 

Thermocouple effects must be considered ifthe LTC1 049'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/oC - twice the maximum drift specification 
of the LTC1 049. The copper/kovar junction, formed when 
wire or printed circuit traces contact a package lead, 
has a thermal EMF of approximately 3511V/oC - 300 
times the maximum drift specification of the LTC1049. 

Minimizing thermal EMF-induced errors is possible if 
judicious attention is given to circuit board layout and 
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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 
differential cancellation occurs. Doing this may involve 
deliberately introducing junctions to offset unavoidable 
junctions. 

PACKAGE-INDUCED OFFSETVOLTAGE 

Package-induced thermal EMF effects are another impor
tant source of errors.ltarises atthe copper/kovar junctions 
formed when wire or printed circuit traces contact a pack
age lead. Like all the previously mentioned thermal EMF 
effects, it is outside the LTC1 049's offset nulling loop and 
cannot be cancelled. The input offset voltage specification 
of the L TC1049 is actually set by the package-induced 
warm-up drift rather than by the circuit itself. The thermal 
time constant ranges from 0.5 to 3 minutes, depending on 
package type. 

LOW SUPPLY OPERATION 

The minimum supply for proper operation of the L TC1049 
is typically below 4.0V (±2.0V). In single supply applica
tions, PSRR is guaranteed down to 4. 7V (±2.35V) to ensure 
proper operation down to the minimum TTL specified 
voltage of 4.75V. 

PIN COMPATIBILITY 

The LTC1 049 is pin compatible with the a-pin versions of 
7650, 7652 and other chopper-stabilized amplifiers. The 
7650 and 7652 require the use of two external capacitors 
connected to pin 1 and a which are not needed for the 
LTC1 049. Pins 1 ,5, and a ofthe LTC1 049 are not connected 
internally; thus the LTC 1 049 can be a direct plug in forthe 
7650 and 7652 even if the two capacitors are left on the 
circuit board. 



TYPICAL APPLICATions 

Low Power, Low Hold Step Sample and Hold 

13 

StIi-_-.:..J 

VOUT 

DROOP $1 mVis 
HOLD STEP $ 20~V 
Is. 250~A TYP 

LTC 1 049 

Low Power, Single Supply, Low Offset Instrumentation Amp 

GAIN .100 
Is. 400~A 

5V 

VOUT 

CMRR ~60dB, WITH 0.1% RESISTORS (RESISTOR LIMITED) 

Thermocouple Based Temperature to Frequency Converter 

.6 

.V 

LT1025 K 

100·C 
TRIM 

S3 

OUTPUT 
0-100·C. 
0-lkHz 

* • IRCITRW-MTR-5/ .120ppm 
t. POLYSTYRENE 

[:>o'74G14 

Is = 360~A 
SUPPLY RANGE = 4.5V-->10V 
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'.....,..-Lln~ LTCl 051/LTCl 053 
~, TECHNOLOGY!!-'--D-u-a-I-/Q-u-a-d-P-re-c-is-io-n-C-ho-p-p-e~r 

Stabilized Operational Amplifiers With 
Internal Capacitors 

FEATURES 
• Dual/Quad Low Cost Precision Op Amp 
• No External Components Required 
• Maximum Offset Voltage 5JLV 
• Maximum Offset Voltage Drift O.05JLV/oC 
• Low Noise 1.5JLVp,p (0.1 Hz to 10Hz) 
• Minimum Voltage Gain, 120dB 
• Minimum PSRR, 120dB 
• Minimum CMRR, 114dB 
• Low Supply Current 1 mA/Op Amp 
• Single Supply Operation 4.75V to 16V 
• Input Common Mode Range Includes Ground 
• Output Swings to Ground 
• Typical Overload Recovery Time 3ms 
• Pin Compatible with Industry Standard Dual and Quad 

OpAmps 

APPLICATions 
• Thermocouple Amplifiers 
• Electronic Scales 
• Medical Instrumentation 
• Strain Gauge Amplifiers 
• High Resolution Data Acquisition 
• DC Accurate R, C Active Filters 

TYPICAL APPLICATiOn 
High Perfonnance Low Cost Instrumentation Amplifier 

R1 =49911, 0.1 % 
R2=100kll.O.1% 
GAIN =201 

R1 

MEASURED CMRR-12OdB AT DC 
MEASURED INPUT Vos 3pV 
MEASURED INPUT NOISE 2pVp-p (DC -10Hz) 
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DESCRIPTiOn 
The LTC1051/LTC1053 is a high performance, low cost 
dual/quad chopper stabilized operational amplifier. The 
unique achievement of the LTC1051/LTC1053 is that it inte· 
grates on chip the sample·and·hold capaCitors usually re
quired externally by other chopper amplifiers. Further, the 
LTC1051/LTC1053 offers better combined overall DC and 
AC performance than is available from other chopper sta
bilized amplifiers with or without internal sample/hold 
capaCitors 

The LTC10511LTC1053 has an offset voltage of 0.5JLV, drift 
of 0.01JLV/oC, DC to 10Hz, input noise voltage typically 
1.5JLVp.p and typical voltage gain of 140dB.The slew rate of 
4V/JLs and gain bandwidth product of 2.5MHz are achieved 
with only 1 rnA of supply current per op amp. 

Overload recovery times from positive and negative 
saturation conditions are 1.5ms and 3ms respectively, 
about a 100 or more times improvement over chopper am
plifiers using external capacitors. 

The LTC1051 is available in standard plastic and ceramic 
dual in line packages as well as a 16-pin SOL package. The 
LTC1053 is available in a standard 14·pin plastic package 
and an 18'pin SOIC. The LTC10511LTC1053 is a plug in re
placement for most standard dual/quad op amps with im
proved performance. 

LTC1051 Noise Spectrum 
120 r"TTTT"""'-"'TTlTTlr-r.".,.,nm 

~100~+#~~+ffi~H+mffi 

~ 

100 1k 10k 
FREQUENCY (Hz) 



ABSOLUTE mAXimum RATinGS 
Total Supply Voltage (V + to V -) .................. 16.5V 
Input Voltage ............... (V + + 0.3V) to (V - - 0.3V) 
Output Short Circuit Duration .................. Indefinite 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

OUTAD'v+ -INA 2 7 OUTB 

+INA 3 6 -INS 

v- 4 5 +IN B 

J PACKAGE N PACKAGE 
8-LEAD CERAMIC DIP 8-lEAD PLASTIC DIP 

TOP VIEW 

SPACKAGE 
16-LEA.O PLASTIC SOL 

ORDER 
PART NUMBER 

LTC1051MJ8 
LTC1051CJ8 
LTC1051CN8 
LTC1051AMJ8 
LTC1051ACJ8 
LTC1051ACN8 

LTC1051CS 
LTC1 051 ACS 

LTC1051/LTC1053 

Operating Temperature Range 
LTC1051M, LTC1051AM ................ - 55°C to 125°C 
LTC1051C/LTC1053C, LTC1051AC ........ - 40°C to 85°C 

Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ............. 300°C 

TOP VIEW 

NPACKAGE 
14-LEAO PLASTIC DIP 

S PACKAGE 
la-LEAD PLASTIC SOl 

ORDER 
PART NUMBER 

LTC1053CN 

LTC1053CS 

ELECTRICAL CHARACTERISTICS VS = ± 5V, TA = operating temperature range unless otherwise specified. 
LTC10511lTC1053 LTC1051A 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage TA=25°C ±0.5 ±5 ±0.5 ±5 ~V 
Average Input Offset Drift • ±O.O ±0.05 ±O.O ±0.05 ~V/oC 

Long Term Offset Drift 50 50 nV/.JMo 
Input Bias Current TA=25°C ±15 ±65 ±15 ±50 pA 

LTC1051C/LTC1053C • ±135 ±100 pA 
LTC1051M • ±450 ±300 pA 

Input Offset Current (All Grades) TA=25°C ±30 ±125 ±30 ±100 pA 

• ±175 ±150 pA 
Input Noise Voltage (Note 1) Rs = 1000, DC to 10Hz 1.5 1.5 2 ~Vp.p 

Rs= 1000, OCto 1Hz 0.4 0.4 ~Vp.p 

Input Noise Current f=10Hz 2.2 2.2 fAlv'RZ 
Common Mode Rejection Ratio, CMRR VCM=V- to +2.7V, TA=25°C 106 130 114 130 dB 

• 100 110 dB 
Differential CMRR VCM = V- to + 2.7V, TA = 25°C 112 112 dB 
LTC1051, LTC1053 (Note 2) 
Power Supply Rejection Ratio Vs= ±2.375Vto ±8V • 116 140 120 140 dB 
Large Signal Voltage Gain RL = 10k!l, Vour= ± 4V • 116 160 120 160 dB 
Maximum Output Voltage Swing RL=10k!l • ±4.5 ±4.85 ±4.7 ±4.85 V 

RL = 100kO ±4.5 ±4.95 ±4.95 V 
Slew Rate RL = 10k!l, CL = 50pF 4 4 V/~s 
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LTC1051 jLTC1053 

ELECTRICAL CHARACTERISTICS Vs= t 5V, TA = operating temperature range unless otherwise specified. 

LTC1051A1LTC1051ILTC1053 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
Gain Bandwidth Product 2.5 MHz 
Supply CurrentlOp Amp No Load, T A = 25°C 1 2 rnA 

• 2.5 rnA 
Internal Sampling Frequency 3 kHz 

Vs = 5V, GND, TA = operating lemperalure range unless otherwise specified. 
LTC1051A1LTC10511LTC1053 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Input Offset Voltage TA=25°C ±O.5 ±S pV 
Input Offset Drift ±O.Ol ±O.OS pVloC 
Input Bias Current TA=25°C ±10 ±50 pA 
Input Offset Current TA = 25°C ±20 ±80 pA 
Input Noise Voltage OCto 10Hz 1.8 pVp•p 

Supply CurrentlOp Amp No Load, TA = 2SoC • 1.5 rnA 

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

NoIe2: Differential CMRR for the LTC10S3 is measured between amplifiers 
A and 0, and amplifiers Band C. 

Note 1: For guaranteed noise specification contact LTC marketing. 

TEST CIRCUITS 
Eleclrical Characlerislics Tesl Circuil 

1M 

DC·10Hz Noise Tesl Circuil 

100k 
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LTC1051/LTC1053 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC1051/LTC1053 

TYPICAL PERFORmAnCE CHARACTERISTICS 
LTC1051/LTC1053 DC to 10Hz Noise 

Vs= ±sv 
TA=2S'C 

1""'1 SEc---.1 
10 SEC 

APPLICATions InFORmATion 
ACHIEVING PICOAMPEREIMICROVOLT PERFORMANCE 

Picoamperes 
In order to realize the picoampere level of accuracy of the 
LTC1051/LTC1053, proper care must be exercised. Leakage 
currents in circuitry external to the amplifier can signif
icantly degrade performance. High quality insulation 
should be used (e.g., Teflon, Kel-F); cleaning of all insulat· 
ing surfaces to remove fluxes and other residues will 
probably be necessary - particularly for high temperature 
performance. Surface coating may be necessary to pro· 
vide 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. 

Microvolts 

Thermocouple effects must be considered if the LTC10511 
LTC1053's ultra low drift op amps are to be fully utilized. 
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Any connection of dissimilar metals forms a thermoelec
tric junction producing an electric potential which varies 
with temperature (Seebeck effect). As temperature 
sensors, thermocouples exploit this phenomenon to pro
duce 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 200nVJOC-
4 times the maximum drift specification of the LTC10511 
LTC1053. The copper/kovar junction, formed when wire or 
printed circuit traces contact a package lead, has ather· 
mal EMF of approximately 35p.V/oC - 700 times the maxi
mum drift specification of the LTC1051/LTC1053. 

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 
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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. 

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 
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 1'lnd 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 EM F 
Resistor Type Thennal EMF/oC Gradient 
lin Oxide -mV/oC 
Carbon Composition -450~V/oC 

Metal Film -20~V/oC 

Wire Wound 
Evenohm -2~v/°C 
Manganin -2~v/°C 

INPUT BIAS CURRENT, CLOCK FEEDTHROUGH 

At ambient temperatures below 60°C, the input bias cur
rent of the LTC1051/LTC1053 op amps is dominated by the 
small amount of charge injection occurring during the 

Rs=O, 
Av= l1VN 

RS=O, 
Av=101VN 

RS=l00k, 
Av=llVlV 

Rs=l00k, 
Av=10lVN 

LTC1051/LTC1053 

sampling and holding of the op amps input offset voltage. 
The average value of the resulting curre,nt pulses is 10pA 
to 15pA with sign convention shown in Rgure 1. 

As the ambient temperature rises, the leakage current of 
the input protection devices increases, while the charge 
injection component of the bias current, for all practical 
purposes, stays constant. At elevated temperatures (above 
85°C) the leakage current dominates and the bias current 
of both inputs assumes the same sign. 

(A) (8) 

Figure 1. LTC1051 Bias Current 

The charge injection at the op amp input pins will cause 
small output spikes. This phenomenon is often referred to 
as "clock feedthrough" and it can be easily observed 
when the closed loop gain exceeds 10VIV, Figure 2. The 
magnitude of the clock feedthrough is temperature in
dependent but it increases when the closed loop gain 
goes up, when the source resistance increases, and when 
the gain setting resistors increase, Figure 2A, 28. It is im
portant to note that the output small spikes are centered 
at OV level and they do not add to the output offset error 
budget. For instance, with Rs = 1 MO, the typical output 
offset voltage of Figure 2C is VOS(OUn",108 xIB+ + 
101Vos(in). A 10pA bias current will yield an output of 
1mV ± 100/LV. The output clock feedthrough can be at
tenuated by lowering the value of the gain setting resis
tors, i.e. R2 = 10k, R1 = 1000, instead of (100k, 1k; Figure 2). 

R2=100k 

(A) HORIZONTAL: 100,.,roIV (8) 
VERTICAL: 2OmVIOlV 

Figure 2. Clock Feedthrough 
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APPLICATions InFoRmATion 
Clock feedthrough can also be attenuated by adding a ca
pacitor across the feedback resistor to limit the circuit 
bandwidth below the internal sampling frequency, 
Figure 3. 

Rs= lOOk, 
Av=10lVN 

RS=lMn, 
Av=10lVN 

HORIZONTAL: l00~~DIV 
VERTICAL: 20mVlDIV 

C=10oopF 

Figure 3. Adding a Feedback capacitor 
to Eliminate Clock Feedthrough 

INPUT CAPACITANCE 

The input capacitance of the LTC1 0511LTC1 053 op amps is 
approximately 12pF. When the LTC1051/LTC1053 op amps 
are used with feedback factors approaching unity, the 
feedback resistor value should not exceed 7kll for indus
trial temperature range and 5kll for military temperature 
range. If a higher feedback resistor value is required, 
a feedback capaCitor of 20pF should be placed across 
the feedback resistor. Note that the most common cir
cuits with feedback factors approaching unity are unity 
gain followers and instrumentation amplifier front ends, 
Figure 4. 

LTC10511LTC1053 AS AC AMPLIFIERS 

Although initially chopper stabilized op amps were de
signed to minimize DC offsets and offset drifts, the 
LTC1051/LTC1053 family, on top of its outstanding DC 
characteristics, presents efficient AC performance. For in
stance, at single + 5V supply, each op amp typically con-
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sumes O.5mA and still provides 108M Hz gain bandwidth 
product and 3V/p.s slew rate. This, combined with almost 
distortion less swing to the supply rails, Figure 8, makes 
the LTC1051/LTC1053 op amps nearly general purpose. To 
further expand this idea, the "aliasing" phenomenon, 
which could occur under AC conditions, should be de
scribed and properly evaluated_ 

ALIASING 

The LTC1051/LTC1053 are equipped with internal circuitry 
to minimize aliasing. Aliasing, no matter how small, oc
curs when the input signal approaches and exceeds the 
internal clock frequency. Aliasing is caused by the sam
pled data nature of the chopper op amps. A generalized 
study of this phenomenon is beyond the scope of a data
sheet, however, a set of rules of thumb can answer many 
questions. 

1. Alias signals can be generally defined as output AC 
signals at a frequency of nfcLK ± mflN. The nfCLK term is 
the internal sampling frequency of the chopper 
stabilized op amps, and its harmonics, mflN is the fre
quency of the input signal and its harmonics, if any. 

2. If we arbitrarily accept that "aliaSing" occurs when out
put alias signals reach an amplitude of 0.01 % or more 
of the output signal, then: The approximate minimum 
frequency of an AC input signal which will cause alias
ing is equal to the internal clock frequency multiplied 
by the square root of the op amp feedback factor. For 
instance, with closed loop gain of -10, the feedback 
factor is 1/11, and if fCLK = 2.6kHz, alias signals can be 
detected when the frequency of the input signal ex
ceeds 750Hz to 800Hz, Figure SA. 

R2<7k!l,IFR1»A2 

Figure 4. Operating the LTC1051 with 
Feedback Factors Approaching Unity 
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3. The number of alias signals increases when the input 
signal frequency increases, Figure 58. 

4. When the frequency, fiN, of the input signal is less than 
fCLOCK, the alias signal(s) amplitude(s) directly scale 
with the amplitude of the incoming signal. The output 
"signal to alias ratio" cannot be increased by just 
boosting the input signal amplitude. However, when the 
input AC signal frequency well exceeds the clock fre· 
quency, the amplitude of the alias signals does not 
directly scale with the input amplitude. The "signal to 
alias ratio" increases when the output swings closely 
to the rails, Figures 58, 7. It is important to note that the 

'STA.TlISt PAUSED 

LTC1051/LTC1053 

LTC1051/LTC1053 op amps under light loads (RL~ 10k!)) 
swing closely to the supply rails without generating 
harmonic distortion, Figure a. 

5. For unity gain inverting configuration, all the alias fre
quencies are aOd8 to a4d8 down from the output 
signal, Figures 6A, 68. Combined with excellent THO 
under wide swing, the LTC1051/LTC1053 op amps make 
efficient unity gain inverters. 

For gain higher than -1, the "Signal to alias" ratio de
creases at an approximate rate of - 6d8 per decade of 
closed loop gain Figure a. 

20 rB~'M~AG~ ____ -. ________ ~R~MS~'2~5 ____ ~ 

d~V 

I~ 
dB 

/DIV 

R2=lOk ··· .. 1 
..... 

.... BOdB 

·······1 ...... I>----t-- VOUT 

Figure SA. Output Voltage Spectrum of 112 LTC1051 Operating as an Inverting Amplifier with Gain of 10, 
and Amplifying a 750Hz, BOOmV Input AC Signal. 

AAIIG£' II dlW STATUS' PAUSED 
20 rA9'M~AG~ ______________ ~R~MS~12~5 ____ -. 

dBV 

I~ 
dB 

.... DIY 

....................... ,........................... 1 
............... ............................. ............. . 

························1 

Figure 5B. Same as Figure SA, but the AC Input Signal is 9OOmV, 10kHz 
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APPLICATions InFoRmATion 
6. For closed loop gains of -10 or higher, the "signal to 

alias" ratio degrades when the value of the feedback 
gain setting resistor increases beyond 50kO. For in· 
stance, the 68dB value of Figure 7, decreases to 56dB if 
a (1 kO, 100kO) resistor set will be used to set the gain 
of -100. 

7. When the LTC1051/LTC1053 are used as non·inverting 
amplifiers all the previous approximate rules of thumb 

~ ..............................................•. 

apply with the following exceptions: When the closed 
loop gain is + 10(V1V) and below, the "Signal to alias" 
ratio is 1dB to 3dB less than the inverting case. When 
the closed loop gain is 100(V1V) the degradation can be 
up to 9dB, especially when the input signal is much 
higher than the clock frequency (Le. fiN = 10kHz). 

8. The Signal/alias ratio performance improves when the op 
amp has bandlimited loop gain. 

101< 

5V 

Mr ..................................... . ......... j1 
~... ................... ...•. . •.•.•.•...•.•. ........... ..... 83.5dB 

Jfv-f:-l===:·""···""···"",··:,.,.:··ccc:·"",·::.,,..,::,...·:f',,.':±' :+c:."..,:,.,.,:·::,.,.::ccc··.,."···,..,.···""····""'···"" .. ·.,,.., .. ·=~ 1 
~~w'op~~' .~.;~~ ...... :"". 

Ccit~~R"':-' ""'a -;'6e""'"5'7.H-~ ':"--':"'.:::-:u"-, 7:.t .:-;. ab.7=-'Hc::-~--.:--'--::s""p .. ~ttl:-;e""'ai:::aa~"~ 
~I 2535 Hz YI-74.16 dBV 

NOTE:THElcLK-I~=85Hz J t t 
ALIAS FREQUENCY IS 95dB 2fcLK - I,. 'CLK I,. = 2.685kHz 
OOWN FROM THE OUTPUT LEVEL 

VIN= 10kHz 
8Vp·p 

-5V 

T 50PF 

1pF'=' 

Figure 6A. Output Voltage Spectrum of 112 LTC10S1 Operating as a Unity Gain Inverting Amplifier. 
Vs = ± SV, RL = 10k, CL = SOpF, VIN = 8Vp·p, 2.68SkHz. 
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ALL ALIAS FREQUENCY 
SOdB T084dB DOWN FROM OUTPUT 

--l 1kHz I--

Figure 6B. Output Voltage Spectrum of 112 LTC10S1, Operating as a Unity Gain Inverting Amplifier. 
Vs = ± SV, RL = 10k, CL = SOp.F, VIN = 8Vp·p, 10kHz. 
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FlANGE ~ 11 tiiV 

SYSTEM BUSV, ONLY ABORT COMMANDS ,;LLOUED 
28 

dBV 

15 
dB 

/DIY 

STATlISt PAltSED 

LTC 1 051 /LTC1053 

R2= 10k 

IP--po-VOUT 

-SV 

Figure 7. Output Voltage Spectrum of 1/2 LTC1051 Operating as an Inverting Amplifier with a Gain of -100 and Amplifying a 90mVp-p, 
10kHz Input Signal. With a 9Vp-p Output Swing the Measured 2nd Harmonic (20kHz) was 75 Down from the 10kHz Input Signal. 

~ 

±10 

±9 

±B 

±7 

(!) ±6 z 
~ ±5 
+I 

~ ±4 

±3 

±2 

±1 

o 

I I I I 
Vs= ±BV, TA~BS'C 

i---" ~ . .... '·'1'·'1 I I ,. I I I I ,. 
Vs= ±SV, TA~BS'C 

~ ,., , .• ···r··1 1 1 
.' vs~ ±2ISV, T~<B~'C I-

.. , .... I 

." 
f-'-- :N~GAiIVES'wINb_ l-I- •••.••• :POSITIVESWING I-

o lk 2k 3k 4k Sk 6k 7k Bk 9k 10k 
Rl (LOAD RESISTANCE, 0) 

Figure 8. Output Voltage Swing vs Load 

90 
ID 

~ 80 
!;c 
a: 
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:::r ... 
~ 60 
1i5 

~ SO 
:;;! 
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~ 30 
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>-
~ 20 
§ 

10 
1 

V~= ~J) 
r-t- frN~IOkHz 

l"-t--

10 100 
INVERTING CLOSED LOOP GAIN 

Figure 9. Signal to Alias Ratio vs Closed Loop Gain 
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APPLICATion CIRCUITS 
Obtaining Ultra·Low Vos Drift and Low Noise 

'" .. .. .. .. .. .. .. .. .. .. .... .. 
+~~--------~ ...... .. 

'Interchange connections®and@ 

...... .... ..... ...... 
... ... 

The dual chopper op amp buffers the inputs of A, and cor· 
rects its oliset voltage and oliset voltage drift. With the shown 
R,C values, the power up warm up time is typically 20s. The 
step response of the composite amplifier does not present 
settling tails. The LT1007 should be used when extremely low 
noise, Vas and Vas drift are sought when the input source 
resistance is low. (For instance a 3500 strain gauge bridge.) 
The LT1012 or equivalent should be used when low bias cur· 
rent (100pA) is also required in conjunction with DC to 10Hz 
low noise, and low Vas and Vas drift. The measured typical 
input offset voltages were less than 2p,V . 

eOUT(DC-1Hz)** 
O.lpVp·p 
0.3~Vp·p 

eouT(DC-l0Hz)" 
0.15pVp·p 
0.4~Vp·p 

"Noise measured in a 10 sec. window. Peak-to-peak noise was also measured for 10 continuous minutes: With the LT1007 op amp the recorded noise was 
O.2pVp-p for both DC-l Hz and DC-10Hz. 

LTC1051/LT1007 Peak·to-Peak Noise 

Vs= ,,5V 

- '-.... .... '""'-- DCT01Hz 
NOISE --

.A..~ ~"'" 
DCT010Hz 

J'\Il"" .A. . A ~ ~ ...... NOISE 
'v .. . •. ¥ ""V v' v-~'VV"" '."VvI-~ 

1 SECIDIV 
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APPLICATion CIRCUITS 

R1 

R1 

V1 

Paralleling Choppers to Improve Noise 

R2 

R 
NOTE: THIS CIRCUIT CAN ALSO BE USED AS A 
DIFFERENCE AMPLIFIER FOR STRAIN GAUGES. 
CONNECT R2/3 AND Rl/3 FROM NON-INVERTING 
INPUTS, SHORTED TOGETHER, TO GROUND ANO 
TO SOURCE RESPECTIVELY. 

VOUT R2 NOISE OF EACH PARALLELEO OP AMP 
V;;; = 3 iii"; INPUT DC -10Hz NOISE" O.8)lVp-p = {3 

Differential Voltage to Current Converter 

• IOUp 2(V2-V1) 
RG 

·BW=100Hz 
• lOUT MAX. = 1 mA 
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APPLICATion CIRCUITS 
Multiplexed Differential Thermometer 

loon 255k 
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VOUT= 

at TEL LAB TYPE OSl 

...... -~~--o ABSOLUTE TEMPERATURE 

.--+---0 ABSOLUTE TEMPERATURE 

~""'-OUTPUT 

(DIFFERENTIAL 
TEMPERATURE) 

ALL FIXED RESISTORS ARE 1% METAL FILM 
OUTPUT = TREF - Tl OR TREF - T2 (10mV PER 'C) 
ACCURACY = (±C.l% FROM 25'C TO 150'C) 

Six Decade Log Amplifier 

..... _.,.,... .... ..,.,.,....+5V 

LT1oo9 

ADJUST 2M POR. FOR NON-UNEARITIES 



APPLICATion CIRCUITS 

INPUT 1 

INPUT 2 

I 

T~! ~ 
~o-~~-t~ 
'=' L ____ ...J I 

LTC1051/LTC1053 

Dual Instrumentation Amplifier 

CMRR>1IlOdB 
Vos=3p.V 
INPUT REFERRED NOISE=2. Vp-p 

GAIN=101VIV 

Linearized Platinum Signal Conditioner 

10k' 
2.4k 

Rp=ROSEMOUNT 118MFRTO 
*1% FILM RESJSTOR 
TRIM SEQUENCE: 

SET SENSOR TO O°C VALUE. ADJUST ZERO 
FOR OV OUT. SET SENSOR TO 100°C VALUE. 
ADJUST GAIN FOR 1 ,OOOV OUT. SET SENSOR 
TO 400°C VALUE. ADJUST LINEARITY FOR 4.00DV OUT. 
REPEAT AS REQUIRED. FOR MORE INFORMATION REFER TO AN3. 
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APPLICATion CIRCUITS 

DC Accurate, 3rd Order, 100Hz, Butterworth Antialiasing Filter 
Cl 

WIDESAND NOISE 9~VRMS 
THD+NOISE~O.OOI2%, lVRMS<V,N<2VRMS, Vs= ±BV 
Vos(OUl]<5~V 

0.1 

~0.010 
w 

'" a z 
+ 
o 
j:: 0.001 

~ 

0.0001 
0.1 

Dynamic Range 

60dB 

Vs =+5V~ ~E 80dS 

./ 

r--f" 
Vs -+8V 100dS 

1 
V,N (VRMS), ~N = 30Hz 

l20dB 
5 

DC Accurate, 18·Bit 4th Order Antialiasing Bessel (Linear Phase), 100Hz, Lowpass Filter 

R1A R3A 
10k 26.7k 
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R2A 
10k 

WIDEBAND RMS NO'SE 4.5~VRMS 
THD + NO'SE~O.OO05% (= 1000B DYN. RANGE), 2VRMSSV,NS3VRMS 
VosOUT <10~V 

0.1 

~0.010 
w 

'" a z 
+ 
o 
j:: 0.001 

0.0001 
0.1 

Dynamic Range 

r-.: 
Vs=±5V-
~', 

Vs=±8V== ,,',: 
II 
1 

V'N (\IIlMS), ~N = 30Hz 

SOdB 

SOdB 

100dB 

120dB 
5 

VOUT 
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~~ TECHNOLOGY~----±-15-V-C--ho-p-p-e-r-S-ta-b-il-iz-e-d 

FEATURES 
• High Voltage Operation, ±1BV 
• No External Components Required 
• MaximumOffsetVoitage511V 
• Maximum Offset Voltage Drift 0.0511V/oC 
• Low Noise 1.Bl1Vp-p (0.1 Hz to 10Hz) 
• Minimum Voltage Gain 140dB 
• Minimum PSRR 120dB 
• Minimum CMRR 120dB 
• Low Supply Current O.BmA 
• Single Supply Operation 4.75Vto 36V 
• Input Common Mode Range Includes Ground 
• 200llA Supply Current with Pin 1 Grounded 
• Typical Overload Recovery Time 20ms 

APPLICATions 
• Strain Gauge Amplifiers 
• Electronic Scales 
• Medical Instrumentation 
• Thermocouple Amplifiers 
• High Resolution Data Acquisition 

TYPICAL APPLICATiOn 

Operational Amplifier with 
Internal Capacitors 

DESCRIPTiOn 
The L TC1150 is a high-voltage, high-performance chopper 
stabilized operational amplifier. The two sample-and-hold 
capacitors usually required externally by other chopper 
amplifiers are integrated on-chip. Further, LTC's proprietary 
high-voltage CMOS structuresallowthe LTC1150to operate 
at up to 36V total supply voltage. 

The LTC1150 has an offset voltage of 0.511V, drift of 
0.0111V/oC, 0.1 Hz to 10Hz input noise voltage of 1.Bl1Vp
p and a typical voltage gain of 1BOdB. The slew rate of 3V/ 
l1s and a gain bandwidth product of 2.5MHz are achieved 
with O.BmA of supply current. Overload recovery times 
from positive and negative saturation conditions are 3ms 
and 20ms, respectively. 

For applications demanding low power consumption, pin 1 
can be used to program the supply current. Pin 5 is an optional 
AC-coupled clock input, useful for synchronization. 

The LTC1150 is available in a standard B-Iead metal can, 
plastic and ceramic dual in line packages, as well as an 
B-Iead SOB package. The LTC1150 can be a plug-in replace
ment for most standard bipolar op amps with significant 
improvement in DC performance. 

Single Supply Instrumentation Amplifier Noise Spectrum 

lk 

1M 

V' 

~-+--VOUT 

OUTPUT OFFSET ~ 5mV 
TOTAL SUPPLY CURRENT DECREASES 
TO 400~A WHEN BOTH PIN ls 
ARE GROUNDED 

160 

N'140 

1120 

~ 100 
~ 
~ 80 

~ 60 
w 

'" ~ 40 
o 
> 20 

o 
10 

1\ 

100 lk 10k lOOk 

FREQUENCY (Hz) 
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ABSOLUTE mAXimum RATinGS 
(Note 1) 

Total Supply Voltage (V+ to V-) ............................... 36V 
Input Voltage (Note 2) ........... (V+ +0.3V) to (V- -0.3V) 
Output Short Circuit Duration .......................... Indefinite 
Burn-In Voltage ........................................................ 36V 
Operating Temperature Range 

LTC1150M ......................................... -55°C to 125°C 
L TC1150C· ........................................... -40°C to 85°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

ELECTRICAL CHARACTERISTICS 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

ISUPPLY 08 CLOCK OUT 
-IN 2 7 V' 

+IN3 6 OUT 
v- 4 5 EKT CLOCK 

IN 
J8 PACKAGE N8 PACKAGE 

8·LEAD CERAMIC DIP 8·LEAD PLASTIC DIP 

ISUPPLY 
-IN 

TOP VIEW 

5 EKTCLOCK ___ --' IN 
S8 PACKAGE 

HEAD PLASTIC SOIC 

ORDER PART 
NUMBER 

LTC1150MJ8 
LTC1150CJ8 
LTC1150CN8 

LTC1150CS8 

S8 PART MARKING 

1150 

VS = ±15V, Pin 1 = Open, TA = Operating Temperature Range, unless otherwise specified. 
LTC1150M LTC1150C 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage TA = 2SoC (Note 3) ±O.S ±S ±O.S ±5 /lV 
Average Input Offset Drift {Note 3) • ±0.01 ±O.OS ±0.01 ±O.OS /lV/oC 

Long Term Offset Voltage Drift SO 50 nV/vmo 

Input Offset Current TA = 2S~C ±20 ±60 ±20 ±200 pA 
• ±1.5 ±O.S nA 

Input Bias Current TA = 2SoC ±10 ±50 ±10 ±100 pA 

• ±2.5 ±O.S nA 
Input Noise Voltage Rs = lOOn, 0.1 Hz to 10Hz, TC2 1.8 1.8 /lVp-p 

Rs = lOOn, O.lHz to 1Hz, TC2 0.6 0.6 

Input Noise Current f = 10Hz (Note 4) 1.8 1.8 fAlVRZ 

Common-Mode Rejection Ratio VCM = V-to 12V • 110 130 110 130 dB 
Power Supply Rejection Ratio Vs=±2·37SVto±16V • 120 14S 120 14S dB 
Large Signal Voltage Gain RL = 10kO, VOUT= ±10V • 140 180 140 180 dB 

Maximum Output Voltage Swing RL = 10kO TA = 2SoC ±13.5 ±14.5 ±13.5 ±14.5 V 

RL = 10kO • + 10.51 +10.51 
-13.5 -13.5 

RL = 100ka ±14.95 ±14.95 

Slew Rate RL = 10ka, CL = SOpF 3 3 V/j1S 

Gain Bandwidth Product 2.5 2.S MHz 

Supply Current No Load TA = 25°C 0.8 1.0 0.8 1.5 rnA 

No Load, Pin 1 = V TA = 2SoC 0.2 0.2 

No Load • 1.5 2 

Internal Sampling Frequency 550 550 Hz 
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ELECTRICAL CHARACTERISTICS 
VS = 5V, Pin 1 = Open, TA = Operating Temperature Range, unless otherwise specified. 

PARAMETER CONOITIONS 

Input Offset Voltage T A = 25°C (Note 3) 

Average Input Offset Drift (Note 3) 

Long Term Offset Voltage Drift 

Input Offset Current TA= 25°C 

Input Bias Current TA=25°C 

Input Noise Voltage Rs = 1000, 0.1 Hz to 10Hz, TC2 

Rs= 1000, O.lHzto 1Hz, TC2 

Input Noise Current f = 10Hz (Note 4) 

Common-Mode Rejection Ratio VCM = OV to 2.7V 

Power Supply Rejection Ratio Vs = ±2.375V to ±16V 

Large Signal Voltage Gain RL = 10kO, VOUT = 0.3V to 4.5V 
Maximum Output Voltage Swing RL = 10kO 

RL = 100kO 

Slew Rate RL = 10kO, CL = 50pF 

Gain Bandwidth Product 

Supply Current No Load TA = 25°C 

Internal Sampling Frequency 

The. denotes the specifications which apply over the full operating 
temperature 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 
LTC1150. 

TEST CIRCUITS 
Offset Voltage Test Circuit 

1M 

OUTPUT 

• 

• 
• 

• 
• 
• 

• 

LTC1150M LTC1150C 
MIN TYP MAX MIN TYP MAX UNITS 

±0.5 ±5 ±0.05 ±5 ~V 

±0.01 ±0.05 ±0.01 ±0.05 ~V/oC 

50 50 nV/'iffiO 

±10 ±30 ±10 ±60 pA 
±100 ±100 

±5 ±15 ±5 ±30 pA 
±400 ±100 

2.0 2.0 ~Vp-p 

0.7 0.7 

1.3 1.3 fAl;/Hz 

110 110 dB 

130 145 125 145 dB 

130 180 130 180 dB 

0.15 - 4.85 0.15 - 4.85 V 

0.02 - 4.97 0.02 -4.97 

1.5 1.5 V/~s 

1.8 1.8 MHz 

0.4 1 0.4 1 mA 
1.5 1.5 

300 300 Hz 

Note 3: These parameters are guaranteed by design. Thermocouple 
effects preclude measurement of these voltage levels in high-speed 
automatic test systems. Vas is measured to a limit determined by test 
equipment capability. 
Nole 4: Current Noise is calculated from the formula: 

IN = ;/(2q elb) 
where q = 1.6 x 10-19 Coulomb. 

DC-10Hz Noise Test Circuit 

FOR 1Hz NOISE BW, INCREASE ALL THE CAPACITORS BY A FACTOR OF 10. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Large Signal Transient Response 

Vs = ±15V, Av = 1, CL = 100pF, RL = 10kQ 
LTC11SO·TPCI5 

Small Signal Transient Response, 
Pin1=V-

Vs = ±15V, Av= 1, CL = 100pF, RL = 10kll, 
PIN 1 =v-

0.2V1DIV 

SViDIV 

Large Signal Transient Response, 
Pin 1= V-

Vs = ±1SV,Av= 1, CL = 100pF, PIN 1 = V-

Overload Recovery from 
Negative Saturation 

LTCllSO·TPCI6 

Vs = ±1SV, Av = -100, 2mS/DIV 

O.1Hz-10HzNoise, V=±15V, TA = 25°C, Internal Clock 

t 
111V 

0.2V 

5VIDIV 

Small Signal Transient Response 

Vs = ±1SV, Av = 1, CL = 100pF, RL = 10kQ 

Overload Recovery from 
Positive Saturation 

LTC11SO· TPC17 

Vs = ±1SV, Av=-100, 2ms/DIV 

~~~--~--~~--~--~~--~--~~--~~ 
105 --
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TYPICAL PERFORmAnCE CHARACTERISTICS 

0.1Hz-10Hz Noise, V = ±15V, TA = 25°C, Is = 1800Hz 
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LTC 1 150 

Pin DESCRIPTions 
1) 8-Pin Packages 

Pin 1- Supply Current Programming. The supply current 
can be programmed through pin 1. When pin 1 is left open 
or tied to +Vs, the supply current defaults to 800jJA. Tying 
a resistor between pin 1 and pin 4, the negative supply pin, 
will reduce the supply current. The supply current, as a 
function of the resistor value, is shown in Typical Perfor
mance Characteristics. 

Pin 2 - Inverting Input. 

Pin 3 - Non-Inverting Input. 

Pin 4 - Negative Supply. 

Pin 5-0ptional External Clock Input. The LTC1150 has an 
internal oscillator to control the circuit operation of the 
amplifier if pin 5 is left open or biased at any DC voltage in 
the supply voltage range. When an external clock is 

APPLICATions InFoRmATion 

ACHIEVING PICOAMPERE/MICROVOLT PERFORMANCE 

Picoamperes 

In order to realize the picoampere level of accuracy of the 
LTC1150, 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 performance. 
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 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. 

2-328 

desirable it can be applied to pin 5. The applied clock is AC
coupled to the internal circuitry to simplified interface 
requirements. The amplitude of clock input signal needs to 
be greater than 2V and the voltage level has to be within the 
supply voltage range. Duty cycle is not critical. The internal 
chopping frequency is the external clock frequency di
vided by four. When frequency of the external clock falls 
below 100Hz (internal chopping at 25Hz), the internal 
oscillator takes over and the circuit chops at 550Hz. 

Pin 6 - Output. 

Pin 7 - Positive Supply. 

Pin 8 - Clock Output. The signal coming out of this pin is 
at the internal oscillator frequency of about 2.2kHz (four 
times the chopping frequency) and has voltage levels at VH 
= +Vs and VL = Vs -4.6V. If the circuit is driven by an 
external clock, pin 8 is pulled up to +Vs. 

Microvolt~ 
Thermocouple effects must be considered ifthe LTC1150'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 
exploitthis phenomenon to produce useful information. In 
low drift amplifier circuits the effect if a primary source of 
error. 

Connectors, switches, relay contacts, sockets, resistors, 
solder, and even copper wire are all candidates forthermal 
EMF generation. Junctions of copper wire from different 
manufacturers can generate thermal EMFs of 200nV/oC
fourtimes the maximum drift specification ofthe L TC1150. 
The copper/kovar junction, formed when wire or printed 
circuittraces contact a package lead, has a thermal EMF of 
approximately 35J.1V/oC - 700 times the maximum drift 
specification of the LTC1150. 

Minimizing thermal EMF-induced errors is possible if 
judicious attention is given to circuit board layout and 



APPLICATions InFoRmATion 

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, attemptto 
balance the number and type of junctions so that differential 
cancellation occurs. Doing this may involve deliberately 
introducing junctions to offset unavoidable junctions. 

Figure 1 is an example of 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 
reduce thermal EMF errors. 

Figure 1. Extra Resistors Cancel Thermal EMF 

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 ofthermal EMF errors. Table 
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 ofthe resistor and ifthese 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 
thermal EMF. 

LTC 1 150 

Table 1. Resistor Thermal EMF 

Resistor Type Thermal EMF/oC Gradient 

Tin Oxide -mV!°C 

Carbon Composition -450I!V/oC 

Metal Film -201!V!°C 
Wire Wound 

Evenohm -2I!VrC 
Manganin -2I!V/oC 

PACKAGE-INDUCED OFFSET VOLTAGE 

Package-induced thermal EMF effects are another impor
tant source of errors. It arises at the copper/kovar 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 L TC1150's offset nulling loop 
and cannot be cancelled. Metal can H packages exhibit the 
worst warm-up drift. The input offset voltage specification 
of the LTC1150 is actually set by the package-induced 
warm-up drift rather than by the circuit itself. The thermal 
time constant ranges from 0.5 to 3 minutes, depending on 
package type. 

ALIASING 

Like all sampled data systems, the LTC1150 exhibits 
aliasing behavior at input frequencies near the sampling 
frequency. The LTC1150 includes a high-frequency cor
rection loop which minimizes this effect; as a result, 
aliasing is not a problem for most applications. 

For a complete discussion of the correction circuitry and 
aliasing behavior, please refer to the LTC1051/53 data 
sheet. 

SYNCHRONIZATION OF MULTIPLE LTC1150's 

When synchronization of several LTC1150's is required, 
one of the L TC1150's can be used to provide the "master" 
clock to control over 100 "slave" L TC1150's. The master 
clock, coming from pin 8 of the master LTC1150, can 
directly drive pin 5 ofthe slaves. Note that pin 8 ofthe slave 
LTC1150's will be pulled up to +Vs. 

If all the L TC1150's are to be synchronized with an external 
clock, then the external clock should drive pin 5 of all the 
LTC1150's. 
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APPLICATions InFoRmATion 
LEVEL SHIFTING THE CLOCK 

Level shifting is needed if the clock output of the LTC1150 
in ±15V operation must interface to regular +5V logic 
circuits. Figures 2 and 3 show some typical level shifting 
circuits. 

When operated from a single +5V or J:fJV supplies, the 
LTC1150 clock output at pin 8 can interface to TTL or 
CMOS inputs directly. 

-15V 

+5V 

LOGIC 
CIRCUIT 

Figure 2. Oulpul Level Shill (Option 1) 

TYPICAL APPLICATiOnS 

Low Level Pholodectector 

2-330 

LOW SUPPLY OPERATION 

The minimum supply for proper operation of the LTC1150 
is typically below 4.0V (±2.0V). In single supply applica
tions, PSRR is guaranteed down to 4.7V (±2.35V) to 
ensure proper operation down to the minimum TTL speci
fied voltage of 4.75V. 

SINGLE 
POINT 
SENSE 

GROUND 

+15V +5V +5V 

10k 

WV LOGIC 
CIRCUIT 

-15V 

GND 

Figure 3. Oulput Level Shill (Option 2) 

Ground Force Reference 

-15V -15V 

-----------~---------------

APPLICATION: TO FORCE TWO GROUND POINTS IN A SYSTEM WITHIN 51lV. 

FORCED 
GROUND 



TYPICAL APPLICATions 
Paralleling 10 Improve Noise 
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10k 

MEASURED NOISE 

eLK 
FREE 
RUN 

eLK 
DRIVEN 
1800Hz 

10Hz = 700nVp-p 
1 Hz = 200nVp-p 

10Hz = 360nVp-p 
1 Hz = 160nVp-p 

LTC 1 150 

DC Siabilized, low Noise Amplifier 

.15V 

Battery Discharge Monilor INPUT -.---.:.. 

OPENATI=O 

-IRl 
Your = R2e I 

ERROR s 5.V + 30pA ~ 
IRl I Rl 

lOOk 

-15V 

'---'If.i/Ir-- +15V 

r-9-- OUTPUT 

(A= 1000) 
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I Instrumentation Amps I 

Micropower Single Supply 
LT1101 

AM/AIIAC M/I/C S 
Fixed Gains Available 10,100 10,100 10,100 
Max Gain Error 0.040% 0.060% 0.060% 
Max Gain Non-Linearity 7ppm 8ppm 8ppm 
MaxVos 16Ol1V 22Ol1V 25Ol1V 
Max los 0.6nA 0.9nA 0.9nA 
MaxlB 8nA 10nA 10nA 
Max Supply Current 10511A 12011A 12011A 
Min CMRR 95dB 92dB 92dB 
Min Supply Voltage 2.3V 2.3V 2.3V 
Max Output Swing 3.5V/0.001V 3.5V/0.001V 3.5V/0.001V 
Packages Available H, JBlNBlH, J8, N8 H, JBlNBlH, J8, N8 S 

Fast JFET Input 
LT1102 

AM/AC M/I/C 
Fixed Gains Available 10,100 10,100 
Min Slew Rate 21v/1lS 18V/1lS 
Max Settling Time to 0.01% 6.51lS 6.51lS 
Min Gain Bandwidth Product 20MHz 17MHz 
Max Gain Error 0.05% 0.07% 
Max Gain Non-Linearity 14ppm 18ppm 
Max Offset Voltage 6OOl1V 9OOl1V 
Max Bias Current 40pA 60pA 
Min CMRR 84dB 82dB 
Max Supply Current 5.OmA 5.6mA 
Packages Available HlH, N8 H, J8/N8/H, J8, N8 

I 

Low Offset, Low Drift 
LTC 11 00 

C (-40°C to 85°C) CS (-40°C to 85°C) 
Fixed Gains Available 100 10,100 
Max Gain Error 0.075% 0.075% 
Max Gain Non-Linearity 20ppm 20ppm 
MaxVos 1Ol1V 1Ol1V 
Max Vos Drift with Temperature 0.0111V/oC 0.0111V/oC 
Typ 0.1Hz to 10Hz Input Noise Voltage 1.9I1VP-P 1.9I1VP-P 
MaxlB 65pA 65pA 
Min CMRR 90dB 90dB 
Max Supply Current 3.8mA 3.BmA 
Packages Available NB S 
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,..,....-unet\1.2 LTC 1100 
~, TECHNOLOGY~-Pr-e-c-is-io-n-,-C-h-o-p-p-e-r-St-a-b-il-iZ-e-d 

FEATURES 
• Offset Voltage 1 0l-IV Max 
• Offset Voltage Drift 50nV/oC Max 
• Bias Current 50pA Max 
• Offset Current 50pA Max 
• Gain Non-Linearity 8ppm Max 
• Gain Error ±0.05% Max 
• CMRR104dB 
• 0.1 Hz-10Hz Noise 2j..lVp-p 
• Single 5V Supply Operation 
• 8-Pin MiniDIP 

APPLICATions 
• ThermocoupleAmplifiers 
• Strain Gauge Amplifiers 
• Differential to Single Ended Converters 

BLOCK DIAGRAm 

R 

5 (V"') 

99R 

3-4 

99R 

LTC1100'BD01 

Instrumentation Amplifier 

DESCRIPTion 
The LTC11 00 is a high precision instrumentation amplifier 
using chopper stabilization techniques to achieve out
standing DC performance. The input DC offset is typically 
1j..l V while the DC offset drift is typically 1 OnV/oC; a very 
low bias current of 50pA is also achieved. 

The LTC11 00 is self contained; that is, it achieves a differ
ential gain of 100 without any external gain setting resistor 
or trim pot. The gain linearity is 8ppm and the gain drift is 
4ppm/oC. The LTC11 00 operates from a single 5V supply 
up to ±8V. The output typically swings 300mV from its 
power supply rails with a 10k load. 

An optional external capacitor can be added from pin 7 to 
pin 8 to tailor the device's 18kHz bandwidth and to 
eliminate any unwanted noise pickup. 

The LTC1100 is also offered in a 16-pin surface mount 
package with selectable gains of 10 or 100. 

The LTC11 00 is manufactured using Linear Technology's 
enhanced L TCMOS™ silicon gate process. 

TYPICAL APPLICATion 

Single 5V Supply, DC Instrumentation Amplifier 

~'----VOUT 

VOUT = 100 (+VIN - -VIN) 



ABSOLUTE mAXimum RATinGS 
Operating Temperature Range 

LTC1100M/AM ................................. -55°C to 125°C 
LTC1100C/AC ..................................... -40°C to 85°C 

Storage Temperature Range ................. -65°C to 150°C 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

GNDREF 08 VOUT 
+CMRR 2 7 COMP 

-VIN 3 6 +VIN 
v- 4 5 v+ 

N8 PACKAGE J8 PACKAGE 
HEAD PLASTIC DIP HEAD CERAMIC DIP 

ORDER PART 
NUMBER 

L TC1100ACN/ACJ 
L TC1100CN/CJ 
LTC1100AMJ 
LTC1100MJ 

LTCllOO 

Lead Temperature (Soldering, 10 sec.) .................. 300°C 
Total Supply Voltage (V+ to V-) ................................ 18V 
Input Voltage ......................... (V+ + O.3V) to (V- - O.3V) 
Output Short Circuit Duration ........................... Indefinite 

TOP VIEW 

S PACKAGE 
16-LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

LTC1100ACS 
LTC1100CS 

ELECTRICAL CHARACTERISTICS Vs=±5V, RL=10k, Cc=1000pF, unless otherwise specified. 

LTCll00ACN/ACJ LTCll00CN/CJ 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Gain Error TA= 25°C 0.01 0.05 0.01 0.075 ±% 

• 0.1 0.15 

Gain Non-Linearity TA= 25°C 3 8 3 20 ppm 

• 12 30 12 60 

Input Offset Voltage (Note 1) ±1 ±10 ±1 ±10 IlV 
Input Offset Voltage Drift (Note 1) • ±5 ± 100 ±5 ±100 nV/oC 

Input Noise Voltage DC to 10Hz, TA = 25°C 1.9 1.9 IlVp-p 

Input Bias Current TA = 25°C 2.5 50 2.5 65 pA 

• 120 135 

Input Offset Current • 10 50 10 65 pA 

Common Mode Rejection Ratio VCM = +2.3V to -4.7V (Note 2) • 104 115 90 110 dB 

Power Supply Rejection Ratio Vs = ±2.375V to ±8V • 120 105 dB 

Output Voltage Swing RL = 2kn, Vs = ±8V • -7.2 6.2 -7.2 6.2 V 
RL=10kn, Vs=±8V • -7.7 7.5 -7.7 7.5 

Supply Current TA= 25°C 2.4 2.8 2.4 3.3 rnA 

• 3.4 4 3.4 4.5 

Internal Sampling Frequency TA= 25°C 2.8 2.8 kHz 

Bandwidth TA=25°C 18 18 kHz 
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LTCll00 

ELECTRICAL CHARACTERISTICS 
Vs= ±5V, RL =10k, Cc=1000pF, unless otherwise specified. 

LTC1100AMJ LTC1100MJ 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Gain Error TA = 25°C 0.01 0.05 0.01 0.075 ±% 

• 0.11 0.15 

Gain Non-Linearity TA = 25°C 3 8 3 20 ppm 

• 40 65 

Input Offset Voltage (Note 1) ±1 ±10 ±1 ±10 I1V 
Input Offset Voltage Drift (Note 1) • ±5 ±100 ±5 ±100 nV/oC 

Input Noise Voltage DC to 10Hz, TA = 25°C 1.9 1.9 I1VP-P 
Input Bias Current TA = 25°C 5 50 5 65 pA 

• 300 450 

Input Offset Current • 80 120 pA 

Common Mode Rejection Ratio VCM= -4.7V to +2.3V • 100 90 dB 

Power Supply Rejection Ratio Vs = ± 2.375V to ±8V • 115 95 dB 

Output Voltage Swing RL=10kn, Vs=±8V • -7.4 7.4 -7.4 7.4 V 
RL = 2kn, Vs = ±8V • -7.0 6.0 -7.0 6.0 

Supply Current TA = 25°C 2.4 2.4 3.3 rnA 

• 4.2 4.6 

Internal Sampling Frequency TA = 25°C 2.8 2.8 kHz 

Bandwidth TA = 25°C 18 18 kHz 

ELECTRICAL CHARACTERISTICS 
Vs= ±5V, RL =10k, Cc=1000pF, unless otherwise specified. 

LTC1100ACS LTC1100CS 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Gain Error TA = 25°C, Av=100 0.01 0.05 0.01 0.075 ±% 

Av=100 • 0.1 0.15 
Av=10 0.01 0.04 0.01 0.06 
Av=10 • 0.1 0.15 

Gain Non-Linearity TA = 25°C, Av=100 3 8 3 20 ppm 
Av=100 • 12 30 12 60 
Av=10 1 8 1 10 
Av=10 • 25 40 

Input Offset Voltage (Note 1) ±1 ±10 ±1 ±10 I1V 
Input Offset Voltage Drift (Note 1) • ±5 ±100 ±5 ±100 nV/oC 

Input Noise Voltage DC to 10Hz, TA = 25°C 1.9 1.9 I1Vp-P 
Input Bias Current TA = 25°C 2.5 50 2.5 65 pA 

• 120 135 

Input Offset Current • 10 50 10 65 pA 

Common Mode Rejection Ratio VCM=-4.7V to +2.3V, 
Av=100 • 104 115 90 110 dB 
Av=10 • 95 85 

Power Supply Rejection Ratio Vs = ±2.375V to ±8V • 120 105 dB 
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ELECTRICAL CHARACTERISTICS 
Vs= ±5V, RL =10k, Cc=1000pF, unless otherwise specified. 

PARAMETER CONDITIONS 

Output Voltage Swing RL=10kO, Vs = ±8V 
RL = 2kO, Vs = ±8V 

Supply Current TA = 25°C 

Internal Sampling Frequency Tp 25°C 

Bandwidth I G = 100 Tp 25°C 

I G = 10 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: These parameters are guaranteed by design. Thermocouple 
effects preclude measurement of these voltage levels in high speed 

LTCll00CS BLOCK DIAGRAm 

90R 

R 

• • 
• 

LTCllOO 

LTC1100ACS LTC11 DOCS 
MIN TYP MAX MIN TYP MAX UNITS 

-7.2 6.2 -7.2 6.2 
-7.7 7.5 -7.7 7.5 

2.4 2.8 2.4 3.3 
3.4 4 3.4 4.5 

2.8 2.8 

18 18 

180 180 

automatic test systems. Vos is measured to a limit determined by test 
equipment capability. 
Note 2: See Applications Information, Single Supply Operation. 

7 (V-) 

V 

mA 

kHz 

kHz 

NOTE: FOR A VOLTAGE GAIN OF 10VN SHORT PIN 2 TO 3. AND PIN 14 TO 15. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTCllOO 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Large Signal Transient Response 
G=100. Vs=±5V 

Small Signal Transient Response 
G=100. Vs=±5V 

Overload Recovery 
G=100. Vs=±5V 

lv/DIV 

50mv/DIV 

2V1DIV 
2V1DIV 

lO~s/DIV lO~s/DIV 5~sJDIV 

Large Signal Transient Response 
G=10 (LTC1100CS Only). Vs=±5V 

Small Signal Transient Response 
G=10 (LTC1100CS Only). Vs=±5V 

Overload Recovery 
G=10 (LTC1100CS Only). Vs=±5V 

50msJDIV 

2V/DIV 

lO~s/DIV 

Pin DESCRIPTion 
8-Pin DIP (16-Pin SO) 

Pin 1 (2) 6ND REF - Connect to system ground. This sets 
the zero reference for the internal op amps. 

Pin 2 (4) +CMRR - This pin tailors the gain of the internal 
amplifiers to maximize AC CMRR. For applications which 
emphasize CMRR requirements. connect a 100k resistor 
and a 1 OpF capacitor in series from +CMRRto ground. See 
the Applications section. 

Pin 3 (6) -VIN - Inverting Input. 

Pin 4 (7) V- - Negative Supply. 

Pin 5 (10) V+ - Positive Supply. 

Pin 6 (11) +VIN - Non-Inverting Input. 

Pin 7 (13) COMP - This pin reduces the bandwidth of the 
internal .amplifiers for applications at or near DC. Clock 
feedthru from the internal sampling clock can also be 

lV/DIV 

2V/DIV 

lO~s/DIV l~sJDIV 

suppressed by using the COMP pin. The standard com
pensation circuit is a capacitor from COMP to VOUT. sized 
to provide an RC pole with the internal 247k resistor (22.Sk 
for LTC1100CS in gain-of-1 0 mode). See the Applications 
section. 

Pin 8 (15) VOUT- Signal Output. 

16-Pin SO Package Only 

(3) 6=10 - Short to pin (2) for gain of 10. Leave 
disconnected for gain of 100. 

(14) 6=10 - Short to pin (15) for gain of 10. Leave 
disconnected for gain of 100. 

NOTE: Both pins must be shorted or open to provide 
correct gain. 

(1),(5),(8),(9),(12),(16) NC - No internal connection. 
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APPLICATions InFoRmATion 
Common Mode Rejection 

Due to very precise matching of the internal resistors, no 
trims are required to obtain a DC CMRR of better than 
100dB. However, things change as frequency rises. The 
inverting amplifier is in again of 1.01 (1.1 for gain of 10), 
while the non-inverting amplifier is in a gain of 99 (9 for 
gain of 10). As frequency rises, the higher gain amplifier 
hits its gain-bandwidth limit long before the low gain 
amplifier, degrading CMRR. The solution is straightfor
ward - slow down the inverting amplifier to match the 
non-inverting amp. Figure 1 shows the recommended 
circuit. The problem is less pronounced in the LTC11 OOCS 
in gain-of-10 mode; no CMRR trims are necessary. 

+ 

100k 

10pF 

luc"",.,,,, 
Figure 1. Improving AC CMRR 

Overcompensation 

Many instrumentation amplifier applications process DC 
or low frequency signals only; consequently the 18kHz 
(180kHz for G=10) bandwidth of the LTC1100 can be 
reduced to minimize system errors or reduce transmitted 
clock noise by using the COMP pin. A feedback cap from 
COMP to VOUT will react with the 247k internal resistor 
(22.5k for G= 10) to limit the bandwidth, as in Figure 2. 

Figure 2. Overcompensation to Reduce System Bandwidth 
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AliaSing 

The L TC11 00 is a chopper stabilized instrumentation 
amplifier; like all sampled systems it exhibits aliasing 
behavior for input frequencies at or near the internal 
sampling frequency. The LTC11 00 incorporates special
ized anti-aliasing circuitry which typically attenuates aliasing 
products by ;;o:60dB; however, extremely sensitive sys
tems may still have to take precautions to avoid aliasing 
errors. For more information, see the LTC1 051/1 053 data 
sheet. 

Single Supply Operation 

The LTC11 00 will operate on a single 5V supply, and the 
common mode range of the internal op amps includes 
ground; single supply operation is limited only by the 
output swing of the op amps. The internal inverting 
amplifier has a negative saturation limit of 5mV typically, 
setting the minimum common mode limit at 5mVl1.01 (or 
1.1 for gain of 10). The inputs can be biased above ground 
as shown in Figure 3. Low cost biasing components can be 
used since any errors appear as a common mode term and 
are rejected. 

The minimum differential input voltage is limited by the 
swing of the output op amp. Lightly loaded, it will swing 
down to 5mV, allowing differential input voltages as low as 
50l-tV (450IlV for gain of 10). Single supply operation 
limits the LTC1100 to positive differential inputs only; 
negative inputs will give a saturated zero output. 

5V 

RSJAS .5V 

OUTPUT = ov - 5V 

Figure 3. 



L7UO~ Precisio~ Micro~:~~;' 
Single Supply Instrumentation Amplifier (Fixed Gain =10 or 100) 

FEATURES 
• Gain Error 
• Gain Non·Linearity 
• Gain Drift 
• Supply Current 
• Offset Voltage 
• Offset Voltage Drift 
• Offset Current 
• CMRR, G = 100 
• 0.1 Hz to 10Hz Noise 

• Gain Bandwidth Product 
• Single or Dual Supply Operation 
• Surface Mount Package Available 

APPLICATions 

0.04% Max 
0.0008% (8ppm) Max 

4ppm/oC Max 
105f.1A Max 
160f.lVMax 

O.4f.1V/oC Typ 
600pA Max 
100dB Min 

0.9f.1Vp·p Typ 
2.3pAp·p Typ 
250kHz Min 

• Differential Signal Amplification in Presence of 
Common·Mode Voltage 

• Micropower Bridge Transducer Amplifier 
- Thermocouples 
- Strain Gauges 
- Thermistors 

• Differential Voltage to Current Converter 
• Transformer Coupled Amplifier 
• 4mA-20mA Bridge Transmitter 

alOCK DIAGRAm 
GROUND 1 

(REFI .....-----1-t'-8 OUTPUT 

SHORTTO 1, G=10 2 
N.C. G=1oo 

INVERTING 3 
INPUT 

v- 4 

90R 90R 

9R 9R 

7 SHORTTO 8, G=10 
N.C. G==100 

6 NON-INVERTING 
INPUT 

L..-____ -f-5 v+ 

GROUND PIN 1, OUTPUT AT PIN 8 
G= 100: NO ADDITIONAL CONNECTIONS 
G == 10: SHORT PIN 2 TO PIN 1, SHORT PIN 7 TO PIN 8 

DESCRIPTion 
The LT1101 establishes the following milestones: 
(1) It is the first micropower instrumentation amplifier, 
(2) It is the first single supply instrumentation amplifier, 
(3) It is the first instrumentation amplifier to feature fixed 

gains of 10 and/or 100 in low cost, space·saving 8·lead 
packages. 

The LT1101 is completely self·contained: no external gain 
setting resistor is required. The LT1101 combines its mi· 
cropower operation (75f.1A supply current) with a gain error 
of 0.008%, gain linearity of 3ppm, gain drift of 1ppm/oC. 
The output is guaranteed to drive a 2k load to ± 10V with 
excellent gain accuracy. 

Other precision specifications are also outstanding: 50f.lV 
input offset voltage, 130pA input offset current, and low 
drift (O.4f.1VJOC and O.7pAl°C). In addition, unlike other in· 
strumentation amplifiers, there is no output offset voltage 
contribution to total error. 

A full set of specifications are provided with ± 15V dual 
supplies and for single 5V supply operation. The LT1101 
can be operated from a Single lithium cell or two Ni·Cad 
batteries. Battery voltage can drop as low as 1.8V, yet the 
LT1101 still maintains its gain accuracy. In single supply 
applications, both input and output voltages swing to 
within a few millivolts of ground. The output sinks current 
while swinging to ground - no external, power consum· 
ing pull down resistors are needed. 

Gain Error Distribution 

25 

20 

15 

10 

o 
-0.04-0.03-0.02-0.01 0 +0.01 +0.02+0.03+0.04 

GAIN ERROR ("I 
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ABSOLUTE mAXimum RATinGS 
Supply Voltage ................................... ± 22V 
Differential Input Voltage ......................... ± 36V 
Input Voltage .......... Equal to Positive Supply Voltage 

....... 10V Below Negative Supply Voltage 
Output Short Circuit Duration .................. Indefinite 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 

PACKAGE/ORDER InFORmATiOn 

NC 1 
GROUND 

(REF) 
NC 

REF 
G=10 

-IN 

NC 

TOP VIEW 
OUTPUT 

4 
V-(CASE) 

H PACKAGE 
HEAD TO'5 METAL CAN 

TOP VIEW 

S PACKAGE 
16-LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

LT1101AMH 
LT1101MH 
LT1101ACH 
LT1101CH 

LT1101S 

ELECTRICAL CHARACTERISTICS 

Operating Temperature Range 
LT1101AM/LT1101M ................... - 55°C to 125°C 
LT1101AI/LT11011 ...................... -40°Ct085°C 
LT11 01AC/LT11 01 C/LT11 01S ............... O°C to 70°C 

Storage Temperature Range 
All Grades ........................... - 65°C to 150°C 

TOP VIEW 

GROUND 
(REF) 1 

N PACKAGE 
HEAD PLASTIC DIP 

7 OUT 
G=10 

J PACKAGE 
a·LEAD CERAMIC DIP 

ORDER PART 
NUMBER 

LT1101AIN8 
LT11011N8 
LT1101ACN8 
LT1101CN8 
LT1101AMJ8 
LT1101MJ8 
LT1101ACJ8 
LT1101CJ8 

Vs=5V, OV, VCM = 0.1 V, VREF(PIN 1)=0.1V, G =10or100, TA=25°C, unless otherwise noted (Note 3). 

LT1101AM/AIIAC LT1101M/I/ClS 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNlfs 
GE Gain Error G=l00, Vo=0.1Vto3.5V, RL=50k 0.010 0.050 0.011 0.075 % 

G = 10, Va = 0.1V to 3.5V, RL =50k 0.009 0.040 0.010 0.060 % 

GNL Gain Non·Linearity G= 100, RL =50k 20 60 20 75 ppm 
G = 10, RL = 50k (Note 1) 3 7 3 8 ppm 

Vos Input Offset Voltage 50 160 60 220 ~V 
LTll01S 250 600 ~V 

los Input Offset Current 0.13 0.60 0.15 0.90 nA 

Is Input Bias Current 6 8 6 10 nA 

Is Supply Current 75 105 78 120 ~A 
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ELECTRICAL CHARACTERISTICS 
VS = 5V, OV, VCM =0.1V, VREF(PIN 1)= 0.1V, G = 10 or 100, TA =25°C, unless otherwise noted (Note 3). 

LT1101AM/AIIAC LTll01M/I/CIS 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

CMRR Common·Mode 1 k Source Imbalance 
Rejection Ratio G=100, VcM =0.07Vt03.4V 95 106 92 105 dB 

G=10, VCM = 0.07V to 3.W 84 100 82 99 dB 
Minimum Supply Voltage (Note 4) 1.8 2.3 1.8 2.3 V 

Vo Maximum Output Output High, 50k to GND 4.1 4.3 4.1 4.3 V 
Voltage Swing Output High, 2k to GND 3.5 3.9 3.5 3.9 V 

Output Low, VREF = 0, No Load 3.3 6 3.3 6 mV 
Output Low, VREF = 0, 2k to GND 0.5 1 0.5 1 mV 
Output Low, VREF = 0, ISINK = 100J<f\ 90 130 90 130 mV 

BW Bandwidth G = 100 (Note 1) 2.0 3.0 2.0 3.0 kHz 
G = 10 (Note 1) 22 33 22 33 kHz 

SR Slew Rate (Note 1) 0,04 0.07 0.04 0.07 V/~s 

ELECTRICAL CHARACTERISTICS 
VS = ± 15V, VCM = OV, TA = 25°C, Gain = 10 or 100, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 
GE Gain Error G=I00,Vo= ±10V,Rl=50k 

G= 100, Vo= ± 10V, Rl =2k 
G = 10, Vo= ± 10V, Rl = 50kor2k 

GNl Gain Non·Linearity G=100,Rl =50k 
G=100,Rl=2k 
G=10,Rl =50kor2k 

Vos Input Offset Voltage 
LT1101S 

los Input Offset Current 

Ie Input Bias Current 
Input Resistance 

Common·Mode (Note 1) 
Differential Mode (Note 1) 

en Input Noise Voltage 0.1 Hz to 10Hz(Note 2) 
Input Noise Voltage fo = 10Hz (Note 2) 
Density fo = 1000Hz (Note 2) 

in Input Noise Current 0.1 Hz to 10Hz (Note 2) 
Input Noise Current fo = 10Hz (Note 2) 
Density fo=1000Hz 
Input Voltage Range G=I00 

G=10 

CMRR Common·Mode lk Source Imbalance 
Rejection Ratio G = 100, Over CM Range 

G = 10, Over CM Range 
PSRR Power Supply Vs= +2.2V, -O.IVto ±18V 

Rejection Ratio 

Is Supply Current 

Vo Maximum Output Rl =50k 
Voltage Swing Rl=2k 

BW Bandwidth G = 100 (Note 1) 
G=10(Notel) 

SR Slew Rate 

Nola 1: This parameter is not tested. It Is guaranteed by design and by 
inference from other tests. 
Nole 2: This parameter is tested on a sample basis only. 
Nole 3: These test conditions are equivalent to Vs = 4.9V, - O.IV, VCM = OV, 
VREFIPIN 1) = OV. 

LT1101AM/AI/AC LT1101M/I/CIS 
MIN TYP MAX MIN TYP MAX UNITS 

0.008 0.040 0.009 0.060 % 
0.011 0.055 0.012 0.070 % 
0.008 0.040 0.009 0.060 % 
7 16 8 20 ppm 
24 45 25 60 ppm 
3 8 3 9 ppm 
50 160 60 220 ~V 

250 600 ~V 

0.13 0.60 0.15 0.90 nA 
6 8 6 10 nA 

4 7 3 7 GO 
7 12 5 12 GO 

0.9 1.8 0.9 ~Vp·p 

45 64 45 nVlv'Hz 
43 54 43 nV/v'Hz 
2.3 4.0 2.3 pAp·p 
0.06 0.10 0.06 pAlv'Hz 
0.02 0.02 pA/v'Hz 

+13.0 +13.8 +13.0 +13.8 V 
-14.4 -14.7 -14.4 -14.7 V 
+11.5 + 12.5 +11.5 +12.5 V 
-13.0 -13.3 -13.0 -13.3 V 

100 112 98 112 dB 
84 100 82 99 dB 
102 114 100 114 dB 

92 130 94 150 J<f\ 
±13.0 ±14.2 ±13.0 ±14.2 V 
±11.0 ±13.2 ±11.0 ±13.2 V 

2.3 3.5 2.3 3.5 kHz 
25 37 25 37 kHz 
0.06 0.10 0.06 0.10 VIpS 

Nola 4: Minimum supply voltage is guaranteed by the power supply 
rejection test. The LTll0l actually works at 1.8V supply with minimal 
degradation in performance. 
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ELECTRICAL CHARACTERISTICS 
Vs= ± 15V, VCM=OV, Gain= 10 or 100, -55°CsTAS125°Cfor AM/M grades, -40°CsTAS85°C for AlII grades, unless otherwise noted. 

LTll01AMIAI LTll01Mft 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN. TYP MAX UNITS 

GE Gain Error G=l00,Vo= ±10V,RL=50k 0.024 0.070 0.026 0.100 % 
G=l00, Vo= ±10V, RL=5k . 0.030 0.100 0.035 0.130 % 
G=10, Vo= ±10V, RL=5Okor5k 0.015 0.070 0.018 0.100 % 

TCGE Gain Error Drift G = 100, RL =5Ok 2 4 2 5 ppm/°C 
(Note 1) G=100,RL=5k 2 7 2 8 ppm/oC 

G=10,RL=5OkorSk 1 4 1 5 ppm/°C 

GNL Gain Non·Llnearlty G=100,RL=5Ok 24 70 26 90 ppm 
G=100,RL=5k 70 300 75 500 ppm 
G=10,RL=5Ok 4 13 S 15 ppm 
G=10,RL=5k 10 40 12 60 ppm 

Vos Input Offset Voltage 90 350 110 500 pV 
AVOflAT Input Offset Voltage Drift (Note 1) 0.4 2.0 0.5 2.8 pV/oC 

los Input Offset Current 0.16 0.60 0.19 1.30 nA 
AIOflAT Input Offset Current Drift (Note 1) 0.5 4.0 0.8 7.0 pAloC 

18 Input Bias Current 7 10 7 12 nA 

Ala/AT Input Bias Current Drift (Note 1) 10 25 10 30 pAloC 

CMRR Common·Mode G = 100, VCM = -14.4V to 13V 96 111 94 111 dB 
Rejection Ratio G=10,VCM= -13Vtol1.5V 80 99 78 98 dB 

PSRR Power Supply Vs= +3.0, -O.Wto ±18V 98 110 94 110 dB 
Rejection Ratio 

Is Supply Current 105 165 108 190 pA 

Vo Maximum Output RL=5Ok ±12.5 ±14.0 ±12.5 ±14.0 V 
Voltage Swing RL=5k ±11.0 ±13.5 ±11.0 ±13.5 V 

ELECTRICAL CHARACTERISTICS 
Vs= ± 15V, VCM =OV, Gain = 100r 100, OOCSTAS70oC, unless otherwise noted. 

LT1101AC LT1101CJS 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
GE Gain Error G=l00, Vo= ±10V, RL=5Ok 0.012 0.055 0.014 0.080 % 

G=I00, Vo= ±10V, RL=2k 0,018 0.085 0.020 0.100 % 
G=10, Vo= ±10V, RL=5Okor2k 0.009 0.055 0.010 0.080 % 

TeGE Gain Error Drift G=100,RL=5Ok 1 4 1 5 ppm/°C 
(Note 1) G=100,RL=2k 2 7 2 9 ppm/°C 

G=10,RL=5Okor2k 1 4 1 5 ppm/°C 
GNL Gain Non·Linearity G=100,RL=5Ok 9 25 10 35 ppm 

G=I00,RL=2k 33 75 36 100 ppm 
G=10,RL=SOkor2k 4 10 4 11 ppm 

Vos Input Offset Voltage 70 250 85 350 pV 
LTll01S 300 800 pV 

!J.VOflAT Input Offset Voltage Drift (Note 1) 0.4 2.0 O.S 2.8 pV/oC 
LT1101S 1.2 4.5 pVloC 

100 Input Offset Current 0.14 0.70 0.17 1.10 nil 
!J.IOfl!J.T Input Offset Current Drift (Note 1) 0.5 4.0 0.8 7.0 pAloC 

Is Input Bias Current 6 9 6 11 nA 
Ala/AT . Input Bias Current Drift (Note 1) 10 25 10 30 pAloC 
CMRR Common·Mode G=I00, VCM= -14.4Vto13V 98 112 96 112 dB 

Rejection Ratio G=10,VCM= -13Vtol1.SV 62 100 80 99 dB 
PSRR Power Supply Vs=2.5, -O.IVto ±18V 100 112 97 112 dB 

Rejection Ratio 

Is Supply Current 98 148 100 170 pA 

Vo Maximum Output RL=5Ok ±12.5 ±14.1 ±12.S ±14.1 V 
Voltage Swing RL=2k ±10.5 ±13.0 ±10.5 ±13.0 V 
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ELECTRICAL CHARACTERISTICS 
Vs=sv, OV, VCM = 0.1V, VREF(PIN 1) = 0.1V, Gain = 10 or 100, - SS·CSTAS12S·C for AM/M grades, - 40·CsTASSS·C for AlII grades, 
unless otherwise noted. 

LT1101AMfAI LT1101Mfl 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
GE Gain Error G = 100, Vo=0.1Vt03.5V; Rl = 50k 0.026 0.060 0.028 0.120 % 

G= 10, VCM = 0.15, Rl =SOk 0.011 0.070 0.014 0.100 % 
TCGE Gain Error Drift Rl = SOk (Note 1) 1 4 1 5 ppmf'C 

GNl Gain Non·Linearity G=loo,Rl=SOk 45 110 48 140 ppm 
G = 10, Rl = SOk (Note 1) 4 13 5 15 ppm 

Vos Input Offset Voltage 90 3SO 110 500 ~V 

IlVosfllT Input Offset Voltage (Note 1) 0.4 2.0 0.5 2.8 ~Vf'C 
Drift 

los Input Offset Current 0.16 0.80 0.19 1.30 nA 

IllosftJ.T Input Offset Current (Note 1) 0.5 4.0 0.8 7.0 pAf'C 
Drift 

Ie Input Bias Current 7 10 7 12 nA 

IllefllT Input Bias Current (Note 1) 10 25 10 30 pAf'C 
Drift 

CMRR Common·Mode G=loo, VCM=0.IVto3.2V 91 105 88 104 dB 
Rejection Ratio G= 10, VCM = 0.1V to 2.9V, VREF =0.15V 60 98 77 97 dB 

Is Supply Current 88 135 92 160 ~ 
Va Maximum Output Output High, SOk to GND 3.8 4.1 3.8 4.1 V 

Voltage Swing Output High, 2k to GND 3.0 3.7 3.0 3.7 V 
Output Low, VREF=O, No Load 4.5 8 4.5 8 mV 
Output Low, VREF=0,2ktoGND 0.7 1.5 0.7 1.5 mV 
Output Low, VREF=O, ISINK = 100~ 125 170 125 170 mV 

ELECTRICAL CHARACTERISTICS 
VS = SV, OV, VCM = 0.1 V, VREF(PIN 1)= 0.1V, Gain = 10 or 100, O·C STAS70oC, unless otherwise noted. 

LT1101AC LTtt01CfS 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
GE Gain Error G = 100, Vo = O.IV to 3.5V, Rl = SOk 0.017 0.065 0,018 0.095 % 

G = 10, VCM=0.15V, Rl =SOk 0.010 0.060 0.012 0.060 % 
TCGE Gain Error Drift Rl=SOk(Notel) 1 4 1 5 ppmf'C 

GNl Gain Non·Linearity G= 100, Rl =SOk 25 80 25 100 ppm 
G = 10, Rl = SOk (Note 1) 4 10 4 11 ppm 

Vos Input Offset Voltage 70 2SO 85 3SO ~V 
LTll01S 300 800 ~V 

IlVwllT Input Offset Voltage (Note 1) 0.4 2.0 0.5 2.8 ~Vf'C 
Drift 

LT1101S 1.2 4.5 ~V/'C 

los Input Offset Current 0.14 0.70 0.17 1.10 nA 

IllosfllT Input Offset Current (Note 1) 0.5 4.0 0.8 7.0 pAJ'C 
Drift 

Ie Input Bias Current 6 9 6 11 nA 
llieltJ.T Input Bias Current (Note 1) 10 25 10 30 pAJ'C 

Drift 
CMRR Common·Mode G = 100, VCM = 0.07V to 3.3V 93 105 90 104 dB 

Rejecllon Ratio G=10, VCM=0.07Vt03.0V, VREF=0.15V 62 99 60 98 dB 

Is Supply Current 80 120 85 145 ~A 

Va Maximum Output Output High, SOk to GND 4.0 4.2 4.0 4.2 V 
Voltage Swing Output High, 2k to GND 3.3 3.8 3.3 3.8 V 

Output Low, VREF = 0, No Load 4 7 4 7 mV 
Output Low, VREF=0,2ktoGND 0.6 1.2 0.6 1.2 mV 
Output Low, VREF = 0, ISINK = l00~ 100 150 100 ISO mV 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 
Single Supply Applications 

The LT1101 is the first instrumentation amplifier which is 
fully specified for single supply operation, i.e. when the 
negative supply is OV. Both the input common-mode range 
and the output swing are within a few millivolts of ground. 

Probably the most common application for instrumenta· 
tion amplifiers is amplifying a differential signal from a 
transducer or sensor resistance bridge. All competitive in· 
strumentation amplifiers have a minimum required com
mon·mode voltage which is 3V to 5V above the negative 
supply. This means that the voltage across the bridge has 
to be 6V to 10V or dual supplies have to be used, i.e. mi
cropower, single battery usage is not attainable on com
petitive devices. 

The minimum output voltage obtainable on the LT1101 is a 
function of the input common-mode voltage. When the 
common-mode voltage is high and the output is low, cur
rent will flow from the output of amplifier A into the output 
of amplifier B. See the Minimum Output Voltage vs Com
mon-Mode Voltage plot. 

Similarly, the Minimum Common-Mode Voltage vs Output 
Voltage plot specifies the expected common-mode range. 

When the output is high and input common-mode is low, 
the output of amplifier A has to sink current coming from 
the output of amplifier B. Since amplifier A is effectively in 
unity gain, its input is limited by its output. 

Common· Mode Rejection vs Frequency 

The common·mode rejection ratio (CMRR) of the LT1101 
starts to roll off at a relatively low frequency. However, as 
shown on the CMRR vs Frequency plot, CMRR can be en· 
hanced significantly by connecting an 82pF capacitor be
tween pins 1 and 2. This improvement is only available in 
the gain 100 configuration, and it is in excess of 30dB at 
60Hz. 

Offset Nulling 

The LT1101 is not equipped with dedicated offset null 
terminals. In many bridge transducer or sensor applica
tions, calibrating the bridge simultaneously eliminates the 
instrumentation amplifier's offset as a source of error. For 
example, in the Micropower Remote Temperature Sensor 
Application shown, one adjustment removes the offset er· 
rors due to the temperature sensor, voltage reference and 
the LT1101. 
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APPLICATions InFoRmATion 
A simple resistive offset adjust procedure is shown below. 
If R = 50 for G = 10, and R = 500 for G = 100 then the effect 
of R on gain error is approximately 0.006%. Unfortunately, 
about 450~ has to flow through R to bias the referenc~ 
terminal (pin 1) and to null 'out the worst-case offset vol~ 
age. The total current through the resistor network can ex~, 
ceed 1 rnA, and the micropower advantage of the LT1101 is,? 
lost. 

+15V 
10k 

OUT 

10k 
t-----..,.,.".-~ 20k 

10k 

-15V 

Another offset adjust scheme uses the LT10n micro
power op amp to drive the reference pin 1. Gain error and 
common-mode rejection are unaffected, the total current 
increase is 45,A The offset of the LT10n is trimmed and 
amplified to match and cancel the offset voltage of the 
LT1101. Output offset null range is ± 25mV. 

-UVTO -18V 
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Gains Between 10 and 100 

Gains between 10 and 100 can be achieved by connecting 
two equal resistors (= Rx) between pins 1 and 2 and pins 7 
and 8. 

Gain=10t Rx 
RtRx/90 

The nominal value of R is 9.2kO. The usefulness of this 
method is limited by the fact that R is not controlled to 
better than ± 10% absolute accuracy in production. How
ever, on any specific unit 90R can, be measured between 
pins 1 and 2. 

Input Protection 

Instrumentation amplifiers are often used in harsh envi
ronments where overload conditions can occur. The 
LT1101 employs PNP input transistors, consequently the 
differential input voltage can be ± 30V (with ± 15V sup
plies, ± 36V with ± 18V supplies) without an increase in in
put bias current. Competitive instrumentation amplifiers 
have NPN inputs which are protected by back to back 
diodes. When the differential input voltage exceeds 
± 1.3V on these competitive devices, input current in
creases to the milliampere level; more than ± 10V differen
tial voltage can cause permanent damage. 

When the LT1101's inputs are pulled above the positive 
supply, the inputs will clamp a diode voltage above the 
positive supply. No damage will occur if tne input current 
is limited to 20mA. 

5000 resistors in series with the inputs protect the LT1101 
when the inputs are pulled as much as 10V below the 
negative supply. 



APPLICATions InFoRmATion 
Micropower, Battery Operated, Remote Temperature Sensor 

REMOTE TEMP _ 
SENSOR 

3V 

~--+-------------~ 

22100 

621} 

-100nA 
'"-;j( 

TRIM OUTPUT TO 2S0mV AT 2SoC 
TEMPERATURE RANGE=2.S'C TO 1S0°C 
ACCURACY = ",O.soC 

Instrumentation Amplifier with ± 150mA Output Current 

2k 

GAIN =10, DEGRADED BY 0.01% DUE TO LT1010 
OUTPUT = '" 10V INTO 7S0 (TO 1.5kHz) 
DRIVES ANY CAPACITIVE LOAD 
SINGLE SUPPLY APPLICATION (V+ =5V, V - =OV): 
VOUT MIN=120mV, VOUT MAX=3.4V 

>-_-OUT 

4mA to 20mA Loop Receiver 

12V 

4mA TO 20mA IN - OV TO 10V OUT 
TRIM OUTPUTTO SV AT 12mA IN 

Voltage Controlled Current Source 

I 100VIN 
OUT=-R-

IOUT=OmA TO 5mA 
VOLTAGE COMPLIANCE=6.4V 

(R ",2000) 

Differential Voltage Amplification from a Resistance Bridge 
V+ 

OUT 

LTllOl 

OUTPUT 
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APPLICATions InFORmATion 

IN 

3-22 

Gain = 20,110 or 2D0 Instrumentation Amplifiers 

Differential Output Single Ended Output 

OUT IN 

GAIN =200, AS SHOWN 
GAIN=20, SHORT PIN 1 TO PIN 2, PIN 7T0 PIN 8 

ON BOTH DEVICES 
GAIN = 110, SHORT PIN 1 TO PIN 2, PIN 7T0 PIN 8 

ON ONE OEVICE, NOT ON THE OTHER , 
INPUT REFERREO NOISE IS REDUCED BY..fi. (G =200 OR 20) 



~~~~~ ___________ ~_110_2 
High Speed, Precision, J~ET Input 

Instrumentation Amplifier (Fixed Gain = 10 or 100) 

FEATURES 
• Slew Rate 
• Gain-Bandwidth Product 
• Settling Time (0.01 %) 
• Overdrive Recovery 
• Gain Error 
• Gain Drift 
• Gain Non-Linearity 
• Offset Voltage (Input + Output) 

- Drift with Temperature 
• Input Bias Current 
• I nput Offset Current 

- Drift with Temperature (to 70°C) 

APPLICATions 
• Fast Settling Analog Signal Processing 

30V/p.s 
35MHz 

3p.s 
O.4p.s 

0.05% Max 
5ppm/oC 

16ppm Max 
600p.VMax 

2.5p.V/oC 
40pAMax 
40pAMax 
0.5pAloC 

• Multiplexed Input Data Acquisition Systems 
• High Source Impedance Signal Amplification from High 

Resistance Bridges, Capacitance Sensors, Photodetec
tor Sensors 

• Bridge Amplifier with < 1 Hz Lowpass Filtering 

Wide band Instrumentation Amplifier with ±150mA Output Current 

V+= +15V-t--+-----....... ---, 

BIAS 

>-......... -OUT 

OUTPUT = .10V INTO 75Q TO 330kHz (R = 50Q) 
.10V INTO 200QTO 330kHz (R = 200Q) 
DRIVES 2.2nF CAP LOAD 

GAIN = 10, DEGRADED 0.01% DUE TO LT1010 

DESCRIPTion 
The LT1102 is the first fast FET input instrumentation am· 
plifier offered in the low cost, space saving a·pin 
packages. Fixed gains of 10 and 100 are provided with ex
cellent gain accuracy (0.01 %) and non·linearity (3ppm). No 
external gain setting resistor is required. 

Slew rate, settling time, gain·bandwidth product, overdrive 
recovery time are all improved compared to competitive 
high speed instrumentation amplifiers. 

Industry best speed performance is combined with im· 
pressive precision specifications: less than 10pA input 
bias and offset currents, 200p.V offset voltage. Unlike other 
FET input instrumentation amplifiers, on the LT1102 there 
is no output offset voltage contribution to total error, and 
input bias currents do not double with every 10°C rise in 
temperature. Indeed, at 70°C ambient temperature the in· 
put bias current is only 50pA. 

Slew Rate 

5VIDIV 

G=10 O.5!1B1DIV 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ................................... ± 20V 
Differential Input Voltage ......................... ± 40V 
Input Voltage ..................................... ± 20V 
Output Short Circuit Duration .................. Indefinite 
Operating Temperature Range 

LT1102AM/LT1102M ................... - 55°C to 125°C 
LT11021 ............................... - 40°C to 85°C 
LT1102AC/LT1102C ....................... O°C to 70°C 

Storage Temperature Range 
All Grades ........................... - 65°C to 150°C 

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

GROUND 1 
(REF) 

TOP VIEW 
OUTPUT 

8 

H PACKAGE 
HEAD TO-5 METAL CAN 

TOP VIEW 

7 OUT 
G=10 

J PACKAGE N PACKAGE 

Basic Connections 

OUT 

GAIN = 100 

OUT 

GAIN = 10 
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HP5082-2810 

S-LEAD CERAMIC DIP S-LEAD PLASTIC DIP 

Settling Time Test Circuit 

t-IooI ... -------4- FETPROBE 

Rl = 91oo,G = 10 
Rl = 1 Dk,G = 100 

ORDER PART 
NUMBER 

LT1102AMH 
LT1102MH 
LT1102ACH 
LT1102CH 

LT11021N8 
LT1102ACN8 
LT1102CN8 
LT1102MJ8 
LT1102CJ8 

Offset Nulling 

15V 

OUT 

t--JW--S 10k 

-15V 

R2 = 3.30,G = 10 
R2 =3oo,G = 100 
NULL RANGE = ±lmV 
GAIN DEGRADATION. 0.018% 
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ELECTRICAL CHARACTERISTICS 
Vs = ± 1SV, VCM = ov, TA = 2SoC, Gain = 10 or 100, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 
GE Gain Error Vo= ±10V,RL=50kor2k 
GNL Gain Non-Linearity G= 100, RL =50k 

G = 100, RL =2k 
G=10, RL=50kor2k 

Vos Input Offset Voltage 

los Input Offset Current 

18 Input Bias Current 
Input Resistance 

Common-Mode VCM = -11Vt08V 
VcM =8Vtol1V 

Differential Mode 

en Input Noise Voltage O.lHzto 10Hz 
Input Noise Voltage fo= 10Hz 
Density fo = 1000Hz (Note 1) 
Input Noise Current fo=1000Hz, 10Hz (Note 2) 
Density 
Input Voltage Range 

CMRR Common-Mode lk Source Imbalance, VCM = ± 10.5V 
Rejection Ratio 

PSRR Power Supply Vs= ±9Vto ±18V 
Rejection Ratio 

Is Supply Current 

Vo Maximum Output RL =50k 
Voltage Swing RL=2k 

BW Bandwidth G = 100 (Note 3) 
G=10(Note3) 

SR Slew Rate G=loo, VIN = ±0.13V, Vo= ±5V 
G=10, VIN = ±1V, Vo= ±5V 

Overdrive Recovery 50% Overdrive (Note 4) 
Settling Time Vo = 20V Step (Note 3) 

G=10toO.05% 
G=10toO.Ol% 
G = 100 to 0.05% 
G=100toO.Ol% 

Note 1: This parameter is tested on a sample basis only. 
Note 2: Current noise is calculated from the formula: 

in = (2qlb)'12 

where q = 1.6 x 10-'9 coulomb. The noise of source resistors up to 1 Gil 
swamps the contribution of current noise. 
Note 3: This parameter is not tested. It is guaranteed by design and by 
inference from the slew rate measurement. 

LT1102AM/AC LT1102MIIIC 
MIN TYP MAX MIN TYP MAX UNITS 

0.010 0.050 0.012 0.070 % 
3 14 4 18 ppm 
8 20 8 25 ppm 
7'1 16 7 30 ppm 
180 600 200 900 pV 
3 40 4 60 pA 

±3 ±4O ±4 ±60 pA 

10'2 10'2 !I 
1011 10" !I 
10'2 10'2 !I 

2.8 2.8 ~Vp-p 

37 37 nV/v'Hz 
19 30 20 nV/v'Hz 
1.5 4 2 5 fAlv'Hz 

±10.5 ±11.5 ±10.5 ±11.5 V 

84 98 82 97 dB 

88 102 86 101 dB 

3.3 5.0 3.4 5.6 rnA 
±13.0 ±13.5 ±13.0 ±13.5 V 
±12.0 ±13.0 ±12.0 ±13.0 V 

120 220 100 220 kHz 
2.0 3.5 1.7 3.5 MHz 
12 17 10 17 V/~ 
21 30 18 30 V/~s 

400 400 ns 

1.8 4.0 1.8 4.0 ~ 
3.0 6.5 3.0 6.5 ~ 
7 13 7 13 ~ 
9 18 9 18 ~ 

Note 4: Overdrive recovery is defined as the time delay from the removal of 
an input overdrive to the output's return from saturation to linear operation. 
50% overdrive equals VIN = ± 2V (G = 10) or VIN = ± 200mV (G = 100). 
Note 5: This parameter is not tested. It is guaranteed by design and by 
inference from other tests. 
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ELECTRICAL CHARACTERISTICS 
Vs= ± 15V, VCM =ov, Gain=10or100, -55°C::;TA::;125°C for AM/M grades, - 4OoC::;TA::;85°C for I grades, unless otherwise noted. 

LT1102AM LTll02M/1 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
GE Gain Error G=loo, Vo= ±10V, RL = 50kor2k 0.10 0.25 0.10 0.30 % 

G =10, Vo= ±10V, RL = 50kor2k 0.05 0.12 0.06 0.15 % 
TCGE Gain Error Drift G= 100, RL = 50kor2k 9 20 10 25 ppm/oC 

(Note 5) G= 10, RL =50kor2k 5 10 6 14 ppm/oC 
GNL Gain Non-Linearity G=loo,RL=50k 20 70 24 90 ppm 

G=loo,RL=2k 28 85 32 110 ppm 
G= 10, RL =50kor2k 9 20 9 24 ppm 

Vos Input Offset Voltage 300 1400 400 2000 ~V 

aVos/aT Input Offset Voltage Drift (Note 5) 2 8 3 12 ~VloC 

los Input Offset Current 0.3 4 0.4 6 nA 

IB Input Bias Current ±2 ±10 ±2.5 ±15 nA 
CMRR Common-Mode VCM = ± 10.3V 82 97 80 96 dB 

Rejection Ratio 
PSRR Power Supply Vs= ±10Vto ±17V 86 100 84 99 dB 

Rejection Ratio 

Is Supply Current TA= 125°C 2.5 2.5 mA 

Vo Maximum Output RL =50k ±12.5 ±13.2 ±12.5 ±13.2 V 
Voltage Swing RL=2k ±12.0 ±12.6 ±12.0 ±12.6 V 

ELECTRICAL CHARACTERISTICS 
Vs = ± 15V, VCM = OV, Gain = 10 or 100, O°C::;T A ::;70oC, unless otherwise noted. 

LT1102AC LT1102C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
GE Gain Error G = 100, Vo= ± 10V, RL = 50kor2k 0.04 0.11 0.05 0.14 % 

G=10, Vo= ±10V, RL=50kor2k 0.03 0.09 0.04 0.12 % 
TCGE Gain Error Drift G= 100, RL =50kor2k 

, 
8 18 9 22 ppm/oC 

(Note 5) G= 10, RL = 50kor2k 5 10 6 14 pprri/oC 
GNL Gain Non-Linearity G=loo,RL=50k 8 30 9 40 ppm 

G=I00,RL=2k 11 36 12 48 ppm 
G=10, RL=50kor2k 8 18 8 22 ppm 

Vos Input Offset Voltage 230 1000 280 1400 ~V 

t,vOFJAT Input Offset Voltage Drift (Note 5) 2 8 3 12 ~VloC 

los Input Offset Current 10 150 15 220 pA 
alos/aT Input Offset Current Drift (Note 5) 0.5 3 0.5 4 pAloC 

IB Input Bias Current ±40 ±300 ±50 ±400 pA 
als/aT Input Bias Current Drift (Note 5) 1 4 1 6 pAloC 
CMRR Common-Mode VCM= ±10.3V 83 98 81 97 dB 

Rejection Ratio 
PSRR Power Supply Vs= ±10Vto ±17V 87 101 85 100 dB 

Rejection Ratio 

Is Supply Current TA=70°C 2.8 2.9 mA 

Vo Maximum Output RL=50k ±12.8 ±13.4 ±12.8 ±13.4 V 
Voltage Swing RL=2k ±12.0 ±12.8 ±12.0 ±12.8 V 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

0.10 

0.08 

1i 
;;0.06 
o 
cc 
15 
;;: 0.04 
<3 

0.02 

o 

Gain Error vs Temperature 

Vs = .15V 
Rl~ 2k / 

G = 100/ 

/ 
V 

/ / 
/ G = 10 

~ 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

APPLICATions InFORmATion 
In the two op amp instrumentation amplifierconfiguration, 
the first amplifier is basically in unity gain, and the second 
amplifier provides all the voltage gain. In the L T11 02 the 
second amplifier is decompensated for gain of 10 stability, 
therefore high slew rate and bandwidth are achieved. 
Common mode rejection versus frequency is also opti
mized in the G = 10 mode, because the bandwidths of the 
two op amps are similar. When G = 100 this statement is 
no longer true. However, by connecting an 18pF capacitor 
between pins 1 and 2, a common mode AC gain is created 
to cancel the inherent roll-off. From 200Hz to 30kHz CMRR 
versus frequency is improved by an order of magnitude. 

Input Protection 

Instrumentation amplifiers are often used in harsh envi
ronments where overload conditions can occur. The 
L T11 02 employs FET input transistors, consequently the 
differential input voltage can be ±30V (with ±15V sup
plies, ±36V with ±18V supplies) Some competitive in
strumentation amplifiers have NPN inputs which are 
protected by back to back diodes. When the differential 
input voltage exceeds ± 1.3V on these competitive devices, 
input current increases to milliampere level; more than 
± 1 OV differential voltage can cause permanent damage. 

When the LT1102 inputs are pulled below the negative 
supply or above the positive supply, the inputs will clamp 
a diode voltage below or above the supplies. No damage 
will occur if the input current is limited to 20mA. 

40 

l 32 

E: 24 
fli 
:z 

~ 16 
o 
:z 
z « 
'" 8 

Gain Non-linearity Over Temperature 

G=100~/ 
Rl = 50k 

K 
G=10 / / 
Rl = 2k OR 50k / 

-G= 100 r <-_Rl=2k -V 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

Common Mode Rejection Ratio vs Frequency 

120 

'" 
;; 100 
~ 
0: 
:z 80 
0 

&3 
~ 60 
cc 
w 
c 
0 40 :;;; 
:z 
0 
:;;; 

20 :;;; 
0 
<.> 

0 
1 10 100 1k 10k 100k 1M 

FREQUENCY (Hz) 

Gains Between 10 and 100 

Gains between 10 and 100 can be achieved by connecting 
two equal resistors (=Rx) between pins 1 and 2 and pins 
7 and 8. 

R 
Gain = 10 + R + R:/90 

The nominal value of R is 1.84k!l The usefulness of this 
method is limited by the fact that R is not controlled to 
better than ±1 0% absolute accuracy is production. How
ever, on any specific unit 90R can be measured between 
pins 1 and 2. 
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APPLICATions InFoRmATion 

IN 

Gain .. 20, 110, or 200 Instrumentation Amplifiers 

Differential Output Single Ended Output 

OUT IN 

GAIN = 200, AS SHOWN 
GAIN = 20, SHORT PIN 1 TO PIN 2, PIN 7 TO PIN 8 ON BOTH DEVICES 
GAIN = 110, SHORT PIN 1 TO PIN 2, PIN 7T0 PIN 8 ON ONE OEVICE, NOT ON THE OTHER 
INPUT REFERRED NOISE IS REDUCED BY{2 (G = 200 OR 20) 

4 CHANNELS 
OF 

DIFFERENTIAL 
INPUT 

Multiplexed Input Data Acquisition 
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800kHz SIGNALS CAN BE MULTIPLEXED WITH LT1102 IN G = 10 

OUTPUT 

OUT 

Voltage Programmable Current Source is Simple and Precise Dynamic Response of the Current Source 

VIN 

0-->±10V 

* 
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LINEAR REGULATORS 

Positive Low Dropout I---r----r------.------------, 

Negative 

.L7lJ!l~ 

L T1 083 (7.5A) 
LT1084 (5A) 
LT1085 (3A) 
LT1086 (1.5A) 
L T1 020 lO.125A) 
LT1117 0.8A) 
LT1120 0.125A) 

3V Dropout 

L T1 038 (10A) 
L T138A/338A l5A~ 
L T150A/350A 3A 
LT117A1317A 1. A) 

Low Dropout 
w / Remote Sense 

LT1087 (3A) 

Low Dropout 

3V Dropout 

LT1033 (3A) 
L T137 A!337 A (1.5A) 

L T1 083-5 (7.5A) 
LT1084-5 (5A) 
L T1 085-5l3A) 
LT1 086-5 1.5A) 
LT1117-5 0.8A) 
LT1121 (0.15A) 
LT1123 
(pnp Driver) 

LT1083-1217.5A) 
LT1084-12 5A) 
LT1085-12 3A) 
LT1086-12 1.5A) 

LT1117-2.85 (50T223) 
L T1 086-2.85 (1.5A) 
LT1123-2.85 
(pnp Driver) 

LT1003 (5A) 
,--_....1.-_...., L T123A!32:iA (3A) 

LM123/323 (3A) 

LT1 005 !5V1 A) 
LT1035 5V3A) 
LT1036 12V,3A) 

LM138/338 !5~ 
LM150/350 3A 
LM117/317 1. A) 

I Adjustable I 
LT1185 (3A) 

LM137/337 (1.5A) 

4-3 



SWITCHING REGULATOR SELECTION GUIDE 

OPTIMIZED FOR OFFLINE 
OPTIMIZED FOR STEP·UP STEp·DOWN OR AND/OR 

OR FL YBACK CONFIGURATIONS BOTH INVERTING APPLICATIONS PWM CONTROLLERS 
TOR OSCILLA 

FREQUE NCY -
10A 

!z 8A w 
a:: a:: 
:J o 
:z: 

SA 

2.SA 

~ 
fJ) 

2A 
USA 

1A 

O.SA 

EXTERNAL 

LT1070 
LT1070HV 
LT1071 
LT1071HV 
LT1072 
LT1072HV 
LT1073* 
LT1074 
LT1074HV 
LT1076** 
LT1076HV 
LT1082 
LT1109* 
LT111O* 
LT1111* 
LT1170 
LT1170HV 
LT1171 
LT1171HV 
LT1172 
LT1172HV 
LT1173* 
LT1270A 
LT1270 
LT1271 

4-4 

40kHz 60kHz 100kHz 20kHz 60kHz 100kHz 200kHz 

LT1270A 

LT1270 

LT1070 LT1170 LT1074 

LT1071 LT1171 

LT1076** LT1103 
LT1072 LT1172 

LT1082 
LT1073* LT1110* 
~!lm,* Ir.IW,l* 

LT11 09 
(MIGfIOPOWER) 

LT110S 

INPUT VOLTAGE (V) MAXIMUM MAX RATED 
MIN 

3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
2 
1 
2 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 

MAX SWITCH VOLTAGE (V) SWITCH CURRENT (A) 

40 65 5 
60 75 5 
40 65 2.5 
60 75 2.5 
40 65 1.25 
60 75 1.25 
36 50 1 
40 65 5 
60 75 5 
40 65 2 
60 75 2 
75 100 1 
36 50 0.5 
15 40 1 
36 50 1 
40 65 5 
60 75 5 
40 65 2.5 
60 75 2.5 
40 65 1.25 
60 75 1.25 
36 3D 1 
3D 60 10 
3D 60 8 
3D 60 4 

* Fixed +5V and + 12V output versions available 
** Fixed +5V version available 

SOOkHz 1MHz 

LT124x LT1246 

PACKAGES 
AVAILABLE 

K T 
K T 
K T 
K T 

K T N8 S8 S16 
K T 

N8 S8 
K Q.T V 
K T V 

K R T V Y 
K R T V Y 
J8 N8 S T 

N8 S8 Z 
N8 S8 
N8 S8 
K T 
K T 

K,Q, T 
K T 

K T N8 S8 S16 
K. T 

N8 S8 
T 
T 

T,O 



'~LlnCJ\Q POWER SUPPLY PRODUCTS SELECTION GUIDE 
~, TECHNOLO&~---------------

miLITARY 
10 POSITIVE Villi Vo NOMINAL 

OUTPUT OR VDlFF REGULATED 
CURRENT NEGATIVE PACKAGE MAX OUTPUTVOLTAGE 
(AMPS}' OUTPUT' PART NUMBER TYPE (V} 

10.0 Pos Adj lT1038MK Steel TO-3 35 
7.5 Pos Fixed lT1083MK-5 Steel TO-3 30 

LTl083MK-12 SteelT0-3 30 
Pos Adj LT1083MK SteelT0-3 35 

5.0 Pos Fixed LTl084MK-5 SteelT0-3 30 
LT1084MK-12 Steel TO-3 30 
LT1003MK Steel TO-3 20 

Pos Adi LT 138AK LM138K Steel TO-3 35 
LTl084MK Steel TO-3 35 

Switching LTl070MK Steel TO-3 40 
LTl070HVMK Stee1TO-3 60 
LTl074MK Steel TO-3 45 
LTl074HVMK Steel TO-3 64 
LTl170MK Steel TO-3 40 

3.0 Pos Fixed LTl085MK-5 Steel TO-3 30 
L Tl 085MK-12 Steel TO-3 30 
LTl23AK LM123K Steel TO-3 20 

Pos Adi L T150AK LM150K Steel TO-3 35 
LTl085MK Steel TO-3 35 

Neg Adj LTl033MK Steel TO-3 35 
Dual Pos Fixed LTl035MK Steel TO-3 20 
Positive LTl036MK Steel TO-3 30 

2.5 Switiching LTl071MK Steel TO-3 40 
LT1071 HVMK Steel TO-3 60 
LT1171MK Steel TO-3 40 

2.0 Switiching LT1076MK Steel TO-3 45 
LT1076HVMK Steel TO-3 64 

1.5 Pos Fixed LM1086MK-5 Steel TO-3 30 
lT1086MK-12 Steel TO-3 30 

Pos Adj LTlO86MK Steel TO-3 30 
0.5to 1.5 Pos Adj lT117AK LM117K Steel TO-3 40 

LT117AH LMI17H TO-39 40 
LTlO86MH TO-39 30 

Neg Adj lT137AK LMI37K Steel TO-3 40 
lT137AH LMI37H TO-39 40 

PosAdj lT117AHVK LM117HVK Steel TO-3 60 
High Voltage lT117AHVH LMI17HVH TO-39 60 
Neg Adi lT137AHVK LM137HVK Steel TO-3 50 
High Voltage LTl37AHVH LM137HVH TO-39 50 

1.25 SWitching LTlO72MJ8 CERDIP 40 
LTlO72MK Steel TO-3 40 
LTlO72HVMK Steel TO-3 60 
lT1172MJ8 CERDIP 40 
LT1172MK Steel TO-3 40 

1.0 Dual Pos Fixed LTlOO5MK Steel TO-3 20 
12SmA Positive LTl020MJ 14-Pin CERDIP 36 

LTI120MJ8 8-Pin CERDIP 36 
4OmAto Switched LTl026MJ8 CERDIP 10 
100mA Capacitor LTl026MH TO-Scan 10 

LTCID44MJ8 CERDIP 9.5 
LTC1D44MH TO-S Can 9.5 
LTl054MJ8 CERDIP 16 

LTI054MH TO-5 Can 16 

• The 10 values for the LTl070, LT1071,lT1072,lT1073, LTl074,lT1170, 
L Tl171, and L Tl172, are switch current values. Actual output current, voltage 
and polarity depends on the type of switching regulator employed. 

(V} FEATURE/COMMENTS 
1.2 to 33 0.8% Your Tol, Plug in Compatible with 117, 150, 138 Types 

5 Low Dropout (1.2V), 1 % Your Tol 
12 Low Dropout (1.2V}, 1% Your Tol 

1.2 to 34 Low Dropout (1.2V), 1% VREF Tol, Pin Compatible with 117, 150, 138 
Types 

5 Low Dropout(1.2V), I%VOlIT Tol 
12 Low Dropout (1.2V), I%Vour Tol 
5 2% VourTol 

1.2 to 32 LTl38A Has 1% VREF Tol 
1.2 to 34 Low Dropout(1.2V), 1% VREF Tol, Pin Compatible with 117, 150, 138 

Types 
Self Contained 40kHz PWM and 5 Amp Switch in a 5-Pin Package 
Self Contained 40kHz PWM and 5 Amp Switch in a 5-Pin Package , 
Self-Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 
Self-Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 
Self Contained 100kHz PWM and 5 Amp Switch in a 5-Pin package 

5 Low Dropout (1.2V), 1% Your Tol 
12 Low Dropout (1.2V), 1 % Your Tol 
5 LTl23A Has 1% Your Tol 

1.2 to 33 LTl50A Has 1% VREF Tol 
1.2 to 34 Low Dropout (1.2V), 1% VREF Tol, Pin Compatible with 117, 150 Types 

-1.2to-32 2% VREF Tol 
Two 5V Outputs Logic Controlled Main Output Voltage, 75mA 

12,5 LogiC Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output 
Self Contained 40kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
Self Contained 40kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
Self Contained 100kHz PWM and 2.5 Amp Sw~ch in a 5-Pin Package 

· Self Contained 100kHz PWM and 2.0 Amp Sw~ch in a 5-Pin Package 
Self Contained 100kHz PWM and 2.0 Amp Sw~ch in a 5-Pin Package 

5 Low Dropout (1.2V), 1% Your Tol 
12 Low Dropout (1.2V), 1% Your Tol 

1.2t029 Low Dropout (1.2V), 1% VREF Tol, Pin Compatible with 117 Types 
1.2to 37 LTll7A Has 1% VREF Tol 

1.2to 29 Low Dropout (1.2V), 1% VREF Tol, Pin Compatible w~h 117Types 
-1.2to-37 lT137A Has 1% VREF Tol 

1.2 to 57 LTll7AHV Has 1% VREF Tol 

-1.2to-47 LTl37AHV Has 1% VREF Tol 

· Setl Contained 40kHz PWM and 1.25 Amp Sw~ch · Se" Contained 40kHz PWM and 1.25 Amp Sw~ch · Self Contained 40kHz PWM and 1.25 Amp Switch 
Setl Contained 100kHz PWM and 1.25 Amp Switch 
Se" Contained 100kHz PWM and 1.25 Amp Switch 

Two 5V Outputs Logic Controlled I Amp Main Output Voltage, 35mA Auxiliary Output 
410 30 Dropout Voltage = O.SV, 40!!AIQ, Reference and Comparator 
4to 30 Dropout Voltage = O.SV, 40!!AIQ, Reference and Comparator .. Voltage Converter, 10mA Output .. Voltage Converter, 10mA Output .. Voltage Converter, 40mA Output, 5kHz Switching Rate .. Voltage Converter, 40mA Output, 5kHz Switching Rate 

tt Voltage Converter and Regulator, 100mA Output, 25kHz 

tt 
Switching Rate 
Voltage Converter and Regulator, 100mA Output, 25kHz Switching 
Rate 

•• These devices are non-regulating converters. 
tt The available output voltage range is dependent upon the mode. 

NOTE: See page 4-3 for DESC cross reference numbers. 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 

commERCIRL 
10 POSITIVE Vllt! VoNOMINAL 

OUTPUT OR VOIFF REGULATED 
CURRENT NEGATIVE PACKAGE MAX OUTPUTVOLTAGE 
(AMPS)' OUTPUT* PART NUMBER TYPE (V) (V) FEATURE/COMMENTS 

10.0 Pas Adj LT1038CK Steel TO-3 35 1.2 to 33 2% Your Tal, Plug In Compatible with 317, 350, 338 Types 
Switching lT1270ACT TO-220 30 · Self Contained 60kHz PWM and 10 Amp Switch in a 5-Pin Package 

8.0 Switching lT1270CT TO-220 30 · Self Contained 60kHz PWM and 8 Amp Switch in a 5-Pin Package 
7.5 Pas Fixed lTl083CK-5 Steel TO-3 30 5 low Dropout (1.2V). 1% Vour Tal 

lTl083CP-5 Plastic TO-3P 30 5 low Dropout (1.2V). 1 % Vour Tol 
lTl083CK-12 Steel TO-3 30 12 low Dropout (1.2V), 1% Your Tal 
LT1083CP-12 Plastic TO-3P 30 12 low Dropout (1.2V), 1 % Your Tal 

PosAdj LT1083CK Steel TO-3 30 1.2 to 29 low Dropout (1.2V), Pin Compatible with 317, 350, 338 Types 
LT 1083CP Plastic TO-3P 30 1.2 to 29 low Dropout (1.2V), Pin Compatible with 317, 350, 338 Types 

5.0 Pas Fixed LT1003CK Steel TO-3 20 5 2% VourTol 
LT1003CP Plastic TO-3P 20 5 2% VourTol 
LT1084CK-5 Steel TO-3 30 5 Low Dropout (1.2V), 1 % Your Tal 
LT1084CP-5 Plastic TO-3P 30 5 Low Dropout (1.2V), 1% Your Tal 
LT1084CK-12 Steel TO-3 30 12 Low Dropout (1.2V), 1 % Your Tal 
LT1084CP-12 Plastic TO-3P 30 12 Low Dropout (1.2V), 1 % Vour Tal 

Pos Adj L T338AK LM338K Steel TO-3 35 1.2 to 32 LT338A Has 1% VREF Tal 
LT338AP LM338P Plastic TO-3P 35 1.2t032 LT338A Has 1% VREF Tal 
LT1084CK Steel TO-3 30 1.2 to 29 low Dropout (1.2V), Pin Compatible with 317, 350, 338 Types 
LT1084CP Plastic TO-3P 30 1.2 to 29 low Dropout (1.2V), Pin Compatible with 317, 350, 338 Types 
LT1087CT TO-220 30 1.2 to 29 low Dropout (1.2V) with Kelvin Sense 

Switching LT1070CK SteelTO-3 40 · Self Contained 40kHz PWM and 5 Amp Switch in a 5-Pin Package 
LT1070CT TO-220 40 · Self Contained 40kHz PWM and 5 Amp Switch in a 5-Pin Package 
LT1070HVCK Steel TO-3 60 · Self Contained 40kHz PWM and 5 Amp Switch in a 5-Pin Package 
LT1070HVCT TO-220 60 · Self Contained 40kHz PWM and 5 Amp Swttch in a 5-Pin Package 
LT1074CK Steel TO-3 45 · Self Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 
LT1074CT TO-220 45 · Self Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 
LT1074CV 11 Lead SIP 45 · Self Contained 100kHz PWM and 5A Switch in a l1-Pin Power SIP Pk 
lTl074HVCK SteelTO-3 64 · Self Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 
lTl074HVCT TO-220 64 · Self Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 
LT1074HVCV 11 Lead SIP 64 · Self Contained 100kHz PWM and 5A Switch in a II-Pin Power SIP Pk 
LTI170CK Steel TO-3 40 · Self Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 
LT1170CT TO-220 40 · Seff Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 
lT1170HVCT TO-220 60 · Self Contained 100kHz PWM and 5 Amp Switch in a 5-Pin Package 

4.0 Switching lT1271Ca Plastic DD 30 · Self Contained 60kHz PWM and 4 Amp Switch in 5-Pin Surface Mt Pk 
LT1271CT TO-220 30 · Self Contained 60kHz PWM and 4 Amp Swttch in 5-Pin Surface Mt Pk 

3.0 Pos Fixed LT323AK LM323K Steel TO-3 20 5 LT323A Has 1% Your Tol 
LT323AT TO-220 20 5 LT323A Has 1% Your Tal 
LT1085CK-5 Steel TO-3 30 5 Low Dropoul (1.2V), 1 % Your Tal 
LT1085CT-5 TO-220 30 5 low Dropout (1.2V), 1% Vour Tal 
LT1085CK-12 Steel TO-3 30 12 Low Dropout (1.2V), 1 % Your Tal 
LT1085CT-12 TO-220 30 12 Low Dropout (1.2V), 1 % Vour Tal 

Pas Adj l T350AK lM350K Steel TO-3 35 1.2t033 LT350A Has 1% VREF Tal 
LT350AT lM350T TO-220 35 1.2t033 LT350A Has 1% VREf Tol 
L T350AP LM350P Plastic TO-3P 35 1.2 to 33 LT350A Has 1 % VREF Tal 
LT1085CK Slee1TO-3 30 1.21029 low Dropout (1.2V), Pin Compatible with 317, 350 Types 
LT1085CT TO-220 30 1.2 to 29 low Dropout (1.2V), Pin Compatible with 317, 350 Types 

Neg Adj LT1033CK SteelTO-3 35 -1.2to-32 2% VREFTol 
LT1033CP Plastic TO-3P 35 -1.2to-32 2% VREF Tol 
LT1033CT TO-220 35 -1.2to -32 2% VREF Tol 
LT1185CT TO-220 35 -2.5to-25 Low Dropout (0.75V) wtth Prog Current limtt and Shutdown 

Dual Pos Fixed LT1035CK Steel TO-3 20 Two 5V Outputs Logic Controlled Main Output Voltage, 75mA Auxiliary Output 
LT1035CT TO-220 20 Two 5V Outputs Logic Controlled Main Output Voltage, 75mA Auxiliary Output 

Positive LT1036CK Steel TO-3 30 12,5 Logic Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output 
LT1036CT to-220 30 12,5 Logic Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output 

• The 10 values for the LT1070, LT1071 , LT1072, LT1073, LT1074, LT1082, LTll09, LTlll0, LT1111, LT1170, lT1171, LTI172, and LT1173 are switch current values. 
Actual output current, voltage and polarity depends on the type of switching regulator employed. 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 

commERCIRl 
10 POSITIVE Villi Vo NOMINAL 

OUTPUT OR VDlFF REGULATED 
CURRENT NEGATIVE PACKAGE MAX OUTPUT VOLTAGE 
(AMPS)' OUTPUT' PART NUMBER TYPE (V) (V) FEATURE/COMMENTS 

2.5 Switching lT1071CK Steel TO-3 40 · Self Contained 40kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
LTI 071 CT TO-220 40 · Self Contained 40kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
LTI 071 HVCK Steel TO-3 60 · Self Contained 40kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
LT1071 HVCT TO-220 60 · Self Contained 40kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
LT1171CK Steel TO-3 40 · Self Contained 100kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
LTI171CT TO-220 40 · Self Contained 100kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
LTI171HVCT TO-220 60 Self Contained 100kHz PWM and 2.5 Amp Switch in a 5-Pin Package 
LT1171Ca Plastic DO 40 · Self Contained 100kHz PWM and 2.5 Amp Switch in a 5-Pin Surface 

Mount Package 
2.0 Switching LT1076CK Steel TO-3 45 · Self Contained 100kHz PWM and 2 Amp Switch in a 5-Pin Package 

LTl076CT TO-220 45 · 
LTl076HVCK Steel TO-3 64 · 
LTl076HVCT TO-220 64 · 
LTl076CY-5 Head TO-220 45 5 100kHz PWM and 2 Amp Switch in a 7-Pin Package with Shutdown 
LTl076HVCY-5 Head TO-220 64 5 and Fixed 5V Output 
LTl076CR-5 Plastic DO 45 5 Self Contained 100kHz PWM and 2 Amp Switch in a 7-Pin Surface 

Mount Package 
LTl076CV 11 Lead SIP 45 · Self Contained 100kHz PWM and 2 Amp Switch in a II-Pin Power 
LTl076HVCV 11 Lead SIP 64 · SIP Package 
LT1103CV 11 Lead SIP 30 · Designed for AC Line Powered Applications, Minimum External 
LTI1 03CY Head TO-220 30 · Components Required for 75W Isolated Power Supply 

1.5 Pos Fixed L TI 086CT -2.85 TO-220 30 2.85 Intended for SCSI-2 Active Termination 
0.5 to 1.5 Pos Fixed LT1086CK-5 Steel TO-3 30 5 Low Dropout (1.2V), 1 % Your Tol 

LTl086CT-5 TO-220 30 5 
LT1086CK-12 Steel TO-3 30 12 
LT1086CT-12 TO-220 30 12 

Pos Adj LT317AK LM317K Steel TO-3 40 1.2t037 LT317A Has 1 % VREF Tol 
LT317AH LM317H TO-39 40 1.2t037 
LT317AT LM317T TO-220 40 1.2t037 
LT1086CK Steel TO-3 30 1.2t029 Low Dropout (1.2V),I% VREF Tol Pin Compatible with 317Types 
LT1086CT TO-220 30 1.2t029 
LTl086CH TO-39 30 1.2to 29 
LTl086CM Plastic DO 30 1.2to 29 Low Dropout (1.2V), 1 % VREF Tol 3-Pin Surface Mount Package 

Neg Adj LT337 AK LM337K Steel TO-3 40 -1.2to-37 LT337A Has 1% VREF Tol 
LT337AH LM337H TO-39 40 -1.2to-37 
LT337AT LM337H TO-220 40 -1.2to-37 

Pos Adj LT317AHVK LM317HVK Steel TO-3 60 1.2to 57 LT317HV Has 1% VREF Tol 
High Voltage LT317AHVH LM317HVH TO-39 60 1.2 to 57 
Neg Adj LT337 AHVK LM337HVK Steel TO-3 50 -1.2to-47 lT337HV Has 1% VREF Tol 
High Voltage lT337AHVH LM337HVH TO-39 50 -1.2 to-47 

1.25 Switching lT1072CK Steel TO-3 40 · SeH Contained 40kHz PWM and 1.25 Amp Switch in a 5-Pin Package 
LT1072CT TO-220 40 · 
LT1072HVCK Steel TO-3 60 · 
LT1072HVCT TO-220 60 · 
LT1072CJ8 8-Pin CERDIP 40 · SeH Contained 40kHz PWM and 1.25 Amp Switch 
LT1072CN8 8-Pin Plastic DIP 40 · 
lT1072CS 16-Pin Plastic SOL 40 · 
LTlI72CK Steel TO-3 40 · Self Contained 100kHz PWM and 1.25 Amp Switch in a 5-Pin 
LTI172CT TO-220 40 Package 
LT1172HVCT TO-220 60 
LTlI72CJ8 8-Pin CERDIP 40 · Self Contained 100kHz PWM and 1.25 Amp Switch 
LTl172CN8 8-Pin Plastic DIP 40 · 
LT1172CS 16-Pin Plastic SOL 40 · 

1.0 Dual Pos LTlO05CK Steel TO-3 20 Two 5V Outputs Logic Controlled Main Output Voltage 
Fixed LT1005CT TO-220 20 Two 5V Outputs 

• The 10 values forthe LT1070, LT1071 , LT1072, lT1073, LTl074, LTl082, LT1109, LTI 11 0, LTl111, LTl170, LT1171 , LT1172, and LTI173 are switch current values. 
Actual output current, voltage and polarity depends on the type of switching regulator employed. 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 

commERCIAL 
10 POSITIVE V,,,, 

OUTPUT OR VOIFF 
CURRENT NEGATIVE PACKAGE MAX 
(AMPS)" OUTPUT PART NUMBER TYPE (V) 

1.0 SwitGhing LT1073CNB B-Pin Plastic DIP 15 
LT1073CSB B-Pin Plastic SOIC t5 
LT1073CNB-5 B-Pin Plastic DIP 15 
L Tl073CSB-5 B-Pin Plastic SOIC 15 
LT1073CNB-12 B-Pin Plastic DIP 15 
L T1 073CSB-12 B-Pin Plastic SOIC 15 
LT10B2CT TO-220 75 
LT1109Cl-5 3-Pin TO-92 36 
LT1109Cl-12 3-Pin TO-92 36 
LT1109CNB-5 B-Pin Plastic DIP 36 
LT1109CSB-12 B-Pin Plastic SOIC 36 
L T1109CNB-5 B-Pin Plastic DIP 36 
LT1109CS8-12 8-Pin Plastic SOIC 36 
LT1110CN8 8-Pin Plastic DIP 15 
LT1110CS8 8-Pin Plastic SOIC 15 
LT1110CNB-5 8-Pin Plastic DIP 15 
LT1110CS8-5 8-Pin Plastic SOIC 15 
LT1110CNB-12 8-Pin Plastic DIP t5 
LTlll0CS8-12 8-Pin Plastic SOIC 15 
LT1111CN8 8-Pin Plastic DIP 36 
LT1111CS8 8-Pin Plastic SOIC 36 
LT1111CNB-5 .8-Pin Plastic DIP 36 
LT1111CS8-5 8-Pin Plastic SOIC 36 
LT1111CNB-12 B-Pin Plastic DIP 36 
LT1111CSB-12 B-Pin Plastic SOIC 36 
LT1173CNB B-Pin Plastic DIP 36 
LT1173CS8 8-Pin Plastic SOIC 36 
LT1173CNB-5 8-Pin Plastic DIP 36 
L T1173CSB-5 8-Pin Plastic SOIC 36 
LT1173CN8-12 8-Pin Plastic DIP 36 
LT1173CSB-12 B-Pin Plastic SOIC 36 

800mA Pas Fixed LT1117-2.85 3-Pin SOT -223 12 
LT1117-5 3-Pin SOT-223 10 
LT1117 3-Pin SOT-223 15 

125mA Pos Adj LT1020CJ 14-Pin CERDIP 36 
LT1020CN 14-Pin Plastic 36 
LT1020CS 16-Pin Plastic SOL 36 
LT1120CJ8 8-Pin CERDIP 36 
LT1120CN8 B-Pin Plastic DIP 36 
LT1120CH 8-Pin TO-5 36 

100mA Pos Adj LT1431CJB 8-Pin CERDIP 36 
LT1431CN8 B-Pin Plastic DIP 36 
LT1431CS8 8-Pin Plastic SOIC 36 
LT1431Cl TO-92 36 

40mA to Switched LT1026CJ8 8-Pin CERDIP 10 
100mA Capacitor LT1026CN8 8-Pin Plastic DIP 10 

LT1026CH 8-Pin TO-5 Can 10 

LTC1044CJB B-Pin CERDIP 9.5 
LTC1044CNB 8-Pin Plastic DIP 9.5 
LTC1044CH B-Pin TO-5 Can 9.5 
LTC1044CSB 8-Pin Plastic SO 9.5 
LTC1046CNB B-Pin Plastic DIP 6 
LTC1046CSB 8-Pin Plastic SOIC 6 
LT1054CJ8 8-PinCERDIP 16 
LT1054CN8 8-Pin Plastic DIP 16 
LT1054CH B-Pin TO-5 Can 16 
LT1054CS 16-Pin Plastic SOL 16 

• The 10 values for the LT1070, LT1071, LT1072, LT1073, LTl074, LTl082, 
LTll09, LTlll0, LTllll, LT1170, LTl171, LTll72, and LTl173 are switch 
current values. Actual output current, voltage and polarity depends on the 
type of switching regulator employed. 
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VoNOMINAL 
REGULATED 

OUTPUT VOLTAGE 
(V) FEATURE/COMMENTS 

Adjustable Micropower Switching Regulator Works Down to 1V Input. Requires 
Adjustable Only 3 Exlernal Components (-5, -12 Versions) 

5 
5 

12 
12 

60kHz PWM and 1 Amp Switch in a 5-Pin Package 

5 Micropower Switching Regulator Works Down to 2V Input. Requires 
12 Only 3 External Components (-5, -12 Versions). Optimized for 
5 V,N ~ 2V. Available in 3-Pin TO-92 Package. N8/S8 Versions Also 
5 Offer Shutdown Feature. 12V version ideal for flash memory Vpp 
12 pulse generation from 5V or 3V 
12 

Adjustable Micropower Switching Regulator Works Down to IV Input. Requires 
Adjustable Only 3 External Components (-5, -12 Versions). 60kHz Oscillator 

5 Allows Use of Surface Mount Inductors 
5 
12 
12 

Adjustable Micropower Switching Regulator Works Down to 2V Input. Requires 
Adjustable Only 3 External Components (-5, -12 Versions). Optimized 

5 for V,N ~ 2V. 70kHz Oscillator Allows Use of Surface Mount 
5 Inductors 
12 
12 

Adjustable Micropower SWitching Regulator Works Down to 2V Input. Requires 
Adjustable Only 3 External Components (-5, -12 Versions). Optimized 

5 forV'N~2V 
5 
12 
12 

2.85 Active SCSI-2 Terminator, SOT-223 Package 
5 5V Low Dropout Regulator, SOT-223 Package 

Adjustable Adjustable Low Dropout Regulator, SOT-223 Package 
4 to 30 Dropout Voltage = O.4V, 4011A 10, Reference and Comparator 
4 to 30 
4 to 30 
4 to 30 Dropout Voltage = O.4V, 4011A 10, Reference, Comparator, Shutdown, 
4 to 30 8-Pin Package 
4to 30 

2.5 to 36 0.4% Initial Tolerance, 1% Over Temperature 
2.5 to 36 
2.5 to 36 
2.5 to 36 .. Voltage Converter, 1 OmA Output, ±2V,N .. .. .. Voltage Converter, 40mA Output .. .. .. .. 50mA Output Current 16511A Supply Current, 350 Max Output .. Impedance 

tt 
Voltage Converter and Regulator, 1 OOmA Output, 
25kHz SWitching Rate 

tt 
tt 

•• These devices are non-regulating converters. 
tt The available output voltage range is dependent upon the mode 

of operation selected. 



POWER SUPPLY PRODUCTS SELECTION GUIDE 

SURFACE mounT 
10 OUTPUT POSITIVE OR 
CURRENT NEGATIVE PART PACKAGE 
(AMPS) OUTPUT NUMBER TYPE 

4.0 Switching lT1271CQ Plastic DO 
2.5 SWitching lT1171CQ Plastic DO 
2.0 Switching lTl076CR-5 Plastic DO 
0.5 to 1.5 Pos Adj lT1086CM Plastic DO 
1.25 Switching lT1072S8 8-Pin Plastic SOIC 
1.25 Switching lTI172SS S-Pin Plastic SOIC 
1.25 Switching lT1072CS 16-Pin Plastic SOL 
1.25 Switching lT1172CS 16-Pin Plastic SOL 

1.0 Switching lTl073CSS S-Pin Plastic SOIC 
1.0 Switching L T1 073CS8-5 S-Pin Plastic SOIC 
1.0 SWitching l Tl073CSS-12 S-Pin Plastic SOIC 
1.0 Switching lTl109CSS S-Pin Plastic SOIC 
1.0 Switching L Tl109CSS-5 S-Pin Plastic SOIC 
1.0 Switching lTl109CSS-12 S-Pin Plastic SOIC 
1.0 Switching lTll10CSS S-Pin Plastic SOIC 
1.0 Switching LT1110CS8-5 S-Pin Plastic SOIC 
1.0 Switching lTlll0CSS-12 S-Pin Plastic SOIC 
1.0 Switching LTll11CSS S-Pin Plastic SOIC 
1.0 Switching LTllllCSS-5 S-Pin Plastic SOIC 
1.0 Switching lTl111CSS-12 S-Pin Plastic SOIC 
1.0 Switching lTll73CSS S-Pin Plastic SOIC 
1.0 SWitching l Tl173CSS-5 S-Pin Plastic SOIC 
1.0 Switching lTl173CSS-12 S-Pin Plastic SOIC 
SOOmA Positive LT1117CST SOT-223 
SOOmA Positive l Tl117CST -2.S5 SOT-223 
SOOmA Positive LTll17CST-5 SOT-223 
125mA Pos Adj LT1020CS 16-Pin Plastic SOL 
100mA Switched Cap lTl054CS 16-Pin Plastic SOL 
50mA SWitched Cap LTC1046CSS S-Pin Plastic SOIC 
20mA Switched Cap LTC1044CSS S-Pin Plastic SOIC 

• The 10 values for the lTl070, lT1 071 , lT1072, lTl170, lTl171 , and 
L T1172, are switch current values. Actual output current, voltage and 
polarity depends on the type of switching regulator employed. 

REGULATOR DRIVERS 

VIW 
VDlFF 

MAX (V) 

30 
40 
45 
30 
40 
40 
40 
40 
15 
15 
15 
20 

20 
20 
36 
36 
36 
36 
36 
36 

36 
36 
36 
15 
15 
15 
36 
16 

6 
9.5 

BASE POSITIVE DR VIN 
DRIVE NEGATIVE PACKAGE MAX 

CURRENT OUTPUT PART NUMBER TYPE (V) 
150mA Pos Fixed LT1123CZ TO-92 30 
150mA Pos Fixed LTl123CSS-2.S5 SOS 30 

VoNOMINAL 
REG OUTPUT 
VOLTAGE (V) FEATURES/COMMENTS 

Self Contained 60kHz PWM and 4A Switch in a 5-Pin Surface Mount Pkg 

· Se~ Contained 100kHz PWM and 2.5A Switch in a 5-Pin Surface Mount Pkg 

· Self Contained 100kHz PWM and 2A Switch in a 7-Pin Surface Mount Pkg 

· Low Dropout (1.2V), 1% VREF Tol3-Pin Surface Mount Pkg 

· Self Contained Power and 1.25A Switch 

· Self Contained 100kHz PWM and 1.25A SWitch 

· Self Contained Power and 1.25A Switch 

· Self Contained 100kHz PWM and 1.25A Switch 
Adjustable Micropower Switching Regulator Works Down to IV Input. 

5 Requires Only 3 External Components (-5, -12 Versions) 

12 
Adjustable Micropower Swrtching Regulator Works Down to 2V Input. Ideal for Flash 

5 Memory Vpp Generation (-12 Version) 

12 
Adjustable Micropower Switching Regulator Works Down to 1V Output. 

5 Requires Only 3 External Components (-5, -12 Versions) 

12 
Adjustable Micropower Switching Regulator Works Down to 2V Input. 

5 Requires Only 3 External Components (-5, -12 Versions) 

12 
Adjustable Micropower Switching Regulator Works Down to 2V Input. Requires Only 3 

5 External Components (-5, -12 Versions). Optimized for VIN ,,2V 

12 
Adjustable low Dropout Adjustable Regulator, SOOmA Output at 1V Dropout Voltage, 

2.S5 SOT -223 Package 

5 
4t030 Dropout Voltage = 0.4V, 40mA la, Reference and Comparator 

tt Voltage Converter and Regulator, 25kHz Switching Rate .. lowest loss for VIN S; 6V .. Voltage Converter, 5kHz Switching Rate 

•• These devices are non-regulating converters. 
tt The available output voltage range is dependent upon the mode 

of operation selected. 

VoNOMINAL 
REGULATED 

OUTPUT VOLTAGE (V) FEATURE/COMMENTS 

5.0 Requires External PNP, 1 % Output Tolerance, 6001JA Quiescent 
2.S5 Current 
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POWER SUPPLY PRODUCTS SELECTION GUIDE 

REGULATInG PULSE-WIDTH moDULATORS 
PART NUMBER DESCRIPTION 

LTll05 Off-Line Regulating Pulse Width Modulator 
LT1241 Series 500kHz Regulating Pulse Width Modulators 
LT1246 1 MHz Regulating Pulse Width Modulator 
L T1524/L T3524 Regulating Pulse Width Modulator 
L T1525A1L T3525A Regulating Pulse Width Modulator 
L T1527 AIL T3527 A 
L T1526/L T3526 Regulating Pulse Width Modulator 

SG1524/SG3524 Regulating Pulse Width Modulator 
SG1525AJSG3525A Regulating Pulse Width Modulator 
SG1527 AlSG3527 A Regulating Pulse Width Modulator 
LTI84613846 Current Mode Regulating Pulse Width Modulator 
LTI84713847 

SWITCHinG REGULATOR conTROllERS 
PART NUMBER DESCRIPTION 

LT1432 Step-Down Switching Regulator Controller 
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PACKAGE OPTIONS 
N8 

J8, N8, S8 
J8, N8, S8 

J, N, S 
J, N 

J, N 

J, N 
J, N 
J, N 
J, N 

PACKAGE OPTIONS 
N8, S8 

FEATURES 
Designed for AC Line Powered Applications 
Improved Replacements for UCI842, 1843, 1844, 1845 

1 MHz Current Mode PWM, 1.5% VREF 
Improved SG1524, 2% VREF, Guaranteed Oscillator Accuracy 
Improved SG1525A11527A Switching Regulator with Undervoltage 
Lockout, Guaranteed Long Term Stability 
Switching Regulator Control with Soft Start, Current Limit, Metering 
Logic, Undervoltage Lockout, Guaranteed Long Term Stability 
Industry Standard Switching Power Supply Control Circuit 
More Features Than 1524 Series, 100mA Source/Sink Outputs 
Same as SG1525A with Inverted Output Logic 
Current Mode PWM with UV Lockout, Soft Start, 1 % VREF, 500kHz 
Operation, 200mA Totem Pole Outputs 

FEATURES 
Provides High Efficiency +5V Output Using LT1070 Series Regulator 
and Minimum External Parts 



LTC BATTERY POWERED DC/DC CONVERSION SOLUTIONS 

STEP UP FROM ONE CELL (1V) 
VOUT lOUT PiT/ 10 Price •• 

5V 40mA LT1073-5 95jJA 821J1i 1001JF on $3.15 Most Efficient 
Basic Step Up Converter 

40mA LT111 0-5 350jJA 271J1i 331JF on $3.15 Best For Surlaee Mount 

12V 15mA LT1073-12 9SjJA 821J1i 1001JF on $3.15 Most Efficient 
15mA LT1110-12 350jJA 271J1i 331JF on $3.15 Best For Surlaee Mount 

·ADJUSTABLE VERSIONS ALSO AVAILABLE FOR VourUP TO 50V 

STEP UP FROM TWO CELLS (2V) 
VOUT lOUT PIN 10 L Price •• • See Tables For Recommended Part. 

Inductor. Capacitor and Resistor Values 

SV 90mA LTl173-S 110jJA 471J1i 1001JF 47n $2.40 Most Efficient 
90mA LTllll-5 3S0jJA 181J1i 331JF 47n $2.40 Smallest Board Space/Best For Surlaee Mount 
150mA LT1073-S 9SjJA 1001J1i 1001JF 47n $3.15 More Output CurrenVMost Efficient 
150mA LT111G-S 3S0jJA 331J1i 331JF 47n $3.15 More Output CurrenVSmaliest Board Space/Best For Surlaee Mount 
20mA LT1109CZ-5 1mA 331J1i 101JF NlA $1.90 3 Pin Package/Lowest CosVBest For Surlaee Mount (8 Lead Version) 

12V 20mA LTl173-12 110jJA 471J1i 471JF 47n $2.40 Most Efficient 
20mA LT1111-12 350jJA 181J1i 221JF 47n $2.40 Smallest Board Space/Best For Surlaee Mount 
40mA LT1073-12 9SjJA 821J1i 1001JF 47n $3.15 More Output CurrenVMost Efficient 
40mA LT1110-12 350jJA 271J1i 331JF On $3.15 More Output CurrenVSmaliest Board SpaceJBest For Surlaee Mount 
20mA LT1109CZ -12 350jJA 201J1i 4.71JF NlA $1.90 3 Pin Package/Lowest CosVBest For Surlaee Mount (8 Lead Version) 

• ADJUSTABLE VERSIONS ALSO AVAILABLE FOR VourUP TO 50V 

STEP UP FROM 5V TO 12V 
VOUT lOUT PiT/ 10 R Price •• 

12V 90mA LT1173-12 110jJA 1201J1i 1001JF on $2.40 Most Efficient 
90mA LT1111-12 350jJA 471J1i 331JF on $2.40 Smallest Board SpaceJBest For Surlaee Mount 
175mA LT1073-12 95jJA 1801J1i 1001JF on $3.15 More Output CurrenVMost Efficient 
175mA LT1110-12 350jJA 601J1i 331JF on $3.15 More Output CurrenVBest For Surlaee Mount 
60mA LT1109CZ-12 350jJA 331J1i 101JF NlA $1.90 3 Pin Package/Lowest CosVBest For Surlaee Mount (8 Lead Version) 

• ADJUSTABLE VERSIONS ALSO AVAILABLE FOR Vour UP TO 50V 

FLASH MEMORY VPP (12V) GENERATION 
Flash Memory Vpp Generator 

Yout lOUT PIN 10 L C R Price" 

12V SOmA LT1109-12 350jJA 331J1i 101JF $2.90 All Surtace Mount 

L lN4933 

vIN--.----J--rr~-1-*~-VOUT 
5V 12V 

90mA LT1173ADJ 110jJA 1201J1i 1001JF 47n $2.40 More lOUT 
120mA LT1073ADJ 100jJA 100lJlit 1001JF 20n $3.1S Most lOUT 

All Flash Memory Vpp Circuits Can Easily Be Made In All Surface 
Mount- Including Inductors- See Other Side 
•• 100 Piece Quantity Price t Coiltronics CTX100-4 

PGM 

• See Table For Recommended 
Inductor. and Capacttor Values 
For Surface Mount Inductor. Use Sumida CD-54 
For LTI173. LT1073 Circuit. 
Refer To Datasheet 

SEE OTHER SIDE FOR MORE DC/DC CONVERSION SOLUTIONS, 
INDUCTOR MFGRs., CAP MFGRs., DEVICE PINOUTS 

C 
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LTC BATTERY POWERED DC/DC CONVERSION SOLUTIONS 

STEP DOWN CONVERSION TO 5V 
VIN lOUT PM IQ R Price •• 

6.SVto 12V SOmA LT1173-5 110J,IA 4711H loollf loon $2.40 Most Efficient Step Down Converter 
SOmA LT1111-5 330J,IA 1811H 331lf loon $2.40 Best For Surface Mount VIN 
90mA LT1073-S 9SJ,IA 4711H loollf 220n $3.1S More Output CurrentiMost Efficient R 
90mA LT1HO-S 330J,IA 1511H 331lf 220n $3.1S More IOUlIBest For Surface Mount 

9Vto 20V 300mA LT1073-5 95J,IA 18011H 3301lf loon $3.1S Most Ellicient 
300mA LT1110-5 330J,IA 6011H lOOIlf loon $3.1S Best For Surface Mount 

12Vto 20V 300mA LT1173-5 110J,IA 220tJH 2201lf 220n $2.40 Most Efficient 
300mA LT1111-5 330J,IA 82tJH lOOIlf 220n $2.40 Best For Surface Mount 

• See Tables For Recommended Part. 

20VIo 30V 300mA LT1173-5 110J,IA 470tJH 4701lf loon $2.40 Most Ellicient Inductor. Capacitor and Resistor Values 

300mA LTII11-5 330J,IA 180tJH 2201lf loon $2.40 Best For Surface Mount 

• ADJUSTABLE OUTPUT VOLTAGES UP TO 6.2V CAN BE OBTAINED WITH THE ADJUSTABLE VERSIONS OF L T1173, LT/111, LTI073 OR LT/HO 

POSITIVE TO NEGATIVE VOLTAGE CONVERSION 
VIN VOUT lOUT PM IQ R 

SV -5V 75mA LT1173-S 2S0J,IA lootJH lOOIlf loon 
-5V 75mA LT1111-S 650J,IA 3311H 331lf loon 
-SV 150mA LT1073-S 220J,IA 180tJH 4701lf lOOn 
-SV 150mA LT111D-S 65OJ,IA 6811H 1501lf lOOn 

12V -5V 250mA LT1173-S 110J,IA 470tJH 2201lf lOOn 
-sv 250mA LT1111-S 330J,IA 180tJH 821lf loon 

Price •• 

$2.40 MostEllicient 
$2.40 Best For Surface Mount 
$3.1S More Output Current 
$3.1S More IOUllBest For Surface Mount 

$2.40 Most Eflicient 
$2.40 Best For Surface Mount 

Positive to Negative 
VIN Converter 

R 

VOUT 
• See Tables For Recommended Part, 
Inductor. CapacITor and Resistor Values 

INDUCTOR AND CAPACITOR PART NUMBERS/MANUFACTURERS 
Inductor Value Caddell-Burns PIN Gowanda PIN Coiltronics PIN tt 

15tJH 7070-15 GA10-152K Inductor Manufacturers 
18tJH 7070-16 GA10-182K CTX20-1 Caddell-Bums Mineola, NY, USA 11501 SI6-746-2310 FAX: 516-742-2416 
2011H CTX20-1 Gowanda Elect. Gowanda, NY, USA 14070 716-532-2234 FAX: 716-532-2702 
22tJH 7070-17 GA10-222K CTX20-1 

Coiltronics IntI. Pompano Beach, FL, USA 305-781-8900 FAX: 305-782-4163 
27tJH 7070-18 GA10-272K 
3311H 7070-19 GA10-332K tt Sumida Artinglon Heights, III, USA 708-956-0666 FAX: 708-956.0702 
47tJH 7300-09 GA10-472K CTX50-1 
68tJH 7300-11 GA10-682K 
82tJH 7300-12 GA10-822K CTX82-1 Capacitor Manufacturers 100tJH 7300-13 GA10-l03K CTX100-l 
120tJH 7300-14 GA10-123K CTXl00-l Best: OS-CON Series Sanyo Video San Diego, CA, USA 92073 619-661-6322 
18011H 7200-16 GA40-183K CTX250-4 BeHer: PL Series Nichicon America Schaumberg, IL, USA 60173 708-843-7S00 
220tJH 7200-17 GA4D-223K CTX250-4 

Good: 1500 or 5500 Sprague Electric Sanford, ME, USA 04073 207-324-4140 470tJH 7200-21 GA40-473K 
•• 100 Piece Quantity Price tt Surface Mount Inductors 

Device Pinouts (DIP and SOIC Pkgs_) 
I LIM FB (SENSE)t V IN 8 SENSE 

NC LT1109 SO 
SW NC 

--....._..r- GND GND NC 

t -5. -12 Versions 
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PIN 
LTC1155 

LTC1156 

LT1158 

POWER AND MOTOR CONTROL CIRCUITS 

High Side Switch Drivers 

L TC1155 - Dual N-Ch FET Switch Drivers wI Short Circuit Protection 

L TC1156 - Quad N-Ch FET Switch Drivers w/ Short Circuit Protection 

Integrated High Side Switches 

LT1188 -1.5A HSS, Output Protected Against Inductive Kickback 
Controlled Slew Rate/Low RF Noise 
STATUS Line for Diagnostics 
Protected Against Overtemp, Load Faults 

LT1 089 - 7.5A HSS, Low Loss, Only 1.5V at 7.5A 
Protected Against Overtemp, Overcurrent. Low 
Quiescent Current 

Half Bridge N-Ch MOSFET Drivers 

DESCRIPTION 

L T1158 - 5V to 30V Operation, Drives DC motors and Switching Power 
Supply N-Ch MOSFET Switch Gates, On-Chip Charge Pump, 
Adaptive Anti Shoot-Through, Fully Protected, 150ns Transition 
Times Driving 3000pF 

PACKAGE FEATURES 
Dual High-Side Switch Driver N8, S8 Low Quiescent Current, Short Circuit Protection, Internal Capacitors, Drives Low-

Loss N-Channel MOSFETs 
Quad High-Side Switch Driver N,S Four Drivers in One Package, Low Quiescent Current, Short Circuit Protection, 

Internal Capacitors 
Half Bridge N-Channel MOSFET Driver N Drives 3000pF Loads in 150ns, Continuous Current Limit Protection, 5V to 30V 

Supplies 
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SECTION 4-POWER PRODUCTS 

INDUCTORLESS DC TO DC CONVERTERS 

INDEX 

LTC1046, 50mA Switched Capacitor Voltage Converter ........................................................................ 4-16 
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'-Y-TLE1CnHNf/\O' 'O_G~Q~ _____ L_TC_10_46 ~, l.-" IT "Inductorless" 

FEATURES 
• 50 rnA Output Current 
• Plug-In Compatible with ICL7660/LTC1044 
• ROUT = 35Q Maximum 
• 300~ Maximum No Load Supply Current at 5V 
• Boost Pin (Pin 1) for Higher Switching Frequency 
• 97% Minimum Open Circuit Voltage Conversion 

Efficiency 
• 95% Minimum Power Conversion Efficiency 
• Wide Operating Supply Voltage Range, 1.5V to 6V 
• Easy to Use 
• Low Cost 

APPLICATions 
• Conversion of +5V to ±5V Supplies 
• Precise Voltage Division, VOUT = VIN/2 
• Supply Splitter, VOUT = ±Vs/2 

TYPICAL APPLICATiOn 
Generating -5V from +5V 

4-16 

+5V to -5V Converter 

DESCRIPTion 
The LTC1046 is a 50mA monolithic CMOS switched 
capacitor voltage converter. It plugs in for ICL76601 
LTC1044 in 5V applications where more output current is 
needed. The device is optimized to provide high current 
capability for input voltages of 6V or less. It trades off 
operating voltage to get higher output current. The LTC 1 046 
provides several voltage conversion functions: the input 
voltage can be inverted (VOUT = -VIN), divided (VOUT = 
VIN/2) or multiplied (VOUT = ±nVIN)· 

Designed to be pin-for-pin and functionally compatible 
with the ICL7660 and L TC1 044, the LTC1 046 provides 2.5 
times the output drive capability. 

Output Voltage VI Load Current for V + = 5V 

~ r.:--r- TA=25·C -. -r-r-. 
17-r-. 

ICL76601lTC1044. . ./ ROUT = 550 

I V '. 
LTC1046. 

, 
ROUT = 2m 

\ 

\ 

-1 
\ 

o 
o 10 20 30 40 50 

LOAD CURRENT. It(mA) 
LTC1048·TA02 



LTC1046 

ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATion 
(Note 1) 

Supply Voltage ........................................................ 6.5V 
Input Voltage on Pins 1, 6 and 7 

(Note 2) ............................. -0.3 < VIN < (V+) +0.3V 
Current into Pin 6 ................................................... 20~ 
Output Short Circuit Duration 

(V+::; 6V) ................................................ Continuous 

TOP VIEW ORDER PART 

-0" NUMBER 
CAP+ 2 7 OSC 

GND 3 6 LV LTC10461N8 
CAP- 4 5 VOUT LTC1046CN8 

N8 PACKAGE 
Operating Temperature Range HEAO PLASTIC DIP 

LTC1048.POI01 

LTC1046C ..................................... O°C ::; TA::; 70°C 
L TC1 0461 .................................. -40°C ::; T A ::; 85°C 

Storage Temperature Range ............... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

TOP VIEW LTC10461S8 

~~D" 
LTC1046CS8 

CAP+ 2 7 OSC 

GND 3 6 LV S8 PART MARKING 
CAP- 4 5 VOUT 

S8 PACKAGE 1046 
8-LEAD PLASTIC SOIC 10461 LTC104S'POI02 

ELECTRICAL CHARACTERISTICS y+ = 5V, Cose = OpF, TA = 25°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS 

Is Supply Current RL = =, Pins 1 and 7 No Connection 
RL = =, Pins 1 and 7 No Connection, 
V+=3V 

V\ Minimum Supply Voltage RL=5kn 
V+H Maximum Supply Voltage RL = 5k.Q 

ROUT Output Resistance V+ = 5V, IL = 50mA (Note 3) 

V+ = 2V, IL = 10mA 

fosc Oscillator Frequency V+ = 5V (Note 4) 
V+=2V 

PEFF Power Efficiency RL=2.4kn 

VOUTEFF Voltage Conversion RL== 
Efficiency 

lose Oscillator Sink or Source Vosc = OV or V+ 
Current Pinl=OV 

Pin 1 =V+ 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: Absolute Maximum Ratings are those values beyond which 
the life of the device may be impaired. 
Nole 2: Connecting any input terminal to voltages greater than V+ or 
less than ground may cause destructive latch-up. It is recommended 
that no inputs from sources operating from external supplies be 
applied prior to power-up of the LTC1 046. 

LTC1046C LTC10461 
MIN TYP MAX MIN TYP MAX UNITS 

165 300 165 300 IlA 
35 35 IlA 

• 1.5 1.5 V 

• 6 6 V 

27 35 27 35 Q 

• 27 45 27 50 Q 

• 60 85 60 90 Q 

20 30 20 30 kHz 
4 5.5 4 5.5 kHz 
95 97 95 97 % 

97 99.9 97 99.9 % 

• 4.2 35 4.2 40 IlA 
• 15 45 15 50 IlA 

Nole 3: ROUT is measured at TJ = 25°C immediately after power-on. 
Nole 4: fosc is tested with Cosc = 1 OOpF to minimize the effects of test 
fixture capaCitance loading. The OpF frequency is correlated to this 100pF 
test pOint, and is intended to simulate the capacitance at pin 7 when the 
device is plugged into a test socket and no external capacitor is used. 
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LTC1046 

TYPICAL PERFORmAnCE CHARACTERISTICS (Using Test Circuit in Figure 1) 
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LTC 1 046 

TYPICAL PERFORmAnCE CHARACTERISTICS (Using Test Circuit in Figure 1) 
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Figure 1. 

APPLICATions InFORmATion 
Theory of Operation 

To understand the theory of operation of the LTC1046, a 
review of a basic switched capacitor building block is helpful. 

In Figure 2, when the switch is in the left position, capacitor 
C1 will charge to voltage V1. The total charge on C1 will be 
q1 = C1 V1. The switch then moves to the right, discharg
ing C1 to voltage V2. After this discharge time, the charge 
on C1 is q2 = C1 V2. Note that charge has been transferred 
from the source, V1, to the output, V2. The amount of 
charge transferred is: 

L1q = q1 - q2 = C1 (V1 - V2). 

If the switch is cycled "f" times per second, the charge 
transfer per unit time (Le., current) is: 

I = f x L1q = f x C1 (V1 - V2). 

Figure 2. Switched Capacitor Building Block 
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APPLICATions InFoRmATion 
Rewriting in terms of voltage and impedance equivalence, 

I = V1- V2 = V1 - V2. 
(11 fC1) REQUIV 

A new variable, REQUlV, has been defined such that 
REQUIV = 1/fC1. Thus, the equivalent circuitforthe switched 
capacitor network is as shown in Figure 3. 

Figure 3. Switched Capacitor Equivalent Circuit 

Examination of Figure 4 shows that the LTC1046 has the 
same switching action as the basic switched capacitor 
building block. With the addition of finite switch ON 
resistance and output voltage ripple, the simple theory, 
although not exact, provides an intuitive feel for how the 
device works. 

CLOSED WHEN 
v+ > 3.0V 

Figure 4. L TC1 046 SWitched Capacitor Voltage Converter Block 
Diagram 

For example, if you examine power conversion efficiency 
as a function of frequency (see typical curve), this simple 
theory will explain how the L TC1 046 behaves. The loss, 
and hence the efficiency, is set by the output impedance. 
As frequency is decreased, the output impedance will 
eventually be dominated by the 1/fC1 term and power 
efficiency will drop. The typical curves for power efficiency 
versus frequency show this effect for various capacitor values. 
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Note also that power efficiency decreases as frequency 
goes up. This is caused by internal switching losses which 
occur due to some finite charge being lost on each 
switching cycle. This charge loss per unit cycle, when 
multiplied by the switching frequency, becomes a current 
loss. At high frequency this loss becomes significant and 
the power efficiency starts to decrease. 

LV (Pin 6) 

The internal logic of the L TC1 046 runs between V+ and LV 
(pin 6). For V+ greater than or equal to 3V, an internal 
switch shorts LV to ground (pin 3). For V+ less than 3V, the 
LV pin should be tied to ground. For V+ greater than or 
equal to 3V, the LV pin can be tied to ground or leftfloating. 

OSC (Pin 7) and Boost (Pin 1) 

The switching frequency can be raised, lowered or driven 
from an external source. Figure 5 shows a functional 
diagram of the oscillator circuit. 

v+ 

Figure 5. Oscillator 

By connecting the boost pin (pin 1) to V+, the charge and 
discharge current is increased and, hence, the frequency 
is increased by approximately three times. Increasing the 
frequency will decrease output impedance and ripple for 
higher load currents. 

Loading pin 7 with more capacitance will lower the fre
quency. Using the boost (pin 1) in conjunction with 
external capacitance on pin 7 allows user selection of the 
frequency over a wide range. 



APPLICATions InFoRmATion 
Driving the L TC1 046 from an external frequency source 
can be easily achieved by driving pin 7 and leaving the 
boost pin open, as shown in Figure 6. The output current 
from pin 7 is small, typically 15~A, so a logic gate is 
capable of driving this current. The choice of using a 
CMOS logic gate is best because it can operate over a wide 
supply voltage range (3V to 15V) and has enough voltage 
swing to drive the internal Schmitt trigger shown in Figure 
5. For 5V applications, a TTL logic gate can be used by 
simply adding an external pull-up resistor (see Figure 6). 

OSC INPUT 

Cl 

Figure 6. External Clocking 

Capacitor Selection 

While the exact values of CIN and Caul are non-critical, 
good quality, low ESR capacitors such as solid tantalum 

TYPICAL APPLICATiOnS 
Negative Voltage Converter 

Figure 7 shows a typical connection which will provide a 
negative supply from an available positive supply. This 
circuit operates over full temperature and power supply 
ranges without the need of any external diodes. The LV pin 
(pin 6) is shown grounded, but for V+ ~ 3V, it may be 
floated, since LV is internally switched to ground (pin 3) 
forV+ ~3V. 

The output voltage (pin 5) characteristics of the circuit are 
those of a nearly ideal voltage source in series with an 270 
resistor. The 270 output impedance is composed of two 
terms: 1) the equivalent switched capacitor resistance 
(see Theory of Operation). and 2) a term related to the ON 
resistance of the MOS switches. 

LTC1046 

are necessary to minimize voltage losses at high currents. 
For CIN the effect of the ESR of the capacitor will be 
multiplied by four, due to the fact that switch currents are 
approximately two times higher than output current, and 
losses will occur on both the charge and discharge cycle. 
This means that using a capacitor with 10 of ESR for CIN 
will have the same effect as increasing the output imped
ance of the LTC1046 by 40. This represents a significant 
increase in the voltage losses. For Caul the effect of ESR 
is less dramatic. COUT is alternately charged and dis
charged at a current approximately equal to the output 
current, and the ESR of the capacitor will cause a step 
function to occur, in the output ripple, at the switch 
transitions. This step function will degrade the output 
regulation for changes in output load current, and should 
be avoided. Realizing that large value tantalum capacitors 
can be expensive, a technique that can be used is to 
parallel a smaller tantalum capacitor with a large alumi
num electrolytic capacitor to gain both low ESR and 
reasonable cost. Where physical size is a concern some 
of the newer chip type surface mount tantalum capacitors 
can be used. These capacitors are normally rated at 
working voltages in the 10V-20V range and exhibit very 
low ESR (in the range of 0.10). 

V+ (1.5V TO 6.0V) 

Figure 7. Negative Voltage Converter 

At an oscillator frequency of 30kHz and C1 = 1 O~F, the first 
term is: 

1 
REQUIV= (fosc /2) x C1 = 

1 -67£'> 
15x103x10x10-6 - . u. 
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TYPICAL APPLICATions 
Notice that the equation for REQUIV is not an capacitive 
reactance equation (Xe = 1/roC) and does not contain a 2lt 
term. 

The exact expression for output impedance is complex, 
butthe dominant effect ofthe capacitor is clearly shown on 
the typical curves of output impedance and power effi
ciency versus frequency. For C1 = C2 = 10IlF, the output 
impedance goes from 2m at fose = 30kHz to 225Q at 
fose = 1 kHz. As the 1/fC term becomes large compared to 
switch ON resistance term, the output resistance is deter
mined by 1/fC only. 

Voltage Doubling 

Figure 8 shows a two diode, capacitive voltage doubler. 
With a 5V input, the output is 9.1 V with no load and 8.2V 
with a 10mA load. 

V1N (1.5V TO 6V) 

Figure 8. Voltage Doubler 

Ultra-Precision Voltage Divider 

An ultra-precision voltage divider is shown in Figure 9. To 
achieve the 0.0002% accuracy indicated, the load current 
should be kept below 100nA. However, with a slight loss 
in accuracy, the load current can be increased. 

Figure 9. Ultra-Precision Voltage Divider 
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Battery Splitter 

A common need in many systems is to obtain positive and 
negative supplies from a single battery or single power 
supply system. Where current requirements are small, the 
circuit shown in Figure 10 is a simple solution. It provides 
symmetrical positive or negative output voltages, both 
equal to one half the input voltage. The output voltages are 
both referenced to pin 3 (output common). If the input 
voltage between pin 8 and pin 5 is less than 6V, pin 6 
should also be connected to pin 3, as shown by the 
dashed line. 

1----41-- +Vo/2 (4.SV) 

OUTPUT COMMON 

Figure 10. Battery Splitter 

Paralleling for Lower Output Resistance 

Additional flexibility ofthe LTC1 046 is shown in Figures 11 
and 12. Figure 11 shows two LTC1046s connected in 
parallel to provide a lower effective output resistance. If, 
however, the output resistance is dominated by 1/fC1, 
increasing the capacitor size (C1) or increasing the fre
quency will be of more benefit than the paralleling 
circuit shown. 

Figure 12 makes use of "stacking" two LTC1046s to 
provide even higher voltages. In Figure 12, a negative 
voltage doubler or tripler can be achieved depending upon 
how pin 8 of the second LTC1046 is connected, as shown 
schematically by the switch. 
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TYPICAL APPLICATions 

· · 
1-...... - ... - VOUT = -WI 

: : r------~ I ~ : : __ = ___ ~ 1/4CD40n : : -p201lF · . "D·------ -.------------------------------------,~ I -• _______ ' OPTIONAL SYNCHRONIZATION 
CIRCUIT TO MINIMIZE RIPPLE 

Figure 11. Paralleling for 100mA load Current 

V' _ ..... __________ F_0_R_Vo~U"_T_=-_3_V_'--_ _o - FORVOUT =-2V' 

=---.r--.--(V'I 

Figure 12. Stacking for Higher Voltage 
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L7~lO~~~~-----D-u-a-I-H-ig-~_TC_S;_~5_: 
FEATURES 
• Fully Enhances N-Channel Power MOSFETs 
• 8~A Standby Current 
• 85~ ON Current 
• Short Circuit Protection 
• Wide Power Supply Range 4.5V to 18V 
• Controlled Switching ON and OFF Times 
• No External Charge Pump Components 
• Replaces P-Channel High Side MOSFETs 
• Compatible with Standard Logic Families 
• Available in 8-Pin SO Package 

APPLICATions 
• Lap-Top Power Bus Switching 
• SCSI Termination Power Switching 
• Cellular Phone Power Management 
• P-Channel Switch Replacement 
• Relay and Solenoid Drivers 
• Low Frequency Half H-Bridge 
• Motor Speed and Torque Control 

TYPICAL APPLICATiOn 

Micropower MOSFET Driver 

DESCRIPTion 
The L TC1155 dual high side gate driver allows using low 
cost N-channel FETs for high side switching applications. 
An internal charge pump boosts the gate above the posi
tive rail, fully enhancing an N-channel MOSFET with no 
external components. Micropower operation, with 8J.tA 
standby current and 85~A operating current, allows use in 
virtually all systems with maximum efficiency. 

Included on-chip is over-current sensing to provide auto
matic shutdown in case of short circuits. A time delay can 
be added in series with the current sense to prevent false 
triggering on high in-rush loads such as capacitors and 
incandescent lamps. 

The L TC1155 operates off of a 4.5V to 18V supply input 
and safely drives the gates of virtually all FETs. The 
LTC1155 is well suited for low voltage (battery powered) 
applications, particularly where micropower "sleep" op
eration is required. 

The LTC1155 is available in both 8-pin DIP and 8-pin SO 
packages. 

Lap-Top Computer Power Bus Switch with Short Circuit Protection Switch Voltage Drop 

5A 
MAX 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ......................................................... 22V 
Input Voltage ....................... (Vs +O.3V) to (GND - O.3V) 
Gate Voltage ......................... (Vs +24V) to (GND - O.3V) 
Current (Any Pin) .................................................. 50mA 
Operating Temperature Range 

LTC1155M .................................... -55°C to + 125°C 
L TC1155C .............................................. O°C to 70°C 

TOP VIEW ORDER PART 

OO'O~ NUMBER 
G1 2 7 G2 

GND 3 6 Vs LTC1155CN8 
IN1 4 5 IN2 LTC1155CJ8 
J8 PACKAGE N8 PACKAGE LTC1155MJ8 

HEAO HERMETIC DIP HEAD PLASTIC DIP 

Storage Temperature Range .................. -65°C to 150°C 
LTCI155'POIOl 

Lead Temperature Range (Soldering, 10 sec.) ...... 300°C TOP VIEW LTC1155CS8 ""OW G1 2 . 7 G2 

GND 3 6 Vs S8 PART MARKING 
IN1 4 . 5 IN2 

58 PACKAGE 1155 
HEAD PLASTIC SO 

LTC1155'PDI02 

ELECTRICAL CHARACTERISTICS VS = 4.5V to 18V, TA = 25°C, unless otherwise noled. 

LTC1155M LTC1155C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vs Supply Voltage • 4.5 18 4.5 18 V 

la Quiescent Current OFF VIN = OV, Vs = 5V (Note 1) 8 20 8 20 IIA 
Quiescent Current ON Vs = 5V, VIN = 5V (Note 2) 85 120 85 120 IIA 
Quiescent Current ON Vs = 12V, VIN = 5V (Note 2) 180 400 180 400 !LA 

VINH Input High Voltage • 2.0 2.0 V 

VINL Input Low Voltage • 0.8 0.8 V 

liN Input Current OV < VIN < Vs • ±1.0 ±1.0 IIA 

CIN Input Capacitance 5 5 pF 

VSEN Drain Sense Threshold Voltage 80 100 120 80 100 120 mV 

• 75 100 125 75 100 125 mV 

ISEN Drain Sense Input Current OV < VSEN < Vs ±0.1 ±0.1 !LA 
VGATE-VS Gate Vollage Above Supply Vs=5V • 6.0 6.8 9.0 6.0 6.8 9.0 V 

Vs=6V • 8.0 8.5 15 8.0 8.5 15 V 
Vs = 12V • 18 20 28 18 20 28 V 

TON Turn ON Time Vs = 5V, CGATE = 1000pF 
Time for VGATE > Vs +2V 50 160 300 50 160 300 I!S 
Time for VGATE > Vs +5V 200 580 1000 200 580 1000 I!S 

Vs = 12V, CGATE = 1000pF 
Time for VGATE > Vs +5V 50 100 200 50 100 200 I!S 
Time for VGATE > Vs + 10V 120 250 500 120 250 500 lIS 
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ELECTRICAL CHARACTERISTICS VS = 4.5V 10 18V, TA = 25°C, unless olherwise noled. 

LTC1155M LTC1155C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TOFF Turn OFFTime Vs = 5V, CGATE = 1000pF 
Time for VGATE < 1V 10 36 60 10 36 60 

Vs = 12V, CGATE = 1000pF 
Time for VGATE < 1V 10 26 60 10 26 60 

Tsc Short Circuit Turn OFF Time Vs = 5V, CGATE = 1000pF 
Time for VGATE < 1V 5 16 30 5 16 30 

Vs = 12V, CGATE = 1000pF 
Time for VGATE < 1V 5 16 30 5 16 30 

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

Nole 1: Quiescent current OFF is for both channels in OFF condition. 
Nole 2: Quiescent current ON is per driver and is measured 
independently. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC1155 OPERATion 
The LTC1155 contains two independent power MOSFET 
gate drivers and protection circuits (refer to the Block 
Diagram for details). Each half of the LTC1155 consists of 
the following functional blocks: 

TTL and CMOS Compatible Inputs 

Each driver input has been designed to accommodate a 
wide range of logic families. The input threshold is set at 
1.3V with approximately 100mV of hysteresis. 

A voltage regulator with low standby current provides 
continuous bias for the TTL to CMOS converters. The TTL 
to CMOS converter output enables the rest ofthe circuitry. 
In this way the power consumption is kept to a minimum 
in the standby mode. 

Internal Voltage Regulation 

The output of the TTL to CMOS converter drives two 
regulated supplies which power the low voltage CMOS 
logic and analog blocks. The regulator outputs are isolated 
from each other so that the noise generated by the charge 
pump logic is not coupled into the 1 OOmV reference orthe 
analog comparator. 

Pin DESCRIPTions 
Input Pin 

The LTC1155 logic input is a high impedance CMOS gate 
and should be grounded when not in use. These input pins 
have ESD protection diodes to ground and supply and, 
t~erefore, should not be forced beyond the power supply 
rails. 

Gate Drive Pin 

The gate drive pin is either driven to ground when the 
switch is turned OFF or driven above the supply rail when 
the switch is turned ON. This pin is a relatively high 
impedance when driven above the rail (the equivalent of a 
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Gate Charge Pump 

Gate drive for the power MOSFET is produced by an 
adaptive charge pump circuit which generates a gate 
voltage substantially higher than the power supply volt
age. The charge pump capacitors are included on chip 
and, therefore, no external components are required to 
generate the gate drive. 

Drain Current Sense 

The LTC1155 is configured to sense the drain current of 
the power MOSFET in high side applications. An internal 
100mV reference is compared to the drop across a sense 
resistor (typically 0.0020 to 0.1 0) in series with the drain 
lead. If the drop across this resistor exceeds the internal 
1 OOmV threshold, the input latch is reset and the gate is 
quickly discharged by a large N-channel transistor. 

Controlled Gate Rise and Fall Times 

When the input is switched ON and OFF, the gate is 
charged by the internal charge pump and discharged in a 
controlled manner. The charge and discharge rates have 
been set to minimize RFI and EMI emissions in normal 
operation. If a short circuit or current overload condition 
is encountered, the gate is discharged very quickly (typi
cally a few microseconds) by a large N-channel transistor. 

few hundred kO). Care should be taken to minimize any 
loading of this pin by parasitic resistance to ground or 
supply. 

Supply Pin 

The supply pin of the LTC1155 serves two vital purposes. 
The first is obvious: it powers the input, gate drive, 
regulation and protection circuitry. The second purpose is 
less obvious: it provides a Kelvin connection to the top of 
the two drain sense resistors for the internal 100mV 
reference. The supply pin should be connected directly to 
the power supply source as close as possible to the top of 
the two sense resistors. 



Pin DESCRIPTions 
The supply pin of the LTC1155 should not be forced below 
ground as this may result in permanent damage to the 
device. A 3000 resistor should be inserted in series with 
the ground pin if negative supply voltages are anticipated. 

Drain Sense Pin 

As noted previously, the drain sense pin is compared 
againstthe supply pin voltage. If the voltage at this pin is 
more than 1 OOmV below the supply pin, the input latch will 
be reset and the MOSFET gate will be quickly discharged. 
Cycle the input to reset the short circuit latch and turn the 
MOSFET back on. 

APPLICATions InFORmATion 

Protecting the MOSFET 

The MOSFET is protected against destruction by removing 
drive from the gate as soon as an over current condition is 
detected. Resistive and inductive loads can be protected 
with no external time delay. Large capacitive or lamp 
loads, however, require that the over current shutdown 
function be delayed long enough to start the load but short 
enough to ensure the safety of the MOSFET. 

Example Calculations 

Consider the circuit of Figure 1. A power MOSFET is driven 
by one side of an LTC1155 to switch a high inrush current 
load. The drain sense resistor is selected to limit the 
maximum DC current to 3.3A. 

RSEN = VSEN/ITRIP 

= 0.1/3.3A 

=30mO 

A time delay is introduced between RSEN and the drain 
sense pin of the L TC1155 which provides sufficient delay 
to start a high inrush load such as large supply capacitors. 

In this example circuit, we have selected the IRLZ34 
because of its low RDSON (0.050 with VGS = 5V). The FET 

LTCl155 

This pin is also a high impedance CMOS gate with ESD 
protection and, therefore, should not be forced beyond the 
power supply rails. To defeat the over current protection, 
short the drain sense to supply. 

Some loads, such as large supply capacitors, lamps or 
motors require high inrush currents. An RC time delay 
must be added between the sense resistor and the drain 
sense pin to ensure that the drain sense circuitry does not 
false trigger during start-up. This time constant can be set 
from a few microseconds to many seconds. However, very 
long delays may put the MOSFET in risk of being destroyed 
by a short circuit condition (see Applications Information 
section). 

Figure 1. Adding an RC Delay 

drops 0.1V at 2A and, therefore, dissipates 200mW in 
normal operation (no heat sinking required). 

If the output is shorted to ground, the current through the 
FET rises rapidly and is limited by the RDSON of the FET, 
the drain sense resistor and the series resistance between 
the power supply and the FET. Series resistance in the 
power supply can be substantial and attributed to many 
sources including harness wiring, PCB traces, supply 
capacitor ESR, transformer resistance or battery resis
tance. 
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APPLICATions InFoRmATion 

For this example, we assume a worst case scenario; i.e. 
that the power supply to the power MOSFET is "hard" and 
provides a constant SV regardless of the current. In this 
case, the current is limited by the ROSON of the MOSFET 
and the drain sense resistance. Therefore: 

IpEAK = VSUPPLy/0.08Q 

= 52.SA 

The drop across the drain sense resistor under these 
conditions is much larger than 1 OOmV and is equal to the 
drain current times the sense resistance: 

VOROP = (lpEAK)(RsEN) 

= 1.88V 

By consulting the power MOSFET data sheet SOA graph, 
we note that the IRLZ34 is capable of delivering 52.SA at 
a drain-to-source voltage of 3.12V for approximately 
10ms. 

An RC time constant can now be calculated which satisfies 
this requirement: 

RC = --;::-__ -_t _---:::; 

In[1- VSEN ] 
RSEN -IMAX 

RC = -0.01 

I [1 0.10] 
n - 0.030 _ 52.S 

= -0.01/-0.0S4 

= 182ms 

This time constant should be viewed as a maximum safe 
delay time and should be reduced if the competing re
quirement of starting a high inrush current load is less 
stringent; i.e., if the inrush time period is calculated at 
20ms, the RC time constant should be set at roughly two 
or three times this time period and not at the maximum of 
182ms. A 50ms time constant would be produced with a 
270k resistor and a 0.22/lF capacitor (as shown in 
Figure 1). 
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Graphical Approach to Selecting RDL y and CDL Y 

Figure 2 is a graph of normalized over-current shutdown 
time versus normalized MOSFET current. This graph can 
be used instead of the above equation to calculate the RC 
time constant. The Y axis of the graph is normalized to one 
RC time constant. The X axis is normalized to the set 
current. (The set current is defined as the current required 
to develop 100mV across the drain sense resistor). 

MOSFET CURRENT (1 = SET CURRENT) 

Figure 2. Shutdown Time vs MOSFET Current 

Note that the shutdown time is shorter for increasing 
levels of MOSFET current. This ensures that the total 
energy dissipated by the MOSFET is always within the 
bounds established by the MOSFET manufacturer for safe 
operation. 

In the example presented above, we established that the 
power MOSFET should not be allowed to pass 52.SA for 
more than 1 Oms. 52.SA is roughly 18 times the set current 
of 3.3A. By drawing a line up from 18 and reflecting it off 
the curve, we establish that the RC time constant should 
be set at 1 Oms divided by 0.OS4, or 180ms. Both methods 
result in the same conclusion. 

Using a Speed Up Diode 

A way to further reduce the amount of time that the power 
MOSFET is in a short circuit condition is to "bypass"the 
delay resistor with a small signal diode as shown in Figure 
3. The diode will engage when the drop across the drain 
sense resistor exceeds 0.7V, providing a direct path to the 
sense pin and dramatically reducing the amount of time 



APPLICATions InFoRmATion 

Figure 3. Using a Speed-Up Diode 

the MOSFET is in an overload condition. The drain sense 
resistor value is selected to limitthe maximum DC current 
to 4A. Above 28A, the delay time drops to 1 OILS. 

Switched Supply Applications 

Large inductive loads, such as solenoids, relays and 
motors store energy which must be directed back to either 
the power supply or to ground when the supply voltage is 
interrupted (see Figure 4). In normal operation, when the 
switch is turned OFF, the energy stored in the inductor is 
harmlessly absorbed by the MOSFET; i.e., the current 
flows out of the supply through the MOSFET until the 
inductor current fails to zero. 

Figure 4. Switched Supply 

LTC 11 55 

Ifthe MOSFET is turned ON and the powersupply (battery) 
removed, the inductor current is delivered by the supply 
capacitor. The supply capacitor must be large enough to 
deliver the energy demanded by the discharging inductor. 
If the storage capacitor is too small, the supply lead of the 
L TC1155 may be pulled below ground, permanently de
stroying the device. 

Consider the case of a load inductance of 1 mH which is 
supporting 3A when the 6V power supply connect~on is 
interrupted. A supply capacitor of at least 250ILF IS re
quired to prevent the supply lead of the LTC1155 from 
being pulled below ground (along with any other Circuitry 
tied to the supply). 

Any wire between the power MOSFET source and the load 
will add a small amount of parasitic inductance in series 
with the load (approximately O.4ILH/foot). Bypass the 
power supply lead of the LTC1155 with a minimum ?f 
10ILF to ensure that this paraSitic load inductance IS 
discharged safely, even if the load is otherwise resistive. 

Large Inductive Loads 

Large inductive loads (>0.1 mH) may require diodes con
nected directly across the inductor to safely divert the 
stored energy to ground. Many inductive loads have these 
diodes included. If not, a diode of the proper current rating 
should be connected across the load to safely divert the 
stored energy. 

Reverse BaHery Protection 

The L TC1155 can be protected against reverse battery 
conditions by connecting a resistor in series with the 
ground lead as shown in Figure 5. The resistor limits the 
supply currentto less than 50mAwith -12V applied. Since 
the LTC1155 draws very little current while in normal 
operation, the drop across the ground resistor is minimal. 

The TIL or CMOS driving logic is protected against re
verse battery conditions by the 1 OOk input current limiting 
resistor. The addition of 1 OOk resistance in series with the 
input pin will not affect the turn ON and turn OFF times 
which are dominated by the controlled gate charge and 
discharge periods. 
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APPLICATions InFoRmATion 

Figure 5. Reverse Battery Protection 

Over Voltage Protection 

The MOSFET and load can be protected against over 
voltage conditions by using the circuit of Figure 6. The 
drain sense function is used to detect an over voltage 
condition and quickly discharge the power MOSFET gate. 
The 18V zener diode conducts when the supply voltage 

TYPICAL APPLICATiOnS 

exceeds 18.6V and pulls the drain sense pin O.6V below 
the supply pin voltage. 

The supply voltage is limited to 18.6Vand the gate drive is 
immediately removed from the MOSFET to ensure that it 
cannot conduct during the over voltage period. The gate of 
the MOSFET will be latched OFF until the supply transient 
is removed and the input turned OFF and ON again. 

Vs = 4.5V TO 18V 

5100 

Figure 6. Over Voltage Shutdown and Protection 

Dual 2A Auto-Reset Electronic Fuse 
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-:f lO)lf 

OUT 1 

ALL COMPONENTS SHOWN ARE SURFACE MOUNT. 
'STR101G TECHNO (818) 781-1642 

5V 

OUT2 



TYPICAL APPLICATions 
High Side Driver with Vos Sense Short Circuit Shutdown 

4.SVTO BV 

"ANY 74C OR 74HC LOGIC GATE. 
MOSFET SHUTS DOWN IF Vos > 1V 

30k 

Low Side Driver with Drain End Current Sensing 

SV 

"MSM-1 INTERNATIONAL RESISTIVE COMPANY 
(704) 264-8861 

LTCl155 

X-NOR Fault Detection 

4.SVTO BV 

10k 

Truth Table 
IN OUT CONDITION FLT 
0 0 Switch OFF 1 

1 0 Short Circuit 0 

0 1 Open Load 0 

1 1 Switch ON 1 

Low Side Driver with Source End Current Sensing 

sv 

"DO NOT SUBSTITUTE. MUST BE A PRECISION, SINGLE 
SUPPLY, MICROPOWER OP AMP (10 < 601lA) 

4-35 



LTC1155 

TYPICAL APPLICATions 
Automotive High Side Driver with Reverse Battery and High 

Voltage Transient Protection 

9VTO 16V 

'PROTECTS TIUCMOS GATES DURING HIGH VOLTAGE 
TRANSIENT OR REVERSE BATIERY 

"NOT REQUIRED FOR INDUCTIVE OR RESISTIVE LOADS 

"'SMV ISOTEK CORPORATION (508) 673-2900 

Using the Second Channel for Fault Detection 

4.SVTO S.SV 

NOTE: 
DRAIN SENSE 21S USED TO DETECT A FAULT IN CHANNEL 1. GATE 2 
PULLS DOWN ON DRAIN SENSE 1 TO DISCHARGE THE MOSFET AND 
REPORT THE FAULT TO THE I1P 

'NOT REQUIRED FOR RESISTIVE OR INDUCTIVE LOADS 

4-36 

5V/3A Extremely Low Voltage Drop Regulator with 10JJA Standby 
Current and Short Circuit Protection 

S.2VTO 6V 

ONIOFF 

FAULT --t~I--t----.. 

'CAPACITOR ESR SHOULD BE LESS THAN 0.50 
"STR101G TECHNO (818) 781-1642 

300k 

Bootstrapped Gate Drive for (100Hz < Fo < 10kHz) 

9VTO 18V 

VGATE = 2Vs - 0.6V 

RISE AND FALL TIMES ARE PETA TIMES FASTER 

20mO" 

IRLR024 

SV13A 
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TYPICAL APPLICATions 
Logic Controlled Boost Mode Switching Regulator with Short Circuit Protection and BIlA Standby Current 

4.75V TO 5.25V 

20mO 

FROM ~P, ETC. 

....---1 ~..,;M;.;T,;;,M,;;;25;.;N,;,,;05,,;.L _______ 5V SWITCHED 

FAULT --IIH--f------' lN5B20 

r-------1~v-w...,.., .... -I~I_ .... --_-12V11A 

"COILTRONICS CTX-7-52 

High Efficiency 60Hz Full-Wave Synchronous Rectifier 

r----------------~-----~~---.,~~ .... ~~6~3A 
VV\F lOOk 

12.6VCT / 100 

lBV 
lN4746A 

lOOk 

MOSFETs ARE SYNCHRONOUSLY ENHANCED WHEN RECTIFIER CURRENT EXCEEDS 300mA 
"NO HEATSINK REQUIRED. CASES (DRAINS) CAN BE TIED TOGETHER 

""INTERNAL BODY DIODE OF MOSFET 
"""RCS02 ULTRONIX (303) 242-0Bl0 

4700~F 
16V 
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TYPICAL APPLICATions 
High Efficiency 60Hz Full-Wave Synchronous Rectifier 

r---~~----------~-------'-----------------------'----------~~~~ 

10k 

vvv 

MOSFETs ARE SYNCHRONOUSLY ENHANCED WHEN RECTIFIER CURRENT EXCEEDS 300mA 
'NO HEATSINK REQUIRED 

"INTERNAL BODY DIODE OF MOSFET 
'''RCS02 ULTRONIX (303) 242-0810 

Push-Pull Driver with Shoot-Through Current Lockout (Fo < 100Hz) 

4.5VTO 6V 

HIILO - ... -----1--+~ 

'OPPOSING GATE MUST DROP BELOW 2V BEFORE THE OTHER IS CHARGED 
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30mn'" 

4700l'F 
16V 
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TYPICAL APPLICATions 
Full H-Bridge Driver with Shoot-Through Current Lockout and Stall Current Shutdown (Fa < 1 DDHz) 

4.5VTO 6V 

IRLZ44 

IRFZ44 

'OPPOSING GATES ARE HELD OFF UNTIL OTHER GATES DROP BELOW 1.5V 

DC Motor Speed and Torque Control for Cordless Tools and Appliances 

100!"! 

= 6V 0.1~F 1.1k 

1 47~F 

T 16V 10k 0.10 
TORQUE 
ADJUST 

1M 

100k 

1M 

TO.0033~F 

SPEED IS PROPORTIONAL TO PULSE WIDTH. TORQUE IS PROPORTIONAL TO CURRENT 
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TYPICAL APPLICATions 
Isolated High Voltage High-Side Switch with Circuit Breaker 

4-40 

6VTO 12V 

Isolated Solid State AC Relay with Circuit Breaker 

+ 

5.6V 
1N4690A 

IN/OUT 

1k 

18V 18V 
1N4746A 1N4746A 

·PICO ELECTRONICS F-28115 OR EQUIVALENT ON/OFF -t----, 
2). 

-:-'-------' 

90V 

50mQ 

IRFZ24 

IN/OUT 



f-W'''lln1:f\D LTC1156 
~~ TECHNOLOG~~~---------Q-u-a-d--H-ig-h-S-i-d-e 

FEATURES 
• No External Charge Pump Components 
• Fully Enhances N-Channel Power MOSFETs 
• 16 Microamps Standby Current 
• 95 Microamps ON Current 
• Wide Power Supply Range 4.5V to 18V 
• Controlled Switching ON and OFF Times 
• Replaces P-Channel High Side Switches 
• Compatible with Standard Logic Families 
• Available in 16-pin SOL Package 

APPLICATions 
• Laptop Computer Power Switching 
• SCSI Termination Power Switching 
• Cellular Telephone Power Management 
• P-Channel Switch Replacement 
• Battery Charging and Management 
• Low Frequency H-Bridge Driver 
• Stepper Motor and DC Motor Control 

TYPICAL APPLICATiOn 
Laptop Computer Power Management 

5V ---1~---'---""""------' 

5V 

CONTROL 
LOGIC 
OR~P 

. ALL COMPONENTS SHOWN ARE SURFACE MOUNT. MINIMUM PARTS COUNT 
SHOWN. CURRENT LIMITS CAN BE SET SEPARATELY AND TAILORED TO 
INDIVIDUAL LOAD CHARACTERISTICS . 
• IMS026 INTERNATIONAL MANUFACTURING SERVICES, INC. (401) 683-9700 

Micropower MOSFET Driver 
with Internal Charge Pump 
DESCRIPTion 
The LTC1156 quad High side gate driver allows using low 
cost N-channel FETs for high side switching applications. 
An internal charge pump boosts the gate drive voltage 
above the positive rail, fully enhancing an N-channel MOS 
switch with no external components. Micropower opera
tion, with 16flA standby current and 95flA operating 
current, allows use in virtually all systems with maximum 
efficiency. 

Included on chip is independent over-current sensing to 
provide automatic shutdown in case of short circuits. A 
time delay can be added to the current sense to prevent 
false triggering on high in-rush current loads. 

The L TC1156 operates off of a 4.5V to 18V supply and is 
well suited for battery-powered applications, particularly 
where micropower "sleep" operation is required. 

The LTC1156 is available in both 16-pin DIP and 16-pin 
SOL packages. 

100 

90 

80 

~ 70 

~ 60 
cc g; 50 
'-' 
~ 40 

~ 30 

20 

10 

o 

Standby Supply Current 

VIN1 = VIN2 = VIN3 = VIN4 = OV 
TJ = 25°C 

L 
/' 
o 5 10 15 20 

SUPPLY VOLTAGE (V) 

LTCll56GLIT 
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ABSOLUTE mAXimum RATinGS 
Supply Voltage ........................................................ 22V Operating Temperature Range 
Input Voltage ..................... (Vs + 0.3V) to (GND - 0.3V) L TC1156C .............................................. O°C to 70°C 
Gate Voltage ....................... (Vs + 24V) to (GND - 0.3V) Storage Temperature Range .................. -65°C to 150°C 
Current (Any Pin) ................................................. 50mA Lead Temperature (Soldering, 10 sec.) ................. 300°C 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

N PACKAGE 
16-LEAD PLASTIC DIP 

ORDER PART 
NUMBER 

LTC1156CN 

S PACKAGE 
16-LEAD PLASTIC SOL 

ELECTRICAL CHARACTERISTICS Vs = 4.5V to 18V, fA = 25°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP 

Vs Supply Voltage (Note 1) • 4.5 

'0 Quiescent Current OFF Vs = 5V, VIN = OV (Note 2) 16 

10 Quiescent Current ON Vs = 5V, VIN " 5V (Note 3) 95 

10 Quiescent Current ON Vs = 12V, VIN = 5V (Note 3) 180 

VINH Input High Voltage • 2.0 

VINL Input Low Voltage • 
liN Input Current OV < VIN < Vs • 
CIN Input Capacitance 5 

VSEN Drain Sense Threshold 80 100 
Voltage • 75 100 

ISEN Drain Sense Input Current OV < VSEN < Vs • 
VGATE- Vs Gate Voltage Above Supply Vs =5V • 6.0 7.0 

Vs =6V • 7.5 8.3 
Vs = 12V • 18.0 20.0 

tON Tum-ON Time Vs = 5V, CGATE = 1000pF 
Time for VGATE > Vs + 2V 50 160 
Time for VGATE > Vs + 5V 200 580 
Vs = 12V, CGATE = 1000pF 
Time for VGATE > Vs + 5V 50 100 
Time for VGATE > Vs + 10V 120 250 

4-42 

ORDER PART 
NUMBER 

LTC1156CS 

MAX UNITS 

18 V 

40 ~A 

125 flA 

400 flA 

V 

0.8 V 

±1.0 flA 

pF 

120 mV 
125 mV 

±0.1 ~A 

9.0 V 
15.0 V 
28.0 V 

300 ~s 

1000 ~s 

200 flS 
500 fls 
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ELECTRICAL CHARACTERISTICS VS = 4.5V to 18V, TA = 25°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

tOFF Turn-OFF Time Vs = 5V, CGATE = 1000pF 
Time for VGATE < 1V 10 36 60 

Vs = 12V, CGATE = 1000pF 
Time for VGATE <.IV 10 26 60 

tsc Short Circuit Turn-OFF Time Vs = 5V, CGATE = 1000pF 
Time for VGATE < IV 5 16 30 

Vs = 12V, CGATE = 1000pF 
Time for VGATE < IV 5 16 30 

The. denotes specifications which apply over the full operating 
temperature range. 
Nole 1: Both Vs pins (3 and 8) must be connected together, and both 
ground pins (1 and 6) must be connected together. 

Nole 2: Quiescent current OFF is for all channels in OFF condition. 
Note 3: Quiescent current ON is per driver and is measured 
independently. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Standby Supply Current 
100 

90 VIN1 = VIN2 = VIN3 = VIN4 = OV 
TJ = 25'C 

80 
<C 70 3 
I-

60 ffi 
cc cc 50 
13 
:J 40 
0-
0- 30 iil 

20 
10 ~ 
/' o 
o 5 10 15 20 

SUPPLY VOLTAGE (V) 

Standby Supply Current 
100 

90 VIN1 = VINF VIN3 = VIN4 = OV 

80 
<C 70 3 
I-

60 ffi 
cc cc 50 ::> 
u 

~ 40 
0- 30 iil 

20 

..... 1"- Vs = 18V 

't--t--

10 VSI 5V 
o 
-50 25 0 25 50 75 100 125 

TEMPERATURE ('C) 

1000 
900 

800 

~ 700 

~ 600 
cc 
!S 500 
u 
:J 400 
0-

~ 300 

'" 200 
100 

o 

1000 
900 

800 

~ 700 
~ 600 
cc a 500 

~ 400 

g, 300 
'" 200 

100 

o 

Supply Current per Channel ON 

ONE INPUT = ON 
OTHER INPUTS = OFF 
TJ = 25'C 

/ 
/ 

Ir---

-----o 5 10 15 20 
SUPPLY VOLTAGE (V) 

Supply Current per Channel ON 

ONE INPUT = ON 
OTHER INPUTS = OFF 

P'-~ 
I--- Vs-5V -t--

-50 25 0 25 50 75 100 125 
TEMPERATURE ('C) 

~ 
.g; 

I 

~ 
> 

24 
22 

20 

18 
16 
14 

12 

10 

4 

30 
27 

24 

21 

~ 18 
~ 15 
J 12 

o 

High Side Gate Voltage 

r 
II 

I 
7 
/ 

I 
i/ 

o 5 10 15 
SUPPLY VOLTAGE (V) 

Low Side Gate Voltage 

/ 
17 

/ 
V 

./ 

o 
SUPPLY VOLTAGE (V) 

UNITS 

!Is 

!Is 

!Is 

!Is 

20 

/ 
V 

10 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Turn-ON Time 
1000 

CGATE = 1000pF 
50 

45 

40 

Turn-OFF Time 

CGATE = 1000pF 
TIME FOR VGATE < 1V 

I'. 

" r-........ 

900 

BOO 

~ 700 

i 600 

~ 500 

~ 400 

~ 300 

1\ VGS = 5V 

~ 35 

!:!! 30 

~ 25 

~ 20 

~ r--

200 

100 

o 

\ 
"-

t-VGS=2~ I'-..... 
I -

o 5 10 15 
SUPPLY VOLTAGE (V) 

BLOCK DIAGRAm 

20 

'" r= 15 

10 

5 

o 
o 5 10 15 

SUPPLY VOLTAGE (V) 

Vs ,---------------------------------------
: ANALOG SECTION 

20 

1156GO!I 

50 

45 

40 

'[ 35 

~ 30 
t= 25 

! 20 

'" i2 15 

10 

o 

Short Circuit Turn-OFF Delay Time 

CGATE = 1000pF 
TIME FOR VGATE < 1V 
VSEN= VS-1V 
NO EXTERNAL DELAY 

..... ,... 

o 5 10 15 20 
SUPPLY VOLTAGE (V) 

1156G1l9 

: .-------, DRAIN .-----------l------------- SENSE 

LOW STANDBY 
CURRENT 

REGULATOR 

TIL-TO-CMOS IN CONVERTER 

GND 

OPERATion 

I 
I 
I 100mV 

REFERENCE 

ANALOG DIGITAL 

VOLTAGE 
REGULATORS 

The LTC1156 contains four independent power MOSFET 
gate drivers and protection circuits (refer to the Block 
Diagram for detail). Each section of LTC1156 consists of 
the following functional blocks: 
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GATE 

INPUT 
LATCH 

OSCILLATOR FAST/SLOW 
AND CHARGE GATE CHARGE 

PUMP LOGIC 

115660 

TIL and CMOS Compatible Inputs 

Each driver input has been designed to accommodate a 
wide range of logic families. The input threshold is set at 
1.3V with approximately 100mV of hysteresis. 



OPERATion 
A voltage regulator with low standby current provides 
continuous bias for the TIL to CMOS converters. The TIL 
to CMOS converter output enables the rest ofthe circuitry. 
In this way the power consumption is kept to a minimum 
in the standby mode. 

Internal Voltage Regulation 

The output of the TTL to CMOS converter drives two 
regulated supplies which power the low voltage CMOS 
logic and analog blocks. The regulator outputs are isolated 
from each other so that the noise generated by the charge 
pump logic is not coupled into the 1 OOmV reference orthe 
analog comparator. 

Gate Charge Pump 

Gate drive for the power MOSFET is produced by an 
adaptive charge pump circuit which generates a gate 
voltage substantially higher than the power supply volt
age. The charge pump capacitors are included on chip and 
therefore no external components are required to generate 
the gate drive. 

TYPICAL APPLICATiOnS 

LTC 11 56 

Drain Current Sense 

The LTC1156 is configured to sense the drain current of 
the power MOSFET in high side applications. An internal 
1 OOmV reference is compared to the drop across a sense 
resistor (typically 0.0020 to 0.10) in series with the drain 
lead. If the drop across this resistor exceeds the internal 
1 OOmV threshold, the input latch is reset and the gate is 
Quickly discharged by a large N-channel transistor. A 
simple RC network can be added to delay the over-current 
protection so that large in-rush current loads such as 
lamps or capacitors can be started. 

Supply and Ground Pins 

The two supply pins (3 and 8) of the L TC1156 must be 
connected together at all times and the two ground pins (1 
and 6) must be connected together at all times. The two 
supply pins should be connected to the "top" of the drain 
current sense resistor/s to ensure accurate sensing. 

For further applications information, see the LTC1155 
Dual High Side Micropower MOSFET Driver data sheet. 

4-Cell Extremely Low Voltage Drop Regulator and Three Load 
Switches with Short-Circuit Protection and 2D/JA Standby Current 

5.2VTO 6V _ 
4-CELL NiCd -=

BATIERY PACK -* 

CONTROL 
LOGIC 

• CAPACITOR ESR LESS THAN 0.5Q 
" RCS02 ULTRONIX (303) 242-0810 
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TYPICAL APPLICATions 

1N4746 
18V 

24V to 3DV Quad Industrial Switch with Thermal Shutdown 

24V-30V -~---.... ---------.., 

CONTROL 
LOGIC 
OR~P 

10~F 2k 
~ 50V 

• KEYSTONE RL2006-100-100-30-PT MOUNT ON HEATSINK. 1156TA1)3 

Automotive Triple High Side Switch with Reverse Battery Interrupt, Short-Circuit 
and High-Voltage Transient Protection (2DIlA Standby Current) 

INPUT 1 ..... ++--'\NIr-~---+-

INPUT2 - .............. """-t-..... --+-

INPUT 3 - ....... -'\NIr-+--+-~+-
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1500 

OUTPUT 1 

OUTPUT 3 

1156T.0\04 



TYPICAL APPLICATions 

4-Phase Stepper Motor Driver with Short-Circuit Protection 

w--.-------~~----~------------~ 

5V 

CONTROL 
LOGIC 

·50mQ ! 2AMAX 

t---W'<.----1-.. 

Full H-Bridge Driver with Short-Circuit Protection and 16j.1A Standby Current 
Low Frequency Operation «100Hz) 

5V--.-------~~----~--~----_.--------, 

CONTROL 
LOGIC 
OR ~P 

• STR101G TECHNO (818) 781-1642 
•• SOFTWARE (OR HARDWARE) DELAYS SHOULD BE PROVIDED TO AVDID 

CROSS-CONDUCTION. ALL CDMPONENTS SHOWN ARE SURFACE MOUNT. 

For more Typical Applications, see L TC1155 data sheet. 

LTC 11 56 

1156TA05 
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L7YD~~----1-.5-A-H-ig-h-Si-de-~-1-1~:_~ 
FEATURES 
• 1.5A Bipolar Switch 
• Controlled Output Slew Rate (2V/lls) to Limit R.F.1. 

Generation 
• 60V Load Dump Capability with Inductive Kickback 
• Internal Negative Voltage Clamp for Inductive Loads 
• 500liA Standby Current 
• Logic Input - TIL Levels 
• Low Input Bias Current (20IlA) 
• Status Output 
• Short Circuit Detection and Shutoff 
• Open Circuit Detection 
• Overtemp Detection and Shutoff 

APPLICATions 
• Solenoid Driver 
• Relay Driver 
• Motor Driver 

BLOCK DIAGRAm 
ONE 

INPUT L11J-----.----~ SHOT 

J1... 
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OVERTEMP 
DETECTOR 

DESCRIPTion 
The LT1188 is a monolithic high side switch employing 
bipolar technology. The device is designed to operate in 
harsh environments such as those encountered in the au
tomotive industry. The device incorporates an internal 
clamp diode to clamp the negative voltage spikes gener
ated by inductive loads such as solenoids and is capable 
of withstanding load dumps of 60V on the supply pin while 
clamping such spikes. Standby current is only 500liA and 
ground pin current, when driving a 1A load, is only 5mA. 

The device's input logic levels are designed to be compati
ble with standard TTL levels while drawing only 20llA in 
the on state. A status output is provided to inform the user 
of the condition of the output load as well as the switch. 
The status pin will change state for shorted as well as 
open loads and will also indicate when the device is above 
normal operating temperature. The device protects itself 
against short circuited loads by limiting output current 
and then shutting itself off after a specified time if the 
short remains. The device protects itself against overtem
perature by shutting itself off. Overtemperature shutoff 
occurs at a temperature above where the status pin over
temp indication occurs, allowing the user time to recog
nize and possibly correct the problem before drive to the 
load is removed. 

r--........ - ......... --t.!]4 Vee 

RSENSE 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ..................................... 30V 
Supply Voltage (Transient 200ms) .................... 60V 
Logic Input Voltage ................................. 30V 
Operating Temperature Range 

LT1188M ............................ -55°Cto125°C 
LT1188C ................................. O°C to 70°C 

ORDER PART 
FRONT VIEW 

NUMBER 
5 OUTPUT 

TAB IS )\ all 4 VPWR 

GROUNO 3 GROUND 
2 STATUS LT1188CT 01 INPUT 

T PACKAGE 
5-LEAO TO-220 

Junction Temperature Range BOTTOM VIEW 

LT1188M ............................ -SSOCto175°C 
LT1188C ................................ O°C to 100°C 

Storage Temperature ................... - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec) .............. 300°C 

~@-
LT1188CK 

1 2 CASE LT1188MK o 4 03 0 ISGROUNO 

INPUT Vee 
K PACKAGE 

HEAD TO-3 METAL CAN 

ELECTRICAL CHARACTERISTICS (Note 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Switch Voltage Loss (VCC-VOUT, Switch On) IOUT= 1.0A, SV"Vcc ,,30V • 1.0 1.2 V 

lOUT = 1.5A, SV"Vcc ,,30V • 1.2 1.4 V 
Output Leakage Current Vcc=30V, VOUT=OV, V,N=OV • S lS0 ~ 
High Level Input Voltage SV"Vcc,,30V, 

lOUT = 1.SA, (Note 2) • 2.0 V 
Low Level Input Voltage 5V"Vcc ,,30V, 

lOUT = O.OA, (Note 3) • 0.8 V 
High Level Input Current 5V"Vcc ,,30V, V'N=2.0V • S 20 60 pA 
Low Level Input Current 5V"Vcc ,,30V, V,N =O.4V • 0 1 pA 
Status Pin Saturation Voltage 5V "Vcc ,,30V, ISTATUS = lmA • 0.2 0.4 V 
Status Leakage Current Vcc=30V, VSTAT=5.5V • 1 ~ 
Standby Current V,N =O.4V, RL = 00, Vcc=30V 

Status = High • 500 650 ~ 
Status = Low • 5S0 750 ~ 

Ground Pin Current V cc = 30V, lOUT = 1.5A • 9 lS rnA 
Clamp Voltage ICLAMP = 1.0A, (Note 4) • 8 10 V 

ICLAMP = 1.SA, (Note 4) • 9 12 V 

Turn·On Delay (NoteS) • 30 pS 
Turn·Off Delay (Note 6) • 30 pS 
Output Slew Rate Vee = 17V, RL = 160 

Output Rising • O.S 1.2 5.0 Vips 
Output Falling • O.S 2.0 5.0 VipS 

Short Circuit Current VCC-VOUT= 7V 3.5 A 

• 2.0 4.7 A 
VCC-VOUT = 17V 2.S A 

• l.S 4.0 A 
Vcc-VouT=30V 1.5 A 

• O.S 3.0 A 
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ELECTRICAL CHARACTERISTICS (Note 1) 

PARAMETER CONDITIONS 
Short Circuit Sense Time (tsel Vcc=30V 
Status Reset Time (tAl Vcc=30V 

Open Circuit Current Trip Level 
Overtemp Detection Point 
Thermal Resistance Junction to Case (Note 7) 

Note 1: The • denotes specifications which apply over the full operating 
temperature range. 
Note 2: 2.0V is the minimum input voltage guaranteed to turn the device 
on. For input voltages greater than 2.0V the output voltage is guaranteed to 
be turned on. 
Note 3: O.BV is the maximum input voltage guaranteed to turn the device 
off. For input voltages less than O.BV the device is guaranteed to be turned 
off. 
Note 4: The negative voltage clamp is designed for intermittent operation 
such as clamping the reverse voltage spike caused by an inductive load. 
Clamp duration should be less than 100ms. 

MIN TYP MAX UNITS 

• 20 50 110 J.<S 

600 ~s 

• 350 950 ~s 

• 18 40 75 rnA 
150 °C 

4.0 °CIW 

Note 5: Turn on delay time is defined to be the time from the rising edge of 
the Input signal to the time that the output voltage is equal to 2V. 
Note 6: Turn off delay time is defined to be the time from the falling edge of 
the Input signal to the time that the output drops by 2V. 
Note 7: Thermal resistance is from the Junction of the switch transistor to 
the back of the case directly below the switch transistor. The device will be 
centered in the package and proper mounting techniques are required in or· 
der to have good thermal conduction away from this area of the package. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Short Circuit Current 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Open Circuit Detection Current 
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Pin FunCTions 
Output: As can be seen from the block diagram the output 
of the device is the emitter of an N PN power transistor 
which can source current from the supply. The slew rate of 
the output, both rising and falling, is controlled to mini· 
mize the generation of RFI. In the negative direction the 
output pin is clamped to ground with a combination diodel 
zener clamp. This clamp is designed to clamp the flyback 
voltage spike of an inductive load such as a solenoid. This 
clamp is designed for intermittent operation. The duration 
of the flyback spike should be less than 100ms. This al· 
lows a wide range of inductive loads. In the positive direc· 
tion the output pin is clamped to the supply with a diode. 

Ground: The ground pin of the device must be connected 
for the device to turn on. For an open ground pin the de· 
vice will be in an off state. 

Input: The input pin of the device must be driven above the 
input voltage threshold for the device to turn on. The input 
voltage threshold is designed to be compatible with stand· 
ard TTL levels, while the input impedance is high. Input 
current above the threshold is typically 20IlA. For an open 
input pin the device will remain in an off state. The input 

STATUS FUnCTiOnS 
Open Circuit Fault: The status output will be pulled low if 
the output current drops below the open circuit current 
threshold (typically 40mA). The open circuit detector is 
only active during the time that the switch is on (input 
high), and will only affect the status output during that 
time. For open circuit faults the status output will not 
latch low. The status line will be low only as long as the 
fault condition exists. 

Short Circuit Fault: For short circuit faults lasting longer 
than the short circuit sense time ( .. 60IlS), two things will 
occur; the output switch will be latched off and the status 
output will be latched low. The output will remain off until 
the input is recycled. The status output will remain low un· 
til both the short is removed and the input is recycled, and 
will be reset high after the status reset time ( .. 500lls) has 
elapsed. For continuous shorts the output will turn on, for 
the short circuit sense time, each time the input is cycled 
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logic requires a minimum input voltage slew rate of 3V/ms. 
This is several orders of magnitude slower than any logic 
family currently in use and should not normally cause any 
problems. 

Status: The status output is the collector of a grounded 
emitter NPN transistor whose base is internally driven by 
the status logic. A logic low indicates a fault condition 
(see Truth Table). This output requires an external pull·up 
resistor that should be chosen so that the current into the 
status pin, when the status pin is pulled low, is < 1mA. The 
breakdown voltage of this NPN collector is equal to that of 
the output switch. 

Diagnostic Truth Table 

Input Output Status 
Normal Operation L L H 

H H H 
Open Load L X H 

H H L 
Shorted Load L L L 

H L L 
Thermal Overload L L H 

H L L 

and the status output will remain latched low. The current 
at which the short circuit detector activates is a function 
of the supply voltage as can be seen by looking at the 
short circuit current curve in the typical performance 
characteristics. 

Thermal Fault: Thermal faults can occur for two reasons, 
heating from external sources or heating due to power dis· 
sipation in the switch itself. The device will act similarly 
for both cases. Thermal faults will only affect the status 
output during the time that the switch is on (input high). 
Thermal faults will cause the status output to latch low for 
the duration of an input cycle. The status output will be reo 
set on the falling edge of the input waveform. There are 
two levels of thermal overload. At .. 150°C junction tem· 
perature the thermal sensing circuitry will latch the status 
output low, and the output will remain on (as long as the 
input is high). At .. 165°C the thermal sensing circuitry will 



STATUS FunCTions 
turn the output off. If the junction temperature drops back 
below ",165°C the output will turn back on. This means 
that if the thermal fault is caused by an external source 
the output will stay off as long as the temperature is held 
above ",165°C. If the thermal fault is caused by internal 
power dissipation, the device will cycle on and off to main
tain the junction temperature near 165°C. The status out· 
put gives a fault indication at a temperature below the 
actual shutdown temperature to allow the user time to 
sense and possibly correct the fault condition before the 
switch takes action to protect itself. 

Load Dump: For transient supply voltages greater than 
35V or for transient switch voltages greater than 35V, a 
separate clamp network will turn the output off. This is 
necessary to keep the switch within its safe operating 
area and also to prevent the device from passing the high 

TYPICAL APPLICATiOnS 

T r-,V,.,..&PW-R-----. 

OUTPUT 1-4-.... 

LTl188 

voltage transient on to the load. To guarantee survival of 
the switch for load dump type transients the risetime of 
the supply voltage, at the supply pin of the device, should 
be limited to <1VIILs. This is to allow the device time to 
turn off between when the supply voltage reaches 35V and 
when the supply voltage reaches 50V so that the device is 
turned off well below its BVCEO voltage. If the device is 
bypassed closely, the series inductance and resistance of 
the supply leads along with the supply bypass capacitor 
will form an RLC filter and will limit the risetime. The slew 
rate limiting circuitry will be disabled during this transient 
turn off time. The output will remain off until the supply 
voltage drops back below 35V. During the time that the 
output is turned off by this clamp network the open circuit 
detector will still be active and will set the status pin low 
until the output comes back on and the output current is 
greater than the open circuit current. 

T r-,V,.,..&PW-R-----. 

R1 

OUTPUT 1-+-.... 

• THE LT11B8IS NOT RECOMMENDED FOR DRIVING LIGHT BULBS DUE TO THEIR INHERENTLY HIGH INRUSH CURRENTS. 
HIGH INRUSH CURRENTS WILL ACTIVATE THE SHORT CIRCUIT PROTECTION CIRCUITRY OF THE DEVICE, 
CAUSING IT TO SHUT OFF AFTER. 50~S (SHORT CURCUIT SENSE TIME). 
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TiminG DIAGRAm 
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FEATURES 
• Separate Sense Inputs Allow True Kelvin Sensing 
• Easily Parallel able 
• Operates Down to 1V Dropout 
• Guaranteed Dropout Voltage at Multiple Current Levels 
• 0.05% Line Regulation 
• 0.1 % Load Regulation at the Sense Point 

APPLICATions 
• High Efficiency Linear Regulators 
• Post Regulators for Switching Supplies 
• High Current Regulators 
• Remotely Sensed Regulators 

SimPliFIED SCHEmATIC 

4-56 

Regulator with Kelvin-Sense Inputs 

DESCRIPTion 
The LT1087 is a variation of the LT1084 Adjustable Low 
Dropout 3 Terminal Regulator. The sense pOints of the in
ternal reference/error amp are brought out to allow added 
flexibility. 
They can be used for true Kelvin sensing of the output volt· 
age at a remotely located load. They can be used to force 
the devices to share current equally when more than one 
device is wired in parallel, allowing the user to easily build 
higher current modules. This device is designed to provide 
5A of output current. All internal circuitry is designed to 
operate down to 1V input to output differential and the 
dropout voltage is fully specified as a function of load cur· 
rent. On·chip trimming adjusts the reference voltage to 
1 %. Current limit is also trimmed, minimizing the stress 
on both the regulator and power source circuitry under 
overload conditions. A 10l'F output capacitor is required 
on these devices; however, this is usually included in most 
regulator designs. 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Power Dissipation ..................... Internally Limited 
Input to Output Voltage Differential 

"M" Grade ....................................... 35V 
"c" Grade ....................................... 30V 

Differential Voltage Between Sense Pins 
(IV +SENSE- V -SENSEI) ...... · ...................... 4V 

Sense Pin Voltage 
Range .......... (VOUT* -1V):5V ±SENSE:5(VOUT* + 0.4V) 

Operating Junction Temperature Range 

BOTTOM VIEW 

K PACKAGE 
4-LEAD TO-3 METAL CAN 

FRONT VIEW "M"Grade 
Control Section ................... - 55°C to 150°C 
Power Transistor .................. - 55°C to 200°C 

"C"Grade 
loll J 

Control Section ....................... O°C to 125°C 
Power Transistor ...................... O°C to 150°C 

Storage Temperature ................... - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec) .............. 300°C 
'vour is referring to the regulator output pin voltage. 

PREconDITiOninG 
100% Thermal Limit Burn-In 

TAB IS 
OUTPUT 

ELECTRICAL CHARACTERISTICS (See Note 1) 

PARAMETER CONDITIONS 
Reference Voltage lOUT = 10mA, lj = 25°C, 

(VIN - VOUT) = 3V 
10mAsiours5A 
1.5Vs(VIN - VouT)s25V 

Line Regulation ILOAD = 10mA, 1.5Vs(VIN - VoUT)s15V, Ti= 25°C 

M Grade 
15V S(VIN - Vour)s35V 

CGrade 
15Vs(VIN - Vour)s30V 
(Notes 1,2) 

Load Regulation (VIN - VOUT) = 3V 
10mAsiour s5A 
Ti = 25°C (Notes 1,2) 

Dropout Voltage aVREF = 1%, lOUT = SA, (Note 4) 
Common Mode Range of Sense (Vour -1V)sV +SENsESVour 
PinsaVREF 
Differential Gain of Sense Pins V + SENSE = Your 
aVREF/aVSENSE V -SENSE = (Vour - 40mV) 
Sense Pin Bias Current 
Minimum Load Current (VIN - Your) = 25V 
Thermal Regulation TA = 25°C, 30ms pulse 

T PACKAGE 
5-LEAD TO-220 

MIN 

1.238 

• 1.225 

• 
• 
• 

• 
• 

• 

CASE IS 
ourpur 

~~: SENSE 

TYP 

1.250 

1.250 
0.015 
0.035 

0.05 

0.05 

0.1 
0.2 
1.3 
0.4 

11 
0.3 
5 
0.003 

ORDER PART 
NUMBER 

LT1087MK 
LT1087CK 

LT1087CT 

MAX UNITS 

1.262 V 

1.270 V 
0.2 % 
0.2 % 

0.5 % 

0.5 % 

0.3 % 
0.4 % 
1.5 V 

mV 

VIV 

"A 
10 rnA 
0.D15 %/W 
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ELECTRICAL CHARACTERISTICS (See Note 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Ripple Rejection f=120Hz 

CAD.! = 25~F, CoUT = 25~F Tantalum 
lOUT = 5A, (VIN - VouT)=3V • 60 75 dB 

Adjust Pin Current Ti = 25°C 55 ~ 
• 120 ~ 

Adjust Pin Current Change 10mAsioUTS5A 
1.5V S(VIN - Vour)s25V • 0.2 5 ~ 

Temperature Stability • 0.5 % 

Long Term Stability TA = 125°C, 1000 Hrs. 0.3 1 % 

RMS Output Noise (% of VOUT) TA = 25°C 
10Hz= sfs10kHz 0.003 % 

Thermal Resistance K Package: Control Circuitry/Power Transistor 0.75/2.3 °C/W 
Junction to Case T Package: Control Circuitry/Power Transistor 0.65/2.7 °C/W 

The • denotes the specifications which apply over the full operating 
temperature range. 
Note 1: See thermal regulation specifications for changes in output 
voltage due to heating effects. Load and line regulation are measured at a 
constant junction temperature by low duty cycle pulse testing. Unless 
otherwise specified, + Sense, - Sense and VOUT are tied together at the 
package. 
Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation (45W for the LT1087K, 30W for the L T1087T). Power dissipation 
is determined by the input/output differential and the output current. Guar· 
anteed maximum power diSSipation will not be available over the full input/ 
output voltage range. 

Note 3: Load regulation is defined to be the change In output voltage at the 
sense point. The sense point is defined to be the point at which the sense 
pins, output, and the top of the resistive divider that sets the output voltage 
are tied together. The voltage drop from the output pin of the device to the 
sense point must be < W. 
Note 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Dropout voltage is defined to be the voltage from input to output and is 
tested with the sense pins tied to the output pin. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

L nOB7 Dropout Voltage 
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mOB7 Short Circuit Current LT10B7 Load Regulation 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
L T1087 Ripple Rejection LT1087 Ripple Rejection vs Current L T1087 Maximum Power Dissipation' 
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APPLICATion HinTS 
The LT1087 is an adjustable voltage regulator with Kelvin 
sense inputs, These inputs can be used to fully Kelvin 
sense a remote load so that the regulation at the load is 
nearly perfect. The sense inputs can also be used in a 2· 
wire configuration to compensate for voltage drops in 
long output leads eliminating the two extra wires needed 
for full Kelvin sensing. 

This regulator is easy to use and has all the protection fea· 
tures that are expected in high performance voltage 
regulators. They are short circuit protected, have safe area 

protection as well as thermal shutdown to turn·off the 
regulator should the temperature exceed about 165°C. 
Sense Inputs 

In a three terminal regulator the sense inputs are termi· 
nated at the output pin of the device (normally the case for 
adjustable regulators). This means that regulation will be 
best at the case of the device. Any wire resistance be· 
tween the regulator and the actual load will degrade the 
regulation, especially at high currents. This five pin con· 
figuration allows the user to select the point where regula· 
tion will be optimized. 
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APPLICATion HinTS 

The sense pins can be used in two basic configurations. 
They can be used to make a remote Kelvin sensed output, 
or they can be used as a differential amplifier to simply 
compensate for a long wire run. 

For full Kelvin sensing of the output, the sense pins are 
tied together, then connected through a 1k resistor to the 
top of the R1/R2 divider that sets the output voltage. The 
1k resistor is necessary to prevent high currents from flow· 
ing into the sense pins under fault conditions and will 
cause no significant error in the output voltage. The top 
and bottom of the R1/R2 divider are then tied to the pOints 
in the circuit where optimum regulation is desired. These 
connections must be made separate from the wires that 
carry the main load current. See the Remote Kelvin Sensed 
Output Circuit in the Typical Applications Section. At light 
load currents the voltage drop down the output lead will be 
small and the sense pins will be at approximately the 
same voltage as the output pin. For heavy load currents 
the output pin will be driven positive with respect to the 
sense pins by the value of the voltage drop across the out· 
put leads and the voltage at the sense points will be regu· 
lated. The output is allowed to go 1V above the sense pins 
in this configuration. For output pin voltages greater than 
1V above the sense pins some degradation in regulation 
will occur. Since the output is allowed to go positive with 
respect to the sense pins by 1V and assuming that both 
the power lead to the load and the ground return are ap
proximately equal, this configuration allows the user to 
have almost perfect regulation at the sense point with 2V 
of drop in the wire leads between the regulator and the' 
load. Note that the input voltage to the regulator must pro
vide enough headroom to the regulator to allow this to 
happen. The input voltage must be greater than the total 
of the regulated output voltage plus the wire drops plus 
the dropout voltage of the regulator ('" 1.5V for LT1087 at 
5A). 

If the user does not want to run the extra two wires re
quired for full Kelvin sensing, a second method can be 
used to compensate for wire drops. The sense inputs can 
be considered to be the inputs to a differential amplifier 
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with a gain of 11 when the + Sense pin is positive with re
spect to the - Sense pin. Pulling the - Sense pin negative 
with respect to the + Sense pin (with the + Sense pin tied 
to the output) by 10mV will cause the reference voltage, 
nominally 1.25V, to increase by 110mV to 1.36V. The output 
of the regulator would then increase by the factor 

See the Remote Load Regulation Compensation Circuit in 
the Typical Applications. In this manner sensing across a 
small part of the output leads can compensate for the en
tire length. The maximum differential input voltage over 
which the differential gain holds true is 60mV at 25°C, and 
this voltage is proportional to absolute temperature. For 
most circuits the differential input voltage should be less 
than 40mV. Exceeding this small differential voltage will 
not damage the device until the differential exceeds 5V. 
Regulation, however, will be degraded. Assuming a maxi
mum differential input voltage of 40mV and an output volt
age of 5V, and using the formula from the Remote Load 
Regulation Compensation Circuit, this configuration can 
compensate out 1.76Vof wire drop. For higher output volt
ages larger wire drops can be compensated out. As in the 
previous circuit the input voltage to the regulator must 
provide enough headroom for this to happen. 

Output Voltage 

The LT1087 develops and tries to maintain a 1.25V refer
ence voltage between its sense pins and its adjust pin (see 
Figure 1). By placing a resistor between the device's sense 
point (the end of R3) and its adjust pin, a constant current 
is caused to flow through R1 and down through R2 to set 
the overall output voltage. Normally R1 is chosen so that 
the current flowing through it is equal to the specified 
minimum load current of 10mA. Because IADJ is very small 
and constant when compared with the current through R1, 
it represents a small error and can usually be ignored. 



APPLICATion HinTS 

I 
TYPICAL APPLICATiOnS 

Figure 1. Standard Connection 

R3 
1k 

Remote Kelvin Sensed Output (4-Wire) 

R1 

R2 

lO~F 
TANT. 

+SENSE 

R1 

R2 

REMOTE 
LOAD 

LT1087 

Vour=VREF (1 + I) 
WHERE VREF=1.25V 

C LARGE> 1 OO~F 
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TYPICAL APPLICATions 
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Remote Load Regulation Compensation (2·Wire) 

R2 

EXAMPLE: IF THE LOAD MUST BE LOCATED 
10 FT. (120,,) FROM THE REGULATOR 
AND Your IS 5V 

THEN (A"+B,,}=240" R1 =12011, R2=36011 

X"= (A"+B") -X"=5.2" 

[11 (1+-Rt)1 

B" 

BY CONNECTING THE - SENSE PIN 5.2" FURTHER DOWN 
THE OUTPUT WIRE THAN THE + SENSE PIN THE LOAD 
REGULATION CAUSED BY 20' OF WIRE CAN BE 
COMPENSATED OUT. 

Paralleling Devices for Higher Current 
MASTER 

1k 

L _________________________ ~ 

FOR PARALLELING MORE THAN TWO DEVICES - DUPLICATE SLAVE SECTION. 

MINIMUM LOAD CURRENT =(10mA) (# OF DEVICES IN PARALLEL) 
R1, R2 NETWORK CAN BE USED AS THE MINIMUM LOAD 

RM=8mll-10"OF #20 A.W.G. SOLID WIRE (COPPER) 
Rs=7.3m!l=9.1"OF #20 A.W.G. SOLID WIRE (COPPER) 

RM AND Rs SHOULD BE NON-INDUCTIVE. THIS IS EASILY ACCOMPLISHED BY FOLDING THE 
WIRE BACK UPON ITSELF SO THAT THE FIELDS GENERATED, BY CURRENT FLOWING IN THE 
WIRE, CANCEL. 

Vour=VREF (1 +-Rt) 

WHEREVREF=1.25V 

CLARGE>100,.F 
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Positive Regulators 
Adjustable and Fixed 2.85V, 5V 

FEATURES 
• Space Saving SOT-223 Surface Mount Package 
• Three Terminal Adjustable or Fixed 2.85V, 5V 
• Output Current of 800mA 
• Operates Down to 1 V Dropout 
• Guaranteed Dropout Voltage at Multiple Current Levels 
• 0.2% Line Regulation Max 
• 0.4% Load Regulation Max 

APPLICATions 
• Active SCSI Terminators 
• High Efficiency Linear Regulators 
• Post Regulators for Switching Supplies 
• Battery Chargers 
• 5V - 3.3V Linear Regulators 

TYPICAL APPLICATiOn 

Active Terminator for SCSI-2 Bus 

----------------------------. , , , , , , , , 
: : 

,18·27 
: LINES , 

:T : , , , , , - - , 
I - - I 
._--------------------___ - __ 1 

DESCRIPTion 
The L T1117 is a positive low dropout regulator designed 
to provide up to 800mA of output current. The device is 
available in an adjustable version and fixed output voltages 
of2.85V and 5V. The 2.85Vversion is designed specifically 
to be used in Active Terminators for the SCSI bus. All 
internal circuitry is designed to operate down to 1V input 
to output differential. Dropout voltage is guaranteed at a 
maximum of 1.2V at 800mA, decreasing at lower load 
currents. On chip trimming adjusts the reference/output 
voltage to within ± 1 %. Current limit is also trimmed in 
order to minimize the stress on both the regulator and the 
power source circuitry under overload conditions. 

The low profile surface mount SOT-223 package allows 
the device to be used in applications where space is 
limited. The L T1117 requires a minimum of 1 OIlF of output 
capaCitance for stability. Output capacitors of this size or 
larger are normally included in most regulator designs. 

Unlike PNP type regulators where up to 10% of the output 
current is wasted as quiescent current, the quiescent 
current of the LT1117 flows into the load, increasing 
efficiency. 

1.4 

1.2 

?; 1.0 
w 

'" ~ 0.8 
§! 
5 0.6 
~ 
o 
:5 0.4 

0.2 

o 

Dropout Voltage (VIN - Vour) 

TJ = 25'C -
...... --~;: V 

• INDICATES GUARANTEED TEST POINT 

o 100 200 300 400 500 600 700 800 

OUTPUT CURRENT (rnA) 
LTl117.1PCl)1 
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ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATion 
Input Voltage 

Operating Voltage 
L T1117, LT1117-5 ........................................... 15V 
LT1117-2.85 .................................................... 10V 

Surge Voltage 

FRONT VIEW 

2 OUT 

LT1117, LT1117-5 ........................................... 20V 
Operating JunctionTemperature Range ...... O°C to 125°C 

G" TAB IS VOUT 1 ADJ/GND 

Storage Temperature Range ................. - 65°C to 150°C 5T PACKAGE 
3-LEAD PLASTIC 50T-223 

Lead Temperature ................... (See Soldering Methods) LT1117.POIOl 

ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS MIN 

Reference Voltage LT1117 lOUT = lOrnA, (VIN - VOUT) = 2V. TJ = 25°C 1.238 

10" lOUT" 800mA, I.4V" (VIN - VOUT)" 10V • 1.225 

Output Voltage LT1117-2.85 lOUT = lOrnA, VIN = 4.85V. TJ = 25°C 2.820 

o " lOUT ~ 800mA, 4.25V ~ VIN ~ 10V • 2.790 

o ~ lOUT ~ 500mA, VIN = 3.95V • 2.790 

LT1117-5 lOUT = lOrnA. VIN = 7V. TJ = 25°C 4.950 

o ~ lOUT ~ 800mA, 6.50V ~ VIN ~ 12V • 4.900 

Line Regulation LT1117 lOUT = lOrnA, 1.5V ~ VIN - VOUT ~ 15V (Note 1) • 
L T1117-2.85 lOUT = OmA, 4.25V ~ VIN ~ 10V (Note 1) • 
LT1117-5 lOUT = OmA, 6.5V ~ VIN ~ 15V (Note 1) • 

Load Regulation LT1117 (VIN - VOUT) = 3V, 1 OmA ~ lOUT ~ 800mA (Note 1) • 
LT1117-2.85 VIN = 4.25V, 0 ~ lOUT ~ 800mA (Note 1) • 
LT1117-5 VIN = 6.5V, 0 ~ lOUT ~ 800mA (Note 1) • 

Dropout Voltage lOUT = 100mA (Note 2) • 
lOUT = 500mA (Note 2) • 
lOUT = 800mA (Note 2) • 

Current Limit (VIN - VOUT) = 5V, TJ = 25°C, 800 

Minimum Load Current LTI117 (VIN - VOUT) = 15V (Note 3) • 
Quiescent Current LTII17-2.85 VIN ~ 10V • 

LTII17-5 VIN ~ 15V • 
Thermal Regulation TA = 25°C, 30ms Pulse 

Ripple Rejection 'RIPPLE = 120Hz, (VIN - VOUT) = 3V, 
VRIPPLE = 1 Vp-p • 60 

Adjust Pin Current • 
Adjust Pin Current Change 1 OmA ~ lOUT ~ 800mA, I.4V ~ (VIN - VOUT) ~ 10V • 
Temperature Stability 

Long Term Stability T A = 125°C, 1000Hrs 

RMS Output Noise (% of VOUT), 1 OHz ~ f ~ 10kHz 

Thermal Resistance (Junction to Case, at Tab) 
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ORDER PART 
NUMBER 

LT1117CST 
LT1117CST-2.85 
LT1117CST-5 
PART MARKING 

1117 
11172 
11175 

TYP MAX UNITS 

1.250 1.262 V 

1.250 1.270 

2.850 2.880 V 

2.850 2.910 

2.850 2.910 

5.000 5.050 V 

5.000 5.100 

0.035 0.2 % 

1 6 mV 

1 10 

0.1 0.4 % 

1 10 mV 

1 15 

1.00 1.10 V 

1.05 1.15 

1.10 1.20 

950 1200 rnA 

1.7 5 rnA 

5 10 rnA 

5 10 rnA 

0.01 0.1 %fW 

75 dB 

55 120 JlA 
0.2 5 JlA 
0.5 % 

0.3 % 

0.003 % 

15 °CfW 



The. denotes specifications which apply over the full operating 
temperature range. 
Note 1: See thermal regulation specification for changes in output voltage 
due to heating effects. Load regulation and line regulation are measured at 
a constant junction temperature by low duty cycle pulse testing. 

LTll17/LTll17-2.85/LTll17-5 

Note 2: Dropout voltage is specified over the full output current range of 
the device. Dropout voltage is defined as the minimum input/output 
differential measured at the specified output current. Test points and 
limits are also shown on the Dropout Voltage curve. 
Note 3: Minimum load current is defined as the minimum output current 
required to maintain regulation. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

LT1117-2.BS Load Transient 
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APPLICATion HinTS 
The L T1117 family of three terminal regulators are easy to 
use. They are protected against short circuit and thermal 
overloads. Thermal protection circuitry will shutdown the 
regulator should the junction temperature exceed 165°C 
at the sense point. These regulators are pin compatible 
with older three terminal adjustable regulators, offer lower 
dropout voltage and more precise reference tolerance. 
Reference stability over temperature is improved over 
older types of regulators. 
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Stability 

The L T1117 family of regulators requires an output ca
pacitor as part of the device frequency compensation. A 
minimum of 10~F of tantalum or 50~F of aluminum 
electrolytic is required. The ESR of the output capacitor 
should be less than O.5Q. Surface mounttantalum capaci
tors, which have very low ESR, are available from several 
manufacturers. 



APPLICATion HinTS 
When using the L T1117 adjustable device the adjust 
terminal can be bypassed to improve ripple rejection. 
When the adjust terminal is bypassed the required value 
of the output capacitor increases. The device will require 
an output capacitor of 22~F tantalum or 150~F aluminum 
electrolytic when the adjust pin is bypassed. 

Normally, capacitor values on the order of 100~F are used 
in the output of many regulators to ensure good load 
transient response with large load current changes. Out
put capacitance can be increased without limit and larger 
values of output capacitance further improve stability and 
transient response. 

Protection Diodes 

In normal operation, the L T1117 family does not need any 
protection diodes. Older adjustable regulators required 
protection diodes between the adjust pin and the output 
and, between the output and inputto prevent over stressing 
the die. The internal current paths on the L T1117 adjust pin 
are limited' by internal resistors. Therefore, even with 
capacitors on the adjust pin, no protection diode is needed 
to ensure device safety under short circuit conditions. The 
adjust pin can be driven, on a transient basis, ±25V with 
respect to the output without any device degradation. 

VIN 

D1 
1N4002 

(OPTIONAL) 

Figure 1. 

LTll17/LTll17-2.85/LTll17-5 

Diodes between input and output are not usually needed. 
The internal diode between the output and input pins ofthe 
device can withstand microsecond surge currents of 10A 
to 20A. Normal power supply cycling can not generate 
currents of this magnitude. Only with extremely large 
output capacitors, such as 1 OOO~F and larger, and with the 
input pin instantaneously shorted to ground can damage 
occur. A crowbar circuit at the input of the LT1117 in 
combination with a large output capacitor could generate 
currents large enough to cause damage. In this case a 
diode from output to input is recommended, as shown in 
Figure 1. 

Output Voltage 

The L T1117 develops a 1.25V reference voltage between 
the output and the adjust terminal (see Figure 2). By 
placing a resistor between these two terminals, a constant 
current is caused to flow through R1 and down through R2 
to set the overall output voltage. Normally this current is 
chosen to be the specified minimum load current of 1 OmA. 
Because IADJ is very small and constant when compared 
to the current through R1, it represents a small error and 
can usually be ignored. For fixed voltage devices R1 and 
R2 are included in the device. 

1--...-....... - VOUT 

VOUT = VREF ( 1 + ~) + IADJ R2 

Figure 2. Basic Adjustable Regulator 
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APPLICATion HinTS 
Load Regulation 

Because the L T1117 is a three terminal device, it is not 
possible to provide true remote load sensing. Load regu
lation will be limited by the resistance of the wire connect
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the output pin of the 
device. Negative side sensing is a true Kelvin connection, 
with the bottom of the output divider returned to the 
negative side of the load. Although it may not be immedi
ately obvious, best load regulation is obtained when the 
top of the resistor divider (R1) is returned directly to the 
output pin of the device, not to the load. This is illustrated 
in Figure 3. Connected as shown, Rp is not multiplied by 
the divider ratio. If R1 were connected to the load, the 
effective resistance between the regulator and the load 
would be: 

R p x R2 + R1 R p = Parasitic Line Resistance 
R1 ' 

Rp 
PARASITIC 

LINE 

Figure 3. Connections for Best Load Regulation 

For fixed voltage devices the top of R1 is internally Kelvin 
connected, and the ground pin can be used for negative 
side senSing. 

Thermal Considerations 

LT1117 series regulators have internal thermal limiting 
Circuitry designed to protect the device during overload 
conditions. For continuous normal load conditions how
ever, the maximum junction temperature rating of 125°C 
must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. For the SOT-223 package, which is 
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designed to be surface mounted, additional heat sources 
mounted near the device must also be considered. Heat 
sinking is accomplished using the heat spreading capabil
ity of the PC board and its copper traces. The thermal 
resistance of the L T1117 is 15°CIW from the junction to 
the tab. Thermal resistances from tab to ambient can be as 
low as 30°CIW. The total thermal resistance from junction 
to ambient can be as low as 45°CIW. This requires a 
reasonable sized PC board with at least one layer of copper 
to spread the heat across the board and couple it into the 
surrounding air. Experiments have shown that the heat 
spreading copper layer does not need to be electrically 
connected to the tab of the device. The PC material can be 
very effective at transmitting heat between the pad area, 
attached to the tab of the device, and a ground plane layer 
either inside or on the opposite side ofthe board. Although 
the actual thermal resistance ofthe PC material is high, the 
Length/ Area ratio of the thermal resistor between layers 
is small. The data in Table 1 was taken using 1/16" FR-4 
board with 10z. copper foil. It can be used as a rough 
guideline in estimating thermal resistance. 

Table 1 
Copper Area Thermal Resistance 

Topside' Backside Board Area (Junction to Ambient) 

2500 Sq. mm 2500 Sq. mm 2500 Sq. mm 45°C/W 

1000 Sq. mm 2500 Sq. mm 2500 Sq. mm 45°C/w 

225 Sq. mm 2500 Sq. mm 2500 Sq. mm 53°C/w 

100 Sq. mm 2500 Sq. mm 2500 Sq. mm 59°C/W 

1000 Sq. mm 1000 Sq. mm 1000 Sq. mm 52°C/w 

1000 Sq. mm 0 1000 Sq. mm 55°C/W 

* Tab of deVice attached to topside copper 

The thermal resistance for each application will be affected 
by thermal interactions with other components on the 
board. Some experimentation will be necessary to deter
mine the actual value. 

The power dissipation of the L T1117 is equal to: 

Pd = ( VIN - VOUT )( lOUT) 

Maximum junction temperature will be equal to: 

TJ = Tambient (Max) + Pd {Thermal Resistance (junc
tion to ambient)) 

Maximum junction temperature must not exceed 125°C. 



APPLICATion HinTS 
Ripple Rejection 

The curves for Ripple Rejection were generated using an 
adjustable device with the adjust pin bypassed. These 
curves will hold true for all values of output voltage. For 
proper bypassing, and ripple rejection approaching the 
values shown, the impedance of the adjust pin capacitor, 
at the ripple frequency, should be < R1. R1 is normally in 
the range of 100Q-200Q. The size of the required adjust 
pin capacitor is a function ofthe input ripple frequency. At 
120Hz, with R1=100Q, the adjust pin capacitor should be 
> 131J.F. At 10kHz only O.161J.F is needed. 

TYPICAL APPLICATiOnS 

1.2V-10V Adjustable Regulator 

• NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS 

tVour= 1.25V ( 1 + Iln 

LTll17/LTll17-2.85/LTll17-5 

For fixed voltage devices, and adjustable devices without 
an adjust pin capacitor, the output ripple will increase as 
the ratio of the output voltage to the reference voltage 
(VouTNREF). For example, with the output voltage equal to 
SV, the output ripple will be increased by the ratio of SV/ 
1.2SV. It will increase by a factor of four. Ripple rejection 
will be degraded by 12dB from the value shown 
on the curve. 

5V Regulator with Shutdown 

~-........ -5V 

TTL -+--"""'''r-<P--l 

Remote Sensing 

Rp 

.,..-__ ..-_(M_AX...JI. DWRO""P 3_00_mV_l _--....--..- ~~TPUT 

L----+-----~'IV'r_6_+- RETURN 

RETURN -<II_-------.4------.;=----.I 
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TYPICAL APPLICATions 

Adjusting Output Voltage of Fixed Regulators 

• OPTIONAL IMPROVES RIPPLE REJECTION 

Battery Charger 

dlF 1 

dVOUT = -RS (1 +~) 
LT1117°TA10 
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6.5V::::::: 

~ 

Regulator with Reference 

Battery Backed Up Regulated Supply 

5.2VlINE 
5.0V8ATIERY 



LTll17/LTll17-2.85/LTll17-5 

TYPICAL APPLICATions 

Improving Ripple Rejection Automatic Light Control 

-1P=---..... -V1N ~ 16.5V 

150l1F 
R2 

• C1 IMPROVES RIPPLE 3650 
REJECTION. Xc SHOULD BE 1% ... - ...... --4-
- R1 AT RIPPLE FREQUENCY 

High Efficiency Dual Linear Supply 

---1~_ ...... __ ..... _+5V 
O.5A 

D11 
1N4002 

D2 
1N4002 

MD;: ~~T~~~~ESISTORS L-..... ___ ..... ____ -4 __________ -4 ............ __ ...... _-5V 

L1 = PULSE ENGINEERING, INC. IPE-92106 O.5A 
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TYPICAL APPLICATions 

28V INPUT 
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High Efficiency Dual Supply 

rl~H>-- 3.3V OUTPUT (TYPICAL) 

~p--_ ..... _+5V 
O.5A 

1 N4002 

1N4002 
,--~~ ______ -+--5V 

O.5A 

High Efficiency Regulator 

__<�"'"""i>---_- OUTPUT 

Low Dropout Negative Supply 

100~F 

L-.----4-----4~--'__VOUT "-5V 
FLOATING INPUT 
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BLOCK DIAGRAm 

OUT 

.---------- -------------- --I 

I D--~----- ---------w.,.-------- __ I 

~ ~N£ __________ !~R~X!D_V!!.L"~'!!'~~C! _____ : 
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SOLDERinG mETHODS 

The SOT-223 is manufactured with gull wing leadform for 
surface mount applications. The leads and heatsink are 
solder plated and allow easy soldering using non-active or 
mildly active fluxes. The package is constructed with three 
leads exiting one side of the package and one heatsink 
exiting the other side, and the die attached to the heatsink 
internally. 

The recommended methods of soldering SOT-223 are: 
vapor phase reflow and infrared reflow with preheat of 
component to within 65°C of the solder temperature. 
Hand soldering and wave soldering are not recommended 
since these methods can easily damage the part with 
excessive thermal gradients across the package. 

Care must be exercised during surface mount to minimize 
large (> 30°C per second) thermal shock to the package. 
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'''''-Lln5\~D __ L_Tl123 
~, TECHNOLOGY Low Dropout 

Regulator Driver 

FEATURES 
• Extremely Low Dropout 
• Low Cost 
• Fixed 5V Output, Trimmed to ±1 % 
• 700llA Quiescent Current 
• 3-Pin TO-92 Package 
• 1 mV Line Regulation 
• 5mV Load Regulation 
• Thermal Limit 
• 4A Output Current Guaranteed 

TYPICAL APPLICATiOn 

5V Low Dropout Regulator 

SEALED + 
LEAD ACID -=- J1M • 5.4 - 7.2V 

J 
• REQUIRED IF DEVICE IS 

MORE THAN 6" FROM MAIN 
FILTER CAPACITOR 

t REQUIRED FOR STABILITY 
(LARGER VALUES INCREASE 
STABILITY) 

62011 

2011 

MOTOROLA 
MJE1123 

DESCRIPTion 
The LT1123 is a 3-pin bipolar device designed to be used in 
conjunction with a discrete PNP power transistor to form an 
inexpensive low dropout regulator. The LT1123 consists of 
a trimmed bandgap reference, error amplifier, and a driver 
circuit capable of sinking up to 125mA from the base of the 
external PNP pass transistor. The LT1123 is designed to 
provide a fixed output voltage of 5V. 

The drive pin of the device can pull down to 2V at 125mA 
(1.4Vat 1 OmA). This allows a resistor to be used to reduce 
the base drive available to the PNP and minimize the power 
dissipation in the L T1123. The drive current of the LT1123 is 
folded back as the feedback pin approaches ground to 
further limit the available drive current under short circuit 
conditions. 

Total quiescent current for the LT1123 is only 700IlA. The 
device is available in a low cost TO-92 package. 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER inFORmATion 
Drive Pin Voltage (VORIVE to Ground) ...................... 30V 
Feedback Pin Voltage (VFB to Ground) ..................... 30V 
Operating Junction Temperature Range .... O°C to 125°C 
Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS 

Feedback Voltage IDRIVE ~ t OmA, TJ ~ 25°C 

5mA,,; IDRIVE ,,; 100mA 
3V,,; VDRIVE ,,; 20V 

Feedback Pin Bias Current VFB ~ 5.00V, 2V ,,; VDRIVE ,,; 15V 

Drive C u rre nt VFB ~ 5.20V, 2V,,; VDRIVE ,,; 15V 
VFB ~ 4.80V, VDRIVE ~ 3V 
VFB ~ 0.5V, VDRIVE ~ 3V, ,,; TJ"; 100°C 

Drive Pin Saturation Voltage IDRIVE ~ 1 OmA, VFB ~ 4.5V 
IDRIVE ~ 125mA, VFB ~ 4.5V 

Line Regulation 5V < VDRIVE < 20V 

Load Regulation AIDRIVE ~ 10 to 100mA 

Temperature Coefficient of VOUT 

The. indicates specifications which apply over the full operating temperature range. 

SimPLIFIED BLOCK DIAGRAm 
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BonOMVIEW 

Z PACKAGE 
HEAD TO·92 PLASTIC 

MIN 

4.90 

• 4.80 

• 
• • 125 

25 

• 
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TYP 

5.00 

5.00 

300 

0.45 
170 
100 

1.4 
2.0 

1.0 

-5 

0.2 

ORDER PART 
NUMBER 

LT1123CZ 

MAX UNITS 

5.10 V 

5.20 V 

500 ~A 

1.0 mA 

150 

V 

±20 mV 

-50 mV 

mV/oC 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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The LT1123 is a three pin device designed to be used in 
conjunction with a discrete PNP transistor to form an 
inexpensive ultra-low dropout regulator. The device incor
porates a trimmed SV bandgap reference, error amplifier, 
a current-limited Darlington driver, and an internal ther
mal limit circuit. The internal circuitry connected to the 
drive pin is designed to function at the saturation voltage 
of the Darlington driver. This allows a resistor to be 

inserted in series with the drive pin. This resistor is used 
to limitthe base drive tothe PNP and also to limitthe power 
dissipation in the LT1123. The value of this resistor will be 
defined by the operating requirements of the regulator 
circuit. The LT1123 is designed to sink a minimum of 
12SmA of base current. This is sufficient base drive to 
form a regulator circuit which can supply output currents 
up to 4A at a dropout voltage of less than O.7SV. 
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Pin FunCTions 
Drive Pin: The drive pin serves two functions. It provides 
current to the L T1123 for its internal circuitry including 
startup, bias, current limit, thermal limit and a portion of 
the base drive current for the output Darlington. The sum 
total of these currents (4S01lA typical) is equal to the 
minimum drive current. This current is listed in the speci
fications as Drive Current with VFB = S.2V. This is the 
minimum current required by the drive pin of the LT1123. 

The second function of the drive pin is to sink the base 
drive current of the external PNP pass transistor. The 
available drive current is specified for two conditions. 
Drive current with VFB = 4.80V gives the range of current 
available under nominal operating conditions, when the 
device is regulating. Drive current with VFB = O.SV gives the 
range of drive current available with the feedback pin 
pulled low as it would be during startup or during a short 
circuit fault. The drive current available when the feedback 
pin is pulled low is less than the drive current available 
when the device is regulating (VFB = SV). This can be seen 
in the curve of Drive Current vs VFB Voltage in the Typical 
Performance Characteristic curves. This can provide some 
fold back in the current limit of the regulator circuit. 

APPLICATions InFORmATion 
The LT1123 is designed to be used in conjunction with an 
external PNP transistor. The overall specifications of a 
regulator circuit using the LT1123 and an external PNP will 
be heavily dependent on the specifications of the external 
PNP. While there are a wide variety of PNP transistors 
available that can be used with the L T1123, the specifica
tions given in typical transistor data sheets are of little use 
in determining overall circuit performance. 

Linear Technology has solved this problem by cooperat
ing with Motorola to design and specify the MJE1123. This 
transistor is specifically designed to work with the LT1123 
as the pass element in a low dropout regulator. The 
specifications of the MJE1123 reflect the capability of the 
L T1123. For example, the dropout voltage of the MJE1123 
is specified up to 4A collector current with base drive 
currents that the L T1123 is capable of generating (20mA 
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All internal circuitry connected to the drive pin is designed 
to operate at the saturation voltage of the Darlington 
output driver (1.4 - 2V). This allows a resistor to be 
inserted between the base of the external PNP device and 
the drive pin. This resistor is used to limit the base drive to 
the external PNP below the value set internally by the 
LT1123, and also to help limit power dissipation in the 
LT1123. The operating voltage range of this pin is from 
OVto 30V. Pulling this pin below ground by more than one 
VSE will forward bias the substrate diode of the device. 
This condition can only occur ifthe power supply leads are 
reversed and will not damage the device if the current is 
limited to less than 200mA. 

Feedback Pin (VFB): The feedback pin also serves two 
functions. It provides a path for the bias current of the 
reference and error amplifier and contributes a portion of 
the drive currentforthe Darlington output driver. The sum 
total of these currents is the Feedback Pin Bias Current 
(300IlA typical). The second function of this pin is to 
provide the voltage feedback to the error amplifier. 

to 120mA). Output currents up to 4A with dropout volt
ages less than O.7SV can be guaranteed. 

The following sections describe how specifications can be 
determined forthe basic regulator. The charts and graphs 
are based on the combined characteristics of the L T1123 
and the MJE1123. Formulas are included that will enable 
the user to substitute other transistors that have been 
characterized. A chart is supplied that lists suggested 
resistor values for the most popular range of input volt
ages and output current. 

BASIC REGULATOR CIRCUIT 

The basic regulator circuit is shown in Figure 1. The 
LT1123 senses the voltage at its feedback pin and drives 
the base of the PNP (MJE1123) in order to maintain the 



APPLICATIOnS InFORmATIOn 
output at 5V. The drive pin of the L T1123 can only sink 
current; Rs is required to provide pullup on the base of the 
PNP. Rs must be sized so that the voltage drop caused by 
the minimum drive pin current is less than the emitter/ 
base voltage of the external PNP at light loads. The 
recommended value for Rs is 620Q. For circuits that are 
required to run at junction temperatures in excess of 
100°C the recommended value of Rs is 300Q. 

123 

--+- Vour=5V 

Figure 1. Basic Regulator Circuit 

Ro is used to limit the drive current available to the PNP 
and to limit the power dissipation in the LT1123. Limiting 
the drive current to the PNP wililimitthe output current of 
the regulator which will minimize the stress on the regu
lator circuit under overload conditions. Ro is chosen 
based on the operating requirements of the circuit, prima
rily dropout voltage and output current. 

DROPOUT VOLTAGE 

The dropout voltage of an LT1123 based regulator circuit 
is determined by the VCE saturation voltage ofthe discrete 
PNP when it is driven with a base current equal to the 
available drive current ofthe L T1123. The L T1123 can sink 
up to 150mA of base current (150mA typ., 125mA min.) 
when output voltage is up near the regulating point (5V). 
The available drive current of the LT1123 can be reduced 
by adding a resistor (Ro) in series with the drive pin (see 
the section below on current limit). The MJE1123 is 
specified for dropout voltage (V CE sat.) at several values of 
output current and up to 120mA of base drive current. The 
chart below lists the operating points that can be guaran-

Dropoul Voltage 
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Figure 3. Dropout Voltage vs Temperature 

teed by the combined data sheets of the LT1123 and 
MJE1123. Figure 2 illustrates the chart in graphic form. 
Although these numbers are only guaranteed by the data 
sheet at 25°C, Dropout Voltage vs Temperature (Figure 3) 
clearly shows that the dropout voltage is nearly constant 
over a wide temperature range. 
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APPLICATions InFoRmATion 
SELECTING RD 

In order to select Ro the USer should first choose the value 
of drive current that will give the required value of output 
current. For circuits using the MJE1123 as a pass transis
tor this can be done using the graph of Dropout Voltage vs 
Output Current (Figure 2). For example, 20mA of drive 
current will guarantee a dropout voltage of O.3V at 1A of 
output current. For circuits using transistors other than 
the MJE1123 the user must characterize the transistor to 
determine the drive current requirements. In general it is 
recommended that the user choose the lowest value of 
drive current that will satisfy the output current require
ments. This will minimize the stress on circuit compo
nents during overload conditions. 

Figure 4 can be used to select the value of Ro based on the 
required drive current and the minimum input voltage. 
Curves are shown for 20mA, 50mA, and 120mA drive 
current corresponding to the specified base drive currents 
for the MJE1123. The data for the curves was generated 
using the following formula: 

Ro = (VIN - VSE - VORIVE)/(loRIVE + 1 rnA) 

where VIN = the minimum input voltage to the circuit 
VSE = the maximum emitter/base voltage of the 
PNP pass transistor 
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VORIVE = the maximum Drive pin voltage of the 
LT1123 
IORIVE = the minimum drive current required 
The current through Rs is assumed to be 1 rnA 

lk 

,.. IO,IVE i2o'f :: 

rf! 100 V 
." 

I---" ~;~ ...... 

IORIVE = 120mA -

V 
/ 

10 
5 6 7 8 9 10 11 12 13 14 15 

LT1I23Rl4 

Figure 4. RD Resistor Value 

The following assumptions were made in calculating the 
data for the curves. Resistors are 5% tolerance and the 
values shown on the curve are nominal. 

For 20mA drive current assume: 
VSE = O.95V at Ie = 1A 
VDRIVE = 1.75V 

For 50mA drive current assume: 
VBE = 1.2V at Ie = 2A 
VORIVE = 1.9V 

For 120mA drive current assume: 
VSE = 1.4V at Ie = 4A 
VDRIVE = 2.1V 

The Ro Selection Chart lists the recommended values for 
Ro for the most useful range of input voltage and output 
current. The chart includes a number for power dissipa
tion for the L T1123 and Ro. 

Ro Selection Chari 

INPUT OUTPUT CURRENT: 
VOLTAGE DROPOUT VOLTAGE: 

5.5V Ro 
Power (LTl123) 
Power (Ro) 

6.0V Ro 
Power (LT1123) 
Power (Ro) 

7.0V Ro 
Power (LT1123) 
Power (Ro) 

B.OV Ro 
Power (L T1123) 
Power (Ro) 

9.0V Ro 
Power (LT1123) 
Power (Ro) 

10.0V Ro 
Power (L T1123) 
Power (Ro) 

0-1A 
O.3V 
1200 
0.05W 
0.12W 

1500 
0.05W 
0.13W 

1800 
0.06W 
0.16W 

2400 
0.06W 
O.17W 

2700 
0.20W 
0.07W 

3300 
0.22W 
0.07W 

0-2A 
O.4V 

430 
0.14W 
0.32W 

510 
0.15W 
0.35W 

750 
0.14W 
0.36W 

910 
0.15W 
0.42W 

1100 
0.16W 
0.47W 

1300 
0.17W 
0.52W 

0-4A 
O.75V 

200 
0.37W 
0.76W 

2m 
0.3BW 
0.89W 

360 
0.3BW 
0.97W 

430 
0.41W 
1.11W 

510 
0.43W 
1.25W 

Note that in some conditions Ro may be replaced with a 
short. This is possible in circuits where an overload is 
unlikely and the input voltage and drive requirements are 
low. See the section on Thermal Considerations for more 
information. 



APPLICATions InFoRmATion 
CURRENT LIMIT 

For regulator circuits using the LT1123, current limiting is 
achieved by limiting the base drive to the external PNP 
pass transistor. This means that the actual syst~~ current 
limit will be a function of both the current limit of the 
LT1123 and the Beta of the external PNP. Beta-based 
current limit schemes are normally not practical because 
of uncertainties in the Beta of the pass transistor. Here the 
drive characteristics of the L T1123 combined with the 
Beta characteristics of the MJE1123 can provide reliable 
Beta-based current limiting. This is shown in Figure 5 
where the current limit of30 randomly selected transistors 
is plotted. The spread of current limit is reasonably well 
controlled. 
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Figure 5. Short Circuit Current lor 3D Random Devices 

IB(A) 

Figure 6. MJE1123 Ie vs 18 

LT1l23 

The curve in Figure 6 can be used to determine the range 
of current limit of an L T1123 regulator circuit using an 
MJE1123 as a pass transistor. The curve was generated 
using the Beta versus Ie curve of the MJE1123. The 
minimum and maximum value curves are extrapolated 
from the minimum and maximum Beta specifications. 

THERMAL CONSIDERATIONS 

The thermal characteristics of three components need to 
be considered; the LT1123, the pass transistor, and RD. 
Power dissipation should be calculated based on the worst 
case conditions seen by each component during normal 
operation. 

The worst case power dissipation in the LT1123 is a 
function of drive current, supply voltage, and the value of 
RD. Worst case dissipation for the L T1123 occurs wh~n 
the drive current is equal to approximately one half of Its 
maximum value. Figure 7 plots the worst case power 
dissipation in the LT1123 versus Ro and VIN. The graph 
was generated using the following formula: 

P JViN-VSEl.R >10Q 
o 4Ro ,0 

where VBE = the emitter/base voltage of the PNP pass 
transistor (assumed to be 0.6V) 

For some operating conditions Ro may be replaced with a 
short. This is possible in applications where the operating 

1k 
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Figure 7. Power in LT1123 
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APPLICATions InFoRmATion 
requirements (input voltage and drive current) are at the 
low end and the output will not be shorted. For RD = 0 the 
following formula may be used to calculate the maximum 
power dissipation in the L T1123. 

PD = (VIN - VSE)(IDRIVE) 

where VIN = maximum input voltage 
VSE = emitter/base voltage of PNP 
IDRIVE = required maximum drive current 

The maximum junction temperature rise above ambient 
for the L T1123 will be equal to the worst case power 
dissipation multiplied by the thermal resistance of the 
device. The thermal resistance of the device will depend 
upon how the device is mounted, and whether a heat sink 
is used. Measurements show that one ofthe most effective 
ways of heat sinking the TO-92 package is by utilizing the 
PC board traces attached to the leads of the package. The 
table below lists several methods of mounting and the 
measured value ofthermal resistance for each method. All 
measurements were done in still air. 

THERMAL 
RESISTANCE 

Package alone..... ................... ............... ............................. ......... 220°C/W 
Package soldered into PC board with plated through 

holes only ............................................................................. 175°CIW 
Package soldered into PC board with 1/4 sq. in. of copper trace 

per lead ................................................................................. 145°CIW 
Package soldered into PC board with plated through holes in 

board, no extra copper trace, and a Clip-on type heat sink: 
Thermalloy type 2224B .............................................. 160°C/W 
Aavid type 5754 .......................................................... 135°C/W 

The maximum operating junction temperature of the 
LT1123 is 125°C. The maximum operating ambient 
temperature will be equal to 125°C minus the maximum 
junction temperature rise above ambient. 

The worst case power dissipation in RD needs to be 
calculated so that the power rating of the resistor can be 
determined. The worst case power in the resistor will 
occur when the drive current is at a maximum. Figure 8 
plots the required power rating of RD versus supply 
voltage and resistor value. Power dissipation can be 
calculated using the following formula: 

_ (VIN - VBE - VDRIVE )2 
~D- R 
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Figure 8. Power in RD 

where VSE = emitter/base voltage of the PNP pass 
transistor 
VDRIVE = voltage at the drive pin of the L T1123 

= VSAT of the drive pin in the worst case 

The worst case power dissipation in the PNP pass transis
tor is simply equal to: 

PMAX = (VIN - VouT)(loUT) 

where VIN = Maximum VIN 
lOUT = Maximum lOUT 

The thermal resistance of the MJE1123 is equal to: 
70°C/W Junction to Ambient (no heat sink) 
1.67°C/W Junction to Case 

The PNP will normally be attached to either a chassis or a 
heat sink so the actual thermal resistance from junction to 
ambient will be the sum of the PNP's junction to case 
thermal resistance and the thermal resistance of the heat 
sink or chassis. For non-standard heat sinks the user will 
need to determine the thermal resistance by experiment. 

The maximum junction temperature rise above ambient 
for the PNP pass transistor will be equal to the maximum 
power dissipation times the thermal resistance, junction 
to ambient, of the PNP. The maximum operating junction 
temperature of the MJE1123 is 150°C. The maximum 
operating ambient temperature for the MJE1123 will be 
equal to 150°C minus the maximum junction temperature 
rise. 
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THERMAL LIMITING 

Thethermallimit of the LT1123 can be used to protect both 
the LT1123 and the PNP pass transistor. This is accom
plished by thermally coupling the L T1123 to the power 
transistor. There are clip type heat sinks available for the 
TO-92 package that will allow the L T1123 to be mounted 
to the same heat sink as the PNP pass transistor. One 
example is manufactured by IERC (part #RUR67B1 CB). 
The LT1123 should be mounted as close as possible to the 
PNP. If the output of the regulator circuit can be shorted, 
heat sinking must be adequate to limit the rate oftempera
ture rise of the power device to approximately SO°CI 
minute. This can be accomplished with a fairly small heat 
sink, on the order of 3 - 4 square inches of surface area. 

DESIGN EXAMPLE 

Given the following operating requirements: 
S.SV < VIN < 7V 
10UTMAX = 1.SA 
Max ambient temp. = 70°C 
Vour= SV 

1. The first step is to determine the required drive 
current. This can be found from the Maximum Dropout 
Voltage curve. SOmA of drive current will guarantee OAV 
dropout at an output current of 2A. This satisfies our 
requirements. 

IORIVE = SOmA 

2. The next step is to determine the value of RD. Based 
on SOmA of drive current and a minimum input voltage of 
S.SV, we can select Ro from the graph of Figure 4. From the 
graph the value of Ro is equal to son, so we should use the 
next lowest 5% value which is 47Q. 

Ro =47Q 

3. We can now look at the thermal requirements of 
the circuit. 

Worst case power in the L T1123 will be equal to: 

(VINMAX - VsEl 
4Ro 

Given: VINMAX = 7V, VBE = O.6V, Ro = 47Q 
Then: PMAX (LT1123) = O.22W. 

LT1123 

Assuming a thermal resistance of 1S0°CIW, the maximum 
junction temperature rise above ambient will be equal to 
(PMAX)(1S0°CIW) = 33°C. The maximum operating junc
tion temperature will be equal to the maximum ambient 
temperature plus the junction temperature rise above 
ambient. In this case we have (maximum ambient = 70°C) 
plus (junction temperature rise = 33°C) is equal to 103°C. 
This is well below the maximum operating junction tem
perature of 125°C for the LT1123. 

The power rating for Ro can be found from the plot of 
Figure Busing VIN = 7V and Ro = 47Q. From the plot, Ro 
should be sized to dissipate a minimum of 1/2W. 

The worst case power dissipation, for normal operation, in 
the MJE1123 will be equal to: 

(VINMAX - VOUT)(IOUTMAX) = (7V - SV)(1.SA) = 3W 

The maximum operating junction temperature of the 
MJE1123 is 150°C. The difference between the maximum 
operating junction temperature of 150°C and the maxi
mum ambient temperature of 70°C is BO°C. The device 
must be mounted to a heat sink which is sized such that 
the thermal resistance from the junction of the MJE1123 
to ambient is less than BO°C/3W = 26.7°CIW. 

It is recommended that the L T1123 be thermally coupled 
to the MJE1123 so that the thermal limit circuit of the 
LT1123 can protect both devices. In this case the ambient 
temperature for the LT1123 will be equal to the tempera
ture of the heat sink. The heat sink temperature, under 
normal operating conditions, will have to be limited such 
that the maximum operating junction temperature of the 
L T1123 is not exceeded. 

Refer to Linear Technology's list of Suggested Manufac
turers of Specialized Components for information on 
where to find the required heat sinks, resistors and capaci
tors. This listing is available through Linear Technology's 
marketing department. 
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TYPICAL APPLICATions 
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TYPICAL APPLICATIOnS 
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LT1l23 

5V /1 A Regulator with Shutdown 

1M 

5V Regulator Powered by Multiple Battery Packs' 

HELL NiCAO 
BATTERY PACK 

(6V) 

1O~F 
10V 

" PACKS WILL SHARE CURRENT 

5V/1A 
OUTPUT 
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FEATURES 
• Low Resistance Pass Transistor (0.250) 
• Dropout Voltage, 0.75V@3A 
• ± 1 % Reference Voltage 
• Accurate Programmable Current Limit 
• Shutdown Capability 
• Internal Reference Available 
• Standard Head Packages 
• Full Remote Sense 
• Low Quiescent Current, ",2.5mA 
• Good High Frequency Ripple Rejection 

DESCRIPTion 
The LT1185 is a 3A low dropout regulator with adjustable 
current limit and remote sense capability. It can be used 
as a positive output regulator with floating input or as a 
standard negative regulator with grounded input. The out· 
put voltage range is 2.5V to 25V, with ± 1 % accuracy on 
the internal reference voltage. 

SV, 3A Regulator with 3.SA Current Limit 

+--~~--~----1-----~-1--+ 

VIN 
6VT016V 

'CURRENT LIMIT = 15k/RUM = 3.5A 
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The LT1185 uses a saturation·limited NPN transistor as 
the pass element. This device gives the linear dropout 
characteristics of an FET pass element with significantly 
less die area. High efficiency is maintained by using spe· 
cial anti·saturation circuitry that adjusts base drive to 
track load current. The "on resistance" is typically 0.250. 

Accurate current limit is programmed with a single 1/8W 
external resistor, with a range of zero to three amperes. A 
second, fixed internal limit circuit prevents destructive 
currents if the programming current is accidentally over· 
ranged. Shutdown of the regulator output is guaranteed 
when the program current is less than 1JlA, allowing ex· 
ternallogic control of output voltage. 

The LT1185 has all the protection features of previous LTC 
regulators, including power limiting and thermal shut· 
down. The 5·lead TO-3 package is specified for - 55°C to 
150°C operation and the 5·lead TO·220 is specified over 
O°C to 125°C. . 

1.6 

1.4 

1.2 

~ 1.0 

~ 0.8 , 
~ 0.6 

0.4 

0.2 

o 

r-----

t 
'r 

" 0 

Dropout Voltage 

Tj=25'C 
./ 

Tj=125'C y~ b-' 
l>" ~ V 

/' ~ ~ ~r-t I--

~ /' 

2 
LOAD CURRENT (A) 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Input Voltage ....................................... 35V 
Input-Output Differential ............................ 30V 
FB Voltage .......................................... 7V 
REF Voltage ......................................... 7V 
Output Voltage ..................................... 30V 
Output Reverse Voltage .............................. 2V 
Operating Ambient Temperature Range 

LT1185M ............................ - 55°C to 125°C 
LT1185C ................................. O°C to 70°C 

Operating Junction Temperature Range" 
Control Section 

LT1185M ............................ -55°Cto150°C 
LT1185C ................................ O°C to 125°C 

Power Transistor Section 
LT1185M ............................ - 55°C to 175°C 
LT1185C ................................ O°C to 150°C 

Storage Temperature ................... - 65°C to 150°C 
.Lead Temperature (Soldering, 10 sec.) .............. 300°C 
'See Application Section for details on calculating operating junction 
temperature. 

ELECTRICAL CHARACTERISTICS 

BonoM VIEW 

~0.. o : ~ 0 V'NICASE) 

VOUT K PACKAGE REF 

HEAD TO·3 METAL CAN 

FRONT VIEW 

51=== REF 

0 4 VOUT 
~I=== VIN FB 

01 i===GND 

TAB IS Y,N TPACKAGE 
5-LEAD TO·220 

Adjustable Version, VIN = 7.4V, VOUT = VREF, lOUT = 1mA, RLIM = 4.02k, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP 

Reference Voltage (At FB Pin) 2.37 

Reference Voltage Tolerance (Note 1) V,N - VOUT = 5V 0.3 

lmA $ lOUT $ 3A • 1.0 
V,N - VOUT = 1.2V to V,N = 30V 
P $ 25W (Note 5) 
T MIN $ T = T MAX (Note 8) 

Feedback Pin Bias Current • 0.7 

Dropout Voltage (Note 2) lOUT = 0.5A 0.27 
lOUT = 3A 0.8 

Load Regulation (Note 6) lOUT = 5mA to 3A 0.05 
V'N - VOUT = 1.5V to 10V 

Line Regulation (Note 6) V'N - VOUT = IV to 20V 0.002 

Minimum Input Voltage lOUT = 1 A (Note 3) 4 
lOUT = 3A 4.3 

Internal Current Limit (See Graph for 1.5V $ V'N - VOUT $1 OV 3.3 3.6 
Guaranteed Curve) • 3.1 

V'N - VOUT = 15V • 2 3 
V,N - VOUT = 20V • 1.2 1.7 
V'N - VOUT = 30V • 0.2 0.4 

External Current Limit 5k $ RUM $15k, VOUT = IV • 15k 
Programming Constant (Note 10) 

ORDER PART 
NUMBER 

LT1185MK 

LT1185CT 

MAX UNITS 

V 

±1 % 

± 2.5 % 

2 IlA 
0.37 V 
1.0 V 

0.3 % 

0.01 %N 

V 
V 

4.0 A 
4.2 A 
4 A 
2.6 A 
1.0 A 

AoO 
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ELECTRICAL CHARACTERISTICS 
Adjustable Version, VIN = 7.4V, VOUT = VREF, lOUT = 1 mA, RLiM = 4.02k, unless otherwise noted:-

PARAMETER CONDITIONS 
External Current Limit Error lA:;:;luM:;:;3A 

RUM = 15k· AllUM 

Quiescent Supply Current lOUT = 5mV 
4V:;:; VIN :;:; 25V (Note 4) 

Supply Current Change with Load VIN - VOUT = VSAT (Note 9) 
VIN - VOUT ~ 2V 

REF Pin Shutoff Current 

Thermal Regulation (See Applications VIN - VOUT = 10V 
Information) lOUT = SmA to 2A 

Reference Voltage Temperature (Note 7) 
Coefficient 

Thermal Resistance Junction to'Case TO-3 Control Area 
Power Transistor 
TO-220 Control Area 
Power Transistor 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: Reference voltage is guaranteed both at nominal conditions (no 
load, 25°C) and at worst case conditions of load, line, power, and tempera· 
ture. An intermediate value can be calculated by adding the effects of these 
variables in the actual application. See the Applications Information sec· 
tion of th is datasheet. 
Note 2: Dropout voltage is tested by reducing input voltage until the output 
drops 1 % below its nominal value. Tests are done at 0.5A and 3A. The 
power transistor looks basically like a pure resistance in this range so that 
minimum differential at any intermediate current can be calculated by in· 
terpolation; VOROPOUT = 0.25V + 0.250 • lOUT' For load current less than 0.5A, 
see graph. 
Note 3: "Minimum input voltage" is limited by base emitter voltage drive of 
the power transistor section, not saturation as measured in Note 2. For out· 
put voltages below 4V, "minimum input voltage" specification may limit 
dropout voltage before the power transistor saturation limitation. 
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MIN TYP MAX UNITS 
0-021uM 0.06 IUM + 0.03 A 

• O.Q4IUM 0.09 IUM + 0.05 A 

• 2.5 3.5 rnA 

• 25 40 mAlA 

• 10 25 mAlA 

• 1 2 7 ~ 
0.005 0.014 %IW 

0.003 0.01 %/oC 

1 °CIW 
3 °CIW 
1 °CIW 
3 °CIW 

Note 4: Supply current is measured on the ground pin, and does not include 
load current, RUM, or output divider current. 
Note 5: The 25W power level is guaranteed for an input·output voltage of 
8.3V to 20V. At lower voltages the 3A limit applies, and at higher voltages 
the internal power limiting may restrict regulator power below 25W. See 
graphs. 
Note 6: Line and load regulation are measured on a pulse basis with a pulse 
width of ",2ms, to minimize heating. DC regulation will be affected by 
thermal regulation and temperature coefficient of the reference. See 
Application Section for details. 
Note 7: Guaranteed by design and correlation to other tests, but not tested. 

Note 8: TiMIN = - 55°C for the LTl185M and O°C for the LTl185C. 
TiMAX= 150°C for the LTll85M and 125°C for the LT1185C. 
Note 9: VSATJS the maximum specified dropout voltage; 0.25V +(0.25) (lour). 
Note 10: Current limit is programmed with a resistor from REF pin to GND 
pin. The value is 15kOliuM. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
BLOCK DIAGRAM 

A simplified block diagram of the LT1185 is shown in Fig
ure 1. A 2.37V bandgap reference is used to bias the input 
of the error amplifier A1, and the reference amplifier A2. 
A1 feeds a triple NPN pass transistor stage which has the 
two driver collectors tied to ground so that the main pass 
transistor can completely saturate. This topology nor
mally has a problem with unlimited current in 01 and 02 
when the input voltage is less than the minimum required 
to create a regulated output. The standard "fix" for this 
problem is to insert a resistor in series with 01 and 02 
collectors, but this resistor must be low enough in value to 

_ VREF 
-2.37V 

,.. -. 
: : RliM (EXTERNAl) 

supply full base current for 03 under worst case condi
tions, resulting in very high supply current when the input 
voltage is low. To avoid this situation, the LT1185 uses an 
auxiliary emitter on 03 to create a drive limiting feedback 
loop which automatically adjusts the drive to 01 so that 
the base drive to 03 is just enough to saturate 03, but no 
more. Under saturation conditions, the auxiliary emitter is 
acting like a collector to shunt away the output current of 
A 1. When the input voltage is high enough to keep 03 out 
of saturation, the auxiliary emitter current drops to zero 
even when 03 is conducting full load current. 

GND 

.....------It-----IUFB 

Vour· 

Figure 1. Block Diagram 
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TYPICAL APPLICATIOnS 
Amplifier A2 is used to generate an internal current 
through Q4 when an external resistor is connected from 
the REF pin to ground. This current is equal to 2.37V di
vided by RUM. It generates a current limit sense voltage 
across R1. The regulator will current limit via A4 when the 
voltage across R2 is equal to the voltage across Rt These 
two resistors essentially form a current "amplifier" with a 
gain of 350/0.055 = 6,360. Good temperature drift is inher
ent because R1 and R2 are made from the same diffu
sions. Their ratio, not absolute value, determines current 
limit. Initial accuracy is enhanced by trimming R1 slightly 
at wafer level. Current limit is equal to 15kO/RuM. 

01 and 11 are used to guarantee regulator shutdown when 
REF pin current drops below 2pA A current less than 2p.A 
through Q4 causes the + input of A5 to go low and shut 
down the regulator via 02. 

A3 is an internal current limit amplifier which can override 
the external current limit. It provides "goof proof" protec
tion for the pass transistor. Although not shown, A3 has a 
non-linear foldback characteristic at input-output voltages 
above 12V to guarantee safe area protection for Q3. See 
"Internal Current Limit" graph in the Typical Performance 
Characteristics of this datasheet. 

SETTING OUTPUT VOLTAGE 

The LT1185 output voltage is set by two external resistors 
(see Figure 2). Internal reference voltage is trimmed to 
2.37V so that a standard 1% 2.37k resistor (R1) can be 
used to set divider current at 1 mAo R2 is then selected 
from; 

R2 = (V OUT - 2.37) R1 
VREF 

for R1 = 2.37k and VREF = 2.37V, this reduces to; 

R2 = VOUT - 2.37 (kO) 

suggested val ues of 1 % resistors are shown. 
vour R2WHEN R1 =2.31k 
5V 2.67k 

5.2V 2.B7k 
6V 3.65k 
12V 9.76k 
15V 12.7k 

LTl185 

OUTPUT CAPACITOR 

The LT1185 has a collector output NPN pass transistor, 
which makes the open loop output impedance much 
higher than an emitter follower. Open loop gain is a direct 
function of load impedance, and causes a main loop 
"pole" to be created by the output capacitor, in addition to 
an internal pole in the error amplifier. To ensure loop sta
bility, the output capacitor must have an ESR (effective 
series resistance) which has an upper limit of 20, and a 
lower limit of 0.2 divided by the capacitance in p.F. A 2p.F 
output capacitor, for instance, should have a maximum 
ESR of 20, and a minimum of 0.212 = 0.10. These values are 
easily encompassed by standard solid tantalum capaci
tors, but occasionally a solid tantalum unit will have ab
normally high ESR, especially at very low temperatures. 
The suggested 2p.F value shown in the circuit applications • 
should be increased to 4.7 p.F for - 40°C and - 55°C de-
signs if the 2p.F units cannot be guaranteed to stay below 
20 at these temperatures. 

Although solid tantalum capacitors are suggested, other 
types can be used if they meet the ESR requirements. 
Standard aluminum electrolytic capaCitors need to be up
ward of 25p.F in general to hold 20 maximum ESR, espe
cially at low temperatures. CeramiC, plastiC film, and 
monolithic capacitors have a problem with ESR being too 
low. These types should have a 10 carbon resistor in 
series to guarantee loop stability. 

The output capacitor should be located close to the reg
ulator (!>3") to avoid excessive impedance due to lead in
ductance. 6" lead length (2x3") will generate an extra 
0.80 inductive reactance at 1 MHz, and unity gain fre
quency can be up to that value. 

For remote sense applications, the capaCitor should still 
be located close to the regulator. Additional capacitance 
can be added at the remote sense point, but the remote 
capaCitor must be at least 2p.F solid tantalum. It cannot be 
a low ESR type like ceramic or mylar unless a 0.50-10 car
bon resistor is added in series with the capacitor. Logic 
boards with multiple low ESR bypass capacitors should 
have a solid tantalum unit added in parallel whose value is 
approximately five times the combined value of low ESR 
capacitors. 
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APPLICATions InFoRmATion 
Large output capacitors (electrolytic or solid tantalum) 
will not cause the LT1185 to oscillate, but they will cause a 
damped "ringing" at light load currents where the ESR of 
the capacitor is several orders of magnitude lower than 
the load resistance. This ringing only occurs as a result of 
transient load or line conditions and normally causes no 
problems because of its low amplitude (::;25mV). 

HEAT SINKING 

The LT1185 will normally be used with a heatsink. The size 
of the heatsink is determined by load current, input and 
output voltage, ambient temperature, and the thermal re
sistance of the regulator, junction-to-case (8jc). The 
LT1185 has two separate values for 8jC; one for the power 
transistor section, and a second, lower value for the con
trol section. The reason for two values is that the power 
transistor is capable of operating at higher continuous 
temperatures than the control circuitry. At low power lev
els, the two areas are at nearly the same temperature, and 
maximum temperature is limited by the control area. At 
high power levels, the power transistor will be at a signif
icantly higher temperature than the control area and its 
maximum operating temperature will be the limiting 
factor. 

To calculate heatsink requirements, you must solve a ther
mal resistance formula twice, one for the power transistor 
and one for the control area. The lowest value obtained for 
heatsink thermal resistance must be used. In these equa
tions, two values for maximum junction temperature and 
junction-to-case thermal resistance are used, as given in 
the Electrical Specifications. 

TJ'MAX - TAMAX 8HS = - 8jC - 8CHS 
P 

8HS = Maximum heatsink thermal resistance. 
8jC = LT1185 junction-to-case thermal resistance. 

8CHS = Case to heatsink (interface) thermal resistance, 
including any insulating washers. 

TjMAX = LT1185 maximum operating junction temperature. 
T AMAX = Maximum ambient temperature in customers 

application. 
P = Device dissipation I 
= (YIN - VOUT) (lOUT) + ~~T (VIN). 
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Example - A commercial version of the LT1185 in the TO-
220 package is to be used with a maximum ambient tem
perature of 60°C. Output voltage is 5V at 2A. Input voltage 
can vary from 6V to 10V. Assume an interface resistance of 
1°CIW. 

First solve for control area, where the maximum junction 
temperature is 125°C for the TO-220 package, and 
8jC= 1°CIW 

P = (10V - 5V) (2A) + ~~ (10V) = 10.5W 

8HS= 125°C-60°C -1°C/W-1°Cm=42°CIW 
10.5W . 

Next, solve for power transistor limitation, with TjMAX = 
150°C, 8jC = 3°Cm 

8HS = 15~0~60 - 3 -1 = 4.6°C/W 

The lowest number must be used, so heatsink resistance 
must be less than 4.2°Cm. 

Some heatsink datasheets show graphs of heatsink 
temperature rise vs power dissipation instead of listing a 
value for thermal resistance. The formula for 8HS can be 
rearranged to solve for maximum heatsink temperature 
rise; 

.:IT HS = TjMAX - T AMAX - P(8jC + 8CHS) 

Using numbers from the previous example; 

t:.. T HS = 125°C - 60 -10.5 (1 + 1) = 44°C control section 
t:..T HS = 150°C- 60-10.5 (3 + 1) = 48°C power transistor 

The smallest rise must be used, so heatsink temperature 
rise must be less than 44°C at a power level of 10.5W. 

For board level applications, where heatsink size may be 
critical, one is often tempted to use a heatsink which 
barely meets the requirements. This is permissible if 
correct assumptions were made concerning maximum 
ambient temperature and power levels. One complicating 
factor is that local ambient temperature may be somewhat 



APPLICATions InFoRmATion 
higher because of the point source of heat. The conse
quences of excess junction temperature include poor 
reliability, especially for plastic packages, and the possi
bility of thermal shutdown or degraded electrical charac
teristics. The final deSign should be checked in situ with a 
thermocouple attached to the regulator case under worst 
case conditions of high ambient, high input voltage, and 
full load. 

What About Overloads? 

IC regulators with thermal shutdown, like the LT1185, al
low heats ink designs which concentrate on worst case 
"normal" conditions and ignore "fault" conditions. An 
output overload or short may force the regulator to exceed 
its maximum junction temperature rating, but thermal 
shutdown is designed to prevent regulator failure under 
these conditions. A word of caution however; thermal 
shutdown temperatures are typically 175°C in the control 
portion of the die and 180°C-225°C in the power transistor 
section. Extended operation at these temperatures can 
cause permanent degradation of plastic encapsulation. 
Designs which may be subjected to extended periods of 
overload should either use the hermetic TO-3 package or 
increase heatsink size. Foldback current limiting can be 
implemented to minimize power levels under fault 
conditions. 

EXTERNAL CURRENT LIMIT 

The LT1185 requires a resistor to set current limit. The 
value of this resistor is 15kO divided by the desired current 
limit (in amps). The resistor for 2A current limit would be 
15k0/2A= 7.5kO. Tolerance over temperature is ± 10%, so 
current limit is normally set 15% above maximum load 
current. Foldback limiting can be employed if short circuit 
currents must be lower than full load current. (See Typical 
Applications.) 

The LT1185 has internal current limiting which will over
ride external curent limit if power in the pass transistor is 

L7lJ!J~ 
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excessive. The internal limit is =3.6A with a foldback 
characteristic which is dependent on input-output voltage, 
not output voltage per se. (See Typical Performance 
Characteristics.) 

GROUND PIN CURRENT 

Ground pin current for the LT1185 is approximately 2mA 
plus IOUT/40. At lOUT = 3A, ground pin current is typically 
2mA + 3/40 = 77mA. Worst case guarantees on the ratio of 
lOUT to ground pin current are contained in the Electrical 
Specifications. 

Ground pin current can be important for two reasons. It 
adds to power dissipation in the regulator and it can affect 
loadlline regulation if a long line is run from the ground pin 
to load ground. The additional power dissipation is found • 
by multiplying ground pin current by input voltage. In a 
typical example, with VIN=8V, VOUT=5V, and IOUT=2A, 
the LT1185 will dissipate (8V-5V)(2A) = 6W in the pass tran-
sistor and (2A/40)(8V) = 0.4W in the internal drive circuitry. 
This is only a 1.5% efficiency loss, and a 6.7% increase in 
regulator power dissipation, but these values will increase 
at higher output voltages. 

Ground pin current can affect regulation as shown in Fig
ure 2. Parasitic resistance in the ground pin lead will cre
ate a voltage drop which increases output voltage as load 
current is increased. Similarly, output voltage can de
crease as input voltage increases because the "IOUT/4D" 
component of ground pin current drops significantly at 
higher input-output differentials. These effects are small 
enough to be ignored for local regulation applications, but 
for remote sense applications, they may need to be con
sidered. 0.40 in the ground lead could cause an output 
voltage error of up to (3A/40)(0.40) = 30mV, or 0.6% at 
Your: 5V. Note that if the sense leads are connected as 
shown in Figure 2, with ra=OO, this error is a fixed number 
of millivolts, and does not increase as a function of DC 
output voltage. 
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APPLICATions InFoRmATion 

+ ------------...... - + 

Your 

'R1 SHOULD BE CONNECTED DIRECTLYTO GROUND LEAD, NOTTO THE LOAD, SO THAT 
ra~O!l. THIS LIMITS THE OUTPUT VOLTAGE ERROR TO IIGND) Irb). ERRORS CREATED BY r, 
ARE MULTIPLIED BY 11 + R2IR1). NOTE THAT Your INCREASES WITH INCREASING GROUND 
PIN CURRENT. R2 SHOULD BE CONNECTED DIRECTLYTO LOAD FOR REMOTE SENSING. 

Figure 2. Proper Connection of Positive Sense Lead 

SHUTDOWN TECHNIQUES 

The LT1185 can be shut down by open-circuiting the REF 
pin. The current flowing into this pin must be less than 1/LA 
to guarantee shutdown, Figure 3 details several ways to 
create the "open" condition, with various logic levels. For 
variations on these schemes, simply remember that the 
voltage on the REF pin is 2.4V negative with respect to the 
ground pin. 

OUTPUT OVERSHOOT 

Very high input voltage slew rate during startup may 
cause the LT1185 output to overshoot. Up to 20% over
shoot could occur with input voltage ramp-up rate exceed
ing 1V//Ls, This condition cannot occur with normal 50Hz to 
400Hz rectified AC inputs because parasitic resistance 
and inductance will limit rate of rise even if the power 
switch is closed at the peak of the AC line voltage. This as-
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sumes that the switch is in the AC portion of the circuit. If 
instead, a switch is placed directly in the regulator input 
so that a large filter capacitor is precharged, fast input 
slew rates will occur on switch closure. The output of the 
regulator will slew at a rate set by current limit and output 
capacitor size; dVdt = ILiM/COUT. 3.6A and 2.2/LF allow the 
output to slew at 1.6V//Ls and overshoot can occur. This 
overshoot can be reduced to a few hundred millivolts or 
less by increasing the output capacitor to 10/LF and/or re
ducing current limit so that output slew rate is held below 
0.5V//Ls, 

A second possibility for creating output overshoot is re
covery from an output short. Agai n, the output slews at a 
rate set by current limit and output capacitance. To avoid 
overshoot, the ratio ILiM/COUT should be less than 
0.5 x 106. Remember that load capacitance can be added 
to COUT for this calculation, Many loads will have multiple 
supply bypass capacitors that total more than COUT, 
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+ 5V Logic, Positive Regulated Output 

+------~~----1_----1_--._-

R1 

R2 

'CMOSLOGIC 

R5 
300k 

tFOR HIGHER VALUES OF RlIM, MAKE R7 = (RLIMI (0.61 

+ 5V Logic, Negative Regulated Output 

- I 

Figure 3. Shutdown Techniques 
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5V 
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APPLICATions InFoRmATion 
THERMAL REGULATION 

IC regulators have a regulation term not found in discrete 
designs because the power transistor is thermally coupled 
to the reference. This creates a shift in the output voltage 
which is proportional to power dissipation in the regulator. 

IlVOUT = P (K1 + K2 SjAl 
= (lOUT) (VIN - VOUT) (K1 + K2 SjAl 

K1 and K2 are constants. K1 is a fast time constant effect 
caused by die temperature gradients which are estab
lished within 50ms of a power change. K1 is specified on 
the datasheet as thermal regulation, in percent per watt. 

K2 is a long time constant term caused by the temperature 
drift of the regulator reference voltage. It is also specified, 
but in percent per degree centigrade. It must be multiplied 
by overall thermal resistance, junction-to-ambient, SjA. 

As an example, assume a 5V regulator with an input volt
age of 8V, load current of 2A, and a total thermal re
sistance of 4°CIW, including junction-to-case, (use control 
area specification), interface, and heatsink resistance. K1 
and K2, respectively, from the datasheet are 0.014%IW 
and 0.01 %loC. 
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aVOUT= (2A)(8V-5V) (0.014 + 0.01 • 4) 
=0.32% 

This shift in output voltage could be in either direction be
cause K1 and K2 can be either positive or negative. 

Thermal regulation is already included in the worst case 
reference specification. 

OUTPUT VOLTAGE REVERSAL 

Some IC regulators suffer from a latch-up state when their 
output is forced to a reverse voltage of as little as one 
diode drop. The latch-up state can be triggered without a 
fault condition when the load is connected to an opposite 
polarity supply instead of to ground. If the second supply 
is turned-on first, it will pull the output of the first supply 
to a reverse voltage through the load. The first supply may 
then latch-off when turned on. This problem is particularly 
annoying because the diode clamps which should always 
be used to protect against polarity reversal do not usually 
stop the latch-up problem. 

The LT1185 is designed to allow output reverse polarity of 
several volts without damage or latch-up, so that a simple 
diode clamp can be used. 
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TYPICAL APPLICATions 
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TYPICAL APPLICATions 

Logic Controlled 3A Low Side Switch with Fault Protection 
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L7~ID~~--H-a-lf-B-rid-g-e-N--C-h-~-~_~5 .... ~ 
FEATURES 
• Drives Gate of Top Side MOSFET Above V+ 
• Operates at Supply Voltages from 5V to 30V 
• 150ns Transition Times Driving 3000pF 
• Adaptive Non-Overlap Gate Drives 
• Continuous Current Limit Protection 
• Auto Shutdown and Retry Capability 
• Internal Charge Pump for DC Operation 
• Built-In Gate Voltage Protection 
• Compatible with Current-Sensing MOSFETs 
• TTUCMOS Input Levels 
• Fault Output Indication 

APPLICATions 
• PWM of High Current Inductive Loads 
• Half Bridge and Full Bridge Motor Control 
• Synchronous Step-Down Switching Regulators 
• Three-Phase Brushless Motor Drive 
• High Current Transducer Drivers 
• Battery Operated Logic-Level MOSFETs 

TYPICAL APPLICATiOn 

PWMSU o TO 100kHz 
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Power MOSFET Driver 

DESCRIPTion 
A single input pin on the L T1158 synchronously controls 
two N-channel power MOSFETs in a totem pole configura
tion. Unique adaptive protection against shoot-through 
currents eliminates all matching requirements forthe two 
MOSFETs. This greatly eases the design of high efficiency 
motor control and switching regulator systems. 

A continuous current limit loop in the LT1158 regulates 
short-circuit current in the top power MOSFET. Higher 
start-up currents are allowed as long as the MOSFET Vos 
does not exceed 1.2V. By returning the fault output to the 
enable input, the L T1158 will automatically shut down in 
the event of a fault and retry when an internal pull up 
current has recharged the enable capacitor. 

An on-chip charge pump is switched in when needed to 
turn on the top N-channel MOSFET continuously. Special 
circuitry ensures that the top side gate drive is safely 
maintained in the transition between PWM and DC opera
tion. The gate to source voltages are internally limited to 
14.5V when operating at higher supply voltages. 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Supply Voltage (Pins 2,10) ..................................... 36V 
Boost Voltage (Pin 16) ............................................ 56V 
Continuous Output Currents (Pins 1, 9, 15) ........ 1 OOmA 
Sense Voltages (Pins 11, 12) ................... -5V to V+ +5V 
Top Source Voltage (Pin 13) .................... -5V to V+ +5V 
Boost to Source Voltage (V16 - V13) ....... -0.3V to 20V 
Operating Temperature Range 

L T1158C ................................................ O°C to 70°C 
L T11581 ............................................. -40°C to 85°C 

Junction Temperature (Note 1) 
LT1158C .......................................................... 125°C 
LT11581 ........................................................... 150°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

N PACKAGE 
16-LEAD PLASTIC DIP 

TOP VIEW 

S PACKAGE 
16-LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

LT11581N 
LT1158CN 

LT11581S 
LT1158CS 

ELECTRICAL CHARACTERISTICS Test Circuit, TA = 25°C, V· = V16 = 12V, V11 = V12 = V13 = OV, Pins 1 and 4 
open, Gate Feedback pins connected to Gate Drive pins unless otherwise specified. 

LT11581 LTl158C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

12+ 110 DC Supply Current (Note 2) V+ = 30V. V16 = 15V, V4 = 0.5V 2.2 3 2.2 3 rnA 
v+ =30V, V16 = 15V, V6 = 0.8V 4.5 7 10 4.5 7 10 rnA 
V+ = 30V, V16 = 15V, V6 = 2V 8 13 18 8 13 18 rnA 

116 Boost Current V+ = V13 = 30V, V16 = 45V, V6 = 0.8V 3 4.5 3 4.5 rnA 

V6 Input Threshold • 0.8 1.4 2 0.8 1.4 2 V 

16 Input Current V6=5V • 5 15 5 15 flI\ 
V4 Enable Low Threshold V6 = 0.8V, Monitor V9 • 0.9 1.15 1.4 0.85 1.15 1.4 V 
t;.V4 Enable Hysteresis V6 = 0.8V, Monitor V9 • 1.3 1.5 1.7 1.2 1.5 1.8 V 

14 Enable Pullup Current V4 =OV • 15 25 35 15 25 35 flI\ 
V15 Charge Pump Voltage V+ = 5V, V6 = 2V, Pin 16 open, V13 - 5V • 9 11 9 11 V 

V+ = 30V, V6 = 2V, Pin16 open, V13 ~ 30V • 40 43 47 40 43 47 V 

V9 Bottorn Gate "ON" Voltage V+ = V16 = 18V, V6 = 0.8V • 12 . 14.5 17 12 14.5 17 V 

Vl Boost Drive Voltage V+ = V16 = 18V, V6 = 0.8V, 100mA Pulsed Load • 12 14.5 17 12 14.5 17 V 

4-103 



LTl158 

ELECTRICAL CHARAOERISTICS Test Circuit, TA = 25·C, If'" = V16 = 12V, V11 = V12 = V13 = av, Pins 1 and 4 
open, Gate Feedback pins connected to Gate Drive pins unless otherwise specified. 

LT11581 LT1158C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

V14 -V13 Top Turn-Off Threshold V+ = V16 = 5V, V6 = 0.8V 1 1.75 2.5 1 1.75 2.5 

V8 Bottom Turn-Off Threshold V+ = V16 = 5V, V6 = 2V 1 1.5 2 1 1.5 2 

15 Fault Output Leakage V+= 30V, V16 = 15V, V6 = 2V • 0.1 1 0.1 1 

V5 Fault Output Saturation V+ = 30V, V16 = 15V, V6 = 2V, 15 = 10mA 0.5 1 0.5 1 

V12-V11 Fault Conduction Threshold V+ = 30V, V16 = 15V, V6 = 2V, 15 = 100~A 90 110 130 85 110 135 

V12-V11 Current Limit Threshold V+ = 30V, V16 = 15V, V6 = 2V, Closed Loop 130 150 170 120 150 180 

• 120 180 120 180 

V12-V11 Current Limit Inhibit V+ = V12 = 12V, V6 = 2V, Decrease V11 1.1 1.25 1.4 1.1 1.25 1.4 
Vos Threshold until V15 goes low 

tR Top Gate Rise Time Pin 6 (+) Transition, Meas. V15 - V13 (Note 3) • 130 250 130 250 

to Top Gate Turn-Off Delay Pin 6 H Transition, Meas. V15 - V13 (Note 3) • 350 550 350 550 

tF Top Gate Fall Time Pin 6 H Transition, Meas. V15 - V13 (Note 3) • 120 250 120 250 

tR Bottom Gate Rise Time Pin 6 H Transition, Meas. V9 (Note 3) • 130 250 130 250 

to Bottom Gate Turn-Off Delay Pin 6 (+) Transition, Meas. V9 (Note 3) • 200 400 200 400 

tF Bottom Gate Fall Time Pin 6 (+) Transition, Meas. V9 (Note 3) • 100 200 100 200 

The. denotes specifications that apply over the full operating 
temperature range. . 
Note 1: TJ is calculated from the ambient temperature TA and power 
dissipation Po according to the following formulas: 

Note 2: Dynamic supply current is higher due to the gate charge being 
delivered at the switching frequency. See typical performance 
characteristics and applications information. 

LT1158IN, LT1158CN: TJ = TA + (Po x 70·C/w) 
LT11581S, LT1158CS: TJ= TA + (Po x 110·CIW) 

Note 3: Gate rise times are measured from 2V to 10V, delay times are 
measured from the input transition to when the gate voltage has 
decreased to 10V, and fall times are measured from 10V to 2V. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Pin FuncTions 
Pin 1 (Boost Drive): Recharges and clamps the bootstrap 
capacitor to 14.5V higherthan pin 13 via an external diode. 

Pin 2 (V+): Main supply pin; must be closely decoupled to 
the ground pin 7. 

Pin 3 (Bias): Decouple point for the internal 2.6V bias 
generator. Pin 3 cannot have any external DC loading. 

Pin 4 (Enable): When left open, the L T1158 operates 
normally. Pulling pin 4 low holds both MOSFETs off 
regardless of the input state. 

Pin 5 (Fault): Open collector NPN output which turns on 
when V12- V11 exceeds the fault conduction threshold. 

Pin 6 (Input): Taking pin 6 high turns the top MOSFET on 
and bottom MOSFET off; pin 6 low reverses these states. 
An input latch captures each low state, ignoring an ensu
ing high until pin 13 has gone below 2.6V. 

Pin 8 (BoHom Gate Feedback): Must connect directly to 
the bottom power MOSFET gate. The top MOSFET turn
on is inhibited until pin 8 has discharged to 1.5V. A hold
on current source also feeds the bottom gate via pin 8. 

Pin 9 (Bottom Gate Drive): The high current drive point 
for the bottom MOSFET. When a gate resistor is used, it is 
inserted between pin 9 and the gate of the MOSFET. 
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Pin 10 (V+): Bottom side driver supply; must be con
nected to the same supply as pin 2. 

Pin 11 (Sense Negative): The floating reference for the 
current limit comparator. Connects to the low side of a 
currentshuntor Kelvin lead of a current-sensing MOSFET. 
When pin 11 is within 1.2VofV+, current limit is inhibited. 

Pin 12 (Sense Positive): Connects to the high side of the 
current shunt or sense lead of a current-sensing MOSFET. 
A built-in offset between pins 11 and 12 in conjunction 
with RSENSE sets the top MOSFET short-circuit current. 

Pin 13 (Top Source): Top side driver return; connects to 
MOSFET source and low side of the bootstrap capacitor. 

Pin 14 (Top Gate Feedback): Must connect directly to the 
top power MOSFET gate. The bottom MOSFET turn-on is 
inhibited until V14 - V13 has discharged to 1.75V. An on
chip charge pump also feeds the top gate via pin 14. 

Pin 15 (Top Gate Drive): The high current drive point for 
the top MOSFET. When a gate resistor is used, it is inserted 
between pin 15 and the gate of the MOSFET. 

Pin 16 (Boost): Top side driver supply; connects to the 
high side of the bootstrap capacitor and to a diode either 
from supply (V+ < 10V) or from pin 1 (V+ > 10V). 
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TEST CIRCUIT 

OPER ATIOn (Refer to Functional Diagram) 

The LT1158 self-enables viaan internal 25/lA pullup on the 
enable pin 4. When pin 4 is pulled down, much ofthe input 
logic is disabled, reducing supply current to 2mA. With pin 
4 low, the input state is ignored and both MOSFET gates 
are actively held low. With pin 4 enabled, one or the other 
of the 2 MOSFETs is turned on, depending on the state of 
the input pin 6: high for top side orl, and low for bottom 
side on; The 1.4V input threshold is regulated and has 
200mV of hysteresis. 

In orderto allow operation over 5Vto 30V nominal supply 
voltages, an internal bias generator is employed to furnish 
constant bias voltages and currents. The bias generator is 
decoupled at pin 3 to eliminate any effects from switching 
transients. No DC loading is allowed on pin 3. 

The top and bottom gate drivers in the LT1158 each utilize 
two gate connections: 1) A gate drive pin, which provides 
the turn-on and turn-off currents through an optional 
series gate resistor; and 2) A gate feedback pin which 
connects directly to the gate to monitorthe gate-to-source 
voltage and supply the DC gate sustaining current. 
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Whenever there is an input transition on pin 6, the L T1158 
follows a logical sequence to turn off one MOSFET and 
turn on the other. First, turn-off is initiated, then VGS is 
monitored until it has decreased belowtheturn-offthresh
old, and finally the other gate is turned on. An input latch 
gets reset by every low state at pin 6, but can only be set 
if the top source pin has gone low, indicating thatthere will 
be sufficient charge in the bootstrap capacitor to safely 
turn on the top MOSFET. 

In order to conserve power, the gate drivers only provide 
turn-on current for up to 2~s, set by internal one-shot 
circuits. Each LT1158 driver can deliver 500mA for 2/ls, 
or 1000nC of gate charge - more than enough to turn on 
multiple MOSFETs in parallel. Once turned on, each gate is 
held high by a DC gate sustaining current: the bottom gate 
by a 1 OOllA current source, and the top gate by an on-chip 
charge pump running at approximately 500kHz. 

The floating supply for the top side driver is provided by 
a bootstrap capacitor between the boost pin 16 and top 
source pin 13. This capacitor is recharged each time pin 



OPERATion (Reier to Functional Diagram) 

13 goes low in PWM operation, and is maintained by the 
charge pump when the top MOSFET is on DC. A regulated 
boost driver at pin 1 employs a source-referenced 15V 
clamp that prevents the bootstrap capacitor from over
charging regardless of V+ or output transients. 

The LT1158 provides a current sense comparator and fault 
output circuitfor protection ofthetop power MOSFET. The 

APPLICATions InFORmATion 
Power MOSFET Selection 

Since the LT1158 inherently protects the top and bottom 
MOSFETs from simultaneous conduction, there are no 
size or matching constraints. Therefore selection can be 
made based on the operating voltage and ROS(ON) 
requirements. The MOSFET BVoss should be at least 
2 x VSUPPLY, and should be increased to 3 x VSUPPLY in 
harsh environments with frequentfault conditions. Forthe 
LT1158 maximum operating supply of 30V, the MOSFET 
BVoss should be from 60V to 100V. 

The MOSFET ROS(ON) is specified at TJ = 25°C and is 
generally chosen based on the operating efficiency re
quired as long as the maximum MOSFET junction tem
perature is not exceeded. The dissipation in each MOSFET 
is given by: 

where D is the duty cycle and is the increase in ROS(ON) 
at the anticipated MOSFET junction temperature. From 
this equation the required ROS(ON) can be derived: 

For example, if the MOSFET loss is to be limited to 2W 
when operating at 5A and a 90% duty cycle, the required 
ROS(ON) would be 89m /(1 + ). (1 + ) is given for each 
MOSFET in the form of a normalized ROS(ON) vs. tempera-
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comparator input pins 11 and 12 are normally connected 
across a shunt in the source ofthe top power MOSFET (or 
to a current-sensing MOSFET). When pin 11 is more than 
1.2V below V+ and V12 - V11 exceeds the 11 OmV offset, 
fault pin 5 begins to sink current. During a short circuit, the 
feedback loop regulates V12 - V11 to 150mV, thereby 
limiting the top MOSFET current. 

ture curve, but = 0.007;oC can be used as an approxima
tion for low voltage MOSFETs. Thus if TA = 85°C and the 
available heat sinking has a thermal resistance of 20°C/W, 
the MOSFET junction temperature will be 125°C, and 

= 0.007(125 - 25) = 0.7. This means that the required 
ROS(ON) of the MOSFET will be 89m /1.7 = 52.3m , 
which can be satisfied by an IRFZ34. 

Note that these calculations are for the continuous oper
ating condition; power MOSFETs can sustain far higher 
dissipations during transients. Additional ROS(ON) con
straints are discussed under Starting High In-Rush Cur
rent Loads. 

Paralleling MOSFETs 

Figure 1. Paralleling MOSFETs 

When the above calculations result in a lower ROS(ON) than 
is economically feasible with a single MOSFET, two or 
more MOSFETs can be paralleled. The MOSFETs will 
inherently share the currents according to their ROS(ON) 
ratio. The L T1158 top and bottom drivers can each drive 
four power MOSFETs in parallel with only a small loss in 
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switching speeds (see Typical Performance Characteris
tics). Individual gate resistors may be required to 
"decouple" each MOSFET from its neighbors to prevent 
high frequency oscillations - consult manufacturer's rec
ommendations.lf individual gate decoupling resistors are 
used, the gate feedback pins can be connected to anyone 
of the gates. 

Driving multiple MOSFETs in parallel may restrict the 
operating frequency at high supply voltages to prevent 
over-dissipation in the LT1158 (see Gate Charge and 
Driver Dissipation below). When the total gate capaci
tance exceeds 10,000pF on the top side, the bootstrap 
capacitor should be increased proportionally above 0.1 f..LF. 

Gate Charge and Driver Dissipation 

A useful indicator of the load presented to the driver by a 
power MOSFET is the total gate charge QG, which includes 
the additional charge required by the gate-to-drain swing. 
QG is usually specified forVGs = 1 OVand Vos=0.8VOS(MAX). 

When the supply current is measured in a switching 
application, it will be larger than given by the DC electrical 
characteristics because of the additional supply current 
associated with sourcing the MOSFET gate charge: 

ISUPPLY =loc+(dQG) +(dQG) 
dt TOP dt BOTTOM 

The actual increase in supply current is slightly higher due 
to L T1158 switching losses and the fact that the gates are 
being charged to more than 10V. Supply current vs. 
switching frequency is given in the Typical Performance 
Characteristics. 

The LT1158 junction temperature can be estimated by 
using the equations given in Note 1 of the electrical 
characteristics: For example, the L T1158SI is limited to 
less than 25mA from a 24V supply: 

TJ = 85°C + (25mA x 24V x 110°C/W) 
= 151°C exceeds absolute maximum 

In order to prevent the maximum junction temperature 
from being exceeded, the L T1158 supply current must be 
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checked with the actual MOSFETs operating at the maxi
mum switching frequency. 

MOSFET Gate Drive Protection 

For supply voltages of over 8V, the L T1158 will protect 
standard N-channel MOSFETs from under or over voltage 
gate drive conditions for any input duty cycle including DC. 
Gate-to-source zener clamps are not required and not 
recommended since they can reduce operating efficiency. 

A discontinuity in tracking between the output pulse width 
and input pulse width may be noted as the top side 
MOSFET approaches 100% duty cycle. As the input low 
signal becomes narrower, it may become shorter than the 
time required torecharge the bootstrap capacitor to a safe 
voltage for the top side driver. Below this duty cycle the 
output pulse width will stop tracking the input until the 
input low signal is <1 OOns, at which point the output will 
jump to the DC condition of top MOSFET "on" and bottom 
MOSFET "off." 

Low Voltage Operation 

The L T1158 can operate from 5V supplies (4.5V min.) and 
in 6V battery-powered applications by using logic-level 
N-channel power MOSFETs. These MOSFETs have 2V 
maximum threshold voltages and guaranteed ROS(ON) 
limits at VGS = 4V. The switching speed of the LT1158, 
unlike CMOS drivers, does not degrade at low supply 
voltages. For operation down to 4.5V, the boost pin should 
be connected as shown in Figure 2 to maximize gate drive 
to the top side MOSFET. Supply voltages over 1 OV should 
not be used with logic-level MOSFETs because of their 
lower maximum gate-to-source voltage rating. 

5V 

Figure 2. Low Vollage Operation 
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Ugly Transient Issues 

In PWM applications the drain current of the top MOSFET 
is a square wave at the input frequency and duty cycle. To 
prevent large voltage transients atthe top drain, a low ESR 
electrolytic capacitor must be used and returned to the 
power ground. The capacitor is generally in the range of 
250J,lF to 5000J,lF and must be physically sized for the 
RMS current flowing in the drain to prevent heating and 
premature failure. In addition, the L T1158 requires a 
separate 10J,lF capacitor connected closely between pins 
2 and 7. 

The LT1158 top source and sense pins are internally 
protected against transients below ground and above 
supply. However, the gate drive pins cannot be forced 
below ground. In most applications, negative transients 
coupled from the source to the gate ofthe top MOSFET do 
not cause any problems. However in some high current 
(10A and above) motor control applications, negative 
transients on the top gate drive may cause early tripping 
of the current limit. A small Schottky diode (BAT85) from 
pin 15 to ground avoids this problem. 

Switching Regulator Applications 

The LT1158 is ideal as a synchronous switch driver to 
improve the efficiency of step-down (buck) switching 

REF 
PWM 
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regulators. Most step-down regulators use a high current 
Schottky diode to conduct the inductor current when the 
switch is off. The fractions of the oscillator period that the 
switch is on (switch conducting) and off (diode conduct
ing) are given by: 

SWITCH "ON" = (VOUT J x TOTAL PERIOD 
"'IN 

SWITCH "OFF" = ("'IN - VOUT J x TOTAL PERIOD 
VIN 

Note that for VIN > 2VOUT, the switch is off longer than it is 
on, making the diode losses more significant than the 
switch. The worst case for the diode is during a short 
circuit, when VOUT approaches zero and the diode con
ducts the short circuit current almost continuosly. 

Figure 3 shows the L T1158 used to synchronously drive a 
pair of power MOSFETs in a step-down regulator applica
tion, where the top MOSFET is the switch and the bottom 
MOSFET replaces the Schottky diode. Since both conduc
tion paths have low losses, this approach can result in very 
high efficiency - from 90% to 95% in most applications. 
And for regulators under 5A, using low ROS(ON) N-channel 
MOSFETs eliminates the need for heatsinks. 

Figure 3. Adding Synchronous Switching to a Step-Down Switching Regulator 
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LT1158F04 

Figure 4. Typical Efficiency Curve lor Step-Down 
Regulator with Synchronous Switch 

One fundamental difference in the operation of a step
down regulator with synchronous switching is that it never 
becomes discontinuous at light loads. The inductor cur
rent doesn't stop ramping down when it reaches zero, but 
actually reverses polarity resulting in a constant ripple 
current independent of load. This does not cause any 
efficiency loss as might be expected, since the negative 
inductor current is returned to VIN when the switch turns 
back on. 

The L T1158 performs the synchronous MOSFET drive and 
current sense functions in a step-down switching regula
tor. A reference and PWM are required to complete the 
regulator. Any voltage-mode PWM controller may be 
used, but the LT3525 is particularly well suited to high 
power, high efficiency applications such as the 1 OA circuit 
shown in Figure 13. In higher current regulators a small 
Schottky diode across the bottom MOSFET helps to re
duce reverse-recovery switching losses. 

The LT1158 input pin can also be driven directly with a 
ramp or sawtooth. In this case, the DC level of the input 
waveform relative to the 1.4V threshold sets the LT1158 
duty cycle. In the ultra low-dropout 5V circuit shown in 
Figure 11, an LT1431 controls the DC level of a triangle 
wave generated by a CMOS 555. The Figure 10 and 12 
circuits use an RC network to ramp the LT1158 input back 
up to its 1.4V threshold following each switch cycle, 
setting a constant off time. Figure 4 shows the efficiency 
vs. output current for the Figure 12 regulator with VIN = 
12V. 
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Current Limit in Switching Regulator Applications 

Current is sensed by the LT1158 by measuring the voltage 
across a current shunt (low-valued resistor). Normally, 
this shunt is placed in the source lead of the top MOSFET 
(see Short-Circuit Protection in Bridge Applications). 
However, in step-down switching regulator applications, 
the remote current sensing capability ofthe L T1158 allows 
the actual inductor current to be sensed. This is done by 
placing the shunt in the output lead of the inductor as 
shown in Figure 3. Routing of the sense+ and sense- PC 
traces is critical to prevent stray pickup. These traces must 
be routed together at minimum spacing and use a Kelvin 
connection at the shunt. 

When the voltage across RSENSE exceeds 110mV, the 
L T1158 fault pin begins to conduct. By feeding the fault 
signal back to a control input ofthe PWM, the L T1158 will 
assume control of the duty cycle forming a true current 
mode loop to limit the output current: 

I 110mV . t I' 't OUT = -- In curren Iml 
RSENSE 

In LT3525 based circuits, connecting the fault pin to the 
LT3525 soft-start pin accomplishes this function. In cir
cuits where the LT1158 input is being driven with a ramp 
or sawtooth, the fault pin is used to pull down the DC level 
of the input. 

The constant off time circuits shown in Figures 10 and 12 
are unique in that they also use the current sense during 
normal operation. The LT1431 output reduces the normal 
L T1158 11 OmV fault conduction threshold such that the 
fault pin conducts at the required load current, thus 
discharging the input ramp capacitor. In current limit the 
LT1431 output turns off, allowing the fault conduction 
threshold to reach its normal value. 

The resistor RGS shown in Figure 3 is necessary to prevent 
output voltage overshoot due to charge coupled into the 
gate of the top MOSFET by a large startup dv/dt on VIN. If 
DC operation of the top MOSFET is required, RGS must be 
330k or greater to prevent loading the charge pump. 
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Low Current Shutdown 

The LT1158 may be shutdown to a current level of 2mA by 
pulling the enable pin 4 low. In this state both the top and 
bottom MOSFETs are actively held off against any tran
sients which might occur on the output during shutdown. 
This is important in applications such as 3-phase DC 
motor control when one ofthe phases is disabled while the 
other two are switching. 

If zero standby current is required and the load returns to 
ground, then a switch can be inserted into the supply path 
of the LT1158 as shown in Figure 5. Resistor RGS ensures 
that the top MOSFET gate discharges, while the voltage 
across the bottom MOSFET goes to zero. The voltage drop 
across the P-channel supply switch must be less than 
300mV, and RGS must be330k or greaterfor DC operation. 
This technique is not recommended for applications which 
require the LT1158 VOS sensing function. 

V' 

TO OTHER 
CONTROL 
CIRCUITS 

Figure 5. Adding Zero Current Shutdown 

Short-Circuit Protection in Bridge Applications 

The L T1158 protects the top power MOSFET from output 
shorts to ground, or in a full bridge application, shorts 
across the load. Both standard 3-lead MOSFETs and 
current-sensing 5-lead MOSFETs can be protected. The 
bottom MOSFET is not protected from shorts to supply. 

Current is sensed by measuring the voltage across a 
current shunt in the source lead of a standard 3-lead 
MOSFET (Figure 6). For the current-sensing MOSFET 
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shown in Figure 7, the sense resistor is inserted between 
the sense and Kelvin leads. 

The sense+ and sense- PC traces must be routed together 
at minimum spacing to prevent stray pickup, and a Kelvin 
connection must be used at the current shunt for the 3-
lead MOSFET. Using a twisted pair is the safest approach 
and is recommended for sense runs of several inches. 

When the voltage across RSENSE exceeds 110mV, the 
LT1158 fault pin begins to conduct, signaling a fault 
condition. The current in ashortcircuit ramps very rapidly, 
limited only by the series inductance and ultimately the 
MOSFET and shunt resistance. Due to the response time 
ofthe LT1158 current limit loop, an initial current spike of 

V' 

Figure 6. Short-Circuit Protection with Standard MOSFET 

V' 

Figure 7. Short-Circuit Protection with Current-Sensing MOSFET 
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from 2 to 5 times the final value will be present for a few 
Jls, followed by an interval in which IDS = O. The current 
spike is normally well within the safe operating area (SOA) 
of the MOSFET, but can be further reduced with a small 
(0.5JlH) inductor in series with the output. 

~ 
\ 

1\ Isc 

" / 
'\ 1 

5!lSiDiV 

Figure 8. Top MOSFET Short-Circuit Turn-On current 

If neither the enable nor input pins are pulled low in 
response to the fault indication, the top MOSFET current 
will recover to a steady-state value Isc regulated by the 
L T1158 as shown in Figure 8: 

I 150mV I 
sc = RSENSE Standard 3-Lead 

R 150mV MOSFET 
SENSE =-1-

SC 

Isc = r(150mV) (1- 150mV)-2 
RSENSE flV 

r( 150mV) ( 150mV)-2 
RSENSE = 1---

Isc flV 

r = current sense ratio, eN = VGS - VT 

5-Lead 
MOSFET 

The time for the current to recover to Isc following the 
initial current spike is approximately QGslO.5mA, where 
QGS is the MOSFET gate-to-source charge.lsc need not be 
set higher than the required startup current for motors 
(see Starting High In-Rush Current Loads). Note that the 
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value of RSENSE for the 5-lead MOSFET increases by the 
current sensing ratio (typically 1000 - 3000), thus elimi
nating the need for a low-valued shunt. V is in the range 
of 1 V to 3V in most applications. 

Assuming a dead short, the MOSFET dissipation will rise 
to VSUPPLYx Isc. For example, with a 24V supply and Isc 
= 1 OA, the dissipation would be 240W. To determine how 
long the MOSFET can remain at this dissipation level 
before it must be shut down, refer to the SOA curves given 
in the MOSFET data sheet. For example, an IRFZ34 would 
be safe if shut down within 10ms. 

A Tektronix A6303 current probe is highly recommended 
for viewing output fault currents. 

If Short-Circuit Protection is Not Required 

In applications which do not require the current sense 
capability of the L T1158, the sense pins 11 and 12 should 
both be connected to pin 13, and the fault pin 5 left open. 
The enable pin 4 may still be used to shut down the device. 
Note, however, that when unprotected the top MOSFET 
can be easily (and often dramatically) destroyed by even a 
momentary short. 

Self-Protection with Automatic Restart 

When using the current sense circuits of Figures 6 and 7, 
local shutdown can be achieved by connecting the fault pin 
through resistor RFto the enable pin as shown in Figure 9. 
An optional thermostat mounted to the load or MOSFET 
heatsink can also be used to pull enable low. 

An internal 25JlA current source normally keeps the en
able capacitor CEN charged to the 7.5V clamp voltage (or 
to V+, for V+ < 7.5V). When a fault occurs, CEN is dis
charged to below the enable low threshold (1.15V typ.) 
which shuts down both MOSFETs. When the fault pin or 
thermostat releases, CEN recharges to the upper enable 
threshold where restart is attempted. In a sustained short 
circuit, faUlt will again pull low and the cycle will repeat 
until the short is removed. The time to shut down for a DC 
input or thermal fault is given by: 

tSHUTDOWN = (100 + 0.8RF) CEN DC input 
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Note that for the first event only, tSHUTDOWN is approxi
matelytwicethe above value since CEN is being discharged 
all the way from its quiescent voltage. Allowable values for 
RF are from zero to 10k. 

CEN 

, _____ ~~F 1; 
[~~1-

~-r-·L---
OPTIONAL THERMOSTAT 
CLOSE ON RISE 
AIRPAX #67FXXX 

Figure 9. Self-Protection with Auto Restart 
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tSHUTDOWN becomes more difficult to analyze when the 
output is shorted with a PWM input. This is because the 
fault pin only conducts when fault currents are actually 
present in the MOSFET. Fault does not conduct while the 
input is low or during the interval los = 0 in Figure 8. Thus 
tSHUTDOWN will safely increase when the duty cycle of the 
current in the top MOSFET is low, maintaining the average 
MOSFET current at a relatively constant level. 

The length of time following shutdown before restart is 
attempted is given by: 

~ESTART =U~~)CEN =(SX104)CEN 

In Figure 9, the top MOSFET would shut down after being 
in DC current limit for O.9ms and try to restart at SOms 
intervals, thus producing a duty cyle of 1.5% in short 
circuit. The resulting average top MOSFET dissipation 
during a short is easily measured by taking the product of 
the supply voltage and the average supply current. 

Starting High In-Rush Current Loads 

The LT1158 has a Vos sensing function which allows more 
than Isc to flow in the top MOSFET providing that the 
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sense- pin is within 1.2V of supply. Under these condi
tions the current is limited only by the ROS(ON) in series 
with RSENSE. For a 5-lead MOSFETthe current is limited by 
ROS(ON) alone, since RSENSE is not in the output path (see 
Figure 7). Again adjusting ROS(ON) for temperature, the 
worst-case start currents are: 

I 1.2V 
START = ( ) 3-Lead MOSFET 

1 + d Ros( ON) + RSENSE 

I 1.2V 
START = ( ) 5-Lead MOSFET 

1+d ROS(ON) 

Properly sizing the MOSFET for ISTART allows inductive 
loads with long time-constants, such as motors with high 
mechanical inertia, to be started. 

Returning to the example used in Power MOSFET Selec
tion, an IRFZ34 (ROS(ON) = 50m max.) was selected for 
operation at 5A.lfthe short circuit current is also set at5A, 
what start current can be supported? From the equation 
for RSENSE, a 30m shunt would be required, allowing the 
worst-case start current to be calculated: 

I - 1.2V -10A 
START - (1.7)50mn+ 30mn -

This calculation gives the minimum current which could 
be delivered with the IRFZ34 atTJ= 125°C withoutactivat
ing the fault pin on the LT1158. If more start current is 
required, using an IRFZ44 (ROS(ON) = 28m max.) would 
increase I START to over 15AatTJ= 110°C, even thoughthe 
short circuit current remains at 5A. 

( 

In orderforthe Vos sensing function to work properly, the 
supply pins for the L T1158 must be connected at the drain 
of the top MOSFET, which must be properly decoupled 
(see Ugly Transient Issues). 

Driving Lamps 

Incandescent lamps represent a challenging load because 
they have much in common with a short circuit when cold. 
Thetop gate driverin the LT1158 can be configured tatum 
on large lamps while still protecting the power MOSFET 
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from a true short. This is done by using the current limit to 
control cold filament current in conjunction with the self
protection circuit of Figure 9. The reduced cold filament 
current also extends the life of the filament. 

A good guideline is to choose RSENSE to set Isc at approxi
mately twice the steady state "on" current of the lamp(s). 
tSHUTDOWN is then made long enough to guarantee thatthe 
lamp filaments heat and drop out of current limit before the 
enable capacitor discharges to the enable low threshold. 
For a short circuit, the enable capacitor will continue to 
discharge below the threshold, shutting down the top 

TYPICAL APPLICATiOnS 

100k 

INSERTFOR 
ZERO POWER 
SHUTDOWN 

01, 02: IRLZ34 (LOGIC·LEVEL) 
IRFZ34 (STANDARD) 

L 1: METGLASS 15mm AMORPHOUS 
CORE COILTRONICS#110322-1 

Rs: VISHAY/DALE TYPE LVR-3 
VISHAY/ULTRONIX RCS01, SM1 
ISOTEK CORP. ISA-PLAN SMR 

CONSTANT OFF TIME CURRENT MODE CONTROL LOOP 

FREQUENCY = t"':!'" (1 - YMvo T) WHERE tOFF = 10!J.S 
OFF IN 

MOSFET. The LT1158 will then go into the automatic 
restart mode described in Self-Protection with Automatic 
Restart above. 

The time constant for an incandescent filament is tens of 
milliseconds, which means that tSHUTDOWN will have to be 
longer than in most other applications. This places in
creased SOA demands on the MOSFET during a short 
circuit, requiring that a larger than normal device be used. 
A protected high current lamp driver application is shown 
in Figure 18. 

5V TO 10V INPUT (USE LOGIC-LEVEL Q1, 02) 

BV TO 20V INPUT (USE STANDARD Q1, Q2 
AND CONNECT BOOST DIODE TO PIN 1) 

Figure 1 D. High EHiciency 3.3V Step-Down SWitching Regulator (Requires No Heatsinks) 
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INPUT 10V MAX 
DROPOUT = VOUT + 0.12 x lOUT' 

'THE L 11431 CONTROLS THE D.C. LEVEL OF THE CMOS 
555 TRIANGLE WAVE OSCILLATOR. IN DROPOUT, THE 
TOP MOSFET IS TURNED ON CONTINUOUSLY AND THE 
OUTPUT VOLTAGE TRACKS THE INPUT. 

CMOS 555: LMC555 OR TLC555 
l1: CDILTRONICS CTX50-3-MP 
Rs: VISHAY/ULTRONIX RCS01, SM1 

ISOTEK CORP. ISA-PLAN SMR 

Figure 11. Ultra Low Dropout 5V Switching Regulator (Requires No Heatsinks) 

100k 

)-
INSERT FOR 
ZERO POWER 
SHUTOOWN 

l1: METGLASS 15mmAMORPHOUS 
CORE COILTRONICS #110322-1 

Rs: VISHAY/OALE TYPE LVR-3 
VISHAY/ULTRONIX RCS01, SM1 
ISOTEK CORP. ISA-PLAN SMR 

CONSTANT OFF TIME CURRENT MODE CONTROL LOOP 

FREQUENCY = t~ (1- '{QjrrVO T) WHERE tOFF= 10~s 
OFF IN 

8V TO 20V INPUT 

SEE FIGURE 4 FOR EFFICIENCY CURVE 

Figure 12. High EHiciency 5V Step-Down Switching Regulator (Requires No Heatsinks) 

SHORT-CIRCUIT 
CURRENT = 6A 

lT1158F12 
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INPUT 

* ADD THESE COMPONENTS TO IMPLEMENT 
LOW-DROPOUT 12V REGULATOR 

L1: MAGNETICS CORE #55585-A2 RS: DALE TYPE LVR-3 
30 TURNS 14GA MAGNET WIRE UL TRONIX RCS01 

Figure 13. 90% Efficiency 24V to 5V 10A Switching Regulator 
95% Efficiency 24V to 12V 10A Low Dropout Switching Regulator 

MOTOR SPEED 1 OV TO 30V 
OT0100%'r-__ ~ __ ~~ __ -. __________________ ~~~ ______________ --t 

.--__ ..... __ -++<10k 

THE CMOS 555 IS USED AS A 25kHz TRIANGLE-WAVE 
OSCILLATOR DRIVING THE LT1158 INPUT PIN. THE 
D.C. LEVEL OF THE TRIANGLE WAVE IS SET BY THE 
POTENTIOMETER ON THE CMOS 555 SUPPLY PIN, AND 
ALLOW ADJUSTMENT OFTHE LT1158 DUTY CYCLE 
FROM 0 TO 100%. 

CMOS 555: LMC555 OR TLC555 
01, 02: MTP35N06E 

START CURRENT 
= 15A MINIMUM 

Figure 14. Potentiometer-Adjusted Open Loop Motor Speed Control with Shorl-Circuit Protection 
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1N4148 
STOP 

(FREE RUN) _--1<11-01-_-_-..::. 

PWM ---t-----..::. 

Q1, Q2: IRLZ44 (LOGIC-LEVEL) 
RS: DALE TYPE LVR-3 

ULTRONIX RCS01 

Figure 15. High EHiciency &-Cell NiCd Protected Motor Drive 

+5V 

START CURRENT 
= 25A MINIMUM 

7.2V 
NOMINAL 

V' 

~ 

LT1158 

~ 
~~~------------~~~------------~~-, 

SHUTDOWN 

PWM CONTROLS 
LT1158 INPUTS 

COMMUTATING LOGIC 

Figure 16. 3-Phase Brushless DC Motor Control 

1 
POSITION FEEDBACK 
CONTROLS L T1158 
ENABLE INPUTS 
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ENABLE A 

FAULT A +-+--+---=-
INPUT A 

ENABLE B 

INPUTB 

Control Logic lor Sign/Magnitude Drive 

PWM 

DIRECTION 

~-------------------------~ ENABLE A 

FAULT A 

)C>-t-t-. INPUT A 

, , 
: 74HC02 , , , , , , , , , , 

lN4148 
STOP ... +..-+:i:....-.... -=:..rtt:-.. ENABLE B 

(FREE RUN) + FAULT B 
-:::I:" l"F 

, .". I....-i,f-. INPUTB 
I ______ --------------------~ 

PWM 

LT1158Fl1a 

2.4k 

SlOE A: SHOWS 
STANDARD MOSFET 
CONNECTION 

SIDE B: SHOWS 
CURRENT·SENSING 
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01, 03: IRF540 (STANDARD) 
IRC540 (SENSE FET) 

02, 04: IRFZ44 
01, 02: BAT85 
Rs: DALE TYPE LVR·3 

UL TRONIX RCSOl 

Control Logic lor Locked Anti-Phase Drive 
Motor stops il either side is shorted to ground 
r-------------------------
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, , 
, 74HC132 , , , 
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, .". 
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'-------;..... INPUTB 
I ______ --------------------~ 1151f17c 

Figure 17. 1DA Full Bridge Motor Control 
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TYPICAL APPLICATions 

ON/OFF -1-----....::. 

12V 

ISC: 10A 
ISHUTDOWN = 50ms 
IRESTART = 600ms 

Figure 18. High Current Lamp Driver with Short-Circuit Protection 

.L7lJ!J~ 

12V 
55W 

LT1l58 
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. f""""'-unCf\12 LTl241 Series 
~~ TECHNOLOG~~~---H-i-g-h-S-p-ee-d--c-u-rr-e-n-t-M-o-d-e 

FEATURES 
• Low Start-Up Current «250llA) 
• 50ns Current Sense Delay 
• Current Mode Operation to 500kHz 
• Pin Compatible with UC1842 Series 
• Under-Voltage Lockout with Hysteresis 
• No Cross-Conduction Current 
• Trimmed Bandgap Reference 
• 1A Totem Pole Output 
• Trimmed Oscillator Frequency and Sink Current 
• Active Pull-Down on Reference and Output During 

Under-Voltage Lockout 
• High Level Output Clamp (18V) 
• Current Sense Leading Edge Blanking 

APPLICATions 
• Off-Line Converters 
• DC-DC Converters 

BLOCK DIAGRAm 

t-----~..... 5.6V 
1mA 

2R 

Pulse Width Modulators 

DESCRIPTion 
The LT1241 series devices are 8-pin, fixed frequency, 
current mode, pulse width modulators. They are improved 
plug compatible versions ofthe industry standard UC1842 
series. These devices have both improved speed and 
lower quiescent current. The LT1241 series is optimized 
for off-line and DC-to-DC converter applications. They 
contain a temperature compensated reference, high gain 
error amplifier, current sensing comparator, and a high 
current totem pole output stage ideally suited to driving 
power MOSFETs. Start-up current has been reduced to 
less than 250!!A. Cross-conduction current spikes in 
the output stage have been eliminated, making 500kHz 
operation practical. Several new features have been incor
porated. Leading edge blanking has been added to the 
current sense comparator. Trims have been added to the 
oscillator circuit for both frequency and sink current, and 
both of these parameters are tightly specified. The output 
stage is clamped to a maximum VOUT of 18V in the on 
state. The output and the reference output are actively 
pulled low during under-voltage lockout. 

iSENSE 3 t----------....... ------' 
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LT1241 Series 

ABSOLUTE mAXimUm RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ....................................................... +25V 
Output Current ....................................................... ±1A· 
Output Energy (Capacitive Load per Cycle) ............... 5~ 

ORDER PART 
NUMBER 

TOP VIEW 
Analog Inputs (Pins 2,3) ............................. -0.3 to +6V 
Error Amplifier Output Sink Current ...................... 10mA 
Power Dissipation at T A!S: 25°C ................................. 1 W 
Operating Junction Temperature Range 

L T124XC ............................................ O°C to +1 OO°C 
L T124XM ....................................... -55°C to + 125°C 

ro"O'~ 
LT124XCJ8 

FB 2 7 Vee LT124XMJ8 
ISENSE 3 6 OUTPUT LT124XCN8 
RrtCr 4 5 GNO LT124XCS8 

JB PACKAGE NB PACKAGE 
S8 PART MARKING HEAO CERAMIC DIP HEAD PLASTIC DIP 

Thermal Resistance (Junction to Ambient) 
S8 .............................................................. 150°CIW 

SB PACKAGE 
HEAD PLASTIC SOIC 

124X LT1241·POlOl 

J8 ............................................................... 100°CIW 
N8 .............................................................. 130°CIW 

Storage Temperature Range ............... - 65°C to + 150°C -The lA rating for output current is based on transient switching 
Lead Temperature (Soldering, 10 sec.) ................. 300°C requirements. 

ELECTRICAL CHARACTERISTICS (Noles 1,2) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Reference Secllon 

Output Voltage 10 = lmA, TJ = 25°C 4.925 5.000 5.075 V 

Line Regulation 12V < Vcc < 25V • 3 20 mV 

Load Regulation 1 rnA < IVREF < 20mA • -6 -25 mV 

Temperature Stability 0.1 mV/oC 

Total Output Variation Line, Load, Temp • 4.87 5.13 V 

Output Noise Voltage 10Hz < F < 10kHz, TJ = 25°C 50 ltV 
Long Term Stability T A = 125°C, 1000 Hrs. 5 25 mV 

Output Short Circuit Current • -30 -90 -180 rnA 

Oscillator Section 

Initial Accuracy RT = 10k, CT = 3.3nF, TJ = 25°C 47.5 50 52.5 kHz 

RT = 13.0k, CT = 500pF. T J = 25°C 228 248 268 kHz 

Voltage Stability 12V < VCC < 25V, TJ = 25°C 1 % 

Temperature Stability TMIN < TJ < TMAX -0.05 '/oI°C 
Amplitude Pin 4, TJ = 25°C 1.7 V 

Clock Ramp Reset Current Vosc (Pin 4) = 2V, TJ = 25°C 7.9 8.2 8.5 rnA 

Error Amplifier Seclion 

Feedback Pin Input Voltage VPIN 1 = 2.5V • 2.42 2.50 2.58 V 

Input Bias Current VFB = 2.5V • -2 ItA 
Open Loop Voltage Gain 2 < Vo < 4V • 65 90 dB 

Unity Gain Bandwidth TJ = 25°C 0.7 1.3 2 MHz 

Power Supply Rejection Ratio 12V < Vcc < 25V • 60 dB 

Output Sink Current VPIN 2 = 2.7V, VPIN 1 = 1.1 V • 2 6 mA 

Output Source Current VPIN 2 = 2.3V, VPIN 1 = 5V • -0.5 -0.75 rnA 
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LT1241 Series 

ELECTRICAL CHARACTERISTICS (Notes 1,2) 

PARAMETER I CONDITIONS 

Error Amplifier Section (cont'd) 

Output Voltage High Level VPIN 2 = 2.3V, RL = 15k to GND 

Output Voltage Low Level VPIN 2 = 2.7V, RL = 15k to Pin 8 

Current Sense Section 

Gain 

Maximum Current Sense Input Threshold VPIN 3 < 1.1V 
Power Supply Rejection Ratio 

Input Bias Current 

Delay to Output 

Blanking Time 

Blanking Override Voltage 

Output Section 

Output Low Level lOUT = 20mA 
lOUT = 200mA 

Output High Level lOUT = 20mA 
lOUT = 200mA 

Rise Time CL = lnF, TJ = 25°C 

Fall Time CL = 1.0nF, TJ = 25°C 

Output Clamp Voltage lo=lmA 
Under Voltage Lockout 

Start-Up Threshold 
LT1241 
LT1242JL T1244 
LT1243/L T1245 

Minimum Operating Voltage 
LTI2411LT1243/LT1245 
L T1242JL T1244 

Hysteresis 
LT1241 
LT1242JLT1244 
L T1243/L T1245 

PWM 

Maximum Duty Cycle 
L T12411L T1244/L T1245 TJ = 25°C 
LT1242JL T1243 TJ = 25°C 

Minimum Duty Cycle 

Totai DeVice 

Start-Up Current 

Operating Current 

The. denotes those specifications which apply over the full operating 
temperature range. 
Note 1: Unless otherwise specified, Vcc = 15V, RT = 10k, CT = 3.3nF. 
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MIN TYP MAX UNITS 

5 5.6 V 
0.2 1.1 V 

• 2.85 3.00 3.15 VN 

• 0.90 1.00 1.10 V 

• 70 dB 

• -1 -10 ~ 

• 50 100 ns 

100 ns 

1.5 V 

• 0.25 0.4 V 

• 0.75 2.2 V 

• 12.0 V 

• 11.75 V 

50 80 ns 

30 60 ns 

• 18 19 V 

• 9.0 9.6 10.2 V 

• 15 16 17 V 

• 7.8 8.4 9.0 V 

• 7.0 7.6 8.2 V 

• 9.0 10 11 V 

1.6 2.0 V 
5.5 6.0 V 
0.4 0.8 V 

46 48 % 
94 96 % 

• 0 % 

170 250 

7 10 mA 

Note 2: Low duty cycle pulse techniques are used during test to maintain 
junction temperature close to ambient. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1241 Series 

Under-Voltage Lockout
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LT1241 Series 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LT1241 Series 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Output Deadtime vs Oscillator 
Frequency-LT1242, LT1244 

Output Deadtime vs Oscillator 
Frequency- LT1241, LT1243,LT1245 

Timing Resistor vs Oscillator 
Frequency 
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OSCILLATOR FREQUENCY (kHz) OSCILLATOR FREQUENCY (kHz) OSCILLATOR FREQUENCY (Hz) 
lTl241'TPC19 LTl241'TPC2() LTli241.TPC21 

Output Rise and Fall Time Output Cross-Conduction Current Current Sense Delay 

TIME 50nsJDlV 

Pin FunCTions 
Pin 1, Compensation: This pin is the output of the Error 
Amplifier and is made available for loop compensation. It 
can also be used to adjust the maximum value of the 
current sense clamp voltage to less than 1V. This pin can 
source a minimum of O.5mA (O.SmA typ.) and sink a 
minimum of 2mA (4mA typ.) 
Pin 2, Voltage Feedback: This pin is the inverting input of 
the Error Amplifier. The output voltage is normally fed 
back to this pin through a resistive divider. The non
inverting input of the Error Amplifier is internally commit
ted to a 2.5V reference point. 
Pin 3, Current Sense: This is the inputto the current sense 
comparator. The trip point of the comparator is set by, and 
is proportional to, the output voltage ofthe Error Amplifier. 

Pin 4, RT/CT: The oscillator frequency and the deadtime 
are set by connecting a resistor (RT) from VREF to RT/CT 
and a capacitor (CT) from RT/CT to GND. 

TIME 50nsJDIV TIME SOnsJDlV 

The rise time of the oscillator waveform is set by the RC 
time constant of RTand CT. The fall time, which is equal to 
the output deadtime, is set by a combination ofthe RC time 
constant and the oscillator sink current (S.2mA typ.). 
Pin 5, GND. 
Pin 6, Output: This pin is the output of a high current 
totem pole output stage. It is capable of driving up to ±1A 
of cu rrent into a capacitive load such as the gate of a 
MOSFET. 
Pin 7, Vcc: This pin is the positive supply of the controllC. 
Pin 8, Reference: This is the reference output of the IC. 
The reference output is used to supply charging current to 
the external timing resistor RT. The reference provides 
biasing to a large portion of the internal circuitry, and is 
used to generate several internal reference levels includ
ing the VFB level and the current sense clamp voltage. 
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APPLICATions InFORmATion 
Minimum 

Start-Up Operating Maximum 
Device Threshold Voltage Duly Cycle Replaces 

LT1241 9.6V 7.6V 50% NONE 

LT1242 16V 10V 100% UC1842 

LT1243 8.4V 7.6V 100% UC1843 
LT1244 16V 10V 50% UC1844 

LT1245 8.4V 7.6V 50% UC1845 

Oscillator 

The L T1241 series devices are fixed frequency current 
mode pulse width modulators. The oscillator frequency 
and the oscillator discharge current are both trimmed and 
tightly specified to minimize the variations in frequency 
and deadtime. The oscillator frequency is set by choosing 
a resistor and capacitor combination, RT and CT. This RC 
combination will determine both the frequency and the 
maximum duty cycle. The resistor RT is connected from 
VREF (pin B) to the RT/CT pin (pin 4). The capacitor CT is 
connected from the RT/CT pin to ground. The charging 
current for CT is determined by the value of RT. The 
discharge current for CT is set by the difference between 
the current supplied by RTand the discharge current of the 
L T124X. The discharge current ofthe device is trimmed to 
B.2mA. For large values of RT discharge time will be 
determined by the discharge current of the device and the 
value of CT. As the value of RT is reduced it will have more 
effect on the discharge time of CT. During an oscillator 
cycle capacitor CT is charged to approximately 2.BV and 
discharged to approximately 1.1 V. The output is enabled 
during the charge time of CT and disabled, in an off state, 
during the discharge time of CT. The deadtime of the circuit 
is equal to the discharge time of CT. The maximum duty 
cycle is limited by controlling the deadtime of the oscilla
tor. There are many combinations of RT and CT that will 
yield a given oscillator frequency, however there is only 
one combination that will yield a specific deadtime at that 
frequency. Curves of oscillator frequency and deadtime 
for various values of RT and CT appear in the Typical 
Performance Characteristics section. Frequency and 
deadtime can also be calculated using the following 
formulas: 

Oscillator Rise Time: tr ==0.583.RC 
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Oscillator Discharge Time: t == 3.46.RC 
d (0.0164) R -11. 73 

Oscillator Period: Tosc =tr+td 

Oscillator Frequency: fosc == _1_ 
Tosc 

Maximum Duty Cycle: 
LT1241, LT1244, LT1245 DMAX==-tr-== TosC-td 

2 Tosc 2 Tosc 

L T1242, LT1243 DMAX == _t_r = Tosc - td 
Tosc Tosc 

The above formulas will give values that will be accurate 
to approximately ±5%, at the oscillator, over the full 
operating frequency range. This is due to the fact that the 
oscillator trip levels are constant versus frequency and the 
discharge current and initial oscillator frequency are 
trimmed. Some fine adjustment may be required to achieve 
more accurate results. Once the final RT/CTcombination is 
selected the oscillator characteristics will be repeatable 
from device to device. Note that there will be some slight 
differences between maximum duty cycle at the oscillator 
and maximum duty cycle at the output due to the finite rise 
and fall times of the output. 

The output switching frequency will be equal to the 
oscillator frequency for LT1242 and L T1243. The output 
switching frequency will be equal to one half the oscillator 
frequency for L T1241 , LT1244, and LT1245. The oscilla
tor of LT1241 series devices will run at frequencies up to 
1 MHz, allowing 500kHz output switching frequencies for 
all devices. 

Error Amplifier 

The L T1241 series of devices contain a fully compensated 
error amplifier with a DC gain of 90dB and a unity gain 
frequency of 1 MHz. Phase margin at unity gain is BO°. The 
non-inverting input is internally committed to a 2.5V 
reference point derived from the 5V reference of pin 8. The 
inverting input (pin 2) and the output (pin 1) are made 
available to the user. The output voltage in a regulator 
circuit is normally fed back to the inverting input of the 
error amplifier through a resistive divider. 

The output of the error amplifier is made available for 
external loop compensation. The output current of the 
error amplifier is limited to approximately O.BmA sourcing 



APPLICATions InFoRmATion 
and approximately 6mA sinking. In a current mode PWM 
the peak switch current is a function of the output voltage 
of the error amplifier. In the LT1241 series devices the 
output of the error amplifier is offset by two diodes (1.4V 
at 25°C), divided by a factor of three, and fed to the 
inverting input of the current sense comparator. For error 
amplifier output voltages less than 1.4V the duty cycle of 
the output stage will be zero. The maximum offsetthat can 
appear at the current sense input is limited by a 1 V clamp. 
This occurs when the error amplifier output reaches 4.4V 
at 25°C. 

The output of the error amplifier can be clamped below 
4.4V in order to reduce the maximum voltage allowed 
across the current sensing resistor to less than 1V. The 
supply current will increase by the value of the output 
source current when the output voltage of the error 
amplifier is clamped. 

Current Sense Comparator and PWM Latch 

LT1241 series devices are current mode controllers. 
Under normal operating conditions the output (pin 6) is 
turned on at the start of every oscillator cycle, coincident 
with the rising edge ofthe oscillator waveform. The output 
is then turned off when the current reaches a threshold 
level proportional to the error voltage at the output of the 
error amplifier. Once the output is turned off it is latched 
off until the start of the next cycle. The peak current is thus 
proportional to the error voltage and is controlled on a 
cycle by cycle basis. The peak switch current is normally 
sensed by placing a sense resistor in the source lead of the 
output MOSFET. This resistor converts the switch current 
to a voltage that can be fed into the current sense input. For 
normal operating conditions the peak inductor current, 
which is equal to the peak switch current will be equal to: 

(VPIN1-1.4V 
IpK = ) 3Rs 

During fault conditions the maximum threshold voltage at 
the input of the current sense comparator is limited by the 
internal1V clamp at the inverting input. The peak switch 
current will be equal to: 

I l,OV 
PK(MAX)=RS 

..L7lJ!J~ 

LT1241 Series 

In certain applications, such as high power regulators, it 
may be desirable to limit the maximum threshold voltage 
to less than 1 V in order to limit the power dissipated in the 
sense resistor or to limit the short circuit current of the 
regulator circuit. This can be accomplished by clamping 
the output of the error amplifier. A voltage level of 
approximately 1.4V at the output of the error amplifier will 
give a threshold voltage of OV. A voltage level of approxi
mately 4.4V at the output of the error amplifier will give 
a threshold level of 1V. Between 1.4V and 4.4V the 
threshold voltage will change by a factor of one third ofthe 
change in the error amplifier output voltage. The threshold 
voltage will be O.333V for an error amplifier voltage of 
2.4V. To reduce the maximum current sense threshold to 
less than 1 V the error amplifier output should be clamped 
to less than 4.4V. 

Blanking • 

A unique feature of the LT1241 series devices is the built 
in blanking circuit at the output of the current sense 
comparator. A common problem with current mode 
PWM circuits is erratic operation due to noise at the 
current sense input. The primary cause of noise problems 
is the leading edge current spike due to transformer 
interwinding capacitance and diode reverse recovery 
time. This current spike can prematurely trip the current 
sense comparator causing an instability in the regulator 
circuit. A filter at the current sense input is normally 
required to eliminate this instability. 

This filter will in turn slow down the current sense loop. 
Aslow current sense loop will increase the minimum pulse 
width which will increase the short circuit current in an 
overload condition. The L T1241 series devices blank (lock 
out) the signal at the output of the current sense compara
tor for a fixed amount of time after the switch is turned on. 
This effectively prevents the PWM latch from tripping due 
to the leading edge current spike. 

The blanking time will be a function of the voltage at the 
feedback pin (pin 2). The blanking time will be 100ns for 
normal operating conditions (VFB = 2.5V). The blanking 
time goes to zero as the feedback pin is pulled to OV. This 
means that the blanking time will be minimized during 
start-up and also during an output short circuit fault. This 
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APPLICATions InFoRmATion 
blanking circuit eliminates the need for an input filter at the 
current sense input except in extreme cases. Eliminating 
th~ !i1ter allows the current sense loop to operate with 
minimum delays, reducing peak currents during fault 
conditions. 

Under-Voltage Lockout 

The LT1241 series devices incorporate an under-voltage 
lockout comparator which prevents the internal reference 
circuitry and the output from starting up until the supply 
voltage reaches the start-up threshold voltage. The quies
cent current, below the start-up threshold, has been 
reduced to less than 250IJA (170IJA typ.) to minimize the 
power loss due to the bleed resistor used for start-up in off 
line converters. In under-voltage lockout both VREF (pin 8) 
and the output (pin 6) are actively pulled low by Darlington 
connected PNP transistors. They are designed to sink a 
few milliamps of current and will pull down to about 1V. 
The pull-down transistor at the reference pin can be used 
to reset the external soft start capacitor. The pull-down 
transistor at the output eliminates the external pull-down 
resistor required, with earlier devices, to hold the external 
MOSFET gate low during under-voltage lockout. 

Output 

The LT1241 series devices incorporate a single high 
current totem pole output stage. This output stage is 
capable of driving up to ±1A of output current. Cross
conduction current spikes in the output totem pole have 
be.e~ eliminated. This device is primarily intended for 
dnvlng MOSFET switches. Rise time is typically 40ns and 
fall time is typically 30ns when driving a 1.0nF load. A 
clamp is built into the device to prevent the output from 
rising above 18V in order to protect the gate of the 
MOSFET switch. 

The output is actively pulled low during under-voltage 
lockout by a Darlington PNP. This PNP is designed to sink 
several milliamps and will pull the output down to approxi
mately 1 V. This active pull-down eliminates the need for an 
external resistor which was required in older designs. The 
output pin ofthe device connects directly to the emitter of 
the upper NPN drive transistor and the collector of the 
lower NPN drive transistor in the totem pole. The collector 
of the lower transistor, which is n-type silicon, forms a 
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p-n junction with the substrate of the device. This junction 
is reverse biased during normal operation. 

In some applications the parasitic LC of the external 
MOSFET gate can ring and pull the output pin below 
gr~und. If the output pin is pulled negative by more than 
a diode drop the parasitic diode formed by the collector of 
the output NPN and the substrate will turn on. This can 
cause erratic operation of the device. In these cases a 
Schottky clamp diode is recommended from the output to 
ground. 

Reference 

The internal reference of the L T1241 series devices is a 5V 
Bandgap reference, trimmed to within ±1% initial toler
~nce. The ~eference is used to power the majority of 
Internal logic and the oscillator circuitry. The oscillator 
charging current is supplied from the reference. The 
feedback pin voltage and the clamp level for the current 
sense comparator are derived from the reference voltage. 
The refere~ce .can supply up to 20mA of current to power 
external circuitry. Note that using the reference in this 
manner, as a voltage regulator, will significantly increase 
power dissipation in the device which will reduce the 
useful operating ambient temperature range. 

Design/Layout Considerations 

LT1241 series devices are high speed circuits capable of 
gene~ating pulse~ output drive currents of up to 1A peak. 
The nse and fall time for the output drive current is in the 
range of 1 Ons to 20ns. High speed circuittechniques must 
be used to insure proper operation of the device. Do not 
aHempt to use Proto-boards or wire-wrap techniques to 
breadboard high speed switching regulator circuits. 
They will not work properly. 

Printed circuit layouts should include separate ground 
paths for the voltage feedback network, oscillator capaci
tor, and switch drive current. These ground paths should 
be connected together directly atthe ground pin (pin 5) of 
the LT124X. This will minimize noise problems due to 
pul~e~ ground pin currents. Vcc should be bypassed, with 
a .mlnlmum of 0.1IlF, as close to the device as possible. 
High current paths should be kept short and they should 
be separated from the feedback voltage network with 
shield traces if possible. 



TYPICAL APPLICATIOnS 
External Clock Synchronization 

EXTERNAL 
SYNC 
INPUT 

JUL 

D1 IS REQUIRED IF THE SYNC AMPLITUDE IS 
LARGE ENOUGH TO PULL THE BonOM OF CT 
MORE THAN 300mV BELOW GROUND. 

v -~ 
CLAMP-(R2 ) 

lIT +1 

LT1241 Series 

Soli Start 

Adjustable Clamp Level with Soli Start 

WHERE: 0 ~ VCLAMP ~ 1.0V [ Vc] R1 R2 lS0FTSTART=-ln 1- -- C --
3' VCLAMP R1 + R2 

Slope Compensation at ISENSE Pin 
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TYPICAL APPLICATiOnS 
300kHz Off-Line Power Supply 

R8 
152k 

Rl0 
20k 

Cll 

l220PF 

4-132 

RT1 
MCID404 
2KBPOO5M 

Rl R2 
200k 660k 

1/10W 

R4 
660k 
111 OW 

R7 
07 510 

BAV21 1110W 

C8 

l100PF 

NOTES: UNLESS OTHERWISE SPECIFIED 
1. ALL RESISTANCES ARE IN OHMS, 1/4W, 5%. 
2. ALL CAPACITANCES ARE IN MICRO-FARADS, 50V, 10%. 

R5 
27k 
2W 

01 
MURl60 

R16 
2 
1/4W 

R17 
2 
1/4W 

03 
MUR420 
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TYPICAL APPLICATiOnS 
Slope Compensation at Error Amp 
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f"'-LlntA.~D __ L_T1246 
~, . TECHNOLOGY 1 MHz Off-Line 

Current Mode PWM 

FEATURES 
• Current Mode Operation to 1 MHz 
• 30ns Current Sense Delay 
• Low Start-Up Current «250~) 
• Current Sense Leading Edge Blanking 
• Pin Compatible with UC1842 
• Under-Voltage Lockout with Hysteresis 
• No Cross-Conduction Current 
• Trimmed Bandgap Reference 
• 1A Totem Pole Output 
• Trimmed Oscillator Frequency and Sink Current 
• Active Pull-Down on Reference and Output During 

Under-Voltage Lockout 
• High Level Output Clamp (18V) 

APPLICATions 
• Off-Line Converters 
• DC-DC Converters 

BLOCK DIAGRAm 

t-------4p--{.... 5.6V 

lmA 

2R 

R 

DESCRIPTion 
The L T1246 is an 8-pin, fixed frequency, current mode, 
pulse width modulator. The device is designed to be an 
improved plug compatible version of the industry stan
dard UC1842 PWM circuit. The L T1246 is optimized for 
off-line and DC-to-DC converter applications. It contains a 
temperature compensated reference, high gain error am
plifier, current sensing comparator, and a high current 
totem pole output stage ideally suited to driving power 
MOSFETs. Start-up current has been reduced to less than 
250~. Cross-conduction current spikes in the totem 
pole output stage have been eliminated, making 1 MHz 
operation practical. Several new features have been incor
porated. Leading edge blanking has been added to the 
current sense comparator. This minimizes or eliminates 
the filter that is normally required. Eliminating this filter 
allows the current sense loop to operate with minimum 
delays. Trims have been added to the oscillator circuit for 
both frequency and sink current, and both of these param
eters are tightly specified. The output stage is clamped to 
a maximum VOUT of 18V in the on state. The output and the 
reference output are actively pulled low during under
voltage lockout. 

ISENSE 3t-----------+------' 

LT1246·eoo1 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ....................................................... +25V 
Output Current ....................................................... ±1A* 
Output Energy (Capacitive Load per Cycle) ............... 5IlJ 
Analog Inputs (Pins 2, 3) ............................. -0.3 to +6V 
Error Amplifier Output Sink Current ...................... 10mA 
Power Dissipation at T A:<;; 25°C ................................. 1 W 
Operating Junction Temperature Range 

L T1246C ............................................ O°C to +1 OO°C 
L T1246M ....................................... -55°C to + 125°C 

ORDER PART 
NUMBER 

TOP VIEW 
LT1246CJ8 

'""O'~ LT1246MJ8 
FB 2 7 Vee LT1246CN8 

ISENSE 3 6 OUTPUT LT1246CS8 
RTrcT 4 5 GND 

J8 PACKAGE N8 PACKAGE S8 PART MARKING 
8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

Thermal Resistance (Junction to Ambient) 
S8 .............................................................. 150°C/W 

S8 PACKAGE 1246 
8-LEAD PLASTIC SOIC 

LT124ti·POlOl 

J8 ............................................................... 100°C/W 
N8 .............................................................. 130°C/W 

Storage Temperature Range ............... - 65°C to + 150°C 'The IA rating for output current is based on transient switching 
Lead Temperature (Soldering, 10 sec.) ................. 300°C requirements. 

ELECTRICAL CHARACTERISTICS (Noles 1, 2) 

PARAMETER I CONDITIONS MIN TYP MAX UNITS 

Reference Section 

Output Voltage 10 = ImA, TJ = 25°C 4.925 5.000 5.075 V 

Line Regulation 12V < Vcc < 25V • 3 20 mV 

Load Regulation 1 mA < IREF < 20mA • -6 -25 mV 

Temperature Stability 0.1 mV/oC 

Total Output Variation Line, Load, Temp • 4.87 5.13 V 

Output Noise Voltage 10Hz < F < 10kHz, TJ = 25°C 50 IlV 
Long Term Stability TA = 125°C, 1000 Hrs. 5 25 mV 

Output Short Circuit Current • -30 -90 -180 mA 

Oscillator Section 

Initial Accuracy RT = 10k, CT = 3.3nF, TJ = 25°C 47.5 50 52.5 kHz 

RT = 6.2k, CT = 500pF, TJ = 25°C 465 500 535 kHz 

Voltage Stability 12V < Vcc < 25V, TJ = 25°C 1 % 

Temperature Stability T MIN < T J < T MAX -0.05 %rC 
Amplitude Pin 4 1.7 V 

Clock Ramp Reset Current Vosc (Pin 4) = 2V, TJ = 25°C 7.9 8.2 8.5 mA 
.. Error Amplifier SectIOn 

Feedback Pin Input Voltage VPIN 1 = 2.5V • 2.42 2.50 2.58 V 

Input Bias Current VFB = 2.5V • -2 JlA 
Open Loop Voltage Gain 2 < Vo < 4V • 65 90 dB 

Unity Gain Bandwidth TJ = 25°C 1 2 MHz 

Power Supply Rejection Ratio 12V < Vee < 25V • 60 dB 

Output Sink Current VPIN 2 = 2.7V, VPIN 1 = 1.IV • 2 6 mA 

Output Source Current VPIN 2 = 2.3V, VPIN 1 = 5V • -0.5 -0.75 mA 
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ELECTRICAL CHARACTERISTICS (Noles 1, 2) 

PARAMETER I CONDITIONS 
Error Amplifier Section (cont'd) 

Output Voltage High Level VPIN 2 = 2.3V, RL = 15k to GND 

Output Voltage Low Level VPIN 2 = 2.7V, RL = 15k to Pin 8 

Current Sense Section 

Gain 

Maximum Current Sense Input Threshold VPIN3 < 1.1V 
Power Supply Rejection Ratio 

Input Bias Current 

Delay to Output 

Blanking Tillie 

Blanking Override Voltage 

Output Section 

Output Low Level lOUT = 20mA 
lOUT = 200mA 

Output High Level lOUT = 20mA 
lOUT = 200mA 

Rise Time CL = lnF, TJ = 25°C 

Fall Time CL = 1.0nF, TJ = 25°C 

Output Clamp Voltage lo=lmA 

Under-Voltage Lockout 

Start-Up Threshold 

Minimum Operating Voltage 

HystereSiS 

PWM 

Maximum Duty Cycle TJ = 25°C 
Minimum Duty Cycle TJ = 25°C 

Total Device 

Start-Up Current 

Operating Current 

The. denotes those specifications which apply over the full operating 
temperature range. 
Note1: Unless otherwise specified, Vee = 15V, RT = 10k, CT = 3.3nF. 
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MIN TYP MAX UNITS 

5 5.6 v 
0.2 1.1 v 

• 2.85 3.00 3.15 VN 

• 0.90 1.00 1.10 V 

70 dB 

• -1 -10 j.tA 

30 ns 

60 ns 

1.5 V 

• 0.25 0.4 V 

• 0.75 2.2 V 

• 12.0 V 

• 11.75 V 

30 70 ns 

20 60 ns 

• 18 19 V 

• 15 16 17 V 

• 9.0 10 11 V 

5.5 6.0 V 

94 100 % 

0 % 

170 250 j.tA 

13 20 mA 

Note 2: Low duty cycle pulse techniques are used during test to maintain 
junction temperature close to ambient. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Output Rise and Fall Time Current Sense Delay Output Cross-Conduction 

TIME 50nslDIV 

Pin FunCTions 
Pin 1, Compensation: This pin is the output of the Error 
Amplifier and is made available for loop compensation. It 
can also be used to adjust the maximum value of the 
current sense clamp voltage to less than 1V. This pin can 
source a minimum of O.5mA (O.BmA typ.) and sink a 
minimum of 2mA (4mA typ.) 

Pin 2, Voltage Feedback: This pin is the inverting input of 
the Error Amplifier. The output voltage is normally fed 
back to this pin through a resistive divider. The non
inverting input of the Error Amplifier is internally commit
ted to a 2.5V reference point. 

Pin 3, Current Sense: This is the inputtothe current sense 
comparator. The trip pOint ofthe comparator is set by, and 
is proportional to, the output voltage ofthe Error Amplifier. 

Pin 4, RT/CT: The oscillator frequency and the deadtime 
are set by connecting a resistor (RT) from VREF to RT/CT 
and a capacitor (CT) from RT/CT to GND. 

TIME 50nslDIV 

The rise time of the oscillator waveform is set by the RC 
time constant of RTand CT. The fall time, which is equal to 
the output deadtime, is set by acombination ofthe RCtime 
constant and the oscillator sink current (B.2mA typ.). 

Pin 5, GND. 

Pin 6, Output: This pin is the output of a high current 
totem pole output stage. It is capable of driving up to ±1A 
of current into a capacitive load such as the gate of a 
MOSFET. 

Pin 7, Vec: This pin is the positive supply ofthe controllC. 

Pin 8, Reference: This is the reference output of the IC. 
The reference output is used to supply charging currentto 
the external timing resistor RT. The reference provides 
biasing to a large portion of the internal circuitry, and is 
used to generate several internal reference levels includ
ing the VFB level and the current sense clamp voltage. 
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APPLICATions InFoRmATion 
Oscillator 

The LT1246 is a fixed frequency current mode pulse width 
modulator. The oscillator frequency and the oscillator 
discharge current are both trimmed and tightly specified 
to minimize the variations in frequency and deadtime. The 
oscillator frequency is set by choosing a resistor and 
capacitor combination, RT and CT. This RC combination 
will determine both the frequency and the maximum duty 
cycle. The resistor RT is connected from VREF (pin 8) to the 
RT/CT pin (pin 4). The capacitor CT is connected from the 
RT/CT pin to ground. The charging current for CT is 
determined by the value of RT. The discharge current for 
CT is set by the difference between the current supplied by 
RT and the discharge current of the LT1246. The dis
charge current ofthe device is trimmed to 8.2mA. For large 
values of RT discharge time will be determined by the 
discharge current of the device and the value of CT. As the 
value of RT is reduced it will have more effect on the 
discharge time of CT. During an oscillator cycle capacitor 
CT is charged to approximately 2.8V and discharged to 
approximately 1.1V. The output is enabled during the 
charge time of CT and disabled, in an off state, during the 
discharge time of CT. The deadtime of the Circuit is equal 
to the discharge time of CT. The maximum duty cycle is 
limited by controlling the deadtime ofthe oscillator. There 
are many combinations of RT and CT that will yield a given 
oscillator frequency, however there is only one combina
tion that will yield a specific deadtime at that frequency. 
Curves of oscillator frequency and deadtime for various 
values of RT and CT appear in the Typical Performance 
Characteristics section. Frequency and deadtime can also 
be calculated using the following formulas: 

Oscillator Rise Time: tr =0.583.RC 

o '11 t D' h T' t _ 3.46.RC SCI a or ISC arge Ime. d - O. 0164R -11. 73 

Oscillator Period: Tosc =tr+td 

Oscillator Frequency: fose = _1_ 
Tose 

. t '[-t 
Maximum Duty Cycle: DMAX = _r ose d 

Tose Tose 
The above formulas will give values that will be accurate 
to approximately ±5%, at the oscillator, over the full 
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operating frequency range. This is due to the fact that the 
oscillatortrip levels are constant versus frequency and the 
discharge current and initial oscillator frequency are 
trimmed. Some fine adjustment may be required to achieve 
more accurate results. Onee the final RT/CTcombination is 
selected the oscillator characteristics will be repeatable 
from device to device. Note that there will be some slight 
difference,s between maximum duty cycle at the oscillator 
and maximum duty cycle atthe output due to the finite rise 
and fall times of the output. 

Error Amplifier 

The LT1246 contains a fully compensated error amplifier 
with a DC gain of90dB and a unity gain frequency of 2MHz. 
Phase margin at unity gain is 80°. The non-inverting input 
is internally committed to a 2.5V reference point derived 
from the 5V reference of pin 8. The inverting input (pin 2) 
and the output (pin 1) are made available to the user. The 
output voltage in a regulator circuit is normally fed back to 
the inverting input ofthe error amplifier through a resistive 
divider. The output ofthe error amplifier is made available 
for external loop compensation. The output current of the 
error amplifier is limited to approximately 0.8mA sourcing 
and approximately 6mA sinking. 

In a current mode PWM the peak switch current is a 
function of the output voltage of the error amplifier. In the 
L T1246 the output of the error amplifier is offset by two 
diodes (1.4V at 25°C), divided by a factor of three, and fed 
to the inverting input of the current sense comparator. For 
output voltages less than 1.4V the duty cycle of the output 
stage will be zero. The maximum offset that can appear at 
the current sense input is limited by a 1V clamp. This 
occurs when the error amplifier output reaches 4.4V at 
25°C. The output of the error amplifier can be clamped 
below 4.4V in order to reduce the maximum voltage 
allowed across the current sensing resistor to less than 
1 V. The supply current will increase by the value of the 
output source current when the output voltage of the error 
amplifier is clamped. 



APPLICATions InFoRmATion 
Current Sense Comparator and PWM Latch 

L T1246 is a current mode controller. Under normal oper
ating conditions the output (pin 6) is turned on at the start 
of every oscillator cycle, coincident with the rising edge of 
the oscillator waveform. The output is then turned off 
when the switch current reaches a threshold level propor
tional to the error voltage at the output of the error 
amplifier. Once the output is turned off it is latched off until 
the start of the next cycle. The peak switch current is thus 
proportional to the error voltage and is controlled on a 
cycle by cycle basis. The peak switch current is normally 
sensed by placing a sense resistor in the source lead of the 
output MOSFET. This resistor converts the switch current 
to a voltage that can be fed into the current sense input. For 
normal operating conditions the peak inductor current, 
which is equal to the peak switch current, will be equal to: 

(VPIN1-1.4V) 
IpK = ( ) 3Rs 

During fault conditions the maximum threshold voltage at 
the input of the current sense comparator is limited by the 
internal 1 V clamp at the inverting input. The peak switch 
current will be equal to: 

I 1.0V 
PK(MAX)=Rs 

In certain applications such as high power regulators it 
may be desirable to limit the maximum threshold voltage 
to less than 1 V in order to limit the power dissipated in the 
sense resistor or to limit the short circuit current of the 
regulator circuit. This can be accomplished by clamping 
the output of the error amplifier. A voltage level of 
approximately 1.4V at the error amplifier output will give 
a threshold voltage of OV. A voltage level of approximately 
4.4V at the output of the error amplifier will give a thresh
old level of 1V. Between 1.4V and 4.4V the threshold 
voltage will change by a factor of one third of the change 
in the error amplifier output voltage. The threshold voltage 
will be 0.333V for an error amplifier voltage of 2.4V. To 
reduce the maximum current sense threshold to less than 
1V the error amplifier output should be clamped to less 
than 4.4V. 

LT1246 

Blanking 

A unique feature of the L T1246 is the built in blanking 
circuit at the output of the current sense comparator. 
A common problem with current mode PWM circuits is 
erratic operation due to noise at the current sense input. 
The primary cause of noise problems is the leading edge 
currentspike dueto transformer interwinding capacitance 
and diode reverse recovery time. This current spike can 
prematurely trip the current sense comparator causing an 
instability in the regulator circuit. A filter at the current 
sense input is normally required to eliminate this instabil
ity. This filterwill in turn slow down the current sense loop. 
A slow current sense loop will increase the minimum pulse 
width which will increase the short circuit current in an 
overload condition. The LT1246 blanks (locks out) the 
signal at the output of the current sense comparator for a 
fixed amount of time after the switch is turned on. This 
prevents the PWM latch from tripping due to the leading 
edge current spike. The blanking time will be a function of 
the voltage at the feedback pin (pin 2). The blanking time 
will be 60ns for normal operating conditions (VFB = 2.5V). 
The blanking time goes to zero as the feedback pin is pulled 
to OV. This means thatthe blanking time will be minimized 
during start-up and also during an output short circuit 
fault. This blanking circuit eliminates the need for an input 
filter at the current sense input except in extreme cases. 
Eliminating the filter allows the current sense loop to 
operate with minimum delays, reducing peak currents 
during fault conditions. 

Under-Voltage lockout 

The LT1246 incorporates an under-voltage lockout com
parator which prevents the internal reference circuitry and 
the output from starting up until the supply voltage reaches 
the start-up threshold voltage. The quiescent current, 
below the start-up threshold, has been reduced to less 
than 250~ (17011A typ.). This minimizes the power loss 
due to the start-up resistor used in off-line converters. In 
under-voltage lockout both VREF (pin 8) and the Output 
(pin 6) are actively pulled low by Darlington connected 
PNP transistors. They are designed to sinkafew milliamps 
of current and will pull down to about 1 V. The pull-down 
transistor at the reference pin can be used to reset the 
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APPLICATions InFoRmATion 
external soft start capacitor. The pull-down transistor at 
the output eliminates the external pull-down resistor re
quired, with earlier devices, to hold the external MOSFET 
gate low during under-voltage lockout. 

Output 

The L T1246 incorporates a single high current totem pole 
output stage. This output stage is capable of driving up to 
±1 A of output current. Cross-conduction current spikes in 
the output totem pole have been eliminated. This device is 
primarily intended for driving MOSFET switches. Rise 
time is typically 30ns and fall time is typically 20ns when 
driving a 1.0nF load. A clamp is built into the device to 
prevent the output from rising above 18V in order to 
protect the gate of the MOSFET switch. The output is 
actively pulled low during under-voltage lockout by a 
Darlington PNP. This PNP is designed to sink several 
milliamps and will pull the output down to approximately 
1V. This active pull-down eliminates the need for the 
external resistor which was required in older designs. 

The output pin of the device connects directly to the 
emitter ofthe upper NPN drive transistor and the collector 
of the lower NPN drive transistor in the totem pole. The 
collector of the lower transistor, which is n-type silicon, 
forms a p-n junction with the substrate of the device. The 
substate of the device is tied to ground. This junction is 
reverse biased during normal operation. In some applica
tions the parasitic LC of the external MOSFET gate can ring 
and pull the output pin below ground. If the output pin is 
pulled negative by more than a diode drop the parasitic 
diode formed by the collector of the output NPN and the 
substrate will turn on. This can cause erratic operation of 
the device. In these cases a Schottky clamp diode is 
recommended from output to ground. 
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Reference 

The internal reference of the LT1246 is a 5V Bandgap 
reference, trimmed to within ±1 % initial tolerance. The 
reference is used to powerthe majority ofthe internal logic 
and the oscillator circuitry. The oscillator charging current 
is supplied from the reference. The feedback pin voltage 
and the clamp level for the current sense comparator are 
derived from the reference voltage. The reference can 
supply up to 20mA of current to power external circuitry. 
Note that using the reference in this manner, as a voltage 
regulator, will significantly increase the power dissipation 
in the device, which will reduce the operating ambient 
temperature range. 

Design/Layout Considerations 

L T1246 is a high speed circuit capable of generating 
pulsed output drive currents of upto 1 A peak. The rise and 
fall time for the output drive current is in the range of 
10ns to 20ns. High speed circuit layout techniques must 
be used to insure proper operation of the device. Do not 
attempt to use Proto-boards or wire-wrap techniques to 
breadboard high speed switching regulator circuits. 
They will not work properly. 

Printed circuit layouts should include separate ground 
paths for the voltage feedback network, oscillator capaci
tor, and switch drive current. These ground paths should 
be connected together directly at the ground pin (pin 5) of 
the LT1246. This will minimize noise problems due to 
pulsed ground pin currents. Vee should be bypassed, with 
a minimum of 0.1/-LF, as close to the device as possible. 
High current paths should be kept short and they should 
be separated from the feedback voltage network with 
shield traces if possible. 



TYPICAL APPLICATions 

v _.-lR. 
ClAMP-(R2 ) 

R1 +1 

External Clock Synchronization 

EXTERNAL 

SYNC ~ INPUT 0.01 

JUl. ~ --, 
47 erDl , 

Dl IS REQUIRED IF THE SYNC AMPLITUDE IS 
LARGE ENOUGH TO PULL THE BOTTOM OF CT 
MORE THAN 300mV BELOW GROUND. 

Soft Start 

Adjustable Clamp Level with Soft Start 

WHERE: 0 ~ VCLAMP ~ 1.0V 

LT1246 

RS 

[ Vc] Rl R2 tSOFTSTART=-ln 1- -- C--
3· VCLAMP Rl + R2 
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Slope Compensation at ISENSE Pin 

Slope Compensation at Error Amp 
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FEATURES 
• Accurate Preset +5V Output 
• Up to 90% Efficiency 
• Optional Burst Mode for Light Loads 
• Can be Used with Many LTC Switching ICs 
• Accurate Ultra-Low-Loss Current Limit 
• Operates with Inputs from 6V to 30V 
• Shutdown Mode Draws Only 151lA 
• Uses Small 50llH Inductor 

APPLICATions 
• Laptop and Palmtop Computers 
• Portable Data-Gathering Instruments 
• DC Bus Distribution Systems 
• Battery-Powered Digital Widgets 

TYPICAL APPLICATiOn 

t-:-<I~-----f Vsw 
Cl 

-::I:" 330~F 
.". 35V 

MODE LOGIC 
220pF I' 

<0.3V = NORMAL MODE .". 
>2.5V = SHUTDOWN 
OPEN = BURST MODE 

Switching Regulator Controller 

DESCRIPTion 
The LT1432 is a control chip designed to operate with the 
LT1170/LT1270 family of switching regulators to make a 
very high efficiency 5V step-down (buck) switching 
regulator. A minimum of external components is needed. 

Included is an accurate current limit which uses only 
60mV sense voltage and uses "free" PC board trace 
material for the sense resistor. Logic controlled electronic 
shutdown mode draws only 151lA battery current. The 
switching regulator operates down to 6V input. 

The LT1432 has a logic controlled "burst" mode to achieve 
high efficiency at very light load currents (0 to 100mA) 
such as memory keep-alive. In normal switching mode, 
the standby power loss is about 60mW, limiting efficiency 
at light loads. In burst mode, standby loss is reduced to 
approximately 15mW. Output current in this mode is 
typically in the 5mA to 100mA range. 

The LT1432 is available in 8-pin surface mount and DIP 
packages. The L T1170/L T1270familywill also be available 
in a surface mount version of the 5-pin TO-220 package. 
For 3.3V versions contact LinearTechnology Corporation. 

• R2 IS MADE FROM PC BOARD 
COPPER TRACES. 

.. MAXIMUM CURRENT IS DETERMINED 
BYTHE CHOICE OF LT1070 FAMILY. 
SEE APPLICATION SECTION. 

100 

90 

>-
ffi 80 
13 

~ 
70 

60 

If 

o 
a 

EHiciency 

NORJALMobE 
(USE AMPS SCALE) ----

/ 
~RSTMODE 

(USE mA ~CALE) 

V 
LT1l. L= 50~H 

lA 
20mA 

2A 3A 
40mA 60mA 

Figure 1. High EHiciency 5V Buck Converter 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
VIN Pin ••••.••••••.•••..••...•••...••....••...••..•...•...••..•...•..••..•.. 30V 
V+ Pin •...•..•.•..•..••.•.••••.•••.•••..•....••......••...•...•..•...•...•.. 40V 

Vc •.••••...••.•....••..••...••....•..•.•.....•..•••••..••.•.••..•..•.......... 35V 

VUM and VOUT Pins ................................................... 7V 
Diode Pin Voltage ••.........••...•....••..••..••.......•......•...••. 30V 
Mode Pin Current (Note 2) •.•...•••..••.••...••...•..•..••...•.. 1 rnA 
Operating Temperature Range •..••...•..••...•... O°C to lO°C 
Storage Temperature Range ..••....•.••...•• -65°C to 150°C 

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

ELECTRICAL CHARACTERISTICS 

TOP VIEW 

'~O-VOUT 2 7 GND 

VIN 3 6 Vc 
v+ 4 5 DIODE 

NB PACKAGE 
B·LEAD PLASTIC DIP 

58 PACKAGE 
8·LEAD PLASTIC SO 

VC = 6V, VIN = 12V, V+ = 1DV, VDlODE = Open, VLlM = VOUT, VMOOE = DV, TJ = 25°C 
Device is in standard test loop unless otherwise noted. 

PARAMETER CONDITIONS MIN 

Regulated Output Voltage Vc Current = 22011A • 4.9 
Output Voltage Line Regulation VIN = 6V to 30V • 
Input Supply Current (Note 1) VIN = 6V to 30V, V+ = VIN + 5V, Vc = VIN + lV • 
Quiescent Output Load Current 
Mode Pin Current VMODE = OV (current is out of pin) • VMODE = 5V (shutdown) • 
Mode Pin Threshold Voltage IMODE = 1011A (out of pin) • 0.6 
(Normal to Burst) 

Vc Pin Saturation Voltage VOUT = 5.5V (forced) • 
Vc Pin Maximum Sink Current VOUT = 5.5V (forced) • 0.45 

Vc Pin Source Current VOUT = 4.5V (forced) • 40 
Current Limit Sense Voltage (Note 3) Device in Current Limit Loop 56 

VLlM Pin Current Device in Current Limit Loop • 30 
(current is out of pin) 

Supply Current in Shutdown VMODE > 3V, VIN < 30V, Vc and Vt = OV • 
Burst Mode Output Ripple Device in Burst Test Circuit 
Burst Mode Average Output Voltage Device in Burst Test Circuit • 4.8 
Clamp Diode Forward Voltage IF = 1 rnA, All Other Pins Open • 
Startup Drive Current VOUT = 2.5V (forced), Vt = 5V to 25V, 

VIN = 6V to 26V, Vt = VIN -W, Vc = VIN -1.5V • 30 

Restart Time Delay (Note 4) 1 
Transconductance, Output to Vc Pin Ic = 15011A to 25011A • 1500 

ORDER PART 
NUMBER 

LT1432CN8 
LT1432CS8 

S8 PART MARKING 

1432 

TYP MAX UNITS 

5.0 5.1 V 
5 20 mV 

0.3 0.5 rnA 
0.9 1.2 rnA 
30 50 IIA 
15 30 IIA 
0.9 1.5 V 

0.25 0.45 V 
0.8 1.5 rnA 
60 100 IIA 
60 64 mV 
45 70 IIA 

15 60 IlA 
100 mVp•p 

5 5.2 V 
0.5 0.65 V 
45 rnA 

1.8 10 ms 
2000 2800 Ilmho 

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

Note 3: Current limit sense voltage temperature coefficient is +0.33%/OC 
to match TC of copper trace material. 

Nole 1: Does not include current drawn by the L Tl070 IC. See operating 
parameters in standard circuit. 
Note 2: Breakdown voltage on the mode pin is 7V. External current must 
be limited to value shown. 
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Note 4: VOUT pin switched from 5.5Vto 4.5V. 



ELECTRICAL CHARACTERISTICS 
Operating parameters in standard circuit configuration. 
VIN = +12V, lOUT = D, unless otherwise noted. These parameters guaranteed where indicated, but notlested. 

PARAMETER CONDITIONS MIN 

Burst Mode Quiescent Input Supply Current 

Burst Mode Output Ripple Voltage lOUT = 0 
lOUT = 50mA 

Normal Mode Equivalent Input Supply Current Extrapolated from lOUT = 20mA 
Normal Mode Minimum Operating Input Voltage 1 OOmA < lOUT < 1.5A 
Burst Mode Minimum Operating Input Voltage 5mA < lOUT < 50mA 
Efficiency Normal Mode lOUT = 0.5A 

Burst Mode lOUT = 25mA 
Load Regulation Normal Mode 50mA < lOUT < 2A 

Burst Mode o < lOUT < 50mA 

EQUIVALEnT SCHEmATIC 

VIN -t----t---tvsw VINt---+---;.----, 

• S3 IS CLOSED ONLY DURING STARTUP . 
•• S1 ANa S2 ARE SHOWN IN NORMAL 

MODE. REVERSE FOR BURST MODE. 

LT1271 

FB 
Vc GND 

TYP 

1.3 

100 
130 

6 
6 

6.2 

91 
77 
10 
50 

__________________________________________ B !!1QP1 ______________ G~!!.1 

Figure 2 

LTl432 

MAX UNITS 

1.8 mA 

mVp-p 
mVp-p 

mA 

V 

V 

% 
% 

25 mV 
mV 

• 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

100 

90 

l 
>-
to 

80 i'li 

~ 
70 

60 

7.5 

7.0 

~ 
w 6.5 '" .. 
:; 
0 
:> 

5 6.0 
0-
;;; 

5.5 

5.0 

50 

40 

10 

o 

Efficiency vs Input Voltage 

I J 
---~ILJAD = O'jA 

""" 
ILOAD = lA 

ILOAD ~ 2A 

TJ = 25°C 
LT1271, L = 5Ol'H 

o 10 15 20 25 30 
INPUT VOLTAGE (V) 

Minimum Input Voltage - Normal 
Mode (1070 Family) 

LT1070 FAMILY(40kHz) 
TJ = 25°C 

r-- LTlO72 

/ ~ L V.:::: 
~ 

o 
OUTPUT CURRENT (A) 

Shutdown Current vs Input 
Voltage 

TJ = 25°C 

~ -./ 

/ 
/ 
o 10 15 20 25 30 

INPUT VOLTAGE (V) 

4-148 

l 
>-
to 

i'li 
<3 

~ 

~ 
w 

'" ~ 
~ .... 
=> 
0-
;;; 

~ 

100 

90 

80 

70 

60 

7.5 

7.0 

6.5 

6.0 

5.5 

5.0 

Efficiency vs Load Current 

LTl271 
LT12io 

2=jl'\ 15Ol'H 

:KLT11701 
-...::: 

L=25 H 

TJ = 25°C 

o 0.5 1.0 1.5 2.0 2.5 3.0 
LOAD CURRENT (A) 

lT1432G02 

Minimum Input Voltage - Normal 
Mode (1170 Family) 

LTl170 FAMILY(100kHz) 
TJ = 25°C 

LT1117~ LTl171 V 
LTl170 

./ 

~ Y 

o 2 3 
OUTPUT CURRENT (A) 

LT1432G05 

Battery Current in Shutdown" 
40r---~----'-----r----' 

~ 20~---1-----+---=~~~ 
0: 
0: 

i3 

O~ __ -L ____ L-__ ~ __ ~ 

o 25 50 75 100 
TEMPERATURE (OC) 

LT1432GD6 
"DDES NOT INCLUDE LTl271 SWITCH LEAKAGE. 

7.5 

7.0 

~ 
w 6.5 '" ~ 
0 
:> .... 6.0 => 
0-
;;; 

5.5 

5.0 

7.0 

6.5 
~ 
w 

'" ~ 6.0 0 
:> .... 
=> 
0-
;;; 

5.5 

5.0 

80 

l 
70 

~ :; 60 
~ 
w en 
i'li en 50 

40 

Minimum Input Voltage - Normal 
Mode (1270/1271) 

LT127011271 
TJ = 25°C 

.L ~ V 
..-~ ~ 

" 

o 2 
OUTPUT CURRENT (A) 

Burst Mode Minimum Input 
Voltage 

TJ = 25°C 

~ g,:170 

..........-: F.;;;;~ 
LTl07u 

o 10 20 30 40 
LOAD CURRENT (rnA) 

lT1432G03 

50 

LT1432G06 

Current Limit Sense Voltage" 

/ 

~ 
/ 

:/ 

o 25 50 75 100 
JUNCTION TEMPERATURE (OC) 

" TEMPERATURE COEFFICIENT OF SENSE VOLTAGE IS 
DESIGNED TO TRACK COPPER RESISTANCE. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Basic Circuit Description 
The LT1432 is a dedicated SV buck converter driver chip 
intended to be used with an IC switcher from the L T1 070 
family. This family of current mode switchers includes 
current ratings from 1.2SA to 1 OA, and switching frequen
cies from 40kHz to 100kHz as shown in the table below. 

SWITCH OUTPUT CURRENT IN 
DEVICE CURRENT FREQUENCY BUCK CONVERTER 

LT1270A 10A 60kHz. 7.SA 
LT1270 SA 60kHz 6A 
LT1170 5A 100kHz 3.75A 
LT1070 SA 40kHz 3.75A 
LT1271 4A 60kHz 3A 
LT1171 2.SA 100kHz 1.SA 
LT1071 2.SA 40kHz 1.SA 
LT1172 1.25A 100kHz O.9A 
LT1072 1.25A 40kHz O.9A 

The maximum load current which can be delivered by 
these chips in a buck converter is approximately 7S% of 
their switch current rating. This is partly due to the factthat 
buck converters must operate at very high duty cycles 
when input voltage is low. The "current mode" nature of 
the LT1070 family requires an internal reduction of peak 
current limitat high duty cycles, so these devices are rated 
at only 80% of their full current rating when duty cycle is 
80%. A second factor is inductor ripple current, half of 
which subtracts from maximum available load current. 
See Inductor Selection for details. The L T1 070 family was 
originally intended for topologies which have the negative 
side of the switch grounded, such as boost converters. It 
has an extremely efficient quasi-saturating NPN switch 
which mimics the linear resistive nature of a MOSFET but 
consumes much less die area. Driver losses are kept to a 
minimum with a patented adaptive antisat drive that main
tains a forced beta of 40 over a wide range of switch 
currents. This family is attractive for high efficiency buck 
converters because of the low switch loss, but to operate 
as a positive buck converter, the ground pin ofthe IC must 
be floated to act as the switch output node. This requires 
a floating power supply for the chip and some means for 
level shifting the feedback signal. The L T1432 performs 
these functions as well as adding current limiting, 
micropower shutdown, and dual mode operation for high 
conversion efficiency with both heavy and very light loads. 
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The circuit in Figure 1 is a basic SV positive buck converter 
which can operate with input voltage from 6V to 30V. The 
power switch is located between the Vsw pin and GND pin 
on the L T1271. Its current and duty cycle are controlled by 
the voltage on the Vc pin with respectto the GND pin. This 
voltage ranges from 1 V to 2V as switch current increases 
from zero to full scale. Correct output voltage is main
tained by the LT1432 which has an internal reference and 
error amplifier (see EquivalentSchematic in Figure 2). The 
amplifier output is level shifted with an internal open 
collector NPN to drive the Vc pin of the switcher. The 
normal resistor divider feedback to the switcher feedback 
pin cannot be used because the feedback pin is referenced 
to the GND pin, which is switching up and down. The 
feedback pin (FB) is simply bypassed with a capacitor. 
This forces the switcher Vc pin to swing high with about 
200llA sourcing capability. The LT1432 Vc pin then sinks 
this current to control the loop. Transconductance from 
the regulator output to the Vc pin current is controlled to 
approximately 2000llmhos by local feedback around the 
L T1432 error amplifier (S2 closed in Figure 2). This is done 
to simplify frequency compensation of the overall loop. A 
word of caution about the FB pin bypass capacitor (C6): 
this capacitor value is very non-critical, but the capacitor 
must be connected directly to the GND pin or tab of the 
switcher to avoid differential spikes created by fast switch 
currents flowing in the external PCB traces. This is also 
true for the frequency compensation capacitors C4 and 
CS. C4 forms the dominant loop pole with a loop zero 
added by R1. CS forms a higher frequency loop pole to 
control switching ripple at the Vc pin. 

A floating SV power supply forthe switcher is generated by 
02 and C3 which peak detect the output voltage during 
switch "off" time. The diode used for 02 is a low capaci
tance type to avoid spikes at the output. Do not substitute 
a Schottky diode for 02 (they are high capaCitance). This 
is a very efficient way of powering the switcher because 
power drain does not increase with regulator input volt
age. However, the circuit is not self-starting, so some 
means must be used to start the regulator. This is per
formed by the internal current path of the LT1432 which 
allows current to flow from the input supply to the V+ pin 
during startup. 
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D1, L 1 and C2 act as the conventional catch diode and 
output filter of the buck converter. These components 
should be selected carefully to maintain high efficiency 
and acceptable output ripple. See other sections of this 
data sheet for detailed discussions of these parts. 

Current limiting is performed by R2. Sense voltage is only 
60mV to maintain high efficiency. This also reduces the 
value of the sense resistor enough to utilize a printed 
circuit board trace as the sense resistor. The sense voltage 
has a positive temperature coefficient of 0.33%fDC to 
match the temperature coefficient of copper. See Current 
Limiting section for details. 

The basic regulator has three different operating modes, 
defined by the mode pin drive. Normal operation occurs 
when the mode pin is grounded. A low quiescent current 
"burst" mode can be initiated by floating the mode pin. 
Input supply current is typically 1.3mA in this mode, and 
output ripple voltage is 100mVp_p. Pulling the mode pin 
above 2.5V forces the entire regulator into micropower 
shutdown where it typically draws less than 20IlA. See 
Mode Pin Drive for details. 

Efficiency 

Efficiency in normal mode is maximum at about 500mA 
load current, where it exceeds 90%. At lower currents, the 
operating supply current of the switching IC dominates 
losses. The power loss due to this term is approximately 
BmAx5V, or40mW. This is4% of output power ata load 
current of 200mA. At higher load currents, losses in the 
switch, diode, and inductor series resistance begin to 
increase as the square of current and quickly become the 
dominant loss terms. 

Loss in inductor series resistance; 

P = Rs (loUT)2 

Loss in switch on resistance; 

P = VouT(Rsw )(lOUT )2 

"'N 
Loss in switch driver current; 

2 
P = lOUT (VOUT ) 

40"'N 
Diode loss; 

P = VF(V1N - VOUT )(IOUT ) 

"'N 

LTl432 

(Use VF vs IF graph on diode data sheet, assuming IF = 
lOUT) 

Rs = I nductor series resistance 
Rsw = Switch resistance of L T1271, etc. 
IF = Diode current 
VF = Diode forward voltage at IF = lOUT 

Inductor core loss depends on peak-to-peak ripple current 
in the inductor, which is independent of load current for 
any load current large enough to establish continuous • 
current in the inductor. Believe it or not, core loss is also 
independent of the physical size of the core. It depends 
only on core material, inductance value, and switching 
frequency for fixed regulator operating conditions. In-
creasing inductance or switching frequency will reduce 
core loss, because of the resultant decrease in ripple 
current. For high efficiency, low loss cores such as ferrites 
or Magnetics Inc. molypermalloy or KoolMIl are recom-
mended. The lower cost Type 52 powdered iron from 
Phillips is acceptable only if larger inductance is used and 
the increased size and slight loss in efficiency is accept-
able. In a typical buck converter using the L T1271 (60kHz) 
with a 12V input, and a 50llH inductor, core loss with a 
Type 52 powdered iron core is 203mW. A molypermalloy 
core reduces this figure to 2BmW. With a 1A output, this 
translates to 4% and 0.56% core loss respectively - a big 
difference in a high efficiency converter. For details on 
inductor design and losses, see Application Note 44. 

What are the benefits of using an active (synchronous) 
switch to replace the catch diode? This is the trendy thing 
to do, but calculations and actual breadboards show that 
me improvement in efficiency is only a few percent at best. 
This can be shown with the following simplified formulas: 

Diode Loss = VF("'N - VOUT )(IOUT ) 
V1N 
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FET Switch Loss = (~N - VOUT )(RSW )(IOUT ) 2 

~N 
(Ignoring gate drive power) 

The change in efficiency is: 

(Diode Loss - FET Loss )(Efficiency) 2 

(VIN )(VOUT ) 

This is equal to: 

("'N - VOUT )(VF - RFET x lOUT )(E)2 

("'N )(VOUT) 

IfVF (diode forward voltage) =0.45V, VIN= 10V, VouT=5V, 
RFET=0.1Q, lour: 1A, and efficiency = 90%, the improve
ment in efficiency is only: 

(10V -5V)(0.45V - 0.10 x 1A)(0.9)2 = 2.8% 
(10V)(5V) 

This does not take FET gate drive losses into account, 
which can easily reduce this figure to less than 2%. The 
added cost, size, and complexity of a synchronous switch 
configuration would be warranted only in the most ex
treme circumstances. 

Burst mode efficiency is limited by quiescent current drain 
in the LT1432 and the switching IC. The typical burst mode 
zero-load input power is 27mW. This gives about one 
month battery life for a 12V, 1.2AHr battery pack.lncreas
ing load power reduces discharge time proportionately. 
Full shutdown current is only about 15~A, which is consid
erably less than the self-discharge rate of typical batteries. 

Burst Mode Operation 

Burst mode is initiated by allowing the mode pin to float, 
where it will assume a DC voltage of approximately 1V. If 
AC pickup from surrounding logic lines is likely, the mode 
pin should be bypassed with a 200pF capacitor. Burst 
mode is used to reduce quiescent operating current when 
the regulator output current is very low, as in "sleep" mode 
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in a lap-top computer. In this mode, hysteresis is added to 
the error amplifier to make it switch on and off, ratherthan 
maintain a constant amplifier output. This forces the 
switching IC to either provide a rapidly increasing current 
or to go into full micropower shutdown. Current is deliv
ered to the output capacitor in pulses of higher amplitude 
and low duty cycle rather than a continuous stream of low 
amplitude pulses. This maximizes efficiency at light load 
by eliminating quiescent current in the switching IC during 
the period between bursts. 

The result of pulsating currents into the output capacitor 
is that output ripple amplitude increases, and ripple fre
quency becomes a function of load current. The typical 
output ripple in burst mode is 150mVp-p, and ripple 
frequency can vary from 50Hzto 2kHz. This is not normally 
a problem for the logic circuits which are kept "alive" 
during sleep mode. 

Some thought must be given to proper sequencing be
tween normal mode and burst mode. A heavy (> 100mA) 
load in burst mode can cause excessive output ripple, and 
an abnormally light load (10mA to 30mA, see curves) in 
normal mode can cause the regulator to revert to a quasi
burst mode that also has higher output ripple. The worst 
condition is a sudden, large increase in load current 
(> 100mA) during this quasi-burst mode or just after a 
switch from burst mode to normal mode. This can cause 
the output to sag badly while the regulator is establishing 
normal mode operation ( 1 OO~s). To avoid problems, itis 
suggested that the power-down sequence consist of re
ducing load current to below 100mA, but greater than the 
minimum for normal mode, then switching to burst mode, 
followed by a reduction of load current to the final sleep 
value. Power-up would consist of increasing the load 
current to the minimum for normal mode, then switching 
to normal mode, pausing for 1 ms, followed by return to 
full load. 

If this sequence is not possible, an alternative is to 
minimize normal mode settling time by adding a 47kQ 
resistor between V+ and Vc pins. The output capacitor 
should be increased to >680~F and the compensation 
capacitors should also be as small as possible, consistent 
with adequate phase margin. These modifications will 
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often allow the power-down sequence to consist of simul-
taneous turn-off of load current and switch to burst mode. 
Power-up is accomplished by switching to normal mode 
and simultaneously increasing load current to the lowest 
possible value (30mA to 500mA), followed by a short 5V/DIV 

pause and return to full load current. 

Full Shutdown 

When the mode pin is driven high, full shutdown of the 
regulator occurs. Regulator input current will then consist 
of the LT1432 shutdown current (",15I1A) plus the switch WDIV 

leakage of the switching Ie H /lA to 25I1A). Mode input 
current H 5/lA at 5V) must also be considered. Startup 5~S/DiV 

from shutdown can be in either normal or burst mode, but Figure 3 

one should always check startup overshoot, especially if 
the output capacitor or frequency compensation compo-
nents have been changed. 

Switching Waveforms in Normal Mode 5V1D1V 

The waveforms in Figures 3 through 10 were taken with 
an input voltage of 12V. Figure 3 shows the classic buck 
converter waveforms of switch output voltage (5v/DIV) at 
the top and switch current (1NDIV) underneath, at an 
output current of 2A. The regulator is operating in "con-
tinuous" mode as evidenced by the fact that switch 

lNDIV current does not start at zero at switch turn-on. Instead, 
0 it jumps to an initial value, then continues to slope upward 5~DIV 

during the duration of switch on time. The slope of the Figure 4 
current waveform is determined by the difference be-
tween input and output voltage, and the value of inductor 
used. 

E! = (\'IN - VOUT ) 
dt L 

5V1D1V 

According to theory, the average switch current during 
switch on time should be equal to the 2A output current 
and this is confirmed in the photograph. The peak switch 
current, however, is about 2.4A.This peak current must 
be considered when calculating maximum available load 
current because both the L T1432 and the LT1070 family O.SNDIV 

current limit on instantaneous switch current. 
5~DlV 

Figure 5 
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Note that the switch output voltage is nearly identical to 
the 12V input during switch on time, a necessary require
ment for high efficiency, and indicative of an efficient 
switch topology. Also note the fast, clean edges on the 
switching waveforms, an additional requirement for high 
efficiency. The "overlap time" of switch current and volt
age, which leads to AC switching losses, is only 10ns. 

Figure 4 shows the same waveforms when load current 
has been reduced to 0.25A, and Figure 5 is at 25mA (note 
the scale change for current in Figure 5). The regulator is 
now into discontinuous mode as shown by the fact that 
switch current has no initial jump, but starts its upward 
slope from zero. This implies that the inductor current has 
dropped to zero during switch off time, and that is shown 
by the "ringing" waveform on the rising edge of switch 
voltage. The switch has not yet been turned on, but the 
voltage at its output rises and rings as the "input" end of 
the inductor tries to settle to the same voltage as its 
"output" end (5V). 

This ringing is not an oscillation. It is the result of stored 
energy in the catch diode capacitance. This energy is 
transferred to the inductor as the inductor voltage at
tempts to rise to 5V. The inductor and diode capacitance 
tank circuit continues to ring until the stored energy is 
dissipated by losses in the core and parasitic resistances. 
The relatively undamped nature in this case is good 
because it shows low losses and that translates to high 
efficiency. EMI is not increased by operating in this mode. 

Figure 6 shows input capacitor current (1NDIV) with lOUT 
= 2A. The theoretical peak-to-peak value (ignoring sloping 
waveforms) is equal to output current, and this is indeed 
what the top waveform shows. The RMS value is approxi
mately equal to one half output current. This is a major 
consideration because the physical size of a capacitor with 
1 A ripple current rating may make it the largest component 
in the regulator (see output capacitor section). Clever 
desigers may hit on the idea of utilizing battery impedance 
or remote input capacitors to divert some of the current 
away from the actual local capacitor to reduce its size. This 
is not too practical as shown by the middle waveform in 
Figure 6, which shows input capacitor current when an 
additional large capacitor is added about 6" away from the 
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1NDIV 

5~DlV 

Figure 6. Input Capacitor Current 

O.5A10IV 

5~DlV 

Figure 7. Output Capacitor Ripple Current 

local capacitor. The wiring inductance and parasitic resis
tance limit the shunting effect and local capacitor current 
is reduced only slightly. the bottom waveform shows input 
capacitor current with output current reduced to 0.25A. 

Figure 7 shows output capacitor ripple current at loads of 
2A, 0.25A, and 25mA respectively starting from the top. 
Note that ripple current is independent of load current until 
the load drops well into the discontinuous region. The 
small steps superimposed on the triangular ripple are 
caused by loading of the diode which pumps the power 
supply capacitor on the L T1271. Amplitude of the ripple 
current is about 0.7Ap-p in this case, or approximately 
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0.2A RMS. Theoretically the output capacitor size would 
be minimized by using one which just met this ripple 
current, but in practice, this would yield such high output 
ripple voltage that an additional output filter would have to 
be added. A better solution in the case of buck converters 
is usually just to increase the size of the output capacitor 
to meet output ripple voltage requirements. 

SOmVlDIV 

WDIV 

Si'SiDIV 

Figure 8~ Output Ripple Current 

WDiV 

lAiDIV 

Si'SiDIV 

Figure 9. Diode Current 

Figure 8 shows output ripple voltage at the top and switch 
current below. Peak-to-peak ripple voltage is 80mV. This 
implies an output capacitor effective series resistance 
(ESR) of 80mV/0.7 A = 0.11 Q. Capacitor ESR variessig
nificantly with temperature, increasing at low tempera-

LT1432 

tures, so be sure to check ESR ratings at the lowest 
expected operating temperature. Ripple voltage can be 
reduced by increasing the inductor value, but this has 
rapidly diminishing returns because of typical size re
straints. 

Figure 9 shows diode current under normal load condi
tions of 2A, and with the output shorted. Current limit has 
been set at 3A. Average diode current at lOUT = 2A is only 
about 1 A because of duty cycle considerations. Under 
short circuit conditions, duty cycle is nearly 100% for the 
diode (switch duty cycle is near zero), and diode average 
current is nearly 3A. DeSigns which must tolerate continu
ous short circuit conditions should be checked carefully 
for diode heating. Foldback current limiting can be used if 
necessary. 

Figure 10 shows inductor current (0.5A1DIV) with a 2Aand 
1 OOmA load. Average inductor current is always equal to 
output current, but it is obvious that with 100mA load, 
inductor current drops to zero for part of the switching 
cycle, indicating dicontinuous mode. When selecting an 
inductor, keep in mind that RMS current determines 
copper losses, peak-to-peak current determines core loss, 
and peak current must be calculated to avoid core satura
tion. Also, remember that during short circuit conditions, 
inductor current will increase to the full current limitvalue. 
Inductor failure is normally caused by overheating of the 
winding insulation with resultant turn-to-turn shorts. 
Foldback current limiting will be helpful. 

O.SAlDIV 

S~S/DIV 

Figure 10. Inductor Current 
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Switching Waveforms in Burst Mode 
In burst mode, the LT1432 amplifier is converted to a 
comparator with hysteresis. This causes its Vc pin current 
drive to be either zero (output low), or full "on" at about 
0.8mA (output high). The L T1271 therefore is either driven 
to full on condition or forced into complete micropower 
shutdown. This makes a dramatic reduction in quiescent 
current losses because the switching regulator chip draws 
supply current only during the relatively short "on" peri
ods. This burst mode results in a battery drain of only 
1.2mA with zero output load, even though the nominal 
quiescent current of the switcher chip is 7mA. This low 
battery drain is accomplished at the expense of higher 
output ripple voltage, but the ripple is still well within the 
normal requirements for logic chips. 

Figure 11 shows burst mode output ripple at load currents 
of 0 (top trace), and 50 rnA (bottom trace). Ripple ampli
tude is nominally set by the 1 OOmV hysteresis built into the 
L T1432, but in most applications, other effects come into 
play which can significantly modify this value. The first is 
delay in turning off the switcher. This causes the output to 
overshoot slightly and therefore increases output ripple. 
Delay is caused by the compensation capacitors used to 
maintain a stable loop in the normal mode. Another effect, 
however, is the ESR of the output capacitor. The surge 
currentfrom the switcher creates a step acrosS the capaci
tor ESR which prematurely trips the L T1432 comparator, 
reducing ripple amplitude. A second delay occurs in 
turning the switcher back on when the output falls below 
its lower level. This delay is somewhat longer, but because 
the output normally falls at a much slower rate than it rises, 
this delay is not significant until output current exceeds 
1 OmA. Falling rate is set by the output capacitor (including 
any secondary filter capacitor), and the actual load cur
rent, dVour/dt = lour/Cour. The slope in the top traces 
implies a load current of approximately 2mA. This is the 
sum of the 1 rnA output quiescent current of the L T1432 
and the 1 rnA drawn by the Vc pin and shunted through the 
internal Schottky diode during the switcher "off" period. 

The bottom trace at lour = 50mA shows increased ripple 
caused by turn-on delay. Note that ripple frequency has 
increased from 50Hz to about 600Hz and amplitude has 
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100mVlDlV 

100mVlDIV 

5mslDIV 

Figure 11. Burst Mode Output Ripple Voltage 

100mVlDIV 

100mVlDIV 

5mslDIV 

Figure 12. Burst Mode Output Ripple Voltage 

more than doubled. Figure 12 shows the same conditions 
except that a 47kn resistor is connected from the L T1271 
VIN pin to the Vc pin to provide more start-up current. 
These additions reduce ripple amplitude at 50 rnA load 
current to a value only slightly higher than the no-load 
condition. 

Although it is difficult to see in Figures 11 and 12, there is 
a narrow spike on the leading edge of the ripple caused by 
the burst current and capacitor ESR. Figure 13 shows this 
spike in more detail, both with and without an output filter. 
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100mVlDIV 

100mVlDlV 

FROM 
INDUCTOR 

TO LOAD 

50~S/DiV 

Figure 13 

Figure 14. PC trace Current Limit Sense Resistor 
with Kelvin Contacts 

Time scale has been expanded to 50IlS/OIV. The spike 
consists of several switching cycles of the L T1271 as 
shown in the lower trace. In the upper trace, the output 
filter has smoothed the switching frequency content ofthe 
spike, but the actual spike amplitude is only modestly 
reduced. Increasing the output filter constants from 10llH 
and 220llF to 20llH and 330llF would eliminate most of 
the spike. 

LTl432 

Current Limiting 

The LT1432 has true switching current limit with a sense 
voltage of 60mV. This low sense voltage is used to 
maintain high efficiency with normal loads and to make it 
possible to use the printed circuit board trace material as 
the sense resistor. The sense resistor value must take 
ripple current into account because the L T1432 limits on 
the peak of the inductor ripple current. Errors in the sense 
resistor must also be allowed for. 

R - VSENSE 
SENSE - I 

IMAX(1.2) *+Jllf. 
2 

RSENSE = Required sense resistor 
VSENSE = 60mV 
IMAX = Maximum load current, including any surge 
longer than 50llS 

* 1.2 is a fudge factor for errors in RSENSE and VSENSE. 

IR~P = 1/2 Peak to Peak Inductor Ripple Current 

_ VOUT(VIN - VOUT) 
- 2V1N (f)(L) 

f = Frequency 
L = Inductance 
Use VIN maximum 

Example: IMAX = 2A, f = 60kHz, maximum VIN = 15V, 
L = 501lH; 

M= 5(15-5) =055A 
2 2(15)( 60E3)( 50E-6) . 

R - 60mV - 0 02 
SENSE - 2A(1.2) + 0.55A - . Q 

Tre formula for RSENSE shows a 1.2 multiplier term in the 
denominator which makes typical current limit 20% above 
full load current. This accounts for small errors in the PCB 
trace resistance. Trace resistance errors are kept to a 
minimum by using internal traces (on multilayer boards) 
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because these traces do not have errors caused by plating 
operations. The suggested trace width for 1I20z foil is 
0.03" for each 1A of current limitto keep trace temperature 
rise reasonable. 3A current limit would require the width 
to be 0.09". 10z foil can reduce trace width to 0.02" per 
amp. Inductance in the trace is not critical so the trace can 
be wound serpentine or any other shape that fits available 
space. Kelvin connections should be used as shown in 
Figure 14 to avoid errors due to termination resistance. 
The length of the sense resistor trace can be calculated 
from: 

Length = W(RSENSd Inches 
Rcu 

W = width of copper trace ( 0.03" per amp for 1/20z 
copper foil) 

Rcu = resistivity of PCB trace, expressed as Q per square. 
It is found by calculating the resistance of a section oftrace 
with equal length and width. For typical1/20z material, 
Rcu is approximately 1 mQ per square. In the example 
shown above, with width = 2A times 0.03" = 0.06"; 

6V-~~ ................ ---IVsw VIN 

Cl LT1271 

20g5~ l' 

<O.3V = NORMAL MOOE 
>2.5V = SHUTOOWN 
OPEN = BURST MOOE 

Length = 0.06(0.02) = 1 2 Inches 
0.001 . 

Current limiting maintains true switching action, but power 
dissipation in the IC switch arid catch diode will shift 
depending on output voltage. At output voltages near the 
correct regulated value, power will be distributed between 
switch and the diode according to the usual calculations. 
Under short circuit conditions, switch duty cycle will drop 
to a very low value, and power will concentrate in the 
diode, which will be running at near 100% duty cycle. If 
continuous shorts must be tolerated, the catch diode must 
be sized to handle the full current limit value, or fold back 
current can be used. 

Foldback Current Limiting 

Foldback current limiting makes the short circuit current 
limit somewhat lower than the full load current limit to 
reduce component stress under short circuit conditions. 
This is shown in Figure 15 with the addition of R3 and R4. 
The voltage drop across R3 adds to the 60mV current limit 

"' .... " ......... 
/' 10llH ..... " 

I 3A ' 

/~ " 
1 100",F ±L OPTIONAL) 

02 \ l6V T OUTPUT I 
lN4l4B', FILTER / 

.....-....... ----"1+-----, ' .............. __ "':"' ___ ....... / 

R4 
l2.5k 

Figure 15. Adding Foldback Current Limiting 
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voltage. This extra sense voltage is set by output voltage 
and R4 under normal loads, but drops to near zero when 
the output is shorted. 

The 40jJA bias current flowing out of the VUM pin must be 
accounted forwhen calculating a value for R4. This current 
flows through R3, causing a 4mV decrease in sense 
voltage for R3 = 100n. The following formulas define 
current limit conditions: 

Current limit at VOUT = 5V 

_ 60mV -IB (R3) + (VOUT )(~ )- (RSENSE )( ¥ ) 
- RSENSE 

Short Circuit Current = 60mV-IB(R3) 
RSENSE 

RSENSE 
VUM 

IMAX (1.2) 

R4 = VOUT (R3) 

Vs -60mV+IB(R3)+(RSENSEfR~P) 
Vs = Desired full load sense voltage. 
IMAX = Peak load current (for any time greater than 
50IlS) 
18 = VUM pin bias current (",40mA) 

To maintain high efficiency and avoid any startup prob
lems with loads that have non-linear VII characteristics, a 
1 OOmV (average) sense voltage is suggested for fold back 
current limiting. The suggested value for R3 is 1 oon. This 
is a compromise value to keep errors due to VUM bias 
current low, and to minimize current drain on the output 
created by the R3/R4 path. From the previous design 
example, with IMAX = 2Aand IRIP/2 = 0.55A, and assuming 
R3 = 100n, VUM = 100mV: 

RSENSE = 1 OOmV = 0.042n 
2A(1.2) 

LT1432 

R4 _ 5V(100n) 

- 1 OOmV - 60mV + 1 oon( 40llA ) - O. 042( 0.55) 

= 7.45kn 

Current limit at VOUT = 5V 

60mV- 401lA(1 oon) + 5V( ~ J( 0.042)( 0.55) 

0.042n 
= 2.38A 

Current limit (output shorted) 

60mV -1 00n(40IlA) 
= =1.33A 

0.042n 

Minimum Input Voltage 

Minimum input voltage for a buck converter using the 
L T1432 is actually limited by the IC switcher used with it. 
There are three factors which contribute to the minimum 
voltage. At very light loads, the charge pump technique 
used to provide the floating power for the switcher chip is 
unable to provide sufficient current. See Figure 16 for the 
minimum load required as a function of input voltage 
when operating in the normal mode. 

At moderate to heavy loads, switch on-resistance and 
maximum duty cycle will limit minimum input voltage. 
Graphs in the Typical Performance Characteristics section 
show minimum input voltage as a function of load current. 
At moderate loads, maximum switch duty cycle is the 
limiting factor. The L T1 070 family, operating at 40kHz has 
a maximum duty cycle of about 94%. The LT1170 family 
runs at 1 OOkHzand has a maximum duty cycle of90%. The 
LT1270 and LT1271 operate at 60kHz with a maximum 
duty cycle of 92%. The curves were generated using the 
expected worst case duty cycle for these devices over the 
commercial operating temperature range (O°C to 100°C 
junction temperature). Note that the lower frequency 
devices will operate at lower input voltage because oftheir 
higher duty cycle. These devices will require larger induc
tors, however. (Yet another example of the universal "no 
free lunch" syndrome). 
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At heavy loads, switch on-resistance increases minimum 
input voltage. With an LT1071 for instance, minimum 
input is 6.W at 1A load, but increases to 6.3V at 2A load. 
If absolute minimum input voltage is needed, use lower 
frequency devices with higher current rating than is actu
ally needed. The LT1070, for instance, operates down to 
6.1SV at 2A. Current limit is defined by the LT1432, so 
higher current switchers used in lower current applica
tions do not degrade performance or reliability. 

Minimum Load Current in Normal Mode 
There is a minimum load current requirement in normal 
mode. This is caused by the necessity to "pump" the IC 
switcher floating power supply capacitor during switch 
"off" time. This pumping current comes from inductor 
current, so load current must not be allowed to drop too 
low, or the floating bias supply for the switcher will 
collapse. Minimum load current is a function of input 
voltage as shown in Figure 16. 

80 

70 

10 

o 
o 

\ 
\ 

r-
10 15 20 25 

INPUT VOLTAGE (V) 

Figure 16. Minimum Normal Mode Load Current 

Inductor Selection 
Inductor selection would be easy if money and space didn't 
count. Unfortunately, these two factors usually count the 
most, and compromises must be made. High efficiency 
converters generally cannot afford the core loss found in 
low cost powdered iron cores, forcing the use of more 
expensive cores such as ferrite, molypermalloy, or Kool M~. 
Actual core loss is independent of core size for a fixed 
inductor value, but it is very dependent on inductance 
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selected. As inductance increases, core loss goes down. 
Unfortunately, increased inductance requires more turns 
of wire and therefore copper loss will increase. The trick is 
to find the smallest inductor whose inductance is high 
enough to limit core loss, and whose series resistance is 
low enough to limit copper loss. Historically, inductor 
manufacturers have a tendency to be ultra conservative 
when designing inductors, and unless you are very specific 
about your constraints and requirements, they will more 
often than not come up with a unit which is SO% larger than 
the optimum. Part of this is due to manufacturing consid
erations. The trade-off of core loss and copper loss is 
optimized by "filling the winding window" with wire, but 
especially for toroids this can require more expensive 
winding techniques than the widely used "single layer" 
design. The lesson here is to spendtime with the manufac
turer exploring the cost trade-ofts of different inductor 
designs. The following guidelines may be helpful in this 
regard. 

1. For most buck converter applications using the 
LT1070, LT1170, or LT1270 families of parts at 40kHz to 
100kHz, inductor value will be in the range of 2S~H to 
200~H. The lower values would be used for higher output 
currents and/or higher frequencies, with higher values 
used for low output current, low frequency applications. 
Lower inductance obviously means smaller size, but at 
some point the core loss will begin to hurt, or the large 
peak-to-peak inductor currents will cause high output 
ripple voltage or limit available output current. The follow
ing formula is a rough guide for picking an initial inductor 
value: 

L= 8 
(IMAX)(f) 

IMAX = maximum load current, including surges 
f = switching frequency 

This formula assumes that a switcher IC is selected which 
has a maximum switch current of 1.S to 2.S times maxi
mum load current. For a 2.SA design using the L T1271 at 
60kHz, L would calculate to S3~H. This formula is very 
arbitrary, so do not hesitate to modify the calculated value 
by as much as 2:1 if the need arises. Keep in mind that all 
the Ie switchers have a peak current rating which is a 
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function of duty cycle. Care must be taken to ensure that 
the sum of output current plus 1/2 inductor p-p ripple 
current does not exceed the switch current limit at the 
highest duty cycle (lowest input voltage). 

Duty Cycle (maximum) = VOUT + Vf 
~N(MIN) 

Vf = Diode forward voltage 

1/2 p-p Ripple Current = (VOUT )(~N - VOUT) 
2(~N)(f)(L) 

(Use minimum VIN +2V) 

A 2.5A design using an LT1271 at 60kHz, with a minimum 
input voltage of 7V and a 50llH inductor, would have a 
maximum duty cycle of (5 + 0.5)/7 = 79%.1/2 p-p ripple 
current would be: 

(5)(7+2-5) -037A 
2(7 + 2)( 60E3)( 50E-6) - . 

Output current plus 1/2 ripple current = 2.5 + 0.37 = 2.9A. 
The switch current rating for the LT1271 is shown on the 
data sheet as 4A for duty cycle below 50% and 2.67 (2-
DC) for duty cycles greater than 50%. With DC = 79%, 
switch current rating would be 2.67 (2 - 0.79) = 3.23A, so 
this meets the guidelines. It should be noted that if normal 
running load current conditions result in switch currents 
that are close to the maximum switch ratings, efficiency 
will drop. Switch voltage loss at maximum switch current 
rating is typically 0.7V, and this represents a significant 
loss, especially at low input voltages. In most laptop 
computer designs, surge currents from hard or floppy 
disks require an oversized switcher, so normal running 
currents are typically less than one half rated switch 
current and efficiency is high except during the short 
su rge periods. 

2. Ferrite designs have very low core loss, so design 
goals can concentrate on copper loss and preventing 
saturation. The downside is that the finished unit will 
almost surely be larger than a molypermalloy toroid de
sign because of the basic topological limitations of the 
ferrite/bobbin arrangement. Newer low-profile ferrite cores 
are even less space efficient than older configurations. 
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Cost may also be higher. Ferrite core material saturates 
"hard," which means that inductance collapses abruptly 
when peak design current is exceeded. This may be a 
problem in current limit or if peak load requirements are 
not well characterized. 

3. Molypermalloy (from Magnetics, Inc.) is a very 
good, low loss core material fortoroids, but it is (naturally) 
rather expensive. A reasonable substitute is KoolMIl (same 
manufacturer). Toroids are very space efficient, especially 
when you can convince the manufacturer to use several 
layers of wire. Because they generally lack a bobbin, 
mounting is more difficult. Newer designs for surface 
mount are available (Coiltronics), which are nested in a 
ring that does not increase the height significantly. 

Catch Diode 

The catch diode carries load current only during switch 
"off" time. Its average current is therefore dependent on 
switch duty cycle. At high input voltages, the diode con
ducts most of the time, and as VIN approaches VOUT, it 
conducts only a small fraction of the time. The current 
rating of the diode should be higher than maximum load 
current for two reasons. First, conservative diode current 
improves efficiency because the diode forward voltage is 
lower, and second, short circuit conditions result in near 
100% diode duty cycle at currents higher than full load 
unless some form of foldback current limiting is used. 
Schottky diodes are a mustfortheir low forward drop and 
fast switching times. 

Maximum diode reverse voltage is equal to maximum 
input voltage. However, do not over-specify the diode for 
breakdown voltage. Schottky diodes are made with lighter 
silicon doping as breakdown ratings increase. This gives 
higher forward voltage and degrades regulator efficiency. 
An MBR350 (3A, 50V) has almost 100mV higher forward 
voltage than the MBR330 (3A, 30V). 

Diode current ratings are predicated on proper thermal 
mounting techniques. Check the manufacturers assump
tions carefully before assuming that a 3A diode is actually 
capable of carrying 3A continuously. Pad size may have to 
be larger than normal to meetthe mounting requirements 
for full current capability. 

4-161 



LTl432 

APPLICATions InFoRmATion 
Input Supply Bypass Capacitor 
The input capacitor on a step-down (buck) switching 
regulator must handle switching currents with a peak-to
peak amplitude at least equal to the output current. The 
RMS value of capacitor current is approximately equal to: 

IOUT[VOUT("'N - VOUT )f2 
IRMS = ~ 

IN 
This formula has a maximum at VIN = 2VOUT, where IRMS 
is equal to IOUT/2. This simple worst case condition is 
commonly used for design because even significant de
viations from VIN/2 do not offer much relief. A 2A output 
(transient loads can be ignored if they last less than 30 
seconds) therefore requires an input capacitor with a 1A 
ripple current rating. Don't cheat, and read the output 
capacitor section for details on ripple current! The input 
capacitor may well be the largest component in the switch
ing regulator. Spend time playing with aspect ratios of 
various capacitor families and don't hesitate to parallel 
several units to achieve a low profile. 

Output Voltage Ripple 

Output voltage ripple is determined by the main inductor 
value, switching frequency, input voltage, and the ESR 
(effective series resistance) of the output capacitor. The 
following formula assumes a load current high enough to 
establish continuous current in the inductor. 

Output Ripple Voltage = Vp_p 

_ VOUT(VIN - VOUT )(ESR) V, 
- V1N (f)(L) p-p 

With VIN = 12V, ESR = 0.05Q, f = 60kHz, and L = 50llH 

V, = 5(12 - 5)(0.05) = 486 V, 
p-p (12)(60E3)(50E-6) . m p_p 

If low output ripple voltage is a requirement, larger output 
capacitors and/or inductors may not be the answer. An 
output filter can be added at modest cost which will 
attenuate ripple much more space-effectively than an 
oversized output capacitor or inductor. The thing to keep 
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in mind when adding an output filter is that if the filter 
capacitor is small, it may allow large output perturbations 
if large load transients occur. This effect should be care
fully checked before finalizing any filter design. For more 
details on output filters, consult Application Notes 19 
and 44. 

Output Capacitor 
To avoid overheating, the output capacitor must be large 
enough to handle the ripple current generated by the main 
inductor. It must also have low enough effective series 
resistance (ESR) to meet output ripple voltage require
ments. RMS ripple current in the output capacitor is given 
by: 

_ VOUT("'N - VOUT ) 
IRIPPLE(RMS) - 3.5"'N (f)(L) 

(use maximum VIN) 

For VIN = 15V, f = 60kHz, L = 50IlH, 

I _ 505-~ 
RIPPLE(RMS) - 3.5(15)( 60E3)( 50E-6) 

= 0.32ARMS 

Ripple current ratings are specified on capacitors intended 
for switching applications, but the number is subject to 
much manipulation. The high frequency number is greater 
than the low frequency value, and theoretically one can 
multiply the ripple number by significant amounts at 
temperatures below the typical 85°C or 105°C rating point. 
The problem is that the ripple ratings are already unreal
istically high at the rated temperature because they are 
typically based on a 2000 hour life. I assume this is an 
unacceptable lifetime number, so the ripple rating must be 
reduced to extend life. The net result of all this fiddling 
with the numbers is generally a headache, but it is prob
ably conservative to use the stated high frequency rating 
at temperatures below 60°C for a 105°C capacitor, and 
assume that the unit will last at least 50,000 hours. 
Remember to factor in actual operating time at elevated 
temperatures. Laptop computers, for instance, might be 
expected to operate no more than four hours a day on 
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average, so a ten year life is only 15,000 hours. The 
manufacturer should be consulted for a final blessing. See 
Application Note 46 for specific formulas for calculating 
the life time or allowed ripple current in capacitors. 

The reason for all this attention to ripple rating is that 
everyone is in a size squeeze, and the temptation is to use 
the smallest possible components. Do not cheat here 
folks, or you may be faced with costly field failures. 

ESR on the output capacitor determines output voltage 
ripple, so this is also of much concern. Mother Nature has 
decreed that for a given capacitor technology, ESR is a 
direct function of the volume of the capacitor. In other 
words, if you want low ESRyou must consume space. This 
is quickly confirmed by scanning the ESR numbers for a 
wide range of capacitor values and voltage ratings within 
a given family of capacitors. It is immediately obvious that 
can size determines ESR, not capacitance, or voltage 
rating. The only way to cheat on this limitation is to find the 
bestfamily of capacitors. Manufacturers such as Nichicon, 
Chemicon, and Sprague should be checked. Sanyo makes 
a very low ESR capacitor type know as OSCON, utilizing a 
semiconductor dielectric. Its major disadvantage is some
what higher price, and a tendency to make regulator 
feedback loops unstable because of its extremely low ESR. 
Most switching regulator loops depend to some extent on 
the output capacitor ESR for a phase lead! 

Output Filters 

Output ripple voltage atthe switching frequency is a fact of 
life with switching regulators. Everyone knows that this 
ripple must be held below some level to guarantee that it 
does not affect system performance. The question is, what 
is that level? For sensitive analog systems with wide 
bandwidths, supply ripple may have to be a 1 mV or less. 
Digital systems can often tolerate 400mV pop ripple with no 
effect on performance. In most of these digital applica
tions of the L T1432 as a buck converter, an output filter is 
not needed because output ripple is normally in the 25mV 
to 100mVp_p range without a filter. Note that burst mode 
ripple is at low frequencies where small output filters are 
not effective. The decision to add an output filter does 
allow the main filter capacitor to get smaller, so the overall 

LTl432 

board space may not increase prohibitively. See the dis
cussion of waveforms for load transient response implica
tions when adding a filter. 

If modest reductions in output ripple are required, one can 
increase 1he size of the main inductor and/or the output 
capacitor. Buck converters are easier than other types 
because the main inductor acts as a filter element. The 
square wave voltage is converted to a triangular current 
before being fed to the output capacitor. Actually, at 
switching frequencies, the output capacitor is resistive 
and output ripple voltage is determined not by the capaci
tor value in IlF, but rather by the capacitor effective series 
resistance (ESR). This parameter is determined by capaci
tor volume within any given family, so to get ESR down, 
one must still usea "bigger" capacitor. The problem is that 
often the main inductor/capacitor becomes physically too 
large if low output ripple is needed. Inverters, such as the 
positive to negative converter, tend to have much higher 
output ripple voltage because the main inductor is not a 
filter element - it simply acts as an energy storage device 
for shuttling essentially square wave currents from input 
to output. Unlike the buck converter, these currents can be 
much higher in amplitude than the output current. 

An output filter of very modest size can reduce normal 
mode output ripple voltage by a factor of ten or more. The 
formula for filter attenuation in buck converters and invert
ers is shown below. 

Att t· ESR 
enua lon= 8(L)(f) 

. _ (ESR) 
Attenuatlon- 4(L)(f) 

(BUCK CONVERTER) 

(INVERTER) 
(The factor "4" is an 
approximation 
assuming worst case 
duty cycle of 50%) 

A 10IlH, 100llF (ESR = O.4n) filter on a buck converter 
using a 60kHz LT1271 will give an attenuation of: 

0.4 0083 
8(10E-6)(60E3) . 
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1 OOmVoutput ripple on the main capacitor will be reduced 
to (0.083)(100) = 8.3mV at the output of the filter. 

Layout Considerations 

Although buck converters are fairly tolerant with regard to 
layout issues, there are still several important things to 
keep in mind. Most of these revolve around spikes created 
by switching high currents at high speeds. If 3A of current 
is switched in 30ns, the rate of change of current is 10E8 
AlS. Voltage generated across wires will be equal to this 
rate multiplied by the approximate 20nH per inch of wire. 
This calculates to 2V per inch of wire or trace!! Needless 
to say, connections should be kept short if the circuitry 
connected to these lines is sensitive to narrow spikes. 

1. The input bypass capacitor must be kept as close to 
the switcher IC as possible, and its ground return must go 
directly to the ground plane with no other component 
grounds tied to it. The output capacitor should also 
connect directly to the ground plane. 

2. The frequency compensation components shown in 
Figure 1 (R1 + C4, and C5) and the feedback pin bypass 
capacitor (C6) are shown connectedto the floating ground 
pin of the IC switcher. This ground pin is also the high 
current path for the switch. To avoid differential spikes 
being coupled into the Vc and FB pins, these components 
must tie together and then be connected through a direct 
trace to the IC switcher ground pin. No other components 
should be connected anywhere on this trace and the trace 
area should be minimized. A separate wide trace must be 
used to connect the IC ground pin to the catch diode and 
inductor. Smaller traces can be used to connect the 
floating supply capacitor (C3) and the diode pin of the 
L T1432 to the wide trace reasonably close to the IC ground 
pin. 

3. Traces which carry high current must be sized 
correctly. To limit temperature rise to 20°C, using 10z 
copper, the trace width must be 20 mils for each ampere 
of current. 1/20z copper requires 30 mils/A. These high 
current paths include the IC switcher ground pin and 
switch pin, the inductor, the catch diode, the current limit 
sense resistor, and the input bypass capacitor. If vias are 
used to connect these components on multiple layer 
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boards, their maximum rated current must also be consid
ered. For currents greater than 1A, multiple vias may have 
to be used. 

4. The catch diode has large square wave currents 
flowing in it. Connect the anode directly to the ground 
plane and the cathode directly to the IC ground pin. 

5. The ground pin of the LT1432 is the reference point 
for output voltage. It should be routed separately to power 
ground as near to the load as is reasonable. 

Transient Response 

Load transient response may be important in portable 
applications where parts of the system are switched on 
and off to save power. There are two types of problems 
that differ by time scale. The first occurs very rapidly and 
is caused by the surge current created in charging the 
supply bypass capacitors on the switched load. This can 
be a very serious problem if large (>0.1IlF) capacitors 
must be charged. No regulator can respond fast enough to 
handle the surge ifthe load switch on-resistance is low and 
it is driven quickly. The solution here is to limit the rise time 
of the switch drive so that the load rise time is limited to 
approximately 25 x CLOAD. A 11lF load capacitor would 
require a 251ls load rise time, etc. This limits surge to 
about 200mA. This time frame is still too quick for a 
switching regulatorto adjust to, but the surge is limited to 
a low enough value that the output capacitor will attenuate 
the surge voltage to an acceptable level. 

A second problem is the change in DC load current. 
Switching regulators take many switching cycles to re
spond to sudden output load changes. During this time, 
the output shifts by an amount equal to ~Ioad (ESR + tiC), 
where ESR is the series resistance ofthe output capacitor, 
t is the timeforthe regulatorto shift output current, and C 
is the output capacitor value. For example, if the load 
change is 0.5A, ESR is 0.1 n, t is 30IlS, and C = 390IlF, the 
shift in output voltage would be: 

~ VOUT = O. 5A(0.1n + 30flS) = 0.088V 
390llF 
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Figure 17 shows the effect of a 500mA transient load (O.3A 
to O.SA) on the L T1432, both with and without an output 
filter. The top trace with no filter shows about a 60mV 
deviation with a settling time of 3001lS. Astute switching 
regulator designers may notice the lack of switching ripple 
inlhis trace. To make a clean display the actual trace was 
fed through a one pole filter with 161ls time constant to 
eliminate most of the switching ripple. This had very little 
effect on the shape or amplitude ofthe response waveform 
(you'll have to trust me on this one). In the middle trace, 
an output filter of lOIlH and 200llF was added to the 
regulator to achieve very low output ripple. The load 
transient response is obviously degraded because the 
second filter capacitor, following normal design practice, 
is somewhat smaller than the main output capacitor, and 
therefore also has higher ESR. Note the slight ringing 
caused by the "Q" of the output filter. Calculated ringing 
frequency is 1 1(2rrVLC) = 3.4kHz. Also note the small step 
in DC level between the two load conditions on the filtered 
output. To maintain good loop stability, the added filter is 
left "outside" the feedback loop. Therefore, the DC resis
tance of the lOIlH inductor will add to load regulation. The 
10mV step implies a resistance of 10mV/O.5A = 0.02Q. 
The message in all this is to be careful when adding output 
filters if transient load response or load regulation is 
critical. The second filter capacitor may have to be as large 
as the main filter capacitor. 

100mVlDlV 

100mVlDIV 

O.5NDlV 

O.5msJD1V 

Figure 17 
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Mode Pin Drive 

The mode pin defines operating conditions forthe L T1432. 
A low state programs the IC to operate in "normal" mode 
as a constant frequency, current mode, buck converter. 
Floating the pin converts the internal error amplifier to a 
comparator which puts the LT1432 into a low-power 
"burst" mode. In this mode, the pin assumes an open 
circuit voltage of approximately lV. To ensure stable 
operation, current into or out of the pin must be limited to 
2JlA. If the pin is routed near any switching or logic signals 
it should be bypassed with a 200pF capacitor to avoid 
pickup. 

Driving the mode pin high causes the L T1432 to go into 
complete shutdown. An internal resistor limits mode pin 
current to about 151lA at 5V. A 7V zener diode is also in 
parallel with the pin, so input voltages higher than 6.5V 
must be externally limited with a resistor. The current! 
voltage characteristics of the mode pin are shown in 
Typical Performance Characteristics. Note that the drive 
Signal must sink about 30llA when pulling the mode pin to 
its worst case low threshold of 0.6V. This should not be a 
problem for any standard open drain orthree-state output. 

If all three states are desired and a three-state drive is not 
available, the circuit shown in Figure 18 can be used. Two 
separate logic inputs are used. 80th low will allow the 
mode pin to float for burst mode. "A" high, "8" low will 
generate shutdown, and "8" high, "A" low forces normal 
mode operation. 80th high will also force normal mode 
operation, but this is not an intended state and Rl is 
included to limit overload of "A" if this occurs. Cl is 
suggested if the mode pin line can pick up capacitively 
coupled stray switching or logic signals. 

D1 R1 
1N914 10k 

A O--+I--"Nv---"~,_ ~~DE PIN 

80----1 

, , , 
-C1 
-,- 200pF , 

lT1432F18 

Figure 18. Two Input Mode Drive 
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Internal Restart Sequence 

At very light load currents (>1 OmA), coupled with low 
input voltages «8.5V), it is possible forthe basic architec
ture used by the LT1432 to assume a stable output state 
of less than 5V. To avoid this possibility, the LT1432 has 
an internal timer which applies a temporary 20mA load to 
the output if the output is below its regulated value for 
more than 1.8ms. This action is normally transparent to 
the user. 

Auxiliary Outputs - "Free" Extra Voltages 

Semi-regulated secondary outputs may be added to buck 
converters by adding additional windings to the main 
inductor. These outputs will have a typical regulation of 5 
to 1 O%,but have one very important limitation. The total 
output power of the auxiliary windings is limited by the 
output power of the main output. If this limit is exceeded, 
the auxiliary winding voltages will begin to collapse, 
although the main 5V output is unaffected by collapse of 
the secondary. The auxiliary power available is also a 
function of input voltage. At higher input voltages signifi
cantly more power is available. 

Figure 19 shows the ratio of maximum auxiliary power to 
main output power, versus input voltage. The auxiliary 
output was loaded until its output voltage dropped 10%. 
For applications which push the limit of theoretically 
available current, care should be used in winding the 
inductor. The effects of leakage inductance and series 
resistance are magnified at low input voltage where aux
iliary winding currents are many times DC load current. 
Also, be aware that output voltage ripple on the 5V main 
output can increase significantly when the auxiliary output 
is heavily loaded. The inductor is acting partially like a 
transformer, so the AC current delivered to the 5V output 
capacitor increases in amplitude and shifts from a tri-wave 
to a trapezoid with much faster edges. 

A typical example would be a +5V buck converter with a 
minimum load of 500mA. Output power is 5V x 0.5A = 
2.5W. Maximum power from the auxiliary windings would 
be 1.25W for input voltages of 9V and above. If we assume 
a low dropout linear regulator on the auxiliary output, with 
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a regulated output voltage of minus 5V, the auxiliary 
winding output would have to be about minus 7V. Maxi
mum output current from the 7V output would be 1.25W/ 
7V = 178mA. Note thatthe power restriction is the totalfor 
all auxiliary outputs. 

The formula to calculate turns ratio for the auxiliary 
windings versus main winding is simple: 

_ NMAIN [VAUX + (Voo = 2V) + VOA] 
NAUX - 5V+Vo 

NMAIN = Number of turns on main inductor winding 

NAUX = Number of turns on auxiliary winding 

VOA = Auxiliary diode forward voltage 
Vo = Main 5V catch diode forward voltage 

Voo = Allowance for regulation of auxiliary winding and 
dropout voltage of low-dropout linear regulator used on 
auxiliary winding. Set equal to zero if no regulator is used. 

2.0 

} 1.5 

1? 
" ~ 1.0 
~ 
o 
o 

~ 0.5 

o 
o 

/' 
/ 

/ 
10 15 20 

INPUT VOLTAGE (V) 

Figure 19. Auxiliary Power vs 5V Power 

It is not necessary to use a linear regulator on the auxiliary 
winding if 5 to 10% regulation is adequate. Line regulation 
will be fairly good, but variations in auxiliary voltage will 
occur with load changes on either the auxiliary winding or 
the 5V output. For relatively constant loads, regulation will 
be significantly better. 
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Figure 20 

Figure 20 shows how to connect the auxiliary windings. 
Dots indicate winding polarity. Pay attention here -- his
tory shows that with a 50% chance of connecting up the 
auxiliary correctly when you ignore the dots, in actual 
practice you will be wrong 90% of the time. 

The floating output can have either end grounded, depend
ing on the need for a positive or negative output. Also 
shown are the connections for both positive and negative 
outputs using a linear regulator. Note that the two circuits 
are identical! The floating auxiliary winding allows the use 
of a positive low-dropout regulator for negative outputs. 
These positive regulators are more readily available, espe
cially at lower current levels. 

There is a way to "cheat" somewhat on auxiliary power for 
positive outputs higher than the 5V main output. The 
auxiliary winding return can be connected to the 5V 
output. This redyces the winding voltage so that more 
current is available, and at the same time it actually adds 
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a load to the 5V output to bootstrap itself. Figure 21 shows 
maximum current out of a 14V auxiliary (used to power a 
12V linear regulator) connected in this fashion. The aux
iliarywinding voltage is actually 9V. Note that for lighter 5V 
loads, there is an inflection point in the curves at about 
11V. That is because theoretically the bootstrapping effect 
should allow one to draw unlimited power from the 
auxiliary winding when duty cycle exceeds 50%. The 
actual available current above 50% duty cycle is limited by 
parasitic losses. At high 5V loads, the inflection disap
pears for the same reason. The curves asymptotically 
approach 1 amp at high input voltage because the criteria 
used to generate the curves was a drop in auxiliary output 
voltage to 13.5V, and again parasitic resistance limits 
output current. 

Auxiliary windings deliver current in triangular or quasi
square waves only during switch off time. Therefore the 
amplitude of these pulses will be somewhat higher than 
the DC auxiliary load current, especially at low input 
voltage. This means that in the "stacked" connection, 
ripple voltage on the 5V output will increase with auxiliary 
load current. 

10 12 14 16 18 20 
INPUT VOLTAGE (V) 

Figure 21 
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POSITIVE TO nEGATIVE conVERTER 
The circuit in Figure22 will converta variable positive input 
voltage to a regulated -5V output. By selecting different 
members of the L T1 070 family, this basic design can 
provide up to 6A output current at high input voltages, and 
up to 3A with a five volt input supply. As shown using an 
LT1271, maximum load current has been reduced to 1Aby 
utilizing the current limit circuit in the LT1432. Unlike a 
positive buck converter, it is not possible to sense output 
current directly. Instead, switch/inductorcurrentis sensed. 
This would normally result in a DC output current limit 
value that changes considerably with input voltage, butthe 
addition of R2and R3alters peakcurrentlimitas afunction 
of input voltage to correct for this effect. Maximum load 
current and short circuit current are shown as a function 

INPUT 
4.SV-2SV 

Vsw 

LT1271 

of input voltage in Figure 23. A 0.02Q sense resistor was 
used, so other values of current limit can be scaled from 
this value. 

This circuit uses the same basic connections between the 
L T1432 and the L T1271 as the buck converter. The differ
ence is inthe way power flows in the catch diode, inductor, 
and switch. In a buck converter, current flows simulta
neously in the switch, inductor, and output. This makes 
maximum output current approximately equal to maxi
mum switch current. In inverting designs, current deliv
ered to the output is zero during switch on-time. The 
switch allows currentto flow directly from the input supply 
through the inductorto ground. At switch turn-Off, induc-

R2 
1000 

R3 
100k 

R4 
0.020 

C2 
1000"F 
16V 

L---4----...... -----t----4-""*:~ OD~PUT 
"""----

/"''10J.1H ....... " 
/ 3A \ 

I ~ OPTIONAL \ 
I OUTPUT I 
\ 100IlF FILTER I 

\, 16V"'J!' ;/ 

' ........ _-_:::: __ ....... ,. 
Figure 22. Positive-to-Negative Converter 
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POSITIVE TO nEGATIVE conVERTER 
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Figure 23. Positive-to-Negative Converter 
Output Current 

tor current is diverted through the catch diode to the 
output. Figure 24 shows switch current (1NDIV) with the 
upper waveform, and catch diode current (which is deliv
ered tothe output) in the lower waveform, with a +5Vinput 
and 1 A load. Note that switch, inductor, and diode currents 
are much higher than output currentas required by the fact 
that current is delivered to the output during only part of 
a switch cycle. An approximate formula for peak switch 
current required in an inverting design is: 

ISW(PEAK l = IOUT[1 + VOUT +(~ + ~ ) j 
"'IN -IOUT(Rsw) IN OUT 

"'IN 

"'IN (VOUT ) + ~~T:-'~-':--;-
2(L)(f)("'IN + VOUT ) 

VF = Forward voltage of catch diode 

Rsw = Switch on-resistance 
L = Inductor value 

f = Switching frequency 

If VIN is 4.7V (minimum), 

VF = O.4V, Rsw = 0.250, 

L = 50IlH, f = 60kHz, and lOUT = 1A; 

ISWITCH 

1A1D1V 

IDiODE 

1AIOIV 

5!lS/OIV 

Figure 24. Positive-to-Negative Converter 
Switch and Diode Current 

ISW(PEAKl=1[1+ 5+0'147 5)] 
4.7 -1(0.25) . + 

4.7 

+ 4.75(5) 

2( 50E-6)( 60E3)( 4.75 + 5) 

= 2.29 + 0.4 = 2.69A 

The first term (2.29A) represents the minimum switch 
current required if the inductor were infinitely large. A 
finite inductor value requires additional switch current. 
The O.4A represents one-half the peak-to-peak inductor 
ripple current. The end result is that peak switch current is 
almost three times output load current. This multiplier 
drops rapidly at higher input voltages, so worst case is 
calculated at lower input voltage. 

Figure 25 shows the efficiency of this converter. At higher 
input voltages and modest output currents efficiency 
hovers around 85%, quite good for a 5V output inverter. 
Low input voltage reduces efficiency because of increased 
currents in the switch, catch diode, and inductor. High 
input voltage and low output current also show lower 
efficiency due to quiescent currents in the ICs. Note that 
the efficiency is actually significantly improved in this 
regard over a more conventional design because the 

4-169 



LTl432 

POSITIVE TO nEGATIVE conVERTER 
L T1271 operates from a constant 5V supply voltage rather 
than the high input voltage. 

Output voltage ripple in an inverter can be much higher 
than a buck converter because current is delivered to the 
output capacitor in high amplitude square waves rather 
than a DC level with superimposed tri-wave. C2 is there
fore somewhat larger than in a buck design. Also C2 must 
be rated to handle the large RMS current pulses fed into it. 
This RMS current is approximately equal to: 

IOUT( ~V~~T J 
For 1A output current, with 5V input, this computes to 
1ARMS in the output capacitor. A small additional output 
filter would reduce output ripple voltage, but it does not 
change the current rating requirement for the main output 
capacitor. The reader is referred to a switching regulator 
CAD program (SwitcherCAD) supplied by LTC for further 
insight into converters. It is suggested that the reader fool 
the program by asking for a negative input, positive output 
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design. It will then select the LT1 070 family of ICs which 
normally are not used in positive to negative converters. 
Efficiency calculations will be somewhat in error at higher 
input voltages because the program assumes full input 
voltage across the IC. Later versions of SwitcherCAD will 
have a special section for this particular design. 
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Figure 25. Positive-to-Negative Converter Efficiency 
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FEATURES 
• No Design Required 
• Operates at Supply Voltages From 1.OV to 30V 
• Consumes Only 9SJ.LA Supply Current 
• Works in Step-Up or Step-Down Mode 
• Only Three External Off-the-Shelf Components 

Required 
• Low-Battery Detector Comparator On-Chip 
• User-Adjustable Current Limit 
• Internal1A Power Switch 
• Fixed or Adjustable Output Voltage Versions 
• Space-Saving 8-Pin MiniDIP or S08 Package 

APPLICATions 
• Pagers 
• Cameras 
• Single-Cell to SV Converters 
• Battery Backup Supplies 
• Laptop and Palmtop Computers 
• CeliularTelephones 
• Portable Instruments 
• 4mA-20mA Loop Powered Instruments 
• Hand-Held Inventory Computers 
• Battery-Powered a, ~, 'Y Particle Detectors 

TYPICAL APPLICATiOn 
Single-Cell 10 5V Converter 

1.5V 
AACELL' 

'ADD 1~ DECOUPLING CAPACITOR IF SAmRY 
IS MORE THAN 2' AWAY FROM LT1073. 
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1N5818 

100~F 
SANYO 
OS-CON 

LT1073·TAOl 

DC-DC Converter 
Adjustable and Fixed 5V, 12V 

DESCRIPTion 
The LT1073 is a versatile micro power DC-DC converter. 
The device requires only three external components to 
deliver a fixed output of SVor 12V. The very low minimum 
supply voltage of 1.OV allows the use of the L T1 073 in 
applications where the primary power source is a single 
cell. An on-chip auxiliary gain block can function as a low
battery detector or linear post-regulator. 

Average current drain of the L T1 073-S used as shown in 
the Typical Application circuit below is just 13SJ.LA un
loaded, making it ideal for applications where long battery 
life is important. The circuit shown can deliver SV at 40mA 
from an input as low as 1.2SV, and SV at 1 OmA from a 
1.00V input. 

The device can easily be configured as a step-up or step
down converter, although for most step-down applica
tions or input sources greater than 3V, the LT1173 is 
recommended. Switch current limiting is user-adjustable 
by adding a single external resistor. Unique reverse
battery protection circuitry limits reverse current to safe, 
non-destructive levels at reverse supply voltages up to 
1.6V. 

Single Alkaline "AA" Cell Operating 
Hours vs DC Load Current 
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A8S0LUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage, Step-Up Mode ................................. 15V 
Supply Voltage, Step-Down Mode ............................ 36V 
SW1 Pin Voltage ....................................................... 50V 
SW2 Pin Voltage ......................................... -O.4V to VIN 
Feedback Pin Voltage (L T1 073) .................................. 5V 
Switch Current ......................................................... 1.5A 
Maximum Power Dissipation ............................. 500mW 
Operating Temperature Range (LT1073C) ... O°C to 70°C 

TOP VIEW ORDER PART 

I~om(~"" 
NUMBER 

VIN 2 7 SET 
LT1073CN8 SW13 GAO 

SW2 4 5 GND L T1 073CN8-5 

LT1073-POlOI L T1073CN8-12 
Na PACKAGE 

a·LEAD PLASTIC 01 P 
'FIXED VERSIONS 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C TOP VIEW LT1073CS8 I,,, 0 .""'" L T1 073CS8-5 

L T1 073CS8-12 VIN 2 7 SET 
SW13 GAO S8 PART MARKING 
SW2 4 5 GND 

lTl073-PQf02 1073 
sa PACKAGE 

07305 a·LEAD PLASTIC SOIC 
'FIXED VERSIONS 07312 • ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 1.5V unless otherwise specified. 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

10 Quiescent Current Switch Off • 95 130 !lA 
10 Quiescent Current, Step-Up No Load I LT1073-5 135 !lA 

Mode Configuration I LT1073-12 250 

VIN Input Voltage Step-Up Mode • 1.15 12.6 V 
1.0 12.6 

Step-Down Mode • 30 
Comparator Trip Point Voltage LT1073 (Note 1) • 202 212 222 mV 

VOUT Output Sense Voltage LT1 073-5 (Note 2) • 4.75 5.00 5.25 V 
LT1073-12 (Note 2) • 11.4 12.00 12.6 

Comparator Hysteresis LT1073 • 5 10 mV 
Output Hysteresis LT1073-5 • 125 250 mV 

LT1073-12 • 300 600 

fosc Oscillator Frequency • 15 19 23 kHz 
DC Duty Cycle Full Load (VFB < VREF) • 65 72 80 % 

toN Switch ON Time • 30 38 50 IJS 
IFB Feedback Pin Bias Current LT1073, VFB = OV • 10 50 nA 

ISET Set Pin Bias Current VSET = VREF • 60 120 nA 

VAO AO Output Low lAO =-100mA " • 0.15 0.4 V 
Reference Line Regulation 1.0V $VIN $1.5V • 0.35 1.0 'ioN 

1.5V $ VIN $ 12V • 0.05 0.1 
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ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 1.5V unless otherwise specified. 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

VCESAT Switch Saturation Voltage VIN = 1.5V, Isw = 400mA 300 400 mV 
Step-Up Mode • 600 

VIN = 1.5V, Isw = 500mA 400 550 

• 750 

VIN = 5V, Isw = lA 700 1000 

• 1500 

Av A2 Error Amp Gain RL = 100kO (Note 3) • 400 1000 VN 

IREV Reverse Battery Current (Note 4) 750 rnA 

ILiM Current Limit 2200 Between ILiM and VIN 400 rnA 
Current Limit Temperature -0.3 %/OC 
Coefficient 

ILEAK Switch OFF Leakage Current Measured at SWI Pin 1 10 IIA 
VSW2 Maximum Excursion Below GND ISW1 ::; 101lA, Switch Off -400 -350 mV 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: This specification guarantees that both the high and low trip point 
of the comparator fall within the 202mV to 222mV range. 

Nole 3: 100kO resistor connected between a 5V source and the AO pin. 
Nole 4: The LT1073 is guaranteed to withstand continuous application of 
+ 1.6V applied to the GND and SW2 pins while VIN, ILlM, and SWI pins are 
grounded. 

Note 2: This specification guarantees that the output voHage of the fixed 
versions will always fall within the specified range. The waveform at the 
sense pin will exhibit a sawtooth shape due to the comparator hysteresis. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Switch ON Voltage 
Step-Down Mode Saturation Voltage Step-Up Mode 

(SW2 Pin Grounded) (SW1 Pin Connected to VIN) 
1.2 r---r-...,-,...'T"T'T--,-..... 

1.0 1--f--+--+-t-"l-+-1-hH 

0.8 I--t-+--tf-+¥-~'----j 

5l 0.6 1--t-tt----:ftt'hY---'1--j 
~ 

0.4 1--f-J'---hUdllPF--\· 

0.2 1-....... '+--+--+----1--1 

oL-~ __ ~ __ L_~ __ _L~ 

o 0.2 0.4 0.6 0.8 1.0 1.2 

ISWITCH (A) 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Feedback Pin Bias Current vs 
Temperature 

Set Pin Bias Current vs 
Temperature "Gain Block" Gain 
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Pin FunCTions 
'LIM (Pin 1): Connect this pin to VIN for normal use. Where 
lower current limit is desired, connect a resistor between 
ILiM and VIN. A 2200 resistor will limit the switch current 
to approximately 400mA. 

VIN (Pin 2): Input supply voltage. 

SW1 (Pin 3): Collector of power transistor. For step-up 
mode connect to inductor/diode. For step-down mode 
connect to VIN. 
SW2 (Pin 4): Emitter of power transistor. For step-up 
mode connect to ground. For step-down mode connect to 
inductor/diode. This pin must never be allowed to go more 
than a Schottky diode drop below ground. 

LT10n·wcOll 

GND (Pin 5): Ground. 

AO (Pin 6): Auxiliary Gain Block (GB) output. Open collector, 
can sink 1 OO~. 
SET (Pin 7): GB input. GB is an op amp with positive input 
connected to SET pin and negative input connected to 
212mV reference. 

FB/SENSE (Pin 8): On the LT1073 (adjustable) this pin 
goes to the comparator input. On the LT1073-5 and 
L T1 073-12, this pin goes to the internal application resistor 
that sets output voltage. 
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LT1073 BLOCK DIAGRAm 

SET 

GNO 
FB 

LT1073 OPERATion 
The L T1 073 is a gated oscillator switcher. This type 
architecture has very low supply current because the 
switch is cycled only when the feedback pin voltage drops 
below the reference voltage. Circuit operation can best be 
understood by referring to the LT1073 block diagram 
above. Comparator Ai compares the FB pin voltage with 
the 212mV reference signal. When FB drops below 
212mV, Ai switches on the 19kHz oscillator. The driver 
amplifier boosts the signal level to drive the output NPN 
power switch 01. An adaptive base drive circuit senses 
switch current and provides just enough base drive to 
ensure switch saturation without overdriving the switch, 
resulting in higher efficiency. The switch cycling action 
raises the output voltage and FB pin voltage. When the FB 
voltage is sufficient to trip Ai, the oscillator is gated off. A 
small amount of hysteresis built into Ai ensures loop 
stability without external frequency compensation. When 
the comparator is low the oscillator and all high current 
circuitry is turned off, lowering device quiescent currentto 
just 95J,JA for the reference, Ai and A2. 

The oscillator is set internally for 38f.Ls ON time and 15f.Ls 
OFF time, optimizing the device for step-up circuits where 
VOUT'" 3VIN, e.g., 1.5V to 5V. Other step-up ratios as well 
as step-down (buck) converters are possible at slight 
losses in maximum achievable power output. 
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ILiM SW1 

Q1 

SW2 

A2 is a versatile gain block that can serve as a low-battery 
detector, a linear post-regulator, or drive an undervoltage 
lockout circuit. The negative input of A2 is internally con
nected to the 212mV reference. An external resistor divider 
from VIN to GND provides the trip point for A2. The AO 
output can sink 1 OOJ,JA (use a 56k resistor pull-up to +5V). 
This line can signal a microcontrollerthatthe battery voltage 
has dropped below the preset level. 

A resistor connected between the ILiM pin and VIN adjusts 
maximum switch current. When the switch current ex
ceeds the set value, the switch is turned off. This feature 
is especially useful when small inductance values are used 
with high inputvoltages.lfthe internal current limit of 1.5A 
is desired, ILiM should be tied directly to VIN. Propagation 
delay through the current-limit circuitry is about 2f.Ls. 

In step-up mode, SW2 is connected to ground and SW1 
drives the inductor. In step-down mode, SW1 is con
nected to VIN and SW2 drives the inductor. Output voltage 
is set by the following equation in either step-up or step
down modes where R1 is connected from FB to GND and 
R2 is connected from VOUT to FB. 

VOUT = (212mV) (~~ + 1) (01) 



LT1073-S, -12 BLOCK DIAGRAm 

212mV 
REF 

GND 

SET 

R2 
R1 904kQ 

SENSE 

AD 

I LIM SW1 

LT1073-5: R1 = 40kn 
LT1073-12: R2 = 1S.3kQ 

APPLICATions InFORmATion 
Measuring Input Current at Zero or light Load 

Obtaining meaningful numbers for quiescent current and 
efficiency at low output current involves understanding 
how the LT1 073 operates. At very low orzero load current, 
the device is idling for seconds at a time. When the output 
voltage falls enough to trip the comparator, the power 
switch comes on for a few cycles until the output voltage 
rises sufficiently to overcome the comparator hysteresis. 
When the power switch is on, inductor current builds up 
to hundreds of milliamperes. Ordinary digital multi meters 
are not capable of measuring average current because of 
bandwidth and dynamic range limitations. A different 
approach is required to measure the 100j.lA off-state and 
500mA on-state currents of the circuit. 

LT1073 

LT1073-S, -12 OPERATion 

The LT1073-5 and LT1 073-12 fixed output voltage ver
sions have the gain-setting resistors on-chip. Only three 
external components are required to construct a fixed
output converter. 5j.lA flows through R1 and R2 in the 
LT1073-5, and 12.3j.lA flows in the LT1 073-12. This cur
rent represents a load and the converter must cycle from 
time to time to maintain the proper output voltage. Output 
ripple, inherently present in gated-oscillator designs, will 
typically run around 150mV for the L T1 073-5 and 350mV 
for the L T1073-12 with the proper inductor/capacitor 
selection. This output ripple can be reduced considerably 
by using the gain block amp as a pre-amplifier in front of 
the FB pin. See the applications section for details. 

Quiescent current can be accurately measured using the 
circuit in Figure 1. VSET is set to the input voltage of the 
LT1073. The circuit must be "booted" by shorting V2 to 
VSET. After the L T1 073 output voltage has settled, dis
connect the short. Input voltage is V2, and average input 
current can be calculated by this formula: 

I _ V2-V1 
IN- 100n (02) 

Figure 1. Test Circuit Measures No-Load Quiescent Current 01 LT1D73 Converter 
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APPLICATions InFoRmATion 
Table 1. Component Selection for Slep-Up Converters 

INPUT BATTERY OUTPUT OUTPUT 
VOLTAGE TYPE VOLTAGE CURRENT (MIN) 

1.55-1.25 Single Alkaline 3.0V 60mA 

1.30-1.05 Single Ni-Cad 3.0V 20mA 

1.55-1.25 Single Alkaline 5.0V 30mA 

1.30-1.05 Single Ni-Cad 5.0V 10mA 

3.1-2.1 Two Alkaline 5.0V 80mA 

3.1-2.1 Two Alkaline 5.0V 25mA 

3.3-2.5 Lithium 5.0V 100mA 
3.1-2.1 Two Alkaline 12V 25mA 

3.1-2.1 Two Alkaline 12V 5mA 

3.3-2.5 Lithium 12V 30mA 

4.5-5.5 TTL Supply 12V 90mA 

4.5-5.5 TTL Supply 12V 22mA 

4.5-5.5 TTL Supply 24V 35mA 

G = GOWANDA CB = CADDELL-BURNS 
* Add 68n from ILiM to VIN 

Inductor Selection 

A DC-DC converter operates by storing energy as mag
netic flux, in an inductor core, and then switching this 
energy into the load. Since it is flux, not charge, that is 
stored, the output voltage can be higher, lower, or opposite 
in polarity to the input voltage by choosing an appropriate 
switching topology. To operate as an efficient energy 
transfer element, the inductor must fulfill three require
ments. First, the inductance must be low enough for the 
inductor to store adequate energy under the worst-case 
condition of minimum input voltage and switch ON time. 
The inductance must also be high enough so that maximum 
current ratings of the LT1073 and inductor are not ex
ceeded at the other worst-case condition of maximum 
input voltage and ON time. Additionally, the inductor core 
must be able to store the required flux, i.e., it must not 
saturate. At power levels generally encountered with 
L T1 073-based designs, small axial-lead units with satura
tion current ratings in the 300mA to 1A range (depending 
on application) are adequate. Lastly, the inductor must 
have sufficiently low DC resistance so that excessive 
power is not lost as heat in the windings. An additional 
consideration is Electro-Magnetic Interference (EM I). 
Toroid and pot core type inductors are recommended in 
applications where EMI must be kept to a minimum; for 
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INDUCTOR INDUCTOR CAPACITOR 
VALUE 1!1H) PART NUMBER VALUE NOTES 

82 G GA 1 0-822K, CB 7300-12 15Ol1F 
180 G GA10-183K, CB 7300-16 4711F 
82 G GA 1 0-822K, CB 7300-12 1OOl1F 

180 G GA10-183K, CB 7300-16 2211F 
120 G GA10-123K, CB 7300-14 47Ol1F * 

470 G GA10-473K, CB 7300-21 15Ol1F * 

150 G GA40-153K, CB 6860-15 47Ol1F * 

120 G GA10-123K, CB 7300-14 22Ol1F 

470 G GA 1 0-473K, CB 7300-21 1OOl1F 

150 G GA10-153K, CB 7300-15 22Ol1F 
220 G GA40-223K, CB 6860-17 47Ol1F * 

1000 G GA 10-1 04K, CB 7300-25 1OOl1F * 

220 G GA40-223K, CB 6860-17 15Ol1F * 

example, where there are sensitive analog circuitry or 
transducers nearby. Rod core types are a less expensive 
choice where EMI is not a problem. 

Specifying a proper inductor for an application requires 
first establishing minimum and maximum input voltage, 
output voltage, and output current. I n a step-up converter, 
the inductive events add to the input voltage to produce the 
output voltage. Power required from the inductor is de
termined by 

(03) 

where VD is the diode drop (0.5V for a 1 N5818 Schottky). 

Maximum power in the inductor is 

PL = EL• fosc (04) 

1 L ·2 f 
= '2 IpEAK • osc 

where 

ipEAK =(~N)(1-e -R~ON) (05) 



APPLICATions InFoRmATion 
R = Switch equivalent resistance (1.0Q maximum) 
added to the DC resistance ofthe inductor, and tON = ON 
time of the switch. 

At maximum VIN and ON time, iPEAK should not be allowed 
to exceed the maximum switch current shown in Figure 2. 
Some input/output voltage combinations will cause 
continuous1 mode operation. In these cases a resistor is 
needed between ILiM (pin 1) and VIN (pin 2) to keep switch 
current under control. See the "Using the ILiM Pin" section 
for details. 

1200 
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Figure 2. Maximum Switch Current vs Input Voltage 

Capacitor Selection 

Selecting the right output capacitor is almost as important 
as selecting the right inductor. A poor choice for a filter 
capacitor can result in poor efficiency and/or high output 
ripple. Ordinary aluminum electrolytics, while inexpensive 
and readily available, may have unacceptably poor 
equivalent series resistance (ESR) and ESL (inductance). 
There are low-ESR aluminum capacitors on the market 
1 i.e., inductor current does not go to zero when the switch is off. 

50mVIDIV 50mVlDIV 

LT1073 

specifically designed for switch-mode DC-DC converters 
which work much better than general-purpose units. 
Tantalum capacitors provide still better performance at 
more expense. We recommend OS-CON capacitors from 
Sanyo Corporation (San Diego, CAl. These units are physi
cally quite small and have extremely low ESR. To illustrate, 
Figures 3, 4, and 5 show the output voltage of an L T1 073-
based converter with three 100j.LF capacitors. The peak 
switch current is 500mA in all cases. Figure 3 shows a 
Sprague 501 D aluminum capacitor. VOUT jumps by over 
150mV when the switch turns off, followed by a drop in 
voltage as the inductor dumps into the capacitor. This 
works outto bean ESR ofover300mQ. Figure4showsthe 
same circuit, but with a Sprague 150D tantalum cllpacitor 
replacing the aluminum unit. Output jump is now about 
30mV, corresponding to an ESR of 60mQ. Figure 5 shows 
the circuit with an OS-CON unit. ESR is now only 30mQ. 

In very low power applications where every microampere 
is important, leakage current of the capacitor must be 
considered. The OS-CON units do have leakage current in 
the 5j.LA to 1 OJ.LA range. If the load is also in the microam
pere range, a leaky capacitor will noticeably decrease 
efficiency. In this type application tantalum capacitors are 
the best choice, with typical leakage currents in the 1 j.LA to 
5j.LA range. 

Diode Selection 

Speed, forward drop, and leakage current are the three 
main considerations in selecting a catch diode for L T1 073 
converters. "General-purpose" rectifiers such as the 
1 N4001 are unsuitable for use in anyswitching-regulator 
application. Although they are rated at 1 A, the switching 
time of a 1 N4001 is in the 10!ls-50!lS range. At best, 
efficiency will be severely compromised when these di-

50mVlDIV 

20llsiDIV 

Figure 3. Aluminum 

20llsiDIV 

Figure 4. Tantalum Figure 5. OS-CON 
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odes are used, and at worst, the circuit may not work at all. 
Most L T1 073 circuits will be well served by a 1 NS818 
Schottky diode. The combination of SOOmV forward drop 
at 1A current, fast turn-on and turn-off time, and 4~ to 
1 OJ..LA leakage current fit nicely with LT1 073 requirements. 
At peak switch currents of 1 OOmA or less, a 1 N4148 signal 
diode may be used. This diode has leakage current in the 
1 nA-SnA range at 25°C and lower cost than a 1 NS818. 
(You can also use them to get your circuit up and running, 
but beware of destroying the diode at 1 A switch currents.) 
In situations where the load is intermittent and the L T1 073 
is idling most of the time, battery life can sometimes be 
extended by using a silicon diode such as the 1 N4933, 
which can handle 1A but has leakage current of less than 
1~. Efficiency will decrease somewhat compared to a 
1 NS818 while delivering power, but the lower idle current 
may be more important. 

Step-Up (Boost Mode) Operation 

A step-up DC-DC converter delivers an output voltage 
higher than the input voltage. Step-up converters are not 
short-circuit protected since there is a DC path from input 
to output. 

The usual step-up configuration for the LT1073 is shown 
in Figure 6. The L T1 073 first pulls SW1 low causing VIN
VCESATto appear across L1. Acurrentthen builds up in L 1. 
At the end of the switch ON time the current in L 1 is2: 

iPEAK = ~ tON (06) 

2This simple expression neglects the effect of switch and coil resistance. 
These are taken into account in the "Inductor Selection" section. 

L1 01 

V1N -----,..,..,~-~~--- VOUT 

4-182 

R2 

+ 

R1 

Figura 6. Step-Up Mode Hookup. 
Refer to Table 1 for Component Values 

C1 

Immediately after switch turn-off, the SW1 voltage pin 
starts to rise because current cannot instantaneously stop 
flowing in L 1. When the voltage reaches VauT + Va, the 
inductor current flows through 01 into C1, increasing 
VauT. This action is repeated as needed by the LT1 073 to 
keep VFB at the internal reference voltage of 212mV. R1 
and R2 set the output voltage according to the formula 

(07) 

Step-Down (Buck Mode) Operation 

A step-down DC-DC converter converts a higher voltage to 
a lower voltage. It is short-circuit protected because the 
switch is in series with the output. Step-down converters 
are characterized by low output voltage ripple but high 
input current ripple. The usual hookup for an LT1073-
based step-down converter is shown in Figure 7. 

LT1073'TA17 

Figure 7. Step-Down Mode Hookup 

When the switch turns on, SW2 pulls up to VIN-Vsw. This 
. puts a voltage across L 1 equal to VIN - Vsw - VauT, 
causing a current to build up in L 1. Atthe end of the switch 
ON time, the current in L 1 is equal to 

. VI N - Vsw - VOUT (08) 
IpEAK = L tON 

When the switch turns off the SW2 pin falls rapidly and 
actually goes below ground. 01 turns on when SW2 
reaches OAV below ground. 01 MUST BE A SCHOTTKY 
DIODE. The voltage at SW2 must never be allowed to go 
below -O.Sv. A silicon diode such as the 1 N4933 will allow 
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SW2 to go to-0.8V, causing potentially destructive power 
dissipation inside the L T1 073. Output voltage is deter
mined by 

VOUT =(1+ ~~}212mV) (09) 

R3 programs switch current limit. This is especially im
portant in applications where the input varies over a wide 
range. Without R3, the switch stays on for a fixed time 
each cycle. Under certain conditions the current in L 1 can 
build up to excessive levels, exceeding the switch rating 
and/or saturating the inductor. The 220(1 resistor pro
grams the switch to turn off when the current reaches 
approximately 400mA. When using the LT1073 in step
down mode, output voltage should be limited to 6.2V or 
less. 

Inverting Configurations 

The LT1073 can be configured as a positive-to-negative 
converter (Figure 8), or a negative-to-positive converter 
(Figure 9). In Figure 8, the arrangement is very similar to 
a step-down, except that the high side of the feedback is 
referred to ground. This level shifts the output negative. As 
in the step-down mode, D1 must be a Schottky diode, and 
I VOUT I should be less than 6.2V. 

In Figure 9, the input is negative while the output is 
positive. In this configuration, the magnitude of the input 
voltage can be higher or lower than the output voltage. A 
level shift, provided by the PNPtransistor, supplies proper 
polarity feedback information to the regulator. 

Figure 8. Positive-to-Negative Converter 

LT1073 

Using the ILiM Pin 

The L T1 073 switch can be programmed to turn off at a set 
switch current, a feature not found on competing devices. 
This enables the input to vary over a wide range without 
exceeding the maximum switch rating or saturating the 
inductor. Consider the case where analysis shows the 
LT1073 must operate at an 800mA peak switch current 
with a 2.0V input.lfV'N rises to 4V, the peak switch current 
will rise to 1.6A, exceeding the maximum switch current 
rating. With the proper resistor (seethe "Maximum Switch 
Current vs RLlM" characteristic) selected, the switch cur
rent will be limited to 800mA, even if the input voltage 
increases. The L T1 073 does this by sampling a small 
fraction of the switch current and passing this current 
through the external resistor. When the voltage on the ILiM 
pin drops a VBE below V'N, the oscillator terminates the 
cycle. Propagation delay through this loop is about 211S. 

Another situation where the ILiM feature is useful is when 
the device goes into continuous mode operation. This 
occurs in step-up mode when 

VOUT + VDlODE < _1_ (10) 
V, N - Vsw 1- DC 

When the input and output voltages satisfy this relation
ship, inductor current does not go to zero during the 
switch OFF time. When the switch turns on again, the 
current ramp starts from the non-zero current level in the 
inductor just prior to switch turn-on. As shown in Figure 
10 the inductor current increases to a high level before the 
co~parator turns off the oscillator. This high current can 

D1 

R2 ( R1) VOUT = R2 212mV + O.6V 

Figure 9. Negative-to-Positive Converter 
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ON 
SWITCH 

OFF 

Figure 10. No Current Limit Causes Large Inductor 
Current Build-Up 

100k 

TO 
PROCESSOR 

( VLB ) R1 = R2 212mV-1 

VLB = BATTERY TRIP POINT 

Figure 12. Setting Low Battery Detector Trip Point 

cause excessive output ripple and requires oversizing the 
output capacitor and inductor. With the ILiM feature, 
however, the switch current turns off at a programmed 
level as shown in Figure 11, keeping output ripple to a 
minimum. 

Using the Gain Block 

The gain block (GB) on the L T1 073 can be used as an error 
amplifier, low-battery detector or linear post-regulator. 
Thegain blockitselfisaverysimple PNP inputopampwith 
an open-collector NPN output. The (-) input of the gain 
block is tied internally to the 212mV reference. The (+) 
input comes out on the SET pin. 
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ON 
SWITCH 

OFF 

Figure 11. Current Limit Keeps Inductor Current Under Control 

L1 D1 

R2 

+ 

I R1 I C1 

Figure 13. Output Ripple Reduction Using Gain Block 

Arrangement of the gain block as a low battery detector is 
straightforward. Figure 12shows hookup. R1 and R2 need 
only be low enough in value so that the bias current of the 
SET input does not cause large errors. 1 OOkn for R2 is 
adequate. 

Output ripple of the LT1073, normally 150mV at 5VOUT, 
can be reduced significantly by placing the gain block in 
front of the FB input as shown in Figure 13. This effectively 
reduces the comparator hysteresis by the gain of the gain 
block. Output ripple can be reduced to just a few millivolts 
using this technique. Ripple reduction works with step
down or inverting modes as well. 
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Table 2. Inductor Manulacturers 
MANUFACTURER PART NUMBERS 
Gowanda Electronics Corporation GA10 Series 
1 Industrial Place GA40 Series 
Gowanda, NY 14070 
716-532-2234 

Caddell-Burns 7300 Series 
258 East Second Street 6860 Series 
Mineola, NY 11501 
516-746-2310 

Coiltronics International Custom Toroids 
984 S.w. 13th Court Surface Mount 
Pompano Beach, FL 33069 
305-781-8900 

Toko America Incorporated Type 8RBS 
1250 Feehanville Drive 
Mount Prospect, IL 60056 
312-297-0070 

Renco Electronics Incorporated RL1283 
60 Jefryn Boulevard, East RL1284 
Deer Park, NY 11729 
800-645-5828 

TYPICAL APPLICATiOnS 

1.5V to 3V Step-Up Converter 

,..--.... --..... ....rrrY'-..... -I*"" ...... ---1_ :3V OUTPUT 

'1% METAL FILM 
tLl.GOWANDAGA10-123k 

OR CADOELL -BURNS 7300-14 

20mAAT 
VBATTERy·1.00V 

100~F 

Table 3. Capacitor Manufacturers 
MANUFACTURER 
Sanyo Video Components 
1201 Sanyo Avenue 
San Diego, CA 92073 
619-661-6322 

Nichicon America Corporation 
927 East State Parkway 
Schaumberg, IL 60173 
708-843-7500 

Sprague Electric Company 
Lower Main Street 
Sanford, ME 04073 
207-324-4140 

1.5V to 9V Step-Up Converter 

LT1073 

PART NUMBERS 
OS-CON Series 

PL Series 

1500 Solid Tantalums 
5500 Tantalex 

....--.... --..... ....rTTY'----1-1*"" .......... _ 9V OUTPUT 

• 1% METAL FILM 
t L1 • GOWANDA GA10-123k 

OR CADDELL-BURNS 7300-14 

7mA AT VBATTERY .1.00V 
16mA AT VBATIERY .1.5V 

4-185 
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1.5V 10 12V Slep-Up Converler 

r--~p--~,......"""''fY'-_~f-_~P-12V OUTPUT 

1.5V 
CELL 

'L1 = GOWANDA GA10-123k 
OR CADDELL-BURNS 7300-14 

3V 10 12V Slep-Up Converler 

5mAATVBATTERY= 1.0V 
16mAATVBATTERV= 1.5V 

r---~p--_P-rr'fY'-_+f-_""'-12V OUTPUT 

'L1 = GOWANDA GA10·682k 
OR CADDELL-BURNS 7300·11 

4-186 

35mAAT 
VBATTERY = 2.0V 

LT1073·TA28 

3V 10 5V Slep-Up Converler 

...-___ --_.rtV'l"-...... ,J.:... .... _ ...... 5V OUTPUT 

'L1 = GOWANDA GA10-682k 
OR CADDELL-BURNS 7300-11 

3V 10 15V Slep-Up Converler 

100mAAT 
VBATTERY = 2.0V 

100l1F 

LTI073'TAZl 

r---_P--__ ~vv'-.-+~_ ..... -115VOUTruT 

TWO 
1.5V 1000 
CELLS 

, 1% METAL FILM 
t L1 = GOWANDA GA10-682k 

OR CADDELL-BURNS 7300-11 

1M' 

14.3k' 

27mAAT 
VBATTERY = 2.0V 
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TYPICAL APPLICATions 

5V to 12V Step-Up Converter 5V to 15V Step-Up Converter 

t-----<p---t-rTTY"'-..-.. t-..--1'- 12V OUTPUT t---t---..-rTTY"'-..--.Jr--<p-....- 15V OUTPUT 

'L1 = GOWANDA GA20-153k 
OR CADDELL-BURNS 7200-15 

130mAAT 4.5VIN 

100~F 

, 1% METAL FILM 
t L 1 = GOWANDA GA20-153k 

OR CADDELL-BURNS 7200-15 

1.5V to 5V Step-Up Converter with Logic Shutdown 

r---.... --.... ...ry-yT"\,-1~-.J---<P-.,...... ...... 5V OUTPUT 

1.5V 
CELL 

'1% METAL FILM 
t L1 = GOWANDA GA1O-S22k 

OR CADDELL-BURNS 7300-12 

909k' 

100mAAT 4.5VIN 

1M' 

100l'F 

14.3k' 
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9V 
BATIERY 

4-188 

1.5V 
CEll 

1.5V to 5V Step-Up Converter with Low-Battery Detector 

100kO 

100l1F 

L--+--+----------I---.... lO BAT GOES lOW 
ATVBAmRY = 1.15V 

, 1% METAL FilM 
tl1 = GOWANDAGA10-822k 

OR CADDEll-BURNS 7300-12 lT1073'TA33 

9V to 3V Step-Down Converter 9V to 5V Step-Down Converter 

.---.- 3V OUTPUT 

2200 536k' 

40.2k' 

9V 
BAmRY 

....... J"I'V"t ............... _ 5V OUTPUT 

'1% METAL FilM 'l1 = GOWANDAGA10-103k 
t l1 = GOWANDA GA10-103k OR CADDEll-BURNS 7300-13 LT10n·TA35 

OR CADDEll-BURNS 7300-13 LT10n·TA34 
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1.5Vto 5V Bootstrapped Step-Up Converter Memory Backup Supply 

r----1_---rY'"rf''-..... -I+-..... - ..... -5vouTPuT I--~_ 5V TO MEMORY 

'L1 = GOWANDA GA10-123k 
OR CADDELL-BURNS 7300-14 

MINIMUM START-UP VOLTAGE = 1.1V 

50mA 

+ 
100~F 

, = 1 % METAL FILM 
.. = OPTIONAL 

tL1 = GOW. •• NDA GA10-822k 
OR CADDELL-BURNS 7300-12 

3V to 5V Step-Up Converter with Under-Voltage Lockout 

r-_-..... ----1--... --_.J"'IrY"'n... ..... --I~~_~_-5VOUTPUT 
100mA 
LOCKOUT AT 1.8V 

100~F 

, 1% METAL FILM 
t L 1 = GOWANDA GA 1 D-682k 

DR CADDELL-BURNS 7300-11 

4.5V WHEN MAIN 
SUPPLY OPEN 

4-189 



LT1073 

TYPICAL APPLICATions 

1.5V to 5V Low Noisa Step-Up Converter 

1N5818 
5VOUTPUT r----..... --P-'.."...,...", ...... - .... ----20mVp.p RIPPLE 

1.SV 

• 1 % METAL FILM 
t L1 = GOWANDA GA10-822k 

OR CADDELL·BURNS 7300-12 

100l1F 
OS·CON 

1.5V to 5V Vary Low Noise Step-Up Converter 

.---1 ___ - ..... ..ro...","-..... ~H __ 5V OUTPUT 

• 1% METAL FILM 
t L1 = GOWANDA GA10-473k 

OR CADDELL·BURNS 7300-21 

EFFICIENCY = 83% AT 5mA LOAD 

SmA AT VBATIERY = 1.00V 
10mVp·p RIPPLE 

100l1F 
OS·CON 

9V to 5V Reduced Noise Step-Down Converter 

6.SVTO 12V 

• 1% METAL FILM 
t L1 = GOWANDA GA10-472k 

DR CADDELL ·BURNS 7300-09 

EFFICIENCY = 80% 
10·13011A 
OUTPUT NOISE = 100mVp·p 
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SVOUT 
90mA 
AT6.5VIN 

909k' 

40.2k· 
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3V to 6V @ 1A Step-Up Converter 

INPUT 
3VT06V 

(2 LITHIUM CELLS) J1000~F r-~~-"""-""'--~---+-----1~ 6VOUTPUT 
1AATVIN =3V 

J 2200~F 
MTP30SSEL 

, 1% METAL FILM 
t L1 = COILTRONICS CTX2S-S-S2 

LOW 10 « 2S0~A) 

1_5V Powered 350ps Risetime Pulse Generator 

MUR120 

'L 1 = TOKO 262LYF-D09SK 

SELECT Q1 AND C1 FOR OPTIMUM RISE AND FALL 

OUTPUT 
SV INTO SOil 
PULSE WIDTH = 1 ns 

LT1073 

• 
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4-192 

1.5V Powered Temperature Compensated Crystal Oscillator 

• = 1% METAL FILM 

~ = AT CUT -35° 20' ANGLE 

t L1 = JW. MILLER '100267 

OUTPUT 
1MHz-+--t 

0.05ppml"C 

1.5V 

1.5V Powered IX, ~, Y Particle Detector 

[ 
r 

T1 
X1 

01,02,03 
R1 
U1 

COILTRONICS CTX10052-1 
PROJECTS UNLIMITED AT-11k OR an SPEAKER 
MUR1100 
VICTOREEN MOX-300 
LNO-712 LNO CORP., OCEANSIOE, NY 

210k 

R1 
500M 

1.5V 

100k 
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~~ TECHNOLOG~~~-----St-e-p--D--ow--n~S-w~it-c~h~in-g 

FEATURES 
• SA On-Board Switch (LT1 074) 
• Up to 200kHz Switching Frequency 
• Greatly Improved Dynamic Behavior 
• Available in Low Cost S-Lead Packages 
• Only B.SmA Quiescent Current 
• Programmable Current Limit 
• Operates Up to 60V Input 
• Includes Output Voltage Monitor 
• Micropower Shutdown Mode 

APPLICATions 
• Buck Converter with Output Voltage Range of 2.SV 

to SOV 
• Tapped Inductor Buck Converter with 10A Output 

at SV 
• Positive-to-Negative Converter 
• Negative Boost Converter 
• Multiple Output Buck Converter 

DESCRIPTiOn 
The L T1 074 is a SA (L T1 076 is rated at 2A) monolithic 
bipolar switching regulator which requires ~nly a few ex:ternal 
parts for normal operation. The powerswltch, all oscillator 
and control circuitry, all current limit components, and an 
output monitor are included on the chip. The topology is a 
classic positive "buck" configuration but several design 
innovations allow this device to be used as a positive to 
negative converter, a negative boost converter, and as a 

TYPICAL APPLICATiOn 
Basic Positive Buck Converter 

Ll" 

Regulator 

flyback converter. The switch output is specified to swing 
40V below ground, allowing the LT1 074 to drive a tapped 
inductor in the buck mode with output currents up to 10A. 

The L T1 074 uses a true analog multiplier in the feedback 
loop. This makes the device respond nearly instant~
neously to input voltage fluctuations and makes loop gam 
independent of input voltage. As a result, dynamic be~av
ior of the regulator is significantly improved over prevIous 
designs. 

On-Chip pulse by pulse current limiting makes the LT1 074 
nearly bust-proof for output overloads or shorts. The input 
voltage range as a buck converter is BV to 60V, but a self
boot feature allows input voltages as low as SV in the 
inverting and boost configurations. • 

The L T1 074 is available in low cost S-Iead TO-220 or TO-
3 packages with frequency pre-set at 100kHz and current 
limit at 6.SA (L T1 076 = 2.6A). An 11-pin single-in-line 
package (SIP) is also available which allows swi~c~ing 
frequency to be increased to 200kHz and current limit to 
be adjusted down to zero. In addition, full micropower 
shutdown can be programmed as well as external current 
sensing, and soft start. An output monitor "status" pin can 
be used as a microprocessor reset, and a complementary 
output pin will allow implementation of extra-high-efficiency 
designs. See Application Note 44 for design details. 

A fixed SV output, 2A version is also available. See L T1 076-S. 

Buck Converter Efficiency 

100 I--+---l-+---t-t--J 

10V TO 40V '--4I......r"rY"Y"'-----=_;x ·USE MBR340 FOR L n076 ~ 90~-t~~~~~t-1 

Cl 
500~F 

----<~-~--..-_.._-_-., 25V 

··COILTRONICS #50-2-52 (LT1074) 
#100-1-52 (LT1076) 

PULSE ENGINEERING. INC. 
#PE-92114 (LT1074) 
#PE-92102 (LT1 076) 

HURRICANE #HL-AK147QQ (LT1074) 
#HL -AG21 OLL (L n 076) 

>-
fl5 80 i---:.o-4--t-+------i-=-T-i 
<3 

it 70 f----+---t---t----t-T-i 

60 

1 

L = 50llH TYPE 52 CORE 
DIODE = MBR735 

OUTPUT LOAD CURRENT (A) 
lT1074-TPCZ7 
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ABSOLUTE mAXimum RATinGS 
Input Voltage 

LT10741 L T1076 ................................................... 45V 
LT1074HVl76HV .................................................. 64V 

Switch Voltage with Respect to Input Voltage 
LT1074/76 ........................................................... 64V 
LT1074HV176HV .................................................. 75V 

Switch Voltage with Respect to Ground Pin (Vsw Negative) 
L T1 074176 (Note 6) .............................................. 35V 
LT1074HV176HV (Note 6) .................................... 45V 

Feedback Pin Voltage ..................................... -2V, +1 OV 
Shutdown Pin Voltage (Not to Exceed VIN) ............... 40V 
Status Pin Voltage* .................................................. 30V 

(Current Must Be Limited to 5mA When Status Pin 
Switches "On") 

Complementary Output Voltage* .............................. 30V 
(Current Must Be Limited to 20mA When Output 
Switches "On") 

ILiM Pin Voltage (Forced) ......................................... 5.5V 
EXTLIM Pin Voltage* ..................... VIN -2V to VIN +O.4V 
Freq Pin Voltage* .................................................... 5.5V 
Maximum Operating Ambient Temperature Range 

LT1074C176C, LT1074HVC176HVC ............ O°C to 70°C 
LT1074M176M, LT1074HVM176HVM .. -55°C to 125°C 
LT107411761, LT1074HVI176HVI ............ -40°C to 85°C 

Maximum Operating Junction Temperature Range 
L T1 074C176C, LT1 074HVC176HVC .......... O°C to 125°C 
LT1074M/76M, LT1074HVM176HVM ... -55°C to 150°C 
LT107411761, LT1074HVI176HVI ........... -40°C to 125°C 

Maximum Storage Temperature ............ -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) .................. 300°C 
• Refers to pins on the 11-pin package, which is not recommended for 

new designs. 

ELECTRICAL CHARACTERISTICS Ti = 25°C, VIN = 25V, unless otherwise noted. 

PARAMETER CONDITIONS MIN 

Switch "On" Voltage (Note 1) LT1074 Isw = lA, Ti;;' O°C 
Isw= lA, Ti < O°C 
Isw = 5A, Ti;;' O°C 
Isw = 5A, Ti < O°C 

LT1076 Isw= 0.5A • Isw= 2A • 
Switch "Off" Leakage LT1074 VIN " 25V, Vsw = 0 

VIN = VMAX, Vsw = 0 (Note 7) 

LT1076 VIN = 25V, Vsw= 0 
VIN = VMAX, Vsw = 0 (Note 7) 

Supply Current (Note 2) VFB = 2.5V, VIN" 40V • 40V < VIN < 60V • 
VSHUT = O.IV (Device Shutdown) (Note 8) • 
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TYP MAX UNITS 

1.85 V 
2.10 V 
2.30 V 
2.50 V 

1.2 V 
1.7 V 

5 300 IlA 
10 500 IlA 

150 IlA 
250 IlA 

8.5 11 rnA 
9 12 rnA 
140 300 IlA 
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ELECTRICAL CHARACTERISTICS Tj = 25°C, VIN = 25V, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Minimum Supply Voltage Normal Mode • 7.3 8.0 V 

Startup Mode (Note 3) • 3.5 4.8 V 

Switch Current Limil (Note 4) LT1074 IUM Open • 5.5 6.5 8.5 A 
RUM= 10k (Note 5) 4.5 A 
RUM = 7k (Note 5) 3 A 

LT1076 IUM Open • 2 2.6 3.2 A 
RUM= 10k (Note 5) 1.8 A 
RUM = 7k (Note 5) 1.2 A 

Maximum Duty Cycle • 85 90 % 

Switching Frequency 90 100 110 kHz 
Ti" 125°C • 85 120 kHz 
Ti > 125°C • 85 125 kHz 
VFB = OV through 2kQ (Note 4) 20 kHz 

Switching Frequency Line Regulation 8V "VIN" VMAX (Note 7) • 0.03 0.1 %N 

Error Amplifier Voltage Gain (Note 6) 1V"Vc,,4V 2000 VN 

Error Amplifier Transconductance 3700 5000 8000 ~mho 

Error Amplifier Source and Sink Current Source (VFB = 2V) 100 140 225 ~ 
Sink (VFB = 2.5V) 0.7 1 1.6 rnA 

Feedback Pin Bias Current VFB = VREF • 0.5 2 ~ 
Reference Voltage Vc=2V • 2.155 2.21 2.265 V 

Reference Voltage Tolerance VREF (Nominal) = 2.21V ±0.5 ±1.5 % 
All Conditions of Input VoHage, Output • ±1 ±2.5 % 
Voltage, Temperature and Load Current 

Reference Voltage Line Regulation 8V "VIN "VMAX (Note 7) 

Vc Voltage at 0% Duty Cycle 
Over Temperature 

Multiplier Reference Voltage 

Shutdown Pin Current VSH = 5V 
VSH "VTHRESHOLD (=2.5V) 

Shutdown Thresholds Switch Duty Cycle = 0 
Fully Shut Down 

Status Window' As a Percent of Feedback Voltage 

Status High Level' ISTATUS = 1 O~ Sourcing 

Status Low Level' ISTATUS = 1.6mA Sinking 

Status Delay Time' 

Status Minimum Width' 

Freq Pin Voltage' RFREQ = 15k 

COM OUT Saturation Voltage' ISINK= 10mA 

COM OUT Leakage' V CDMOUT = 30V 

Thermal Resistance Junction to Case LT1074 
LT1076 

• Refers to pins on the 11·pin package, which is not recommended for new 
designs. 

The. denotes the specifications which apply over the full operating temperature 
range. 
Note 1: To calculate maximum switch "on" voltage at currents between low and 
high conditions, a linear interpolation may be used. 
Nole 2: A feedback pin voltage (VFB) of 2.5V forces the Vc pin to its low clamp level 
and the switch duty cycle to zero. This approximates the zero load condition where 
duty cycle approaches zero. 
Note 3: Total voltage from VIN pin to ground pin must be '" 8V after startup for 

• 0.005 0.02 %N 

1.5 V 

• -4 mV/oC 

24 V 

• 5 10 20 ~ 

• 50 ~ 

• 2.2 2.45 2.7 V 

• 0.1 0.3 0.5 V 

4 ±5 6 % 

• 3.5 4.5 5.0 V 

• 0.25 0.4 V 

9 ~s 

30 !is 

1.55 V 

• 0.5 1 V 

• 50 ~ 
2.5 °cm 
4.0 °cm 

proper regulation. For TA < 25°C, limit = 5V . 
Note 4: Switch frequency is internally scaled down when the feedback pin voltage 
is less than 1.3V to avoid extremely short switch on times. During testing, VFB is 
adjusted to give a minimum switch on time of 1!lS. 

Note5: IUM=RUM-1k (LT1074),luM= RUM-1k (LT1076). 
2k 5.5k 

Nole 6: Switch to input voltage limitation must also be observed. 
Nole 7: VMAX = 40V for the LT1074J76 and 60V for the LT1074HVJ76HV. 
Nole B: Does not include switch leakage. 
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BLOCK DIAGRAm 
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*Available only on the 11·pin package. which is not recommended lor new designs. 



BLOCK DIAGRAm DESCRIPTion 
A switch cycle in the LT1074 is initiated by the oscillator 
setting the RIS latch. The pulse that sets the latch also 
locks outthe switch via gate G1. The effective width ofthis 
pulse is approximately 700ns, which sets the maximum 
switch duty cycle to approximately 93% at 100kHz switch
ing frequency. The switch is turned off by comparator C1, 
which resets the latch. C1 has a sawtooth waveform as one 
input and the output of an analog multiplier as the other 
input. The multiplier output is the product of an internal 
reference voltage, and the output ofthe error amplifier, A 1, 
divided by the regulator input voltage. In standard buck 
regulators, this means that the output voltage of A1 
required to keep a constant regulated output is indepen
dent of regulator input voltage. This greatly improves line 
transient response, and makes loop gain independent of 
input voltage. The error amplifier is a transconductance 
type with a GM at null of approximately SOOOJ.1mho. Slew 
current going positive is 140llA, while negative slew 
current is about 1.1 mAo This asymmetry helps prevent 
overshoot on startup. Overall loop frequency compensa
tion is accomplished with a series RC network from Vc to 
ground. 

Switch current is continuously monitored by C2, which 
resets the RIS latch to turn the switch off if an overcurrent 
condition occurs. The time required for detection and 
switch turn off is approximately 600ns. So minimum 
switch "on" time in current limit is 600ns. Under dead 
shorted output conditions, switch duty cycle may have to 
be as low as 2% to maintain control of output current. This 
would require switch on time of 200ns at 100kHz switch
ing frequency, so frequency is reduced at very low output 
voltages by feeding the FB signal into the oscillator and 
creating a linear frequency downshift when the FB signal 
drops below 1.3V. Currenttrip level is set by the voltage on 
the ILiM pin which is driven by an internal 3201lA current 
source. When this pin is left open, it self-clamps at about 
4.SV and sets current limit at 6.SA forthe LT1 074 and 2.6A 
for the LT1076. An external resistor can be connected 
from the ILiM pin to ground to set a lower current limit. A 
capacitor in parallel with this resistor will soft start the 
current limit. A slight offset in C2 guarantees that when the 
ILiM pin is pulled to within 200mVofground, C2 output will 
stay high and force switch duty cycle to zero. 

LTl 074/LTl 076 

An output voltage monitor is included on the chip. Its 
output is available only on the 11-pin* version. The 
monitor output* goes low when the voltage on the FB pin 
is more than S% above or below the normal regulated 
value. This pin can be used to "hold off" load functions 
until the regulator output is normal or it can be used as a 
microprocessor reset. 

The "Freq" pin* is used to raise switching frequency, and 
to synchronize the oscillator to an external signal. A 
resistor to ground will raise frequency. A 3V-SV pulse 
coupled through a diode will synchronize the internal 
oscillator from 110% to 160% of its normal frequency. 
The pulse should be 300ns wide. Synchronizing can also 
be done with the S-Iead LT1 074 by pulling the Vc pin to 
ground for 300ns with a transistor. This has only a slight 
effect on regulated output voltage if the series resistor in • 
the frequency compensation network is at least 1 kn. 

The "Shutdown" pin is used to force switch duty cycle to 
zero by pulling the ILiM pin low, orto completely shut down 
the regulator. Threshold for the former is approximately 
2.3SV, and for complete shutdown, approximately 0.3V. 
Total supply current in shutdown is about 150J.1A. A 101lA 
pull-up current forces the shutdown pin high when left 
open. A capacitor can be used to generate delayed startup. 
A resistor divider will program "undervoltage lockout" if 
the divider voltage is set at 2.3SV when the input is at the 
desired trip point. 

The "Comout" pin* is an open collector switch whose 
voltage is the complement of the switch output (Vsw). In 
addition, the edges of Comout are slightly time-shifted to 
avoid overlap with Vsw. Comout is used to drive external 
MOSFETs in certain mutliple-output and high efficiency 
applications. 

The switch used in the LT1 074 is a Darlington NPN (single 
NPN for LT1076) driven by a saturated PNP. Special 
patented circuitry is used to drive the PNP on and off very 
quickly even from the saturation state. This particular 
switch arrangement has no "isolation tubs" connected to 
the switch output, which can therefore swing to 40V below 
ground. 

* Available only on Ihe 11-pin package, which is nol recommended lor new designs. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Pin DESCRIPTions 
VINPIN 

The VIN pin is both the supply voltage for internal control 
circuitry and one end of the high current switch. It is 
important, especially at low input voltages, that this pin be 
bypassed with a low ESR, and low inductance capacitor to 
prevent transient steps or spikes from causing erratic 
operation. At full switch current of SA, the switching tran
sients atthe regulator input can get very large as shown in 
Figure 1. Place the input capacitor very close tothe regulator 
and connect it with wide traces to avoid extra inductance. 
Use radial lead capacitors. 

Figure 1. Input Capacitor Ripple 

Lp = Total inductance in input bypass connections 
and capacitor. 

"Spike" height (~!. Lp) is approximately 2V per 

inch of lead length. 
Step = 0.2SV for ESR = O.OSQ and Isw = SA is 0.2SV. 
Ramp = 12SmV for C = 200IlF, TON = SIlS, 
and Isw = SA is 12SmV. 

Input current on the VIN Pin in shutdown mode is the sum 
of actual supply current (",1401!A, with a maximum of 
3001!A) and switch leakage current. Consult factory for 
special testing if shutdown mode input current is critical. 

GROUND PIN 

It might seem unusual to describe a ground pin, but in the 
case of regulators, the ground pin must be connected 
properly to ensure good load regulation. The internal 
reference voltage is referenced to the ground pin; so any 
error in ground pin voltage will be multiplied at the output; 
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To ensure good load regulation, the ground pin must be 
connected directly to the proper output node, so that no 
high currents flow in this path. The output divider resistor 
should also be connected to this low current connection line 
as shown in Figure 2. 

HIGH CURRENT 
RETURN PATH 

R2 

I 
I 
I 
I 
I 
I 

--L-

I 
I 
I 
I 

NEGATIVE OUTPUT NODE 
WHERE LOAO REGULATION 
WILL BE MEASURED 

Figure 2. Proper Ground Pin Connection 

FEEDBACK PIN 

The feedback pin is the inverting input of an error amplifier 
which controls the regulator output by adjusting duty 
cycle. The non-inverting input is internally connected to a 
trimmed 2.21V reference. Input bias current is typically 
O.SI!A when the error amplifier is balanced (IOUF 0). The 
error amplifier has asymmetrical GM for large input signals 
to reduce startup overshoot. This makes the amplifier more 
sensitive to large ripple voltages at the feedback pin. 
100mVp-p ripple at the feedback pin will create a 14mV 
offset in the amplifier, equivalent to a 0.7% output voltage 
shift. To avoid output errors, output ripple (p-p) should be 
less than 4% of DC output voltage at the point where the 
output divider is connected. 

See the "Error Amplifier" section for more details. 

Frequency Shifting at the Feedback Pin 

The error amplifier feedback pin (FB) is used to downshift 
the oscillator frequency when the regulator output voltage 



Pin DESCRIPTions 
is low. This is done to guarantee that output short circuit 
current is well controlled even when switch duty cycle 
must be extremely low. Theoretical switch "on" time for a 
buck converter in continuous mode is; 

t VOUT + Va 
ON = 

VIN. f 

Vo = Catch diode forward voltage ( ~ 0.5V) 
f = Switching frequency 

At f = 100kHz, tON must drop to 0.21ls when VIN = 25Vand 
the output is shorted (Vour = OV). In current limit, the 
LT1074 can reduce tON to a minimum value of ~ 0.6Ils, 
much too long to control current correctly for Vour= O. To 
correctthis problem, switching frequency is lowered from 
100kHz to 20kHz as the FB pin drops from 1.3V to 0.5V. 
This is accomplished by the Circuitry shown in Figure 3. 

VOUT 

R1 } 

R2 
2.21k 

Figure 3. Frequency Shilling 

EXTERNAL 
DIVIDER 

01 is off when the output is regulating (VFB = 2.21V). As 
the output is pulled down by an overload, VFB will even
tually reach 1.3V, turning on 01. As the output continues 
to drop, 01 current increases proportionately and lowers 
the frequency of the oscillator. Frequency shifting starts 
when the output is ~ 60% of normal value, and is down to 
its minimum value of == 20kHz when the output is == 20% 
of normal value. The rate at which frequency is shifted is 
determined by both the internal 3k resistor R3 and the 
external divider resistors. For this reason, R2 should not 
be increased to more than 4kQ, if the L T1 074 will be sub
jected to the simultaneous conditions of high input voltage 
and output short circuit. 

LT1074/LT1076 

Frequency Pin* 

The frequency pin can be used to raise switching fre
quency either by drawing a DC current to ground through 
a resistor or by feeding in a synchronizing pulse as shown 
in Figure 4. They can also be done simultaneously. The 
resistor pulls current through OA to increase oscillator 
ramp current. A pulse fed into the FREO pin will toggle the 
sync comparator which will synchronize the oscillator. 
Figure 5 shows switching frequency versus temperature 
and resistance value. 

A logic level pulse through a diode will synchronize the 
internal oscillator over a range equal to actual internal 
frequency up to 1.9 times that frequency. This does not 
mean that an unboosted L T1 074 can always be synchro
nized at 100kHz because the actual switching frequency 
over temperature can range from 90kHz to 110kHz. Units 
above 100kHz would not synchronize at 100kHz. De
signed synchronizing frequency must be higher than the 
maximum unsynchronized frequency and lower than 1.8 
times the minimum unsynchronized frequency. For an 
unboosted unit, this would be 115kHz to 171 kHz. 

------------------------------------, 
+6V 

= 1.7V 

~ 
+5V 

+ 

f' 
n.r 

5V lOGIC 
SYNC SIGNAL 

lT1074 

1kll 

+5V 

TO 
osc 

Figure 4. Frequency Pin 

"Available only on Ihe 11-pin package, which is nol recommended lor new designs. 
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Pin DESCRIPTions 
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Figure 5. Frequency Boost 

The synchronizing pulse should be == 300ns wide. Figure 
4 shows how this can be generated with a PNP transistor 
when the synchronizing signal is wider than 300ns. If a 
logic one-shot is used, couple it with a diode as shown in 
Figure 4. 

SHUTDOWN PIN 

The shutdown pin is used for undervoltage lockout, 
micropower shutdown, soft start, delayed start, or as a 
general purpose on/off control of the regulator output. It 
controls switching action by pulling the ILiM pin low, which 
forces the switch to a continuous "off" state. Full 
micro power shutdown is initiated when the shutdown pin 
drops below O.3V. 

The VII characteristics of the shutdown pin are shown in 
Figure 6. For voltages between 2.5V and ",NIN, a current 
of 10~ flows out of the shutdown pin. This current in
creases to = 25JlA as the shutdown pin moves through the 
2.35V threshold. The current increases further to = 30JlA 
at the O.3V threshold, then drops to =15~ as the shut
down voltage falls below O.3V. The 10~ current source is 
included to pull the shutdown pin to its high or default state 
when left open. It also provides a convenient pullup for 
delayed start applications with a capacitor on the shut
down pin. 

When activated, the typical collector current of 01 in 
Figure 7, is=2mA.Asoftstartcapacitoronthe ILiM pin will 
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Figure 6. Shutdown Pin Characteristics 

delayregulatorshutdown in response to C1, by={5V)(CLlM}/ 
2mA. Soft start after full micropower shutdown is ensured 
by coupling C2 to 01. 

SHUTDOWN 
PIN 

TO TOTAL 
REGULATOR 
SHUTOOWN 

Figure 7. Shutdown Circuitry 

Undervoltage Lockout 

-'- EXTERNAL 
-:-CUM 

-

Undervoltage lockout point is set by R1 and R2 in Figure 
8. To avoid errors due to the 1 O~ shutdown pin current, 
R2 is usually set at 5k, and R1 is found from: 

R1 = R2 (Vrp - VSH ) 
VSH 

Vrp = Desired undervoltage lockout voltage. 
VSH = Threshold for lockout on the shutdown 

pin =2.45V. 



Pin DESCRIPTions 
If quiescent supply current is critical, R2 may be increased 
up to 15kn, but the denominator in the formula for R2 
should replace VSH with VSH - (10/lA)(R2). 

Hysteresis in undervoltage lockout may be accomplished 
by connecting a resistor (R3) from the ILiM pin to the 
shutdown pin as shown in Figure 9. 01 prevents the 
shutdown divider from altering current limit. 

Figure 8. Undervollage Lockoul 

Rl 

R2 

'lN4148 

Figure 9. Adding Hysleresis 

Trip Point = VTP = 2.35V (1 + ~~) 

If R3 is added, the lower trip point (VIN descending) will be 
the same. The upper trip point (VUTP) will be; 

If R1 and R2 are chosen, R3 is given by 

R3 = _(.:..,..cVS,--H _-_0.8....,..V,--,-)(R--:1)_ 

VUTP - VSH (1 + ~~) 

LTl 074/LTl 076 

Example: An undervoltage lockout is required such thatthe 
output will not start until VIN = 20V, but will continue to 
operate until VIN drops to 15V. Let R2 = 2.32k. 

R1= (2. 32k) (15V2~3!:5V) = 12.5k 

R3= (2.35- 0.8)(12.5) 3.9k 

20 - 2.35(1 + ~~3~) 
STATUS PIN· 

The status pin is the output of a voltage monitor "looking" 
at the feedback pin. It is low for a feedback voltage which 
is more than 5% above or below nominal. "Nominal" in 
this case means the internal reference voltage, so that the 
±5% window tracks the reference voltage. A time delay of 
'" 1 OIlS prevents short spikes from tripping the status low. 
Once it does go low, a second timer forces itto stay low for 
a minimum of '" 30/ls. 

The status pin is modeled in Figure 10 with a 130j.tA pullup 
to a 4.5V clamp level. The sinking drive is a saturated NPN 
--------------VLn074 

loon 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ------------_ .. 

STATUS 

P;N ___________ :* 
: l CMOS 
I SCHMIDT 
: 01 TRIGGER 
I ,----~---, 
" I ~ 

t ' ~ 'I~ 
I C2 

! 02 R2l 
: I. }k 

: 1 ~:1I~ 
C3l 

Figure 10. Adding Tima Delays 10 Sialus Dulpul 

• Available only on the 11-pln package, which Is not recommended lor new designs. 
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Pin DESCRIPTions 
with ",1000 resistance and a maximum sink current of 
approximately SmA. An external pullup resistor can be 
added to increase output swing up to a maximum of 20V. 

When the status pin is used to indicate "output OK," it 
becomes important to test for conditions which might 
create unwanted status states. These include output over
shoot, large signal transient conditions, and excessive 
output ripple. "False" tripping of the status pin can usually 
be controlled by a pulse stretcher network as shown in 
Figure 10. A single capacitor (C1) will suffice to delay an 
output "OK" (status high) signal to avoid false "true" signals 
during start-up, etc. Delay time for status high will be 
approximately (2.3 x 104) (C1), or 23ms/J.LF. Status low 
delay will be much shorter, '" 600J.Ls/J.LF. 

Iffalse tripping of status "low" could be a problem, R1 can 
be added. Delay of status high remains the same if R1 ::; 
10kQ. Status low delay is extended by R1 to approxi
mately R1 • C2 seconds. Select C2 for high delay and R1 
for low delay. 

Example: Delay status high for 10ms, and status low for 
3ms. 

10ms 
C2 = 23 = 0.47J.LF (Use 0.47J.LF ) 

mslJlF 

R1 = 3ms = 3ms = 6.4kO 
C2 0.47JlF 

In this example D1 is not needed because R1 is small 
enough to not limit the charging of C2. 

Ifveryfast "low" tripping combined with long "high" delays 
is desired, use the D2, R2, R3, C3 configuration. C3 is 
chosen first to set "low" delay 

C3 '" tlOW 
2kO 

R3 is then selected for "high" delay 

R3", tHIGH 
C3 

For tLOw = 100J.Ls and tHIGH = 1 Oms, C3 = O.OSJ.LF and 
R3 = 200kO. 

COMOUTPIN* 

The com out pin is intended to be used to drive an external 
Iowan-resistance MOSFET which parallels the catch diode. 
This can improve efficiency considerably for higher input 
voltages where the diode is "on" for most of the time. 
Comout is an open collector NPN with 30V maximum 
operating voltage and a saturation resistance of", SOO. It 
has a typical sink current of 40mA with the saturation 
voltage guaranteed at 20mA. 

EXTLIM PIN* 

EXTLIM is intended as a sense pin for current limit when 
external power transistors are added. It can also be used 
to raise internal current limit by connecting an external 
resistor from EXTLIM to the VIN pin. Current limit (mini
mum) can be increased from S.SA to 6.SA with a S.6kO 
resistor. This is allowed only for commercial parts oper
ated at less than 40V input voltage. CapaCitance between 
the EXTLIM pin and Vsw pin or ground should be mini
mized. Do not bypass the EXTLI M pin to VIN with a capacitor; 
this increases internal current limit to a destructive level. 

IUMPIN 

The I LIM pin is used to reduce current limit below the preset 
value of 6.SA. The equivalent circuit for this pin is shown 
in Figure 11. 

Figure 11.luM Pin Circuit 

When ILiM is left open, the voltage at Q1 base clamps at SV 
through D2. Internal current limit is determined by the 
current through Q1. If an external resistor is connected 

'Available only on the 11-pln package, which is nol recommended for new designs. 
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Pin DESCRIPTions 
between ILiM and ground, the voltage at 01 base can be 
reduced for lower current limit. The resistor will have a 
voltage across itequalto (320j.1A) (R), Iimitedto=SVwhen 
clamped by 02. Resistance required for a given current 
limit is 

RLiM = ILiM (2kQ) + 1 kQ (LT1074) 

RLiM = ILiM (S.SkQ) + 1 kQ (LT1076) 

Asanexample, a3Acurrentlimitwouid require3A(2k) + 1k 
= 7kn for the L T1074. The accuracy of these formulas is 
±2S% for 2As; ILiM s; SA (LT1 074) and 0.7A s; ILlMS; 1.8A 
(L T1 076), so ILiM should be set at least2S% above the peak 
switch current required. 

lT1G74,P013 

Figure 12. Foldback Currenl Limil 

LTl 07 4/LTl 076 

ERROR AMPLIFIER 

The error amplifier in Figure 13 is a single stage design with 
added inverters to allow the output to swing above and 
below the common mode input voltage. One side of the 
amplifier is tied to a trimmed internal reference voltage of 
2.21 V. The other input is brought out as the FB (feedback) 
pin. This amplifier has a GM (voltage "in" to current "out") 
transfer function of =SOOOj.1mho. Voltage gain is deter
mined by multiplying GM times the total equivalent output 
loading, consisting ofthe output resistance of 04 and 06 in 
parallel with the series RC external frequency compensation 
network. At DC, the external RC is ignored, and with a 
parallel output impedance for Q4 and 06 of 400kQ, voltage 
gain is .. 2000. At frequencies above a few hertz, voltage 
gain is determined by the external compensation, Rc and 
Ce· 

AV = Gm at midfrequencies 
2n-e fe Cc 

Av = Gme Re at highfrequencies 

...... ---,--....- 5.BV Foldback current limiting can be easily implemented by 
adding a resistor from the output to the ILiM pin as shown 
in Figure 12. This allows full desired current limit (with or 
without RLlM) when the output is regulating, but reduces 
current limit under short circuit conditions. A typical value 90~A! 
for RFB is Skn, but this may be adjusted up or down to set 
the amount offoldback. 02 prevents the output voltage from 
forcing current back into the ILiM pin. To calculate avaluefor 
RFB, first calculate RLlM, then RFB; 

R (Ise - 0.44* )(RL) (R . lIn) 
FB = Lln~~ 

O.S*(RL -1kn) -Ise 

*Change 0.44 to 0.16, and O.S to 0.18 for LT1076. 

Example: ILiM = 4A, Isc = 1.SA, RLiM = (4)(2k) + 1 k = 9k 

R = (1.S - 0.44)(9kn) = 3 8kn 
FB O.S(9k -1k) -1.S . 

..L7~ 

-I ~~~~~~ty 
! : / COMPENSATION 
90~A I 

I 

Figure 13. Error Amplifier 

~Rc 
I 
I 
I 

::=Cc 
I 
I 
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LTl 074/LTl 076 

Pin DESCRIPTions 
Phase shift from the FB pin to the Ve pin is 90° at mid
frequencies where the external Ce is controlling gain, then 
?rops back to 0° (actually 180° since FB is an inverting 
Input) when the reactance of Ce is small compared to Re. The 
low frequency "pole" where the reactance of Ce is equal to 
the output impedance of Q4 and Q6 (ro), is 

f _ 1 
POLE - 21t _ ro _ C ro '" 400kn 

Although fpOLE varies as much as 3:1 due to ro variations, 
mid-frequency gain is dependent only on GM, which is 
specified much tighter on the data sheet. The higher fre
quency "zero" is determined solely by Re and Ce. 

f _ 1 
ZERO - 21t-Rc-Cc 

The error amplifier has asymmetrical peak output current. 
Q3 and Q4 current mirrors are unity gain, butthe Q6 mirror 

TYPICAL APPLICATiOnS 

has a gain of 1.8 at output null and a gain of 8 when the FB 
pin is high (Q1 current = 0). This results in a maximum 
p~sitive output current of 140~and a maximum negative 
(Sink) output current of= 1.1 mAo The asymmetry is delib
erate - it results in much less regulator output overshoot 
during rapid startup or following the release of an output 
overload. Amplifier offset is kept low by area scaling Q1 and 
Q2at 1.8:1. 

Amplifier swing is limited by the internal 5.8V supply for 
positive outputs and by D1 and D2 when the output goes 
low. Low clamp voltage is approximately one diode drop 
('" 0.7V - 2mV/°C). 

Note that both the FB pin and the Vc pin have other internal 
connections. Refer to the frequency shifting and synchro
nizing discussions. 

Tapped Inductor Buck Converter 

4-206 

"PULSE ENGINEERING IPE-65282 
""MOTOROLA MBR2030CTL 
tlF INPUT VOLTAGE IS BELOW 2OV, 
MAXIMUM OUTPUT CURRENT WILL BE REDUCED. SEE AN44 

VOUT 
5V,10At 

C4 
39010f 
16V 



LTl 07 4/LTl 076 

TYPICAL APPLICATions 

, = 1% FILM RESISTORS 
01 = MOTOROLA-MBR745 
Cl = NICHICON-UPL1C221MRH6 
C2 = NICHICON-UPL1A102MRH6 
L 1 = COILTRONICS-CTX25-5-52 

Positive to Negative Converter 

R3' 
2.74k 

R4 
C4" 1.82k' 
O.Q1I1F 

t LOWER REVERSE VOLTAGE RATING MAY BE USED FOR LOWER INPUT VOLTAGES. 
LOWER CURRENT RATING IS ALLOWED FOR LOWER OUTPUT CURRENT. SEE AN44. 

tt LOWER CURRENT RATING MAY BE USEO FOR LOWER OUTPUT CURRENT. SEE AN44. 

Rl, R2, AND C4 ARE USED FOR LOOP FREQUENCY COMPENSATION, BUT Rl AND R2 
MUST BE INCLUDED IN THE CALCULATION FOR OUTPUT VOLTAGE DIVIDER VALUES. 
FOR HIGHER OUTPUT VOLTAGES, INCREASE Rl, R2 AND R3 PROPORTIONATELY; 
R3 = VOUT -2.37 (KQ) 
Rl = (R3) (1.86) 
R2 = (R3) (3.65) 

," MAXIMUM OUTPUT CURRENT OF lA IS DETERMINED BY MINIMUM INPUT 
VOLTAGE OF 4.5V. HIGHER MINIMUM INPUT VOLTAGE WILL ALLOW MUCH HIGHER 
OUTPUT CURRENTS. SEE AN44. 

C3 

Negative Boost Converter 

Rl 
12.7k 

R2 
2.21k 

+ Cl 
1000I1F 
25V 

'--~~--+--+--+-+--+~""'~~~r 
-VIN - .... ------------' 

-5 TO-1SV 

'MBR735 
"lOUT (MAX) = lA-3A DEPENDING ON INPUT VOLTAGE. 

SEe AN44 
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L7~J!J~~F(~ _____ LT_10_76_-5 

5V Step-Down Switching 
Regulator 

FEATURES 
• Fixed 5V Output 
• 2A On-Board Switch 
• 100kHz Switching Frequency 
• 2% Output Voltage Tolerance Over Temperature 
• Greatly Improved Dynamic Behavior 
• Available in Low Cost 5-Lead Package 
• Only 9.5mA Quiescent Current 
• Operates Up to 60V Input 

APPLICATions 
• 5V Output Buck Converter 
• Tapped Inductor Buck Converter with 4A Output 

at5V 
• Positive-to-Negative Converter 

DESCRIPTion 
The L T1 076-5 is a 2A fixed 5V output monolithic bipolar 
switching regulator which requires only a few external 
parts for normal operation. The power switch, all oscillator 
and control circuitry, all current limit components, and an 
output monitor are included on the chip. The topology is 
a classic positive "buck" configuration but several design 
innovations allow this device to be used as a positive-to
negative converter, a negative boost converter, and as a 
flyback converter. The switch output is specified to swing 
40V below ground, allowing the LT1076-5 to drive a 
tapped inductor in the buck mode with output currents up 
to 4A. 
The L T1 076-5 uses a true analog multiplier in the feedback 
loop. This makes the device respond nearly instanta
neously to input voltage fluctuations and makes loop gain 
independent of input voltage. As a result, dynamiC behav
ior of the regulator is significantly improved over previous 
designs. 

On-chip pulse by pulse current limiting makes the L T1 076-
5 nearly bust-proof for output overloads or shorts. The 
input voltage range as a buck converter is 8V to 60V, but 
a self-bootfeature allows input voltages as lowas 5V in the 
inverting and boost configurations. 
The LT1076-5 is available in a low cost 5-lead TO-220 
package with frequency pre-set at 100kHz and current 
limit at 2.6A. See Application Note 44 for design details. 

TYPICAL APPLICATiOn Basic Positive Buck Converter 

8VTO 40V 
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__ ---'V"'I"'In-----..- ~~.8A 

Cl 
500~F 

---4....--....... - ........ ----4~--____. 25V 

• MBR330P MAY BE USED 
FOR VIN ~ 25V 

., COILTRONICSt100-1-52 

PULSE ENGINEERING. INC. 
tPE-92102 

HURRICANE tHL-AG210LL 

t VALUE MAY BE REDUCED TO 50~H 
FOR OUTPUT LOADS BELOW 1.5A 



LT 1 076-5 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Input Voltage 

L T1 076-5 ............................................................ 45V 
L T1 076HV-5 ........................................................ 64V 

Switch Voltage with Respect to Input Voltage 
L T1 076-5 ............................................................ 64V 
L T1 076HV-5 ........................................................ 75V 

FRONT VIEW 

lOll all ! 

VIN 

: ~~~ 
SENSE 

T PACKAGE 
HEAD TO·220 Switch Voltage with Respect to Ground Pin 

(Vsw Negative) FOR STRAIGHT LEADS, ORDER FLOW 06 
L T1 076-5 (Note 5) .............................................. 35V 
LT1076HV-5 (Note 5) .......................................... 45V FRONT VIEW 

Sense Pin Voltage ......................................... -2V, + 10V 
Maximum Operating Ambient Temperature Range 

L T1 076C-5, LT1076HVC-5 ..................... O°C to 70°C 

7 SHUTDOWN 
6 Vc 

0 
5 SENSE 
4 GND 
3 ILiM 

Maximum Operating Junction Temperature Range 
LT1076C-5, LT1076HVC-5 ................... O°C to 125°C 

Maximum Storage Temperature ........... -65°C to 150°C 

2 Vsw 
01 VIN 

Y PACKAGE 
HEAD TO·220 

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

ELECTRICAL CHARACTERISTICS TJ = 25°C, V,N = 25V, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP 

Switch "On" Voltage (Note 1) Isw = 0,5A • 
Isw= 2A • 

Switch "Off" Leakage VIN = 25V, Vsw = 0 
VIN = VMAX, VSW = 0 (Note S) 

Supply Curreni (Note 2) VOUT = 5.5V, VIN ~ 40V • 8.5 
40V < VIN < SOV • 9.0 

Minimum Supply Voltage Normal Mode • 7.3 
Startup Mode (Note 3) • 3.5 

Switch Current Limit (Note 4) • 2 2.S 

Maximum Duty Cycle • 85 90 

Switching Frequency 90 100 
TJ ~ 125°C • 85 
VOUT = VSENSE = OV (Note 4) 20 

Switching Frequency Line Regulation 8V ~ VIN ~ VMAX (Note 7) • 0.03 

Error Amplifier Voltage Gain (Note 7) 1V~Vc~4V 2000 

Error Amplifier Transconductance (Note 7) 3700 5000 

Error Amplifier Source and Sink Current Source (VSENSE = 4.5V) 100 140 
Sink (VSENSE = 5.5V) 0.7 1.0 

Sense Pin Divider Resistance 3 5 

Sense Voltage Vc =2V • 4.85 5 

ORDER PART 
NUMBER 

LT1076CT-5 
L T1 076HVCT -5 

LT1076CY-5 
L T1 076HVCY-5 

MAX UNITS 

1.2 V 
1.7 V 

150 I!A 
250 I!A 
11 rnA 
12 rnA 

8.0 .v 
4.8 V 

3.2 A 

% 

110 kHz 
120 kHz 

kHz 

0.1 %IV 

VlV 

8000 I1mho 

225 I!A 
1.S rnA 

8 kn 

5.15 V 
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LT1076-5 

ELECTRICAL CHARACTERISTICS TJ = 25°C, VIN = 25V, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Voltage Tolerance VOUT (Nominal) = SV ±O.S ±2 % 
All Conditions of Input Voltage, Output Voltage. • ±1.0 ±3 % 
Temperature and Load Current 

Output Voltage Line Regulation 8V !> VIN !> VMAX (Note 6) 

Vc Vo~age at 0% Duty Cycle 
Over Temperature 

Multiplier Reference Voltage 

Thermal Resistance Junction to Case 

The. denotes specifications which apply over the full operating 
temperature range. 
Nole 1: To calculate maximum switch "on" voltage at currents between 
low and high conditions, a linear interpolation may be used. 
Nole 2: A sense pin voltage (VSENSE) of S.SV forces the Vc pin to its low 
clamp level and the switch duty cycle to zero. This approximates the zero 
load condition where duty cycle approaches zero. 
Nole 3: Total voltage from VIN pin to ground pin must be ~ 8Vafter 
startup for proper regulation. 

4-210 

• O.OOS 0.02 %/V 

1.S V 

• -4.0 mV/"C 

24 V 

4 °C/W 

Note 4: Switch frequency is internally scaled down when the sense pin 
voltage is less than 2.6V to avoid extremely short switch on times. During 
current limit testing, VSENSE is adjusted to give a minimum switch on time 
of l/1s. 
Note 5: Switch to input voltage limitation must also be observed. 
Nole 6: VMAX = 40V for the LT1 076-S and 60V for the L T1 076HV-S. 
Nole 7: Error amplifier voltage gain and transconductance are specified 
relative to the internal feedback node. To calculate gain and 
transconductance from the sense pin (Output) to the Vc pin, multiply by 
0.44. 



""""'-unt1\Q LTll03/LTll05 
~~ TECHNOLOG~~~-O-f-fl-in-e-S-W-i-tc-h-i-n-g-R-e-g-U-I-a-to-r 

FEATURES 
• ±1 % Line and Load Regulation with No Opto-Coupler 
• Switch Frequency up to 200kHz 
• Internal 2A Switch and Current Sense (LT1103) 
• Internal1A Totem Pole Driver (LT1105) 
• Start-Up Mode Draws Only 200J,1A 
• Fully Protected Against Overloads 
• Overvoltage Lockout of Main Supply 
• Protected Against Underdrive or Overdrive to FET 
• Operates in Continuous or Discontinuous Mode 
• Ideal for Flyback and Forward Topologies 
• Isolated Flyback Mode Has Fully Floating Outputs 

APPLICATions 
• Up to 250W Isolated Mains Converter 
• Up to 50W Isolated Telecom Converter 
• Fully Isolated Multiple Outputs 
• Distributed Power Conversion Networks 

TYPICAL APPLICATiOn 

DESCRIPTion 
The LT11 03 Offline Switching Regulator is designed for 
high input voltage applications using an external FET 
switch whose source is driven by the open collector output 
of the L T11 03. The L T1103 is optimized for 15W-1 OOW 
applications. For higher power applications or additional 
switch current flexibility, the L T1105 is available and its 
totem pole output drives the gate of an external FET. 
Unique design of the LT1103/LT1105 eliminates the need 
for an opto-couplerwhile still providing ±1 % load and line 
regulation in a magnetic flux-sensed converter. This sig
nificantly simplifies the design of offline power supplies 
and reduces the number of components which must cross 
the isolation barrier to one, the transformer. 

The LT11 03/LT11 05 current mode switching techniques .,. 
are well suited to transformer-isolated flyback and for- .. 
ward topologies while providing ease of frequency com-
pensation with a minimum of external components. Low 
external part count for a typical application combines with 

Fully-Isolated Flyback 100kHz 50W Converter with Load Regulation Compensation 

5.25 

5.20 

5.15 

5.10 

~5.05 

!;s.oo 
.g 4.95 

4.90 

4.95 

4.80 

4.75 

Load Regulation 

220VAC =;;;; -
" 110VAC WAC 

r- 'r-j -ri I I I 
I I I I I 

I I I I 
o 1 2 3 4 5 6 7 8 9 10 

10000(A) 
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LT 11 03jLT 11 05 

DESCRIPTion 
a 200kHz maximum switching frequency to achieve high 
power density. Performance at switching frequencies 
above 100kHz may be degraded due to internal timing 
constraints associated with fully-isolated flyback mode. 

Included are the oscillator, control, and protection cir
cuitry such as current limit and overvoltage lockout. 
Switch frequency and maximum duty cycle are adjustable. 
Bootstrap circuitry draws 2001lA for startup of isolated 
topologies. A 5V reference as well as a 15V gate bias are 
available to power external primary-side circuitry. No 
external current sense resistor is necessary with L T11 03 
because it is integrated with the high current switch. The 
LT1105 brings out the input to the current limit amplifier 
and requires the use of an external sense resistor. 

The LT1103/LT1105 have unique features not found on 
other offline switching regulators. Adaptive anti-sat switch 
drive allows wide-ranging load currents while maintaining 
high efficiency. The external FET is protected from insuf
ficient or excessive gate drive voltage with a drive detec
tion circuit. An externally activated shutdown mode re
duces total supply current to less than 2001lA, typical for 
standby operation. Fully isolated and regulated outputs 
can be generated in the optional isolated flyback mode 
without the need for opto-couplers or other isolated feed
back paths. 

ABSOLUTE mAXimUm RATinGS 
VIN ........................................................................... 30V 
Vsw Output Voltage (L T1103) ................................. 50V 
Vsw Output Current (200ns)(LT11 05) .................. ±1.5A 
Vc,FB,OSC,SS ......................................................... 6V 
ILiM (LT1105) ............................................................ 3V 
OVLO Input Current ................................................ 1 rnA 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 
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WARnlnGI 

Maximum Operating Ambient Temperature Range 
L T11 03C ............................................... O°C to 70°C 
L T11 05C ............................................... O°C to 70°C 

Maximum Operating Junction Temperature Range 
L T11 03C ............................................ O°C to + 100°C 
LT1105C ........................................... O°C to +1 OO°C 

Storage Temperature Range ............... -65°C to + 150°C 

..L7lJD~ 



LTl103jLTl105 

PACKAGE/ORDER InFORmATion 

TOP VIEW 

FRONT VIEW PWRGNO IT - ~ VSw TOP VIEW 
7 15V OVLO ~ ~ NC 
6 VIN 

FB Ij: ~ NC '~o'~ 0 
5 asc IliM 2 7 15V 
4 GNO Vc ~ ~ 15V 3 Vc FB3 6VIN 
2 FB 5V IT ~VIN 

01 Vsw SS ~ ~ asc 
Vc 4 5 OSC 

Y PACKAGE GNO II ~ILlM N8 PACKAGE 
HEAD TO-220 8-LEAO PLASTIC DIP 

CASE IS CONNECTED TO GROUND. LEADS ARE FORMED. N PACKAGE 
14-LEAD PLASTIC DIP 

PINS 1 AND 7 MUST BE TIED TOGETHER. 

ORDER PART ORDER PART ORDER PART 
NUMBER NUMBER NUMBER 

LT1103CY LT1105CN LT1105CN8 

ELECTRICAL CHARACTERISTICS 
VIN =20V, Vc = O.85V, OVLO = OV, Vsw Open, TA=25°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

10 Supply Current 8V < VIN < 30V, After device has started • 10 18 25 rnA 

ISTART Start-Up Current VIN < VIN Start Threshold • 200 400 J.IA 
VIN Start Threshold • 14.5 16.0 17.5 V 

VIN Shutdown Threshold Note: Switching stops when Vsw < 10V (LT1103) • 6.5 7.0 8.0 V 
Note: Switching stops when VGATE < 10V (LT1105) 

VREF 5V Reference Voltage • 4.80 4.95 5.20 V 

VREF line Regulation 10V < VIN < 30V • 0.025 0.075 'Io/V 

VREF Load Regulation OrnA < IL < 20rnA • 0.025 0.05 'Io/rnA 

VREF Short Circuit Current • 25 60 110 rnA 

VGATE 15V Gate Bias Reference 17 < VIN < 30V, OrnA < IL < 30rnA • 13.8 15.0 16.2 V 

15V Dropout Voltage VIN = 15V, IL = 30rnA • 2.0 2.5 V 

15V Short Circuit Current • 30 70 130 rnA 

SF Oscillator Scaling Factor FB = 4V, Vc = Open, Measured at Vsw, Isw = 25rnA, • 36 40 44 Hz ° !If 
OVLO = 5V, Fosc = SF/Cosc, 40kHz < Fosc < 200kHz 32 40 48 Hz °I1F 

Oscillator Valley Voltage 2.0 V 

Oscillator Peak Voltage 4.5 V 
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LT 11 03 /LT 11 05 

ELECTRICAL CHARACTERISTICS 
VIN = 20V, Vc = O.85V, OVLO = OV, Vsw Open, TA = 25°C, unless otherwise noted. 

SYMBOL PARAMETER CONOITONS MIN TYP MAX UNIT 

DC Preset Max. Switch Duty Cycle FB = 4V, Vc = Open, Fosc = 40kHz, Isw = 25mA, • 58 65 72 % 
(LT1103) Note: Maximum Duty Cycle can be altered at OSC pin 
Preset Max. Switch Duty Cycle FB = 4V, Vc = Open, Fosc = 40kHz, Isw = 25mA, • 56 63 70 % 
(LT1105) Note: Maximum Duty Cycle can be altered at OSC pin 

OVLO Threshold Overvoltage Lockout Threshold at which • 2.3 2.5 2.7 V 
switching is inhibited 

OVLO Input Bias Current OVLO = 2V, Measured out of pin (Note 1) • 1.0 3.0 j.tA 

VFB FB Threshold Voltage I(Ve} = OmA 4.425 4.50 4.575 V 

• 4.400 4.50 4.600 V 

FB Input Bias Current FB = 4V (Note 2) • 5 10 20 j.tA 

Change in FB Input FB = 4V, Ve = 1V to 4V (Note 2) 9 11 13 j.tA/V 
Bias Current with Change in Ve • 8 11 14 j.tA/V 

FB Threshold Line Regulation 10V < VIN < 30V • 0.025 0.05 %/V 

gm Error Amp Transconductance t.1(Ve} = ±50j.tA 9k 12k 15k ~mho 

• 6k 12k 18k ~mho 

Av Error Amp Voltage Gain IV < Ve < 3V • 500 1250 V/V 

Ve Switching Threshold Switch Duty Cycle = 0% • 0.85 1.25 1.4 V 

Shutdown Threshold Voltage • 75 150 250 mV 

Error Amp Source Current • 150 275 350 j.tA 

Error Amp Sink Current • 1.5 3 4.5 rnA 

Error Amp Clamp Voltage FB = 4.75V • 0.3 0.7 0.9 V 
FB = 4.0V • 4.2 4.4 4.6 V 

Soft-Start Charging Current SS = OV • 25 40 60 ~ 

Soft-Start Reset Current VIN = 6V, SS = 0.3V • 1 2 rnA 

Output Switch Leakage Vsw= 45V • 500 ~ 
(LT1103) Vsw = 15V • 200 j.tA 

BV Switch Breakdown Voltage Isw= 5mA • 50 70 V 
(LTll03) 

Vsw Current Limit (LTll 03) Duty Cycle = 25% (Note 3) • 2.0 2.5 3.0 A 

Output Switch ON • 0.4 0.75 n 
Resistance (L T11 03) 

t.IIN 10 Increase During Switch ON Time Isw = 0.5A to 1.5A • 30 50 mAlA 
t.lsw (LT1103) 

Switch Output High Level Isw =200mA, VGATE = 15V • 13.0 13.5 V 
(LT1105) Isw = 750mA, VGATE = 15V • 12.5 13.2 V 

Switch Output Low Level Isw= 200mA • 0.25 0.50 V 
(LT1105) Isw= 750mA • 0.75 1.50 V 

Rise Time (L T1105) CL = 1000pF 50 ns 

Fall Time (LT1105) CL = 1000pF 20 ns 
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LT 11 03jLT 1105 

ELECTRICAL CHARACTERISTICS 
VIN = 20V, Vc = O.85V, OVLO = OV, Vsw Open, TA = 25°C, unless otherwise noted. 

SYMBOL PARAMETER CONDITONS MIN TYP MAX UNIT 

ILiM Threshold Voltage (LTll05) Duty Cycle = 25% (Note 4) • 300 375 450 mV 

Low Switch Drive lockout Measured at Vsw (LTll 03) • 9.0 9.5 10.5 V 
Threshold Measured at 15V Gate Bias Reference (L Tll05) 

High Switch Drive Lockout Measured at Vsw (LT1103) • 17.0 18.5 20.0 V 
Threshold Measured at 15V Gate Bias Reference (LTll05) 

The. denotes specifications which apply over the full operating 
temperature range. 
Nole 1: The OVLO pin is clamped with a 5.5V Zener and can sink a 
maximum input current of 1 mAo 
Nole 2: FB input bias current changes as a function of the Vc pin voltage. 
Rate of change of FB input bias current is 111lAIV of change on Vc. By 
including a resistor in series with the FB pin, load regulation can be set 
to zero. 

Nole 3: Current limit on Vsw is constant for DC < 35% and decreases for 
DC> 35% due to internal slope compensation circuity. The LT1103 switch 
current limit is given by ILiM = 1.76 (1.536 - DC) above 35% duty cycle. 
Note 4: The current limit threshold voltage is constant for DC < 35% and 
decreases for DC > 35% due to internal slope compensation circuitry. The 
LT1105 switch current limit threshold voltage is given by VLlM = 0.264 
(1.536 - DC) above 35% duty cycle. 
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Pin FunCTions 

LT1103 

FB: The Feedback pin is the inverting input to the sampling 
error amplifier. The noninverting input is tied to a 4.5V 
reference. The FB pin is used for output voltage sensing. 
The input bias current is a function of the control pin Vc 
voltage and can be used for load regulation compensation 
by including a resistor in series with the FB pin. The 
sampling error amplifier has a typical gm of 0.012 mhos 
and the output of the sampling error amplifier has asym
metrical slew rate to reduce overshoot during startup 
conditions or following the release of an output overload. 

Vc: The Vc control pin is used for frequency compensa
tion, current limiting and shutdown. It is the high imped
ance output of the sampling error amplifier and the input 
of the current limit comparator. 

GND: The Ground pin acts as both the negative sense point 
for the internal sampling error amplifier feedback signal 
and as the high current path for the 2A switch. Also, the 
case of the 7-lead TO-220 is connected to ground. Proper 
connections to ground for signal paths and high current 
paths must be made in order to insure good load regula
tion. 

OSC: The Oscillator pin sets the operating frequency of the 
regulator with one external capacitorto ground. Maximum 

4-220 
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duty cycle can also be adjusted by using an external 
resistor to alter the charge/discharge ratio. 

VIN: The Input Supply pin is designed to operate with 
voltages of 12V to 30V. The supply current is typically 
200~A up to the startup threshold of 16V. Normal operat
ing supply current is fairly flat at 18mA down to the 
shutdown threshold of 7V. Switching is inhibited for VIN 
less than 12V due to the gate drive detection circuit. 

15V: A 15V reference is used to bias the gate of an external 
power FET. The voltage temperature coefficient is typically 
3mV/oC and the output can source 30mA. Typical dropout 
voltage is 1.5V for VIN less than 17V and 30mA of load 
current. 

Vsw: The Switch Output pin is the collector of the internal 
NPN power switch. This pin has a typical ON resistance of 
0.40 and a minimum breakdown voltage of 50V. This pin 
also ties to the FET gate drive detection circuit. 

LT1105 

All functions on the L T11 05 are equivalent to the L T1103 
with the exception of the Vsw pin and the ILiM pin and the 
availability of the OVLO, 5V, and SS functions. 

OVLO: The Overvoltage Lockout pin inhibits switching 
when the pin is pulled above its threshold voltage of 2.5V. 



Pin FunCTions 
OVLO is implemented with a resistor divider network from 
the rectified DC line and is used to protect the external FET 
from an overvoltage condition in the off state. This func
tion is only available on the 14-lead DIP. 

5V: A 5V reference is available to power primary-side 
circuitry. The temperature coefficient is typically 50ppml 
DC and the output can source 25mA. This function is only 
available on the 14-lead DIP. 

SS: The Soft-start pin is used to either program start-up 
time with a capacitor to ground or to set external current 
limit with a resistor divider. The SS pin has a 40llA pullup 
current and is reset to OV by a 1 mA pulldown current 

BLOCK DIAGRAmS 

LT 11 03jLT 11 05 

during startup and shutdown. This function is only avail
able on the 14-lead DIP. 

Vsw: The Switch Output pin is the output of a 1 A NPN 
totem pole stage. The Vsw pin turns the external FET on by 
pulling its gate high. Break-Before-Make action of 200ns 
on each switch edge is built in to eliminate cross-conduc
tion currents. 

ILlM: The ILiM pin is the input to the current limit amplifier 
and requires the use of a non-inductive, power sense 
resistor from ILiM to ground to set current limit. The typical 
current limit threshold voltage is 350mV. 
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OPERATion 
LT1103 

OSC 

The LT11 03 is a current-mode switcher. Switch duty cycle 
is controlled by switch current rather than directly by the 
output voltage. Referring to the block diagram, the switch 
is turned on atthe start of each oscillator cycle. It is turned 
off when switch current reaches a pre-determined level. 
Control of output voltage is obtained by using the output 
of a voltage sensing error amplifier to set current trip level. 
This technique has several advantages. First, it has imme
diate response to input voltage variations, unlike ordinary 
switchers which have notoriously poor line transient re
sponse. Second, it reduces the 90° phase shift at mid-

4-222 

GATE 
BIAS 

DETECT 

SS GND 

frequencies in the transformer. This greatly simplifies 
closed loop frequency compensation under widely vary
ing input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide 
maximum switch protection under output overload or 
short-circuit conditions. 

A start-up loop with hysteresis allows the IC supply 
voltage to be bootstrapped from an extra primary-side 
winding on the power transformer. From OV to 16V on VIN, 
the LT11 03 is in a pre-start mode and total input current 
is typically 200j.tA. Above 16V, up to 30V, the 6V regulator 
that biases the internal circuitry and the externally avail-



OPERATion 
able 15V regulator is turned on. The internal circuitry 
remains biased on until VIN drops below 7V and the part 
returns to the pre-start mode. Output switching stops 
when the Vsw drive is less than 10V corresponding to VIN 
of about 12V. 

The oscillator provides the basic clock for all internal 
timing. Frequency is adjustable to 200kHz with one exter
nal capacitor from OSC to ground. The oscillator turns on 
the output switch via the logic and driver circuitry. Adap
tive anti-sat Circuitry detects the onset of saturation in the 
power switch and adjusts driver current instantaneously 
to limit switch saturation. This minimizes driver dissipa
tion and provides very rapid turn-off of the switch. 

The L T1103 is designed to drive the source of an external 
power FET in common-gate configuration. The 15V regu
lator biases the gate to guarantee the FET is on when the 
switch is on. Special drive detection circuitry senses the 
gate bias voltage and prevents the output switch from 
turning on if the gate voltage is less than 10V or greater 
than 20V, the industry standards for power MOSFET 
operation. 

The switch current is sensed internally and amplified to 
trip the comparator and turn off the switch according to 
the Vc pin control voltage. A blanking circuit suppresses 
the output ofthe current limit comparator for 500ns at the 
beginning of each switch cycle. This prevents false trip
ping of the comparator due to current spikes caused by 
external parasitic capacitance and diode stored charge. 

The 4.5V Zener-based reference biases the positive input 
of the sampling error amplifier. The negative input (FB) is 
used for output voltage sensing. The sampling error 
amplifier allows the L T11 03 to operate in fully-isolated 
flyback mode by regulating from the flyback voltage of the 
bootstrap winding. The leakage inductance spike at the 
leading edge of the flyback waveform is ignored with a 
~Ianking circuit. The fly back waveform is directly propor
tional to the output voltage in a transformer-coupled 
flyback topology. Output voltages are fully floating up to 
the breakdown voltage of the transformer windings. Mul
tiple floating outputs are easily obtained with additional 
windings. 

LT 11 03/LT 11 05 

The error signal developed at the comparator input is 
brought out externally. This Vc pin has three functions 
including frequency compensation, current limit adjust
ment, and total regulator shutdown. During normal opera
tion, this pin sits at a voltage between 1.2V (lOW output 
current) and 4.4V (high output current). The error ampli
fier is a current output (gm) type, so this voltage can be 
externally clamped for adjusting current limit. Switch duty 
cycle goes to zero ifthe Vc pin is pulled to ground through 
a diode, placing the LT11 03 in an idle mode. Pulling the Vc 
pin below 0.15V causes total regulator shutdown and 
places the L T1103 in a pre-start mode. 

LT1105 

The LT11 05 is a current-mode switcher. Switch duty cycle 
is controlled by switch current rather than directly by 
?utput voltage. Referring to the block diagram, the switch 
IS turned on atthe start of each oscillator cycle. It is turned 
off when switch current reaches a pre-determined level. 
Control of output voltage is obtained by using the output 
of a voltage sensing error amplifier to set currenttrip level. 
This technique has several advantages. First, it has imme
diate response to input voltage variations, unlike ordinary 
switcners which have notoriously poor line transient re
sponse. Second, it reduces the 90° phase shift at mid
frequencies in the transformer. This greatly simplifies 
closed loop frequency compensation under widely vary
ing input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide 
maximum switch protection under output overload or 
short-circuit conditions. 

A start-up loop with hysteresis allows the IC supply 
voltage to be bootstrapped from an extra primary-side 
winding on the powertransformer. From OVto 16Von VIN, 
the LT11 05 is in pre-start mode and total input current is 
typically 200!lA. Above 16V, up to 30V, the 6V regulator 
that biases the internal circuitry and the externally avail
able 5V and 15V regulators are turned on. The internal 
circuitry remains biased on until VIN drops below 7V and 
the part returns to pre-start mode. Output switching stops 
when the 15V gate bias reference is less than 10V corre
sponding to VIN of about 12V. 
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OPERATion 
The oscillator provides the basic clock for all internal 
timing. Frequency is adjustable to 200kHz with one exter
nal capacitor from OSC to ground. The oscillator turns on 
the output switch via the logic and driver circuitry. 

The LT11 OS is designed to drive the gate of an external 
power FET in common-source configuration. The drivers 
and the 1A maximum totem-pole output stage are biased 
from the 1SV gate bias reference. Special drive detection 
circuity senses the gate bias reference voltage and pre
vents the output switch from turning on if this voltage is 
less than 10V or greater than 20V. Break~Before-Make 
action of 200ns is built into each switch edge to eliminate 
cross conduction currents. 

Switch current is sensed externally through a precision, 
power resistor. This allows for greater flexibility in switch 
current and output power than allowed by the L T11 03. The 
voltage across the sense resistor is fed into the ILiM pin and 
amplified to trip the comparator and turn off the switch 
according to the Vc pin control voltage. A blanking circuit 
suppresses the output of the current limit comparator for 
SOOns atthe beginning of each switch cycle. This prevents 
false tripping of the comparator due to current spikes 
caused by external parasitic capacitance and diode stored 
charge. 

A 4.SV Zener-based reference biases the positive input of 
the sampling error amplifier. The negative input (FB) is 
used for output voltage sensing. The sampling error 
amplifier allows the L T110S to operate in fully-isolated 
fly back mode by regulating the flyback voltage of the 
bootstrap winding. The leakage inductance spike at the 

APPLICATions InFORmATion 
Bootstrap Start 
It is inefficient as well as impractical to power a switching 
regulator control IC from the rectified DC input as this 
voltage is several hundred volts. Self-biased switching 
regulator topologies take advantage of a lower voltage 
auxiliary winding on the power transformer or inductor to 
power the regulator, but require a startup cycle to begin 
regulation. 
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leading edge of the fly back waveform is ignored with a 
blanking circuit. The fly back waveform is directly propor
tional to the output voltage in the transformer-coupled 
flyback topology. Output voltages are fully floating up to 
the breakdown voltage of the transformer windings. Mul
tiple floating outputs are easily obtained with additional 
windings. 

The error signal developed at the comparator input is 
brought out externally. The Vc pin has three functions 
including frequency compensation, current limit adjust
ment, and total regulator shutdown. During normal opera
tion, this pin sits at a voltage between 1.2V (lOW output 
current) and 4.4V (high output current). The error ampli
fier is a current output (gm) type, so this voltage can be 
externally clamped for adjusting current limit. Switch duty 
cycle goes to zero if the Vc pin is pulled to ground through 
a diode, placing the LT11 OS in an idle mode. Pulling the Vc 
pin below 0.1SV causes total regulator shutdown and 
places the LT11 OS in pre-start mode. 

The SS pin implements soft-start with one external capaci
tor to ground. The internal pullup current and clamp 
transistor limit the voltage at Vc to one diode drop above 
the voltage atthe SS pin, thereby controlling the rate of rise 
of switch current in the regulator. The SS pin is reset to OV 
when the L T110S is in pre-start mode. 

A final protection feature includes overvoltage lockout 
monitoring of the main supply voltage on the OVLO pin. If 
the OVLO pin is greater than 2.SV, the output switch is 
prevented from turning on. This function can be disabled 
by grounding the OVLO pin. 

Start-up circuitry with hysteresis built into the LT11 03/ 
L T11 OS allows the input voltage to increase from OV to 
16V before the regulator tries to start. During this time the 
startup current of the switching regulator is typically 
2001lA and all internal voltage regulators are off. The low 
quiescent current allows the input voltage to be trickled up 
with only SOOIlA of current from the rectified DC line 
voltage, thereby minimizing power dissipation inthe startup 
resistor. At 16V, the internal voltage regulators are turned 
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on and switching begins. If enough power feeds back 
through the auxiliary winding to keep the input voltage to 
the switching regulator above 12V, then switching 
continues and a bootstrap start is accomplished. If the 
input voltage drops below 12V, then the FET drive detection 
circuit locks out switching. The input voltage continues to 
fall as the VIN bypass capacitor is discharged by the 
normal quiescent current ofthe L T11 03/L T11 OS. Once the 
input voltage falls below 7V, the internal voltage regulators 
are turned off and the switching regulator returns to the 
low startup current state. A continuous "burp start" mode 
indicates a fault condition or an incomplete power loop. 

The trickle current required to bootstrap the regulator 
input voltage is typically generated with a resistor from the 
rectified DC input voltage. When combined with the 
regulator input bypass capacitor, the startup resistor 
creates a ramp whose slope governs the turn-on time of 
the regulator as well as the period ofthe "burp start" mode. 
The design trade-offs are power dissipated in the trickle 
resistor, the turn-on time of the regulator, and the hold-up 
time of the regulator input bypass capacitor. The value of 
the startup resistor is set by the minimum rectified DC 
input voltage to guarantee sufficient startup current. The 
recommended minimum trickle current is SOOIJA. The 
power rating of the startup resistor is set by the maximum 
rectified DC input voltage. A final consideration for the 
startup resistor is to insure that the maximum voltage 
rating of the resistor is not exceeded. Typical carbon film 
resistors have a voltage rating of 2S0V. The most reliable 
and economical solution forthe startup resistor is generally 
provided by placing several 0.2SW resistor in series. 

The L T11 03/L T11 OS is designed to operate with supply 
pin voltages up to 30V. However, the auxiliary bias winding 
should be designed for a typical output voltage of 17V to 
minimize IC power dissipation and efficiency loss. 
Allowances must also be made for cross regulation of the 
bias voltage due to variations in the rectified DC line 
voltage and output load current. 

Soft-Start 

Soft-start refers to the controlled increase of switch current 
from a startup or shutdown state. This allows the power 
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supply to come up to voltage in a controlled manner and 
charge the output capacitor without activating current 
limit. In general, soft-start is not required on the LT11 OS 
due to the design of the sampling error amplifier gm stage 
which generates asymmetrical slew capability on the Vc 
pin. 

This feature exhibits itself as a typical 3mA sink current 
capability on the Vc pin whereas source current is only 
27SIJA. The low gm of the error amplifier allows small
valued compensation capacitors to be used on Vc. This 
allows the sink current to slew the compensation capacitor 
quickly. Therefore, overshoot of the output voltage on 
startup sequences and recovery from overload or short 
circuit conditions is prevented. However, if a longer startup 
period is required, the soft-start function can be used. 

Soft-start is implemented with an internal40~ pullupand 
a transistor clamp on the Vc pin so that a single external 
capacitor from SS ground can define the linear ramp 
function. The voltage at Vc is limited to one VSE above the 
Soft-start pin (SS). The time to maximum switch current 
is defined as the capacitance on SS multiplied by the active 
range in volts of the Vc pin divided by the pull up current: 

T = C e(3.2V) 
401JA 

SS is reset to OV whenever VIN is less than 7V (pre-start 
mode) or when shutdown is activated by pulling Vc below 
0.1SV. The SS pin has a guaranteed reset sink current of 
1 mA when either the regulator supply voltage VIN falls 
below 7V or the regulator is placed in shutdown. 

Shutdown 

The L T11 03/L T11 OS can be put in a low quiescent current 
shutdown mode by pulling Vc below 1S0mV. In the 
shutdown mode the internal voltage regulators are turned 
off, SS is reset to OV and the part draws less than 2001JA. 
To initiate shutdown, about 4001JA must be pulled out of 
Vc until the internal voltage regulators turn off. Then, less 
than SO~ pulldown current is required to maintain 
shutdown. The shutdown function has about 60mV of 
hysteresis on the Vc pin before the part returns to normal 
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operation. Soft-start, if used, controls the recovery from 
shutdown. 

5V Reference 

A5V reference output is available forthe user's convenience 
to power primary-side circuitry or to generate a clamp 
voltage for switch current limiting. The output will source 
25mA and the voltage temperature coefficient is typically 
50ppm/oC. If bypassing of the 5V reference is required, a 
0.11JF is recommended. Values of capacitance greater 
than 11JF may be susceptible to ringing due to decreased 
phase margin. In such cases, the capacitive load can be 
isolated from the reference output with a small series 
resistor at the expense of load regulation performance. 

Overvoltage Lockout 

The switching supply and primarily the external power 
MOSFET can be protected from an extreme surge of the 
input line voltage with the overvoltage lockout feature 
implemented on the OVLO pin.lfthe voltage on OVLO rises 
above its typical threshold voltage of 2.5V, outputswitching 
is inhibited. This feature can be implemented with a 
resistive divider off of the rectified DC input voltage. This 
feature is only available on the LT11 05 in the 14-lead DIP 
and must be tied to ground if left unused. 

Ground (LT1103) 

The ground pin of the L T11 03 is important because it acts 
as the negative sense point for the internal error amplifier 
feedback Signal, the negative sense point for the current 
limit amplifier and as the high current path for the 2A 
switch. The tab ofthe 7 -lead TO-220 is internally connected 
to ground (pin 4). 

To avoid degradation of load regulation, the feedback 
resistor divider string and the reference side of the bias 
winding should be directly connected to the ground pin on 
the package. These ground connections should not be 
mixed with high current carrying ground return paths. The 
length of the switch current ground path should be as 
short as possible to the input supply bypass capacitor and 
low resistance for best performance. The case of the 
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LT1103 package is desirable to use as the high current 
ground return path as this is a lower resistive and inductive 
path than that of the actual package pin and will help 
minimize voltage spikes associated with the high dl/dt 
switch current. 

Avoiding long wire runs to the ground pin minimizes load 
regulation effects and inductive voltages created by the 
high dl/dt switch current. Ground plane techniques should 
also be used and will help keep EMI to a minimum. 
Grounding techniques are illustrated in the Typical 
Applications section. 

Ground (LT1105) 

The ground pin ofthe LT1105 is important because it acts 
as the negative sense point for the internal error amplifier 
feedback signal and as the negative sense point for the 
current limit amplifier. The LT1105 8-pin MiniDIP has pin 
1 as its ground. The LT110514-pin DIP has pin 1 and pin 
7 as grounds and must be tied togetherfor proper operation. 

To avoid degradation of load regulation, the feedback 
resistor divider should be directly connected to the package 
ground pin. These ground connections should not be 
mixed with high current carrying ground return paths. The 
length of the switch current ground path should be as 
short as possible to the input supply bypass capacitor and 
low resistance for best performance. This will help minimize 
voltage spikes associated with the high dl/dt switch current. 

Avoiding long wire runs to the ground pin minimizes load 
regulation effects and inductive voltages created by the 
high dl/dt switch current. Ground plane techniques should 
also be used and will help keep EMI to a minimum. 
Grounding techniques are illustrated in the Typical 
Applications section. 

Oscillator 

The oscillator of the LT11 03/L T11 05 is a linear ramp type 
powered from the internal 6V bias line. The charging 
currents and voltage thresholds are generated internally 
so that only one external capacitor is required to set the 
frequency. The 150IJA pullup current, which is on all the 
time, sets the preset maximum on-time of the switch and 
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the 4501lA pulldown current which is turned on and off, 
sets the dead time. The threshold voltages are typically 2V 
and 4.5V, so for a 400pF capacitor the ramp-up time ofthe 
voltage on the OSC pin is 6.6711S and the ramp-down time 
is 3.3I1S, resulting in an operating frequency of 100kHz. 
Although the oscillator, as well as the rest ofthe switching 
regulator, will function at higher frequencies, 200kHz is 
the practical upper limit that will allow control range for 
line and load regulation. The lowest operating frequency is 
limited by the sampling error amplifier to about 10kHz. 

The frequency temperature coefficient is typically-80ppm/ 
°C with a good low T.C. capacitor. This means that with a 
low temperature coefficient capacitor, the temperature 
coefficient of the currents and the temperature coefficient 
of the thresholds sum to -80ppm/oC over the commercial 
temperature range. Bowing in the temperature coefficient 
of the currents affects the frequency about 13% at the 
extremes of the military temperature range. The capacitor 
type chosen will have a direct effect on the frequency 
tempco. 

Maximum duty cycle is set internally by the pullup and 
pulldown currents, independent of frequency. It can be 
adjusted externally by modifying the fixed pullup current 
with an additional resistor. In practice, one resistor from 
the OSC pin to the 5V reference or to ground does the job. 
Note that the capacitor value must change to maintain the 
same frequency. For example, a 24k resistor from 5V to 
OSC and a 440pF capacitor from OSC to ground will yield 
1 OOkHzwith 50% maximum duty cycle. A 56k resistor and 
a 280pF capacitor from OSC to ground will yield 100 kHz 
with 80% maximum duty cycle. 

The oscillator can be synchronized to an external clock by 
coupling a sync pulse into the OSC pin. The width of this 
pulse should be a minimum of 500ns. The oscillator can 
only be synchronized up in frequency and the synchronizing 
frequency must be greater than the maximum possible 
unsynchronized frequency (for the chosen oscillator 
capacitor value). The amplitude of the sync pulse must be 
chosen so that the sum of the oscillator voltage amplitude 
plus the sync pulse amplitude does not exceed the 6V bias 
reference. Otherwise, the oscillator pullup current source 
will saturate and erroneous operation will result. If the 
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LT11 03/LT11 05 is positioned on the primary side of the 
transformer and the external clock on the isolated secondary 
output side, the sync signal must be coupled into the OSC 
pin using a pulse transformer. The pulse transformer must 
meet all safety/isolation requirements as it also crosses 
the isolation boundary. An example of externally 
synchronizing the oscillator is shown in the Typical 
Applications section. 

Gate Biasing (LT1103) 

The LT11 03 is designed to drive an external power MOSFET 
in the common-gate or cascode connection with the Vsw 
pin. The advantage is thatthe switch current can be sensed 
internally, eliminating a low-value, power sense resistor. 
The gate needs to be biased at a voltage high enough to 
guarantee thatthe FET is saturated when the open-collector 
source drive is on. This means 1 OV as specified in FET data 
sheets, plus 1V for the typical switch saturation voltage, 
plus a couple of volts for temperature variations and 
processing tolerances. This leads to 15V for a practical 
gate bias voltage. 

Power MOSFETs are well suited to switching powersupplies 
because their high speed switching characteristics promote 
high switching efficiency. To achieve high switching speed, 
the gate capacitance must be charged and discharged 
quickly with high peak currents. In particular, the turn-off 
current can be as high as the peak switch current. The 
switching speed is controlled by the impedance seen by 
the gate capacitance. Practically speaking, zero impedance 
is not desirable because of the high frequency noise spikes 
introduced to the system. The gate bias should be bypassed 
with a 111F low ESR capacitor to ground and should have 
a 50 resistor or larger in series with the gate to define the 
source impedance. 

The L T11 03 provides a 15Voutput intended for biasing the 
gate of the MOSFET. It will source 30mA into a capacitive 
load with no stability problems. The voltage temperature 
coefficient is t3mV/oC. If VIN drops below 17V, the 15V 
output follows about 2.0V below VIN until the part shuts 
down. If the 15V output is pulled above 17.5V, it will sink 
5mA. 
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A special circuit in the LT11 03 senses the voltage at Vsw 
prior to turning on the switch. Vsw is tied to the source of 
the FET and should represent the bias voltage on the gate 
when the switch is off. When the switch first turns off, the 
drain flies back until it is clamped by a snubber network. 
The source also flies high due to parasitic capacitive 
coupling on the FET and parasitic inductance of the leads. 
An extra diode from the source to the gate or VIN will 
provide insurance against fault conditions that might 
otherwise damage the. FET. The diode clamps the source 
to one diode drop above the gate or VIN, thereby limiting 
the gate-source reverse bias. Once the energy in the 
leakage inductance spike is dissipated and the primary is 
being regulated to its fly back voltage, the diode shuts off. 
The source is then floating and its voltage will be close to 
the gate voltage. If the sensed voltage on Vsw is less than 
10V or greater than 20V, the circuit prevents the switch 
from turning on. This protects the FET from dissipating 
high power in a non-saturated state or from excessive 
gate-source voltage. The oscillator continues to run and 
the net effect is to skip switching cycles until the gate bias 
voltage is corrected. One consequence of the gate bias 
detection circuit is that the startup window is 6Vifthe gate 
is biased from VINand to 4V if the gate is biased from the 
15Voutput. This influences the size ofthe bypass capacitor 
on VIN. 

Vsw Output (LT1103) 

The Vsw pin of the LT11 03 is the collector of an internal 
NPN power switch. This NPN has a typical on resistance of 
0.4Qandatypical breakdown voltage (BVCBO) of 75V. Fast 
switching times and high efficiency are obtained by using 
a special driver loop which automatically adapts base drive 
current to the minimum required to keep the switch in a 
quasi-saturated state. The key element in the loop is an 
extra emitter on the output power transistor as seen in the 
block diagram. This emitter carries no current when the 
NPN output transistor collector is high (unsaturated). In 
this condition, the driver circuit can deliver very high base 
drive to the switch for fast turn-on. When the switch 
saturates, the extra emitter acts as a collector of an NPN 
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operating in inverted mode and pulls base current away 
from the driver. This linear feedback loop serves itself to 
keep the switch just at the edge of saturation. Very low 
switch current results in nearly zero driver current and 
high switch currents automatically increase driver current 
as necessary. The ratio of switch current to drivercurrent 
is approximately 30:1. This ratio is determined by the 
sizing of the extra emitter and the value of the current 
source feeding the driver circuitry. The quasi-saturation 
state of the switch permits rapid turn-off without the need 
for reverse base-emitter voltage drive. 

Gate Biasing (LT1105) 

The L T11 05 is designed to drive an external power MOSFET 
in the common-source configuration with the totem-pole 
output Vsw pin. The advantage is added switch current 
flexibility (limited only by the choice of external power 
FET) and higher output power applications than allowed by 
L T11 03. An external, non-inductive, power sense resistor 
must be used in series with the source of the FETto detect 
switch current and must be tied to the input of the current 
limit amplifier. The gate needs to be biased at a voltage 
high enough to guarantee that the FET is saturated when 
the totem-pole gate drive is on. This means 10V as 
specified in FET data sheets, plus the totem-pole high side 
saturation voltage plus a couple of volts for temperature 
variations and processing tolerances. This leads to 15Vfor 
a practical gate bias voltage. 

Power MOSFETs are well suited to switching power supplies 
because their high speed switching characteristics promote 
high switching efficiency. To achieve high switching speed, 
the gate capacitance must be charged and discharged 
quickly with high peak currents. In particular, the turn-off 
current can be as high as the peak switch current. The 
switching speed is controlled by the impedance seen by 
the gate capacitance. Practically speaking, zero impedance 
is not desirable because ofthe high frequency noise spikes 
introduced to the system. The gate bias supply which 
drives the totem-pole output stage should be bypassed 
with a 1J.1F low ESR capacitor to ground. This capacitor 
supplies the energy to charge the gate capacitance during 
gate drive turn-on. The power MOSFET should have a 5Q 
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resistor or larger in series with its gate from the Vsw pin 
to define the source impedance. 

The L T11 05 provides a 15V regulated output intended for 
driving the totem-pole output stage. It will source 30mA 
into a capacitive load with no stability problems. The 
output voltage temperature coefficient is +3mV/oC. If VIN 
drops below 17V, the 15Voutputfollowsabout 2.0V below 
VIN until the part shuts down. If the 15V output is pulled 
above 17.5V, it will sink 5mA. 

A special circuit in the L T11 05 senses the voltage at the 
15V regulated output prior to turning on the switch. The 
15V regulator drives the totem-pole output stage and the 
Vsw pin will pull the gate of the FET very close to the value 
of the 15V output when Vsw turns on. Therefore, the 15V 
output represents what the gate bias voltage on the FET 
will be when the FET is turned on. If the sensed voltage on 
the 15V output is less than 10V or greater than 20V, the 
circuit prevents the switch from turning on. This protects 
the FET from dissipating high power in a non-saturated 
state orfrom excessive gate-source voltage. The oscillator 
continues to run and the net effect is to skip switching 
cycles until the gate bias voltage is corrected. One 
consequence of the gate bias detection circuit is that the 
startup window is 4V. This influences the size of the 
bypass capacitor on VIN. 

Vsw Output (LT1105) 

The Vsw pin of the LT1105 isthe output ofa 1A totem-pole 
driver stage. This output stage turns an external power 
MOSFET on by pulling its gate high. Break-Before-Make 
action of 200ns is built into each switch edge to eliminate 
cross-conduction currents. Fast switching times and high 
efficiency are obtained by using a low loss output stage 
and a special driver loop which automatically adapts base 
drive current to the totem-pole low-side drive. The key 
element in the loop is an extra emitter on the output pull
down transistor as seen in the block diagram. This emitter 
carries no current when the low-side transistor collector 
is high (unsaturated). In this condition, the driver can 
deliver very high base drivetothe output transistor for fast 
turn-off. When the low-side transistor saturates, the extra 
emitter acts as a collector of an NPN operating in inverted 
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mode and pulls base current away from the driver. This 
linear feedback loop serves itselfto keep the switch just at 
the edge of saturation. This results in nearly zero driver 
current. The quasi-saturation state ofthe low-side switch 
permits rapid turn-on of the external FET when Vsw pulls 
high. 

Fully-Isolated Flyback Mode 

A unique sampling error amplifier included in the control 
loop of the L T11 03/LT11 05 eliminates the need for an 
opto-isolatorwhile providing ±1 % line and load regulation 
in a magnetic flux-sensed fly back converter. In this mode, 
the flybackvoltage on the primary during "switch off" time 
is sensed and regulated. It is difficult to derive a feedback 
signal directly from the primary flyback voltage as this 
voltage is typically several hundred volts. A dedicated 
winding is not required because the bias winding for the 
regulator lends itself to flux-sensing. Flux-sensing made 
practical simplifies the design of offline power supplies by 
minimizing the total number of external components and 
reduces the components which must cross the isolation 
barrier to one, the transformer. This inherently implies 
greater safety and reliability. The transformer must be 
optimized for coupling between the bias winding and the 
secondaryoutputwinding{s) while maintaining the required 
isolation and minimizing the parasitic leakage inductances. 

Although magnetic flux-sensing has been used in the past, 
the technique has exhibited poor output voltage regulation 
due to the parasitics present in a transformer-coupled 
design. Transformers which provide the safety and isolation 
as required by various international safety/regulatory 
agencies also provide the poorest output voltage regulation. 
Solutions to these parasitic elements have been achieved 
with the novel sampling error amplifier of the L T1103/ 
L T11 05. A brief review of flyback converter operation and 
the problems which create a poorly regulated output will 
provide insight on how the sampling error amplifier of the 
LT11 03/LT11 05 addresses the regulation issue of magnetic 
flux-sensed converters. 

The following figure shows a simplified diagram of a 
fly back converter using magnetic flux-sensing. The major 
parasitic elements present in the transformer-coupled 
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design are indicated. The relationships between the primary 
voltage, the secondary voltage, the bias voltage and the 
winding currents are indicated in the figures found on the 
following page for both continuous and discontinuous 
modes of operation. 

Simplified Flyback Converter 

• 1N~C:OUT 
L--ICOMMON 

S11 
VBIASl 

• 1:N1 

N = TURNS RATIO FROM SECONDARY TO PRIMARY. 
N1 = TURNS RATIO FROM SECONDARY TO BIAS. 
N2 = NlN1 
L(lkpRI) = PRIMARY LEAKAGE INDUCTANCE. 
L(lksEcl = SECONDARY LEAKAGE INDUCTANCE. 
R = PARASITIC WINDING. DIODE AND OUTPUT 

CAPACITOR RESISTANCE. 

When the switch "turns on," the primary winding sees the 
input voltage and the secondary and bias windings go to 
negative voltages as a function of the turns ratio. Current 
builds in the primary winding as the transformer stores 
energy. When the switch "turns off," the voltage across 
the switch flies back to a clamp level as defined by a 
snubber network until the energy in the leakage induc
tance ofthe primary dissipates. Leakage inductance is one 
of the main parasitic elements in a flux-sensed converter 
and is modeled as an inductor in series with the primary 
and secondary of the transformer. These parasitic induc
tances contribute to changes in the bias winding voltage 
and thus the output voltage with increasing load current. 

The energy stored in the transformer transfers through the 
secondary and bias windings during "switch off" time. 
Ideally, the voltage across the bias winding is set by the DC 
output voltage, the forward voltage of the output diode, 
and the turns ratio of the transformer after the energy in 
the leakage inductance spike of the primary is dissipated. 

This relationship holds until the energy in the transformer 
drops to zero (discontinuous mode) orthe switch turns on 
again (continuous mode). Either case results in the volt-
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age across the secondary and bias windings decreasing 
to zero or changing polarity. Therefore, the voltage on the 
bias winding is only valid as a representation of the output 
voltage while the secondary is delivering current. 

Although the bias winding flyback voltage is a representa
tion of the output voltage, its voltage is not constant. For 
a brief period following the leakage inductance spike, the 
bias winding flybackvoltage decreases due to nonlinearities 
and parasitics present in the transformer. Following this 
nonlinear behavior is a period where the bias winding 
flyback voltage decreases linearly. This behavior is easily 
explained. Current flow in the secondary decreases lin
early at a rate determined by the voltage across the 
secondary and the inductance of the secondary. The 
parasitic secondary leakage inductance appears as an 
impedance in series with the secondary winding. In addi
tion, parasitic resistances exist in the secondary winding, 
the output diode and the output capacitor. These imped
ances can be combined to form a lumped sum equivalent 
and which cause a voltage drop as secondary current 
flows. This voltage drop is coupled from the secondary to 
the bias winding flyback voltage and becomes more sig
nificant as the output is loaded more heavily. This voltage 
drop is largest at the beginning of "switch off" time and 
smallest just prior to either all transformer energy being 
depleted or the switch turning on again. 

The best representation of the output voltage is just prior 
to either all transformer energy being used up and the bias 
winding voltage collapsing to zero or just prior to the 
switch turning on again and the bias winding going 
negative. This point in time also represents the smallest 
forward voltage for the output diode. It is possible to 
redefine the relationship between the secondary winding 
voltage and the bias winding voltage as: 

(VOUT + Vf + I- Rp) 
VBIAS = -'--------"-

N1 
where Vf is the forward voltage ofthe output diode, I is the 
current flowing in the secondary, Rp is the lumped sum 
equivalent secondary parasitic impedance and N1 is 
thetransformer turns ratio from the secondary to the bias 
winding. It is apparent that even though the above point in 
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Flyback Waveform for Continuous Mode Operation 
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Flyback Waveform for Discontinuous Mode Operation 
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APPLICATions InFoRmATion 
time is the most accurate representation of the output 
voltage, the answer given by the bias winding voltage is 
still off from the "true" answer by the amount leRp/N1. 

The sampling error amplifier of the LT11 03/L T1105 pro
vides solutions to the errors associated with the bias 
winding flyback voltage. The error amplifier is comprised 
of a leakage inductance spike blanking circuit, a slew rate 
limited tracking amplifier, a level detector, a sample and 
hold, an output gm stage and load regulation compensa
tion circuitry. This all seems complicated at first glance, 
but its operation is straightforward and transparent to the 
user of the IC. When viewed from a system or block level, 
the sampling error amplifier behaves like a simple 
transconductance amplifier. Here's how it works. 

The sampling error amplifier takes advantage of the fact 
that the voltage across the bias winding during at least a 
portion of switch-off time is proportional to the DC output 
voltage of the secondary winding. The feedback network 
used to sense the bias winding voltage is no longer 
comprised of a traditional peak detector in conjunction 
with a resistor divider network. The feedback network 
consists of a diode in series with the bias winding feeding 
the resistor divider network directly. The resultant error 
signal is then fed into the input of the error amplifier. The 
purpose of the diode in series with the bias winding is now 
not to peak detect, but to prevent the FB pin (input of the 
error amplifier) from being pulled negative and forward 
biasing the substrate of the IC when the bias winding 
changes polarity with "switch turn-on." 

The primary winding leakage inductance spike effects are 
first eliminated with an internal blanking circuit in the 
L T1103/L T11 05 which suppresses the input of the FB pin 
for 1.51ls at the start of "switch off" time. This prevents the 
primary leakage inductance spike from being propagated 
through the error amplifier and affecting the regulated 
output voltage. 

With the effects of the leakage inductance spike elimi
nated, the effects of decreasing bias winding flyback 
voltage can be addressed. With the traditional diode/ 
capacitor peak detector circuitry eliminated from the feed
back network, the tracking amplifier ofthe L T11 03/LT11 05 
follows the flyback waveform as it changes with time and 
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amplifies the difference between the flyback signal and the 
internal 4.5V reference. Tracking is maintairied until the 
point in time where the bias winding voltage collapses as 
a result of all transformer energy being depleted (discon
tinuous mode) orthe switch turning on again (continuous 
mode). The level detector circuit senses the faCt that the 
bias winding flyback voltage is no longer a representation 
of the output voltage and activates an internal peak detec
tor. This effectively saves the most accurate representa
tion of the output voltage which is then buffered to the 
second stage of the error amplifier. 

The second stage of the error amplifier consists of a 
sample and hold. When the switch turns on, the sample 
and hold samples the buffered error voltage for 11ls and 
then holds for the remainder of the switch cycle. This held 
voltage is then processed by the output gm stage and 
converted into a control signal at the output of the error 
amplifier, the Vc pin. 

The final adjustment in regulation is provided by the load 
regulation compensation circuitry. As stated earlier, out
put regulation degrades with increasing load current (out
put power). The effect is traced to secondary leakage 
inductance and parasitic secondary winding, diode and 
output capacitor resistances. Even though the tracking 
amplifier has obtained the most accurate representation of 
the output voltage, its answer is still flawed by the amount 
ofthe voltage drop across the secondary parasitic lumped 
sum equivalent impedance which is coupled to the bias 
winding voltage. This error increases with increasing load 
current. Therefore, a technique for sensing load current 
conditions has been added to the L T11 03/LT11 05. The 
switch current is proportional to the load current by the 
turns ratio ofthe transformer. A small current proportional 
to switch current is generated in the L T11 03/L T1105 and 
fed back to the FB pin. This allows the input bias current of 
the sampling error amplifier to be a function of load 
current. A resistor in series with the FB pin generates a 
linear increase in the effective reference voltage with 
increasing load current. This translates to a linear increase 
in output voltage with increasing load current. Byadjust
ing the value of the series resistor, the slope of the load 
compensation can be set to cancel the effects of these 
parasitic voltage drops. The feature can be ignored by 
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eliminating the series resistor and lowering the equivalent 
divider impedance to swamp out the effects of the input 
bias current. 

Frequency Compensation 

In order to prevent a regulator loop using the LT11 03/ 
LT1105 from oscillating, frequency compensation is 
required. Although the architecture of the L T11 03/LT11 05 
is simple enough to lend itselfto a mathematical approach 
to frequency compensation, the added complication of 
input/or output filters, unknown capacitor ESR, and gross 
operating point changes with input voltage and load current 
variations all suggest a more practical empirical approach. 
Many hours spent on breadboards have shown that the 
simplest way to optimize the frequency compensation of 
the L T11 03/LT11 05 isto use transient response techniques 
and an "R-C" box to Quickly iterate toward the final 
compensation network. Additional information on this 
technique of frequency compensation can be found in 
Linear Technology's Application Note 19. 

In general, frequency compensation is accomplished with 
an R-C series network on the Ve pin. The error amplifier 
has a Gm (voltage "in" to current "out") of '" 12000 
I1mhos. Voltage gain is determined by multiplying Gm 
times the total equivalent error amplifier output loading, 
conSisting of the error amplifier output impedance in 
parallel with the series R-C external frequency 
compensation network. At DC, the external R-C can be 
ignored. The output impedance of the error amplifier is 
typically 100kn resulting in a voltage gain of", 1200. At 
frequencies just above DC, the voltage gain is determined 
by the external compensation, Re and Ce. The gain at mid 
frequencies is given by: 

Av= Gm 
21t-f-Ce 

The gain at high frequencies is given by: 

Av = Gm - Re 
Phase shift from the FB pin to the Ve pin is 90° at mid 
frequencies where the external Ce is controlling gain, then 
drops back to 0° (actually 180° since FB is an inverting 
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input) when the reactance of Ce is small compared to Re. 
Thus, this R-C series network forms a pole-zero pair. The 
pole is set by the high impedance output of the error 
amplifier and the value of Ce on the Ve pin. The zero is 
formed by the value of Cc and the value of Rc in series with 
Ce on the Vc pin. The R-C series network will have 
capacitor values in the range of 0.111F -1.0I1F and series 
resistor values in the range of 1 oon -1 OOOn. 

It is noted that the R-C network on the Ve pin forms the 
main compensation network for the regulator loop. How-
ever, ifthe load regulation compensation feature is used as 
explained in the section on fully-isolated fly back mode, 
additional frequency compensation components are re-
Quired. The load regulation compensation feature involves 
the use of local positive feedback from the Vc pin to the FB 
pin. Thus, it is possible to add enough load regulation 
compensation to make the loop oscillate. In order to • 
prevent oscillation, it is necessary to roll off this local 
positive feedback at high frequencies. This is accom-
plished by placing a capacitor in parallel with the compen-
sation resistor which is in series with the FB pin. A value 
for this capacitor in the range of 0.0111F to 0.111F is 
recommended. The time constant associated with this RI 
C combination will be longer than that associated with the 
loop bandwidth. Thus, transient response will be affected 
in that settling time will be increased. However, this is 
typically not as important as controlling the absolute 
under or overshoot amplitude ofthe system in response to 
load current changes which could cause deleterious sys-
tem operation. 

Switching Regulator Topologies 

Two basic switching regulator topologies are pertinent to 
the L T11 03/L T1105, the fly back and forward converter. 
The flyback converter employs a transformer to convert 
one voltage to either a higher or lower output voltage. VOUT 
in continuous mode is defined as: 
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APPLICATions InFoRmATion 
where N is the transformer turns ratio of secondary to 
primary and DC is the duty cycle. This formula can be 
rewritten in terms of duty cycle as: 

DC - VOUT 
-(VOUT+NeVjN) 

It is important to define the full range of input voltage, the 
range of output loading conditions and the regulation 
requirements for a design. Duty cycle should be calculated 
for both minimum and maximum input voltage. 

In many applications, N can vary over a wide range without 
degrading performance. If maximum output power is 
desired, N can be optimized: 

N _ VOUT +Vf 
(OPT) - (VM - ~N(MAX) - VSNUB) 

where Vf = Forward voltage of the output diode 
VM = Maximum switch voltage 
VSNUB = Snubber clamp level- primary flyback 
voltage. 

In the isolated flyback mode, the LT1103/LT1105 sense 
and regulate the transformer primary voltage VPRI during 
"switch off" time. The secondary output voltage will be 
regulated if VPRI is regulated. VPRI is related to VOUT by: 

VpRI = (VOUT + Vf) 
N 

This allows duty cycle for an isolated flyback converter to 
be rewritten as: 

DC = Duty Cycle = VpRI 
(VPRI +VjN) 

An important transformer parameter to be determined is 
the primary inductance LpRI. The value of this inductance 
is a trade-off between core size, regulation requirements, 
leakage inductance effects and magnetizing current .::\1. 
Magnetizing current is the difference between the primary 
current at the start of "switch on" time and the current at 
the end of "switch on" time. If maximum output power is 
needed, a reasonable starting value is found by assigning 
.::\1 a value of 20% of the peak switch current (2A for the 
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L T1103 and set by the external FET rating used with the 
LT11 05). With this deSign approach, LpRI is defined as: 

V, 
LpRI = IN 

('::\1)~{1 + ~:J 
If maximum output power is not required, then .::\1 can be 
increased which results in lower primary inductance and 
smaller magnetics. Maximum output power with an isolated 
flyback converter is defined by the primary flyback voltage 
and the peak allowed switch current and is limited to: 

(VPRI ) [ ( ,::\1) ( )2 ] POUT(MAX) = (VPRI + \'iN) \'iN Ip -"2 - Ip R E 

where R = Total "switch" ON resistance 
Ip = Maximum switch current 
E = Overall efficiency", 75% 

Peak primary current is used to determine core size forthe 
transformer and is found from: 

IpRI = (VOUT )(lOUT )(VPRI + \'iN) + .::\1 
E(VPRI )(\'iN) 2 

A second consideration on primary inductance is the 
transition point from continuous mode to discontinuous 
mode. At light loads, the flyback pulse across the primary 
will drop to zero before the end of switch "off" time. The 
load current at which this starts to occur can be calculated 
from: 

I - (VPRI • \'iN/ 
OUT(TRANSITION) - (VPRI + \'iN)2(2VOUT )(f)(LpRI) 

The forward converter as shown below is another 
transformer-based topology that converts one voltage to 
either a higher or a lower voltage. 

VOUT in continuous mode is defined as: 

Your: VIN e N e DC 
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Simplified Forward Converter 

r 11im01 02 L1 C~OUT 
COMMON 

03 Sl ':' 

The secondary voltage charges up L 1 through 01 when S1 
is on. When S1 is off, energy in L 1 is transferred through 
free-wheeling diode 02 to C1. The extra transformer 
winding and diode 03 are needed in a single switch 
forward converter to define the switch voltage when S1 is 
off. This "reset" winding limits the maximum duty cycle 

TYPICAL APPLICATiOnS 
LT1103 FET Connection 

Setting Oscillator Frequency 

Cose 

TLTll0HA115 

CHOOSE 20kHz ~ Fose ~ 200kHz 

Cose=~=-I -=~ 
Fose (AV)(Fose) (2.5V)(Fose) 

DC" 0.66 => 66% 

LTll 03/LTll 05 

allowed for the switch. This topology trades off reduced 
transformer size for increased complexity and parts count. 
A separate isolated feedback path is required for full 
isolation from input to output because voltages on the 
primary are no longer related to the OC output voltage 
during switch off time. 

The isolated feedback path can take several forms. A 
second transformer in a modulator/demodulator scheme 
provides the isolation, but with significant complexity. An 
opto-isolator can be substituted for the transformer with 
a savings in volume to be traded off with component 
variations and possible aging problems with the opto
isolator transfer function. Finally, an extra winding closely 
coupled to the output inductor L 1 can sense the flux In this 
element and give a representation of the output voltage 
when S1 is off. 

LT11D5 FET Connection 

Selting Overvoltage Lockout 

CHOOSE OVLOrn 

LET R1 = 5k 

R2=(~-1)R1 2.5V 
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TYPICAL APPLICATions 

Decreasing Oscillator Maximum Duty Cycle 

Case T 

CHOOSE 0 s DC S 0.66 

SOLVEFOR X => X = (6 - 9DC) 
2 

Osxs3 

=>11 =X ol=X o1001lA 

=>R= 1.~5V 

C ~ [ (3X-2X2)] ase- ° 1+--- (2.5V)(Fase) 9 

Synchronizing Oscillator Frequency to an External Clock 

--J j- 500ns 

SVJL 

OV ~1F 1::.5 ~ Case 

Ii I ""00'" . : . 
t 
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ISOLATION 
BOUNDARY 

Increasing Oscillator Maximum Duty Cycle 

CHOOSE 0.66 s DC s 1.0 

SOLVE FOR X => X = (9DC - 6) 
2 

OsXS1.S 

=> 11 =Xol =X o10DIlA 

=> R = 3.~SV 

_ ~o[ J3X+2X2)] 
Case - (2.SV){Fase) 1 9 
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LTll03TA111 

LT1103 Ground Connections 

15V 
VIN 

OSC 
GND 
Vc 
FB 

VSW 

SWITCH CURRENT PATH 
KEEP RESISTANCE LOW 

TOBIAS 
WINDING OUTPUT 

1105 Ground Connections 

TO BIAS 
WINDING 
OUTPUT 

GND 

SEPARATE 
GROUND PATH 

-0 

Minimum Parts Count Fully-Isolated Flyback 100kHz 50W Converter 

15V 
VIN 

OSC 
GND 

Vc 
FB 

VSW 

LT 11 03/LT 11 05 

4.90 

4.85 

4.80 

4.75 

SWITCH CURRENT PATH 
KEEP RESISTANCE LOW 

TO BIAS 
WINDING OUTPUT 

GND 

Load Regulation 

27JVAC -f-~~ t--. 
" ... ... jI20~AC 

....... "'~ ...... 
85VAC ......... l'-
I I ~ 

I I 
o 1 2 3 4 5 6 7 8 9 10 

laurlAI 
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FEATURES 
• Uses Off-the-Shelf Inductors 
• Only 33f.lH Inductor Required 
• Low Cost 
• 3-Lead TO-92, S08, or 8-Pin DIP 
• Fixed 5V or 12V Output 
• 120kHz Oscillator 
• Only Three External Components Required 
.320j.iA la 
• 1.6V Minimum Start-Up Voltage 
• Logic Controlled Shutdown 

APPLICATions 
• Flash Memory Vpp Generators 
• 3V to 5V Converters 
• 5V to 12V Converters 
• Disk Drives 
• PC Plug-In Cards 
• Peripherals 
• Battery Powered Equipment 

TYPICAL APPLICATiOn 
All Surlace Mount 

Flash Memory Vpp Generator 

15 

12 

VOUT ~ 
12V ~ 9 
BOmA ':; 

• B-PIN PACKAGE ONLY 
t l1 = SUMIDACD54-330lC (lOUT = 8OmA) 

MURATA-ERIE lQH4N330K (lOUT = 50mA) 

"C1 = ~~~~~~4~:7:~:0~~~ O~~~~\VAlENT 
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DC-to-DC Converter 
Fixed 5V, 12V 

DESCRIPTion 
The L 11109-5 and L 11109-12 are simple step-up DC-DC 
converters. Available in 3-lead TO-92, 8-pin SO or miniDIP 
packages, the devices require only three external compo
nents to construct a complete DC-DC converter. Current 
drain is just 320j.iA at no load, making the device ideal for 
cost-sensitive applications where standby current must 
be kept to a minimum. 

The L 11109-5 can deliver 5V at 1 OOmA from a 3V input 
and the L T11 09-12 can deliver 12V at 60mA from a 5V 
input. The 8-pin versions also feature a logic controlled 
SHUTDOWN pin that turns off the oscillator when taken 
low. The gated-oscillator design requires no frequency 
compensation components. The high frequency 120kHz 
oscillator permits the use of small surface mount induc
tors and capacitors. For a 5V to 12V at 120mA converter, 
see the L 111 09A. 

Output Current 

"I 1 V1N = 5V 

1'\ 
1'\ 

o 10 20 30 40 50 60 70 80 90 100 

OUTPUT CURRENT (rnA) 
LT1109·TPCOl 

VOUT 
5v/DIV 

OV 

SHUTDDWN 
5v/DIV 

Flash Memory Program Output 
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1mslDIV 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
(Voltages Referred to GND Pin) 
Supply Voltage (VOUT) ................................. -0.4 to 20V 
SW Pin Voltage ............................................ -0.4 to 50V 
SHUTDOWN Pin Voltage ......................................... 6.0V 
Maximum Power Dissipation ............................. 300mW 
Operating Temperature Range ..................... O°C to lO°C 

TOP VIEW ORDER PART 

~D'-
NUMBER 

NC 2 7 SHUTDOWN 
L T1109CN8-5 sw 3 6 NC 
LT1109CN8-12 GND4 5NC 

Storage Temperature Range .................. -65°C to 150°C NB PACKAGE 
HEAD PLASTIC DIP lTl109,POI02 

Lead Temperature (Soldering, 10 sec.) ................. 300°C 
Switch Current ......................................................... 1.2A TOP VIEW L T1109CS8-5 

'·D~~' 
L T1109CS8-12 

NC 2 7 SHUTDOWN 

SW3 6NC S8 PART MARKING 
GND4 5NC 

10905 
SB PACKAGE 10912 HEAD PLASTIC SOIC LT1109,POI03 

RonOMVIEW LT1109CZ-5 

G 
LT1109CZ-12 

000 
VOUT SW GND ) • 

Z PACKAGE 
3·LEAD TO·92 PLASTIC ",,,,.p,,>o, 

ELECTRICAL CHARACTERISTICS TA = 25"C, VIN = 3V (LT1109CN8, LT1109CS8), unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

10 Quiescent Current Switch Off • 320 550 IlA 
Minimum Start-Up Voltage 1.6 V 
at VOUT Pin (Z Package) 

V,N Input Voltage (N8, S8 Package) • 3 V 

VOUT Output Voltage LT1109-5; 3V ~ V,N ~ 5V • 4.75 5.00 5.25 V 

LT1109-12; 3V ~ V,N ~ 12V • 11.45 12.00 12.55 

Output Voltage Ripple LT1109-5 • 25 50 mV 

LT1109-12 • 60 120 

losc Oscillator Frequency 100 120 140 kHz 

• 90 150 

tON Switch ON Time 3.3 4.2 5.3 IJ.S 
• 3.0 5.5 

DC Duty Cycle Full Load • 45 50 60 % 

VCESAT Switch Saturation Voltage Isw= 500mA 0.4 0.7 V 
LT1109-5:V'N =3V; LT110!H2:V'N =5V • 0.5 0.8 

Switch Leakage Current Vsw= 12V 1 10 IlA 
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ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 3V (LT1109CN8, LT1109CS8), unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS 

VIH SHUTDOWN Pin High N8, S8 Package • 
VIL SHUTDOWN Pin Low N8, S8 Package • 
IIH SHUTDOWN Pin Input Current N8, S8 Package, VSHUTOOWN = 4V • 
IL N8, S8 Package, VSHUTDOWN = OV • 
The. denotes the specifications which apply over the full operating 
temperature range. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Minimum/Maximum 
Oscillator Frequency vs TON Quiescent Current Quiescent Current 
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BLOCK DIAGRAmS 

VOUT 

1.25V 
REFERENCE 

GND 

LT1109-5, -12 Z Package 

R2 
250k 

R1 

LT1109-5: R1 : 83k 
LT1109-12: Rl: 29k 

LTn09Z OPERATiOn 

SW 

DRIVER 

The L T11 09Z -5 and L T11 09Z-12 are fixed output voltage 
step-up DC-to-DC converters in a 3-pin TO-92 package. 
Power for internal regulator circuitry is taken from the 
VOUT pin, a technique known as "bootstrapping." Circuit 
operation can be best understood by referring to the block 
diagram. VOUT, attenuated by R1 and R2, is applied to the 
negative input of comparator A 1. When this voltage falls 
below the 1.25V reference voltage, the oscillator is turned 
on and the power switch Q1 cycles at the oscillator 

.L7lJ!J~ 

LT1109-5, -12 N8, S8 Package 
VIN SENSE 

R2 
250k SW 

1.25V 
REFERENCE 

R1 

GND SHUTDOWN LTlt09oTM4 

frequency of 120kHz. Switch cycling alternately builds 
current in the inductor, then dumps it into the output 
capacitor, increasing the output voltage. When A 1 's nega
tive input rises above 1.25V, it turns off the oscillator. A 
small amount of hysteresis in A1 obviates the need for 
frequency compensation circuitry. When Q1 is off, current 
into the VOUT pin drops to just 320~. Quiescent current 
from the battery will be higher because the device oper
ates off the stepped-up voltage . 
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LTn09 S8 AnD n8 OPERATion 
The 8-pin versions of the LT11 09 have separate pins for 
VIN and SENSE and also have a SHUTDOWN pin. Separat
ing the device VIN pin from the SENSE pin allows the device 
to be powered from the (lower) input voltage rather than 
the (higher) output voltage. Although quiescent current 
remains constant, quiescent power will be reduced by 

APPLICATions InFORmATion 
Inductor Selection 

A DC-DC converter operates by storing energy as mag
netic flux in an inductor core, and then switching this 
energy into the load. To operate as an efficient energy 
transfer element, the inductor must fulfill three require
ments. First, the inductance must be low enough for the 
inductor to store adequate energy under the worst case 
condition of minimum input voltage and switch ON time. 
The inductance must also be high enough so that maxi
mum current ratings of the LT11 09 and inductor are not 
exceeded at the other worst case condition of maximum 
input voltage and ON time. Additionally, the inductor core 
must be able to store the required flux; i.e., it must not 
saturate. At power levels generally encountered with 
LT1109 designs, small ferrite surface-mount inductors 
will function well. Lastly, the inductor must have suffi
ciently low DC resistance so that excessive power is not 
lost as heat in the windings. Look for DCR values in the 
inductors' specification tables; values under 0.5Q will give 
best efficiency. An additional consideration is Electro
Magnetic Interference (EMI). Toroid and pot core type 
inductors are recommended in applications where EMI 
must be kept to a minimum; for example, where there are 
sensitive analog circuitry or transducers nearby. Rod core 
types are a less expensive choice where EM I is not a problem. 

Specifying a proper inductor for an application requires 
first establishing minimum and maximum input voltage, 
output voltage, and output current. In a step-up converter, 
the inductive events add to the input voltage to produce the 
output voltage. Power required from the inductor is deter
mined by 

PL = (VOUT + VD - VIN) (lOUT) (01) 
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using the 8-pin version since the quiescent current flows 
from a lower voltage source. The SHUTDOWN pin disables 
the oscillator when taken to a logic "0." If left floating or 
tied high, the converter operates normally. With SHUT
DOWN low, quiescent current remains at 320~A. 

where VD is the diode drop (0.5V for a 1 N5818 Schottky). 
Energy required by the inductor per cycle must be equal or 
g reate r than 

JL 
Fosc 

in order for the converter to regulate the output. 

When the switch is closed, current in the inductor builds 
according to 

IL(t) = ~~ 1-eT [ -R't] (03) 

where R' is the sum of the switch equivalent resistance 
(0.8 typical at 25°C) and the inductor DC resistance. When 
the drop across the switch is small compared to VIN, the 
simple lossless equation 

can be used. These equations assume that at t = 0, 
inductor current is zero. This situation is called "discon
tinuous mode operation" in switching regulator parlance. 
Setting "t" to the switch ON time from the LT11 09 speci
fication table (typically 4.2~s) will yield I PEAK for a specific 
"L" and VIN. Once IpEAK is known, energy in the inductor 
at the end of the switch ON time can be calculated as 

EL must be greater than PL/Fosc forthe converter to deliver 
the required power. For best efficiency IpEAK should be 
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kept to 600mA or less. Higher switch currents will cause 
excessive drop across the switch resulting in reduced 
efficiency. In general, switch current should be held to as 
Iowa value as possible in order to keep switch, diode and 
inductor losses at a minimum. 

As an example, suppose 12V at 60mA is to be generated 
from a 4.SV input. Recalling Equation 01, 

PL = (12V + O.SV - 4.SV) (60mA) = 480mW. (06) 

Energy required from the inductor is 

PL 480mW 
Fosc = 120kHz = 4.0flJ· 

Picking an inductor value of 33flH with 0.20 DCR results 
in a peak switch current of 

[ 
-1.0. 4.2!!S] 

IpEAK = 4.SV 1- e 33!!H = S38mA. 
lon (08) 

Substituting IpEAK into Equation 03 results in 

E L = 2 (33flH) (0.S38A)2 = 4. 77flJ. (09) 
2 

Since 4.77flJ > 4flJ the 33flH inductor will work. This trial
and-error approach can be used to select the optimum 
inductor. Keep in mind the switch current maximum rating 
of 1.2A. If the calculated peak current exceeds this, the 
input voltage must be increased or the load decreased. 

Capacitor Selection 

The output capacitor should be chosen on the basis of its 
equivalent series resistance (ESR). Surface-mount tanta
lum electrolytics can be used provided the ESR value is 
sufficiently low. An ESR of 0.1 0 will result in a SOmV step 
at the output of the converter when the peak inductor 
current is SOOmA. Physically larger capacitors have lower 
ESR. 

Diode Selection 

Speed, forward drop, and leakage current are the three 
main considerations in selecting a catch diode for LT11 09 
converters. General purpose rectifiers such as the 1 N4001 

LTl109 

are unsuitable for use in any switching regulator applica
tion. Although they are rated at 1A, the switching time of 
a 1 N4001 is in the 1 OflS-SOflS range. At best, efficiency will 
be severely compromised when these diodes are used; at 
worst, the circuit may not work at all. Most L T11 09 circuits 
will be well served by a 1 NS818 Schottky diode. The 
combination of SOOmV forward drop at 1A current, fast 
turn ON and turn OFF time, and 4flA to 10flA leakage 
current fit nicely with LT1109 requirements. At peak 
switch currents of 1 OOmA or less, a 1 N4148 signal diode 
may be used. This diode has leakage current in the 1 nA
SnA range at 2S0C and lower cost than a 1 NS818. 

Table 1. Inductor Manufacturers 
MANUFACTURER 
Caddell-Burns 
258 East Second Street 
Mineola, NY 11501 
516-746-2310 

Coiltronics International 
984 SW. 13th Court 
Pompano Beach, FL 33069 
305-781-8900 

Toko America Incorporated 
1250 Feehanville Drive 
Mount Prospect, IL 60056 
312-297-0070 

Sumida Electric Co., Ltd. 
637 E. Golf Road, Suite 209 
Arlington Heights, IL 60005 
708-956-0666 

Table 2. Capacitor Manufacturers 
MANUFACTURER 
Sanyo Video Components 
1201 Sanyo Avenue 
San Diego, CA 92073 
619-661-6322 

Matsuo Electronics 
2134 Main Street, Suite 200 
Huntington Beach, CA 92648 
714-969-2491 

Kemet Electronics Corporation 
Box 5928 
Greenville, SC 29606 
803-963-6621 

Philips Components 
2001 W. Blue Heron Blvd. 
P.O. Box 10330 
Riviera Beach, FL 33404 
407-881-3200 

PART NUMBERS 
7120 Series 

Surface Mount 
CTX-100 Series 

Type 8RBS 

CD54 
CD105 
Surface Mount 

PART NUMBERS 
OS-CON Series 

267 Series 

T491 Series 

49MC Series 
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TYPICAL APPLICATions 

3·Pin Package Flash Memory Vpp Generator 

33I1H 
CADDELL -BURNS 

712().19 1N4933 

10k 

10k I
~~F 

SHUTDOWN / PROGRAM --i VN2222 

QUIESCENT CURRENT = 0 IN SHUTDOWN 

4-244 

3V to 12V Converter 

22I1H 
CADDELL-BURNS 

712().17 1N5818 
12V 

r-.rrrr'~t---1H--t- 40mAAT3VINPUT 
15mAAT 2V INPUT 

2 CELLS 

2 CELLS 

3V to 5V Converter 

22!1H 
CADDELL-BURNS 

7120-17 1N5818 
5V 

r-.rv-yy-"--..... - ... -~ 100mAAT3VINPUT 
20mA AT 2V INPUT 

3V to 5V Converter with Shutdown 

L1' 

MBRS120T3 

---+-5VOUTPUT 

'L 1 = SUMIDA C054-220LC 
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FEATURES 
• Operates at Supply Voltages From 1.0V to 30V 
• Works in Step-Up or Step-Down Mode 
• Only Three External Off-the-Shelf Components 

Required 
• Low-Battery Detector Comparator On-Chip 
• User-Adjustable Current Limit 
• Internal1A Power Switch 
• Fixed or Adjustable Output Voltage Versions 
• Space-Saving B-Pin MiniDIP or SB Package 

APPLICATions 
• Pagers 
• Cameras 
• Single-Cell to 5V Converters 
• Battery Backup Supplies 
• Laptop and Palmtop Computers 
• CeliularTelephones 
• Portable Instruments 
• Laser Diode Drivers 
• Hand-Held Inventory Computers 

TYPICAL APPLICATiOn 
All Surface Mount 

Single Cell to 5V Converter 

1.5V 
AACELL' 

'ADD 1~F DECOUPLING CAPACITOR IF BAmRY 
IS MORE THAN 2· AWAY FROM L T1110. 

MBRS120T3 

15~F 
TANTALUM 

DC-DC Converter 
Adjustable and Fixed 5V, 12V 

DESCRIPTion 
The L T111 0 is a versatile micropower DC-DC converter. 
The device requires only three external components to 
deliver a fixed output of 5Vor 12V. The very low minimum 
supply voltage of 1.0V allows the use of the L T111 0 in 
applications where the primary power source is a single 
cell. An on-chip auxiliary gain block can function as a low 
battery detector or linear post regulator. 

The 70kHz oscillator allows the use of surface mount 
inductors and capacitors in many applications. Quiescent 
current is just 300IlA, making the device ideal in remote or 
battery powered applications where current consumption • 
must be kept to a minimum. 

The device can easily be configured as a step-up or 
step-down converter, although for most step-down 
applications or input sources greater than 3V, the L T1111 
is recommended. Switch current limiting is user-adjustable 
by adding a single external resistor. Unique reverse battery 
protection circuitry limits reverse current to safe, non
destructive levels at reverse supply voltages up to 1.6V. 

90 

85 

80 

~ 75 
~ 
tt:i 70 
13 

~ 65 

60 

55 

50 

Efficiency 

I I 
VIN = 1.50V j--

~ 
P V1N 1.25V 

r V1N = 1.00V 

o 5 10 15 20 25 30 35 40 

LOAD CURRENT (rnA) 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage, Step-Up Mode ................................. 15V 
Supply Voltage, Step-Down Mode ............................ 36V 
SW1 Pin Voltage ....................................................... 50V 
SW2 Pin Voltage ......................................... -0.5V to VIN 
Feedback Pin Voltage (L T111 0) ............................... 5.5V 
Switch Current ......................................................... 1.5A 
Maximum Power Dissipation ............................. 500mW 
Operating Temperature Range ..................... O°C to 70°C 

TOP VIEW ORDER PART 

''"O"·'~O' 
NUMBER 

VIN 2 7 SET 
LT1110CN8 SW13 SAO 

SW2 4 5 GND L T111 OCN8-5 
L T111 OCN8-12 

N8 PACKAGE 
HEAD PLASTIC DIP 

"FIXED VERSIONS 
Storage Temperature Range .................. -65°C to 150°C 

LT1110'P0101 

Lead Temperature (Soldering, 10 sec.) ................. 300°C TOP VIEW LT1110CS8 

'"'0"·"" L T111 OCS8-5 

VIN 2 7 SET L T111 OCS8-12 

SW13 SAO 
S8 PART MARKING 

SW2 4 5 GND 

S8 PACKAGE 
LT1110·P0l02 1110 

HEAD PLASTIC SOIC 11005 
"FIXED VERSIONS 

11012 

ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 1.5V. unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

10 Quiescent Current Switch Off • 300 IIA 

VIN Input Voltage Step-Up Mode • 1.15 12.6 V 
1.0 12.6 V 

Step-Down Mode • 30 V 
Comparator Trip Point Voltage LT1110 (Note 1) • 210 220 230 mV 

VOUT Output Sense Voltage LT1110-5 (Note 2) • 4.75 5.00 5.25 V 
LT1110-12 (Note 2) • 11.4 12.00 12.6 V 

Comparator Hysteresis LT1110 • 4 8 mV 
Output Hysteresis LT1110-5 • 90 180 mV 

LT1110-12 • 200 400 mV 

fosc Oscillator Frequency • 52 70 90 kHz 

DC Duty Cycle Full Load (VFB < VREF) • 62 69 78 % 

tON Switch ON Time • 7.5 10 12.5 lis 

IFB Feedback Pin Bias Current LT1110, VFB = OV • 70 150 nA 

ISET Set Pin Bias Current VSET= VREF • 100 300 nA 

VAO AO Output Low IAO=-3001lA, VSET= 150mV • 0.15 0.4 V 
Reference Line Regulation 1.0V,;; VIN ,;; 1.5V • 0.35 1.0 %N 

1.5V ,;; VIN ,;; 12V • 0.05 0.1 %N 
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ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 1.5V, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VCESAT Switch Saturation Voltage V,N = 1.5V, Isw = 400mA 300 400 mV 
Step-Up Mode • 600 mV 

V,N = 1.5V, Isw = 500mA 400 550 mV 

• 750 mV 

V,N = 5V, Isw = 1A 700 1000 mV 

Av A2 Error Amp Gain RL = 100kO (Note 3) • 1000 5000 VN 

IREV Reverse Battery Current (Note 4) 750 rnA 

IliM Current Limit 2200 Between IliM and V,N 400 rnA 

Current Limit Temperature -0.3 %/oC 
Coefficient 

ILEAK Switch OFF Leakage Current Measured at SW1 Pin 1 10 IJ.A 

VSW2 Maximum Excursion Below GND ISWl " 101J,A, Switch Off -400 -350 mV 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: This specification guarantees that both the high and low trip point 
of the comparator fall within the 21 OmV to 230mV range. 

Nole 3: 100kO resistor connected between a 5V source and the AO pin. 
Nole 4: The LT111 0 is guaranteed to withstand continuous application of 
+ 1.6V applied to the GND and SW2 pins while V'N, IlIM, and SW1 pins are 
grounded. 

Nole 2: This specification guarantees that the output voltage of the fixed 
versions will always fall within the specified range. The waveform at the 
sense pin will exhibit a sawtooth shape due to the comparator hysteresis. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Oscillator Frequency 
100 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Set Pin Bias Current FB Pin Bias Current Reference Voltage 
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Pin FunCTions 
IUM(Pin 1): Connect this pin to VIN for normal use. Where 
lower current limit is desired, connect a resistor between 
ILiM and VIN. A 2200 resistor will limit the switch current 
to approximately 400mA. 

VIN (Pin 2): Input supply voltage. 

SW1 (Pin 3): Collector of power transistor. For step-up 
mode connect to inductor/diode. For step-down mode 
connect to VIN. 
SW2 (Pin 4): Emitter of power transistor. For step-up 
mode connect to ground. For step-down mode connect to 
inductor/diode. This pin must never be allowed to go more 
than a Schottky diode drop below ground. 

LTll10 BLOCK DIAGRAm 

SET 

FB 

LT11111'TPC15 

GND (Pin 5): Ground. 

AD (Pin 6): Auxiliary Gain Block (GB) output. Open collector, 
can sink 3001lA. 
SET (Pin 7): GB input. GB is an op amp with positive input 
connected to SET pin and negative input connected to 
220mV reference. 

FB/SENSE (Pin 8): On the L T111 0 (adjustable) this pin 
goes to the comparator input. On the LT1110-5 and 
LT111 0-12, this pin goestothe internal application resistor 
that sets output voltage. 

01 
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LT1110 OPERATion 
The L T1110 is a gated oscillator switcher. This type 
architecture has very low supply current because the 
switch is cycled only when the feedback pin voltage drops 
below the reference voltage. Circuit operation can best be 
understood by referring to the L T111 0 block diagram 
above. Comparator A1 compares the FB pin voltage with 
the 220mV reference signal. When FB drops below 
220mV, A1 switches on the 70kHz oscillator. The driver 
amplifier boosts the signal level to drive the output NPN 
power switch Q1. An adaptive base drive circuit senses 
switch current and provides just enough base drive to 
ensure switch saturation without overdriving the switch, 
resulting in higher efficiency. The switch cycling action 
raises the output voltage and FB pin voltage. When the FB 
voltage is sufficient to trip A 1, the oscillator is gated off. A 
small amount of hysteresis built into Al ensures loop 
stability without external frequency compensation. When 
the comparator is low the oscillator and all high current 
circuitry is turned off, lowering device quiescent current to 
just 3001JA for the reference, Aland A2. 

The oscillator is set internally for 10J.Ls ON time and 5J.Ls 
OFF time, optimizing the device for step-up circuits where 
VOUT'" 3VIN, e.g., 1.5V to 5V. Other step-up ratios as well 
as step-down (buck) converters are possible at slight 
losses in maximum achievable power output. 

LT1110-S, -12 BLOCK DIAGRAm 

220mV 
REF 

SET 

R2 SW2 
Rl 300kn 

GND 
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SENSE LTlll0-5: Rl = 13.8kn 
LT1110-12: R2 = 5.6kn 

A2 is a versatile gain block that can serve as a low battery 
detector, a linear post regulator, or drive an under voltage 
lockout circuit. The negative input of A2 is internally 
connected to the 220mV reference. An external resistor 
divider from VIN to GND provides the trip point for A2. The 
AO output can sink 3001JA (use a 47k resistor pull up to 
+5V). This line can signal a microcontrollerthatthe battery 
voltage has dropped below the preset level. To preventthe 
gain block from operating in its linear region, a 2Mn 
resistor can be connected from AO to SET. This provides 
positive feedback. 

A resistor connected between the ILiM pin and VIN adjusts 
maximum switch current. When the switch current ex
ceeds the set value, the switch is turned off. This feature 
is especially useful when small inductance values are used 
with high inputvoltages.lfthe internal current limitof 1.5A 
is desired, ILiM should be tied directly to VIN. Propagation 
delay through the current limit circuitry is about 700ns. 

In step-up mode, SW2 is connected to ground and SWl 
drives the inductor. In step-down mode, SW1 is con
nected to VIN and SW2 drives the inductor. Output voltage 
is set by the following equation in either step-up or step
down modes where R1 is connected from FB to GND and 
R2 is connected from VOUT to FB. 

VOUT = (220mV) ( ~~ + lJ (01) 

LTll10-S, -12 OPERATion 
The LT111 0-5 and LT111 0-12 fixed output voltage versions 
have the gain setting resistors on-chip. Only three external 
components are required to construct a 5V or 12V output 
converter. 161JA flows through R1 and R2 in the LT111 0-5, 
and 391JA flows in the LT111 0-12. This current represents a 
load and the converter must cycle from time to time to 
maintain the proper output voltage. Output ripple, inherently 
present in gated oscillator designs, will typically run around 
90mV for the L T111 0-5 and 200mV for the LT111 0-12 with 
the proper inductor/capacitor selection. This output ripple 
can be reduced considerably by using the gain block amp as 
a pre-amplifier in front of the FB pin. See the Applications 
section for details. 
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Inductor Selection - General 

A DC-DC converter operates by storing energy as mag
netic flux in an inductor core, and then switching this 
energy into the load. Since it is flux, not charge, that is 
stored, the output voltage can be higher, lower, or opposite 
in polarity to the input voltage by choosing an appropriate 
switching topology. To operate as an efficient energy 
transfer element, the inductor must fulfill three require
ments. First, the inductance must be low enough for the 
inductor to store adequate energy under the worst case 
condition of minimum input voltage and switch ON time. 
The inductance must also be high enough so maximum 
current ratings of the LT111 0 and inductor are not ex
ceeded at the other worst case condition of maximum 
input voltage and ON time. Additionally, the inductor core 
must be able to store the required flux; Le., it must not 
saturate. At power levels generally encountered with 
LT1110 based designs, small surface mount ferrite core 
units with saturation current ratings in the 300mA to 1A 
range and OCR less than O.4n (depending on application) 
are adequate. Lastly, the inductor must have sufficiently 
low DC resistance so excessive power is not lost as heat 
in the windings. An additional consideration is Electro
Magnetic Interference (EMI). Toroid and pot core type 
inductors are recommended in applications where EMI 
must be kept to a minimum; for example, where there are 
sensitive analog circuitry or transducers nearby. Rod core 
types are a less expensive choice where EMI is not a 
problem. Minimum and maximum input voltage, output 
voltage and output current must be established before an 
inductor can be selected. 

Inductor Selection - Step-Up Converter 

In a step-up, or boost converter (Figure 4), power gener
ated by the inductor makes up the difference between 
input and output. Power required from the inductor is 
determined by 

PL = (VOUT + VD - VIN MIN) (lOUT) (01) 

where VD is the diode drop (0.5V for a 1 N5818 Schottky). 

LTlllO 

Energy required by the inductor per cycle must be equal or 
greater than 

JL 
fosc 

(02) 

in order for the converter to regulate the output. 

When the switch is closed, current in the inductor builds 
according to 

IL (t) = ~~ 1-eL [ -R't] (03) 

where R' is the sum of the switch equivalent resistance 
(0.8n typical at 25°C) and the inductor DC resistance. 
When the drop across the switch is small compared to VIN, 
the simple lossless equation 

(04) 

can be used. These equations assume that at t = 0, 
inductor current is zero. This s:tt ation is called "discon
tinuous mode operation" in switching regulator parlance. 
Setti ng "t" to the switch ON ti me from the L T111 0 speci
fication table (typically 10!!s) will yield IpEAK for a specific 
"L" and VIN. Once IpEAK is known, energy in the inductor 
at the end of the switch ON time can be calculated as 

(05) 

EL must be g reater than Pilfosc forthe converterto deliver 
the required power. For best efficiency IpEAK should be 
kept to 1A or less. Higher switch currents will cause 
excessive drop across the switch resulting in reduced 
efficiency. In general, switch current should be held to as 
Iowa value as possible in order to keep switch, diode and 
inductor losses at a minimum. 

As an example, suppose 12V at 120mA is to be generated 
from a 4.5V to 8V input. Recalling equation (01), 

PL = (12V + 0.5V - 4.5V)(120mA) = 960mW. (06) 

Energy required from the inductor is 

~= 960mW = 13.7!J..l. 
fosc 70kHz 

(07) 
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Picking an inductor value of 47/lH with 0.2g DCR results 
in a peak switch current of 

[ 
-1.0ne101JS] 

IpEAK = 4.5V 1-e 471lH = 862mA. 
109 

(08) 

Substituting IpEAK into Equation 05 results in 

EL = i (471lH)( O. 862A) 2 = 17.5IlJ. (09) 

Since 17.5/lJ > 13.7/lJ, the 47/lH inductor will work. This 
trial-and-error approach can be used to select the opti
mum inductor. Keep in mind the switch current maximum 
rating of 1.5A. If the calculated peak current exceeds this, 
an external power transistor can be used. 

A resistor can be added in series with the IUM pin to invoke 
switch current limit. The resistor should be picked such 
that the calculated IpEAK at minimum VIN is equal to the 
Maximum Switch Current (from Typical Performance 
Characteristic curves). Then, as VIN increases, switch 
current is held constant, resulting in increasing efficiency. 

Inductor Selection - Step-Down Converter 

The step-down case (Figure 5) differs from the step-up in 
that the inductor current flows through the load during 
both the charge and discharge periods of the inductor. 
Current through the switch should be limited to -800mA 
in this mode. Higher current can be obtained by using an 
external switch (see Figure 6). The IUM pin is the key to 
successful operation over varying inputs. 

After establishing output voltage, output current and input 
voltage range, peak switch current can be calculated by the 
formula 

I Thu.I. [ VOUT + Vp ] 
PEAK = DC VIN- Vsw + Vp 

where DC = duty cycle (0.69) 
Vsw = switch drop in step-down mode 
Vp = diode drop (0.5V for a 1 N5818) 
lOUT = output current 
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(10) 

VOUT = output voltage 
VIN = minimum input voltage 

Vsw is actually a function of switch current which is in turn 
a function of VIN, L, time and VOUT. To simplify, 1.5V can 
be used for Vsw as a very conservative value. 

Once IpEAK is known, inductor value can be derived from 

L = V1NMIN- V SW - VOUT • toN 
IpEAK 

where tON = switch ON time (10/ls). 

(11) 

Next, the current limit resistor RUM is selected to give 
I PEAK from the RUM Step-Down Mode curve. The addition 
ofthis resistor keeps maximum switch current constant as 
the input voltage is increased. 

As an example, suppose 5V at 250mA is to be generated 
from a 9V to 18V input. Recalling Equation (10), 

_ 2(250mA) [ 5 + 0.5 ]_ 
IpEAK - 0.69 9 -l5 + 0.5 - 498mA. (12) 

Next, inductor value is calculated using Equation (11) 

9-15-5 
L= 498mA • 1 OilS =50IlH. (13) 

Use the next lowest standard value (47/lH). 

Then pick RUM from the curve. For IpEAK = 500mA, 
RUM = 82g. 

Inductor Selection - Positive-to-Negative Converter 

Figure 7 shows hookup for positive-to-negative conver
sion. All ofthe output power must come from the inductor. 
In this case, 

PL = (l\buTI + Vp) (loUT). (14) 

In this mode the switch is arranged in common collector 
or step-down mode. The switch drop can be modeled as 
a 0.75V source in series with a 0.65g resistor. When the 
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switch closes, current in the inductor builds according to 

Il(+)= ~~ 1-e T [ -ROt] 

where R' = 0.65Q + DCRl 
Vl = VIN - 0.75V 

(15) 

As an example, suppose -5V at 75mA is to be generated 
from a 4.5V to 5.5V input. Recalling Equation (14), 

Pl = (1-5VI+0.5V)(75mA)= 413mW. (16) 

Energy required from the inductor is 

l'.L = 413mW = 5.91J,J. 
fosc 70kHz 

(17) 

Picking an inductor value of 56f.lH with 0.2Q OCR results 
in a peak switch current of 

IpEAK= 1-e 561lH = 621mA. (18) 
(4.5V-O.75V) [ -o.SSO010IlS] 
(O.65Q + O.2Q) 

Substituting IpEAK into Equation (04) results in 

(19) 

Since 10.8f.lJ > 5.9f.lJ, the 56f.lH inductor will work. 

With this relatively small input range, RliM is not usually 
necessary and the IliM pin can be tied directly to VIN. As in 
the step-down case, peak switch current should be limited 
to -800mA. 

Capacitor Selection 

Selecting the right output capacitor is almost as important 
as selecting the right inductor. A poor choice for a filter 
capacitor can result in poor efficiency and/or high output 
ripple. Ordinary aluminum electrolytics, while inexpensive 
and readily available, may have unacceptably poor Equiva
lent Series Resistance (ESR) and ESL (inductance). There 
are low ESR aluminum capacitors on the market specifi
cally designed for switch mode DC-DC converters which 
work much better than general-purpose units. Tantalum 
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capacitors provide still better performance at more ex
pense. We recommend OS-CON capacitors from Sanyo 
Corporation (San Diego, CAl. These units are physically 
quite small and have extremely low ESR. To illustrate, 
Figures 1, 2 and 3 show the output voltage of an L T111 0 
based converter with three 100f.lF capacitors. The peak 
switch current is 500mA in all cases. Figure 1 shows a 
Sprague 5010, 25V aluminum capacitor. VOUT jumps by 
over 120mV when the switch turns off, followed by a drop 
in voltage as the inductor dumps into the capacitor. This 
worksoutto bean ESR ofover240mQ. Figure 2 shows the 
same circuit, but with a Sprague 1500, 20V tantalum 
capacitor replacing the aluminum unit. Output jump is 
now about 35mV, corresponding to an ESR of 70mQ. 
Figure 3 shows the circuit with a 16V OS-CON unit. ESR is 
now only 20mQ. 

5psI0IV 

Figure 1. Aluminum 

5psIDIV 

Figure 2. Tantalum 

5!1SiDiV 

Figure 3. OS-CON 
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Diode Selection 

Speed, forward drop, and leakage current are the three 
main considerations in selecting a catch diode for LT111 0 
converters. General purpose rectifiers such as the 1 N4001 
are unsuitable for use in any switching regulator applica
tion. Although they are rated at 1A, the switching time of 
a 1 N4001 is in the 1 OfJ.S-SOfJ.S range. At best, efficiency will 
be severely compromised when these diodes are used; at 
worst, the circuit may not work at all. MostLT1110circuits 
will be well served by a 1 N5818 Schottky diode, or its 
surface mount equivalent, the MBRS130T3. The combina
tion of SOOmVforward drop at 1A current, fastturn ON and 
turn OFF time, and 4fJ.A to 10fJ.A leakage current fit nicely 
with L T111 0 requirements. At peak switch currents of 
1 OOmA or less, a 1 N4148 signal diode may be used. This 
diode has leakage current in the 1 nA-SnA range at 25°C 
and lower cost than a 1 N5818. (You can also use them to 
get your circuit up and running, but beware of destroying 
the diode at 1A switch currents.) 

Step-Up (Boost Mode) Operation 

A step-up DC-DC converter delivers an output voltage 
higher than the input voltage. Step-up converters are not 
short circuit protected since there is a DC path from input 
to output. 

The usual step-up configuration for the LT111 0 is shown 
in Figure 4. The LT111 0 first pulls SW110w causing VIN
VCEsATtoappearacross L 1. Acurrentthen builds up in L 1. 
At the end of the switch ON time the current in L 1 is 1: 

(20) 

l1 01 

Figure 4. Step-Up Mode Hookup. 
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Immediately after switch turn off, the SW1 voltage pin 
starts to rise because current cannot instantaneously stop 
flowing in L1. When the voltage reaches VOUT + Va, the 
inductor current flows through D1 into C1, increasing 
VOUT. This action is repeated as needed by the L T1110 to 
keep VFB at the internal reference voltage of 220mV. R1 
and R2 set the output voltag~ according to the formula 

'loUT =(1 + :~ ) (220mv). (21) 

Step-Down (Buck Mode) Operation 

A step-down DC-DC converter converts a higher voltage to 
a lower voltage. The usual hookup for an L T111 0 based 
step-down converter is shown in Figure 5. 

Figure 5. Step-Down Mode Hookup 

When the switch turns on, SW2 pulls uptOVIN-VSW. This 
puts a voltage across L 1 equal to VIN - Vsw - VOUT, 
causing a current to build up in L 1. At the end ofthe switch 
ON time, the current in L 1 is equal to 

I VjN- Vsw - VOUT t 
PEAK= LON' (22) 

When the switch turns off, the SW2 pin falls rapidly and 
actually goes below ground. D1 turns on when SW2 
reaches O.4V below ground. 01 MUST BE A SCHOTTKY 
DIODE. The voltage at SW2 must never be allowed to go 
below-O.SV. A silicon diode such as the 1 N4933 will allow 
SW2 to go to-0.8V, causing potentially destructive power 

Note 1: This simple expression neglects the effects of switch and coil 
resistance. This is taken into account in the "Inductor Selection" section. 
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dissipation inside the LT1110. Output voltage is deter
mined by 

VOUT = ( 1 + ~~ J ( 220m V). (23) 

R3 programs switch current limit. This is especially im
portant in applications where the input varies over a wide 
range. Without R3, the switch stays on for a fixed time 
each cycle. Under certain conditions the current in L 1 can 
build up to excessive levels, exceeding the switch rating 
and/or saturating the inductor. The 2200 resistor pro
grams the switch to turn off when the current reaches 
approximately 800mA. When using the L T1110 in step
down mode, output voltage should be limited to 6.2V or 
less. Higher output voltages can be accommodated by 
inserting a 1 N5818 diode in series with the SW2 pin 
(anode connected to SW2). 

Higher Current Step-Down Operation 

Output current can be increased by using a discrete PNP 
pass transistor as shown in Figure 6. R1 serves as a 
current limit sense. When the voltage drop across R1 
equals a VBE, the switch turns off. For temperature com
pensation a Schottky diode can be inserted in series with 
the ILiM pin. This also lowers the maximum drop across R1 
to VBE - Vo, increasing efficiency. As shown, switch 
current is limited to 2A. Inductor value can be calculated 
based on formulas in the "Inductor Selection Step-Down 

VIN 
25V----W----"" 

MAX 
VOUT 

VOUT = 220mV (1 +~) 

Figure 6. Q1 Permits Higher-Currenl Swllching. 
LT1110 Functions as Conlroller. 
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Converter" section with the following conservative ex
pression for Vsw: 

Vsw = VR1 + VSAT '" 0.9V. (24) 

R2 provides a current path to turn off Q1. R3 provides base 
drive to Q1. R4 and R5 set output voltage. 

Inverting Configurations 

The L T111 0 can be configured as a positive-to-negative 
converter (Figure 7), or a negative-to-positive converter 
(Figure 8). In Figure 7, the arrangement is very similar to 
a step-down, except that the high side of the feedback is 
referred to ground. This level shifts the output negative. As 
in the step-down mode, D1 must be a Schottky diode, 
and IVOUTI should be less than 6.2V. More negative output 
voltages can be accommodated as in the prior section. 

+VIN ..... - ___ --. 

Figure 7. Positive-to-Negative Converter 

In Figure 8, the input is negative while the output is 
positive. In this configuration, the magnitude of the input 
voltage can be higher or lower than the output voltage. A 
level shift, provided by the PNPtransistor, supplies proper 
polarity feedback information to the regulator. 

Dl 
...--_-_-......... rvv"Y"\...,_ ..... ___ -+VOUT 

R2 (Rl) VOUT = R2 220mV + O.6V 

lTl110·TAQ4 

Figure 8. Negalive-Io-Positive Converter 
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Using the ILiM Pin 

The LT1110 switch can be programmed to turn off ata set 
switch current, a feature not found on competing devices. 
This enables the input to vary over a wide range without 
exceeding the maximum switch rating or saturating the 
inductor. Consider the case where analysis shows the 
L T1110 must operate at an 800mA peak switch current 
with a 2.0V input. If VIN rises to 4V, peak current will rise 
to 1.6A, exceeding the maximum switch current rating. 
With the proper resistor selected (see the "Maximum 
Switch Current vs RUM" characteristic), the switch current 
will be limited to 800mA, even if the input voltage 
increases. 

Another situation where the IUM feature is useful occurs 
when the device goes into continuous mode operation. 
This occurs in step-up mode when 

"oUT + VDIODE < _1_. (25) 
\4N- Vsw 1- DC 

When the input and output voltages satisfy this relation
ship, inductor current does not go to zero during the 
switch OFF time. When the switch turns on again, the 
current ramp starts from the non-zero current level in the 
inductor just priorto switch turn on. As shown in Figure 9, 
the inductor current increases to a high level before the 
comparator turns off the oscillator. This high current can 
cause excessive output ripple and requires oversizing the 
output capacitor and inductor. With the IUM feature, 
however, the switch current turns off at a programmed 
level as shown in Figure 10, keeping output ripple to a 
minimum. 

Figure 11 details current limit circuitry. Sense transistor 
01, whose base and emitter are paralleled with power 
switch 02, is ratioed such that approximately 0.5% of 02's 
collector current flows in 01 's collector. This current is 
passed through internal80Q resistor R1 and out through 
the IUM pin. The value of the external resistor connected 
between IUM and VIN set the current limit. When sufficient 
switch currentflows to develop a VSE across R1 + RUM, 03 
turns on and injects current into the oscillator, turning off 
the switch. Delay through this circuitry is approximately 
800ns. The current trip point becomes less accurate for 
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switch ON times less than 311S. Resistor values program
ming switch ON time for 800ns or less will cause spurious 
response in the switch Circuitry although the device will 
still maintain output regulation. 

ON 
SWITCH 

OFF 

Figure 9. No Current Limit Causes large Inductor 
Current Build-Up 

ON 
SWITCH OFF 

Figure 10. Current limit Keeps Inductor Current Under Control 

(~J-A~AL) ILiM 

----WY--- R1 
800 

t--__ -t(INTERNAL) 

L-.-_~SW2 

Figure 11.lT1110 Current limit Circuitry 

Using the Gain Block 

The gain block (G8) on the LT111 0 can be used as an error 
amplifier, low battery detector or linear post regulator. The 
gain block itself is a very simple PNP input op amp with an 
open collector NPN output. The negative input of the gain 
block is tied internally to the 220mV reference. The posi
tive input comes out on the SET pin. 
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Arrangement of the gain block as a low battery detector is 
straightforward. Figure 12 shows hookup. R1 and R2 need 
only be low enough in value so that the bias current of the 
SET input does not cause large errors. 33kQ for R2 is 
adequate. R3 can be added to introduce a small amount of 
hysteresis. This will cause the gain block to "snap" when 
the trip point is reached. Values in the 1 M-1 OM range are 
optimal. The addition of R3 will change the trip point, 
however. 

R1 

+5V 

R3 

TO 
PROCESSOR 

R1_(VLB -220mV) 
- 4.331JA 

VLB = BATTERY TRIP POINT 
R2=33kn 
R3=2Mn 

Figure 12. Setting Low Battery Detector Trip Point 

Table 1. Inductor Manufacturers 
MANUFACTURER 

Coiltronics International 
984 S.W. 13th Court 
Pompano Beach, FL 33069 
305-781-8900 

Toko America Incorporated 
1250 Feehanville Orive 
Mount Prospect, IL 60056 
312-297-0070 

Sumida Electric Co. USA 
708-956-0666 

PART NUMBERS 

CTX100-4 Series 
Surface Mount 

Type 8RBS 

C054 
COR74 
COR105 
Surface Mount 
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Output ripple of the LT111 0, normally 90mV at 5VOUT can 
be reduced significantly by placing the gain block in front 
of the FB input as shown in Figure 13. This effectively 
reduces the comparator hysteresis by the gain of the gain 
block. Output ripple can be reduced to just a few millivolts 
using this technique. Ripple reduction works with step
down or inverting modes as well. For this technique to be 
effective, output capacitor C1 must be large, so that each 
switching cycle increases VOUT by only a few millivolts. 
1000llF is a good starting value. 

L1 01 

.---t----1o----....... yy"'-t-.... t-....... --1'""""" VOUT 

R2 

1 R1 I C1 

Figure 13. Output Ripple Reduction Using Gain Block 

Table 2. Capacitor Manufacturers 
MANUFACTURER 

Sanyo Video Components 
1201 Sanyo Avenue 
San Diego, CA 92073 
619-661-6322 

Nichicon America Corporation 
927 East State Parkway 
Schaumberg, IL 60173 
708-843-7500 

Sprague Electric Company 
Lower Main Street 
Sanford, ME 04073 
207-324-4140 

Matsuo 
714-969-2491 

Table 3. Transistor Manufacturers 
MANUFACTURER 

Zetex 
Commack, NY 
516-543-7100 

PART NUMBERS 

OS-CON Series 

PL Series 

1500 Solid Tantalums 
5500 Tantalex 

267 Series 
Surface Mount 

PART NUMBERS 

ZTX Series 
FZT Series 
Surface Mount 
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TYPICRL APPLICATions 
All Surface Mount 

Flash Memory Vpp Generator 

L1' 

Vpp 
-----+-- 12V 

4-258 

'L 1= SUMIDA CD105-470M 

1.5V Powered Laser Diode Driver 

* ADJUST R1 FOR CHANGE IN LASER OUTPUT POWER 
t TOKO 262L YF-0076M 

• LASER DIODE CASE COMMON TO +BATIERY TERMINAL 
• 170mA CURRENT DRAIN FROM 1.5V CELL (50mA DIODE) 
• NO OVERSHOOT 

+ 4711F J 20V 

120MA 

TOSHIBA 



TYPICAL APPLICATions 

All Surface Mount 
3V to 5V Step-Up Converter 

L1" 

MBRL120 

3V 
2x 
MCELL 

---+-~~mA 
10llF 

"L 1 = COILCRAFT 1812LS-473 

All Surface Mount 
1.5V to +1 OV, +5V Dual Output Step-Up Converter 

490k 

1.5V 
MOR 
AM 
CELL 

+ 

*=MBRL120 
"L1 = COILCRAFT 1812LS-823 

LTlllO 

All Surface Mount 
9V to 5V Step-Down Converter 

9V 

"L1 = COILCRAFT 1812LS-473 

All Surface Mount 
1.5V to ±5V Dual Output Step-Up Converter 

L1" 

+10V 
3mA 

+5V 1.5V 
3mA MOR 

AM -~~-~----:: 
CELL 

4.71lF 

*=MBRL120 
"L1 = COILCRAFT 1812LS-823 
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FEATURES 
• Operates at Supply Voltages from 2.0V to 30V 
• 72kHz Oscillator 
• Works with Surface-Mount Inductors 
• Only Three External Components Required 
• Step-Up or Step-Down Mode 
• Low-Battery Detector Comparator On-Chip 
• User Adjustable Current Limit 
• Internal1A Power Switch 
• Fixed or Adjustable Output Voltage Versions 
• Space-Saving 8-Pin MiniDIP or S8 Package 

APPLICATions 
• 3V to 5V, 5V to 12V Converters 
• 9V to 5V, 12V to 5V Converters 
• Remote Controls 
• Peripherals and Add-On Cards 
• Battery Backup Supplies 
• Uninterruptible Supplies 
• Laptop and Palmtop Computers 
• Cellular Telephones 
• Portable Instruments 
• Flash Memory Vpp Generators 

TYPICAL APPLICATiOn 
All Suriace-Mount3V to 5V Step-Up Converter 

DC-to-DC Converter 
Adjustable and Fixed 5V, 12V 

DESCRIPTion 
The L T1111 is a versatile micro power DC-to-DC con
verter. The device requires only three external compo
nents to deliver a fixed output of 5V or 12V. Supply voltage 
ranges from 2.0V to 12V in step-up mode and to 30V in 
step-down mode. The LT1111 functions equally well in 
step-up, step-down, or inverting applications. 

The LT1111 oscillator is set at 72kHz, optimizing the 
device to work with off-the-shelf surface mount inductors. 
The device can deliver 5V at 100mA from a 3V input in 
step-up mode or 5V at 200mA from a 12V input in step
down mode. 

Switch current limit can be programmed with a single 
resistor. An auxiliary open-collector Gain Block can be 
configured as a low-battery detector, linear post-regula
tor, undervoltage lock-out circuit, or error amplifier. 

For input sources of less than 2V use the LT111 O. 

Typical Load Regulation 

3V INPUT -.....---.--...,...rrv~-+I-1_-.- ~~omA 
1 \ 1- 1- 1'-: 1'-:-.1 .... 

V1N • 2V 2.2 2.4 2.6 2.8 3V 

o 
o 25 50 75 100 125 150 175 200 

'OPTIONAL LOAD CURRENT (rnA) 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage (VIN) ................................................. 36V TOP VIEW ORDER PART 
SW1 Pin Voltage (Vsw1) .......................................... 50V 

'~O··""'· 
NUMBER 

SW2 Pin Voltage (Vsw2) ............................. -0.5V to VIN VIN 2 7 SET LT1111CN8 
Feedback Pin Voltage (LT1111) ............................... 5.5V SW13 6AO LT1111CN8-5 
Switch Current ......................................................... 1.5A SW2 4 5 GND L T1111 CN8-12 
Maximum Power Dissipation ............................. 500mW J8 PACKAGE N8 PACKAGE LT1111 MJ8 
Operating Temperature Range B-LEAD CERAMIC DIP B-LEAD PLASTIC DIP LT1111 MJ8-5 

LT1111C ................................................ O°C to 70°C 'FIXED VERSION LT1111·POIOl LT1111 MJ8-12 

LT1111M ......................................... -55°C to 125°C TOP VIEW LT1111 CS8 
Storage Temperature Range .................. -65°C to 150°C 

'"'D·~~· 
LT1111 CS8-5 

Lead Temperature (Soldering, 10 sec.) ................. 300°C VIN 2 7 SET L T1111 CS8-12 
SW13 6AO S8 PART MARKING 
SW2 4 5 GND 

1111 
S8 PACKAGE 

11105 B-LEAD PLASTIC SOIC 
'FIXED VERSION lT1111'POI02 11112 

ELECTRICAL CHARACTERISTICS VIN = 3V, Military or Commercial Version 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

IQ Quiescent Current Switch Off 300 400 IIA 
V,N Input Voltage Step-Up Mode • 2.0 12.6 V 

Step-Down Mode • 30 
Comparator Trip Point Voltage LT1111 (Note 1) • 1.20 1.25 1.30 V 

VOUT Output Sense Voltage LT1111-5 (Note 2) • 4.75 5.00 5.25 V 
LT1111-12 (Note 2) • 11.4 12.00 12.6 

Comparator Hysteresis LT1111 • 8 12.5 mV 
Output Hysteresis LT1111-5 • 32 50 mV 

LT1111-12 • 75 120 

fose Oscillator Frequency 54 72 88 kHz 
DC Duty Cycle Full Load 43 50 59 % 

tan Switch On Time IliM Tied to V,N 5 7 9 !lS 
VSAT SW Sat Voltage. Step-Up Mode V,N = 3.0V. Isw = 650mA 0.5 0.65 V 

V,N = 5.0V.lsw = 1A 0.8 1.0 

SW Sat Voltage. Step-Down Mode V,N = 12V. Isw = 650mA 1.1 1.5 

lIb Feedback Pin Bias Current LT1111. Vlb = OV • 70 120 nA 

ISET Set Pin Bias Current VSET= VREF • 70 300 nA 

VOL Gain Block Output Low ISINK = 3001lA. V SET = 1.00V • 0.15 0.4 V 

Reference Line Regulation 5V ~V'N ~30V • 0.02 0.075 %N 

Av Gain Block Gain RL = 1001<0 (Note 3) • 1000 6000 VN 

IliM Current Limit 2200 from IliM to V,N ' 400 rnA 

Current Limit Temperature Coefficient • -0.3 %I"C 

Switch Off Leakage Current Measured at SW1 Pin. VSW1 = 12V 1 10 IIA 
Maximum Excursion Below GND Isw 1 ~ 101lA. Switch Off -400 -350 mV 
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ELECTRICAL CHARACTERISTICS VIN = 3V, -55°e ~ TA ~ 125°C unless otherwise noted. 

LT1111M 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

10 Quiescent Current Switch Off • 300 450 IIA 
fose Oscillator Frequency • 45 72 100 kHz 

DC Duty Cycle Full Load • 40 50 62 % 

ton Switch On Time ILiM Tied to VIN • 5 7 11 lIS 
Reference Line Regulation 2.0VsVINS5V lO°CSTAS125°C 0.2 0.4 %N 

I TA = -55°C 0.8 

VSAT SW Sat Voltage, Step-Up Mode O°C S TA S125°C, Isw = 500mA 0.5 0.65 V 
TA = -55°C, Isw = 400mA 

SW Sat Voltage, Step-Down Mode VIN = 12V, 10°C S TA s125°C 1.5 

Isw= 500mA I TA=-55°C 2.0 

ELECTRICAL CHARACTERISTICS VIN = 3V, DOC ~ TA~ 70°C unless otherwise noted. 

LT1111C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

10 Quiescent Current Switch Off • 300 400 IIA 
fose Oscillator Frequency • 54 72 95 kHz 

DC Duty Cycle Full Load • 43 50 59 % 

ton Switch On Time ILiM Tied to VIN • 5 7 9 itS 

Reference Line Regulation 2.0V S VIN S 5V • 0.2 0.4 %N 

VSAT SW Sat Voltage, Step-Up Mode VIN = 3V, Isw = 650mA • 0.5 0.65 V 

SW Sat Voltage, Step-Down Mode VIN = 12V, Isw = 650mA • 1.1 1.5 

The. denotes specifications which apply over the operating temperature 
range. 
Nole 1: This specification guarantees that both the high and low trip 
points of the comparator fall within the 1.20V to 1.30V range. 

Nole 2: The output voltage waveform will exhibit a sawtooth shape due to 
the comparator hysteresis. The output voltage on the fixed-output 
versions will always be within the specified range. 
Nole 3: 100kn resistor connected between a 5V source and the AO pin. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

100 

'R 90 
:I: 
~ 
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=> 
5l EE 70 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTnn OPERATion 
The L T1111 is a gated oscillator switcher. This type 
architecture has very low supply current because the 
switch is cycled when the feedback pin voltage drops 
below the reference voltage. Circuit operation can best be 
understood by referring to the L T1111 block diagram. 
Comparator A1 compares the feedback (FB) pin voltage 
with the 1.25V reference signal. When FB drops below 
1.25V, A1 switches on the 72kHz oscillator. The driver 
amplifier boosts the signal level to drive the output NPN 
power switch. The switch cycling action raises the output 
voltage and FB pin voltage. When the FB voltage is suffi
cient to trip A1, the oscillator is gated off. A small amount 
of hysteresis built into A 1 ensures loop stability without 
external frequency compensation. When the comparator 
output is low, the oscillator and all high-current circuitry is 
turned off, lowering device quiescent current to just 3001lA. 
The oscillator is set internally for 711S ON time and 711S OFF 
time, optimizing the device for circuits where VouTand VIN 
differ by roughly a factor of 2. Examples include a 3V to 5V 
step-up converter or a 9V to 5V step-down converter. 

APPLICATions InFORmATion 
Inductor Selection - General 

A DC-DC converter operates by storing energy as mag
netic flux in an inductor core, and then switching this 
energy into the load. Since it is flux, not charge, that is 
stored, the output voltage can be higher, lower, oropposite 
in polarity to the input voltage by choosing an appropriate 
switching topology. To operate as an efficient energy 
transfer element, the inductor must fulfill three require
ments. First, the inductance must be low enough for the 
inductor to store adequate energy under the worst case 
condition of minimum input voltage and switch ON time. 
The inductance must also be high enough so maximum 
current ratings of the LT1111 and inductor are not ex
ceeded at the other worst case condition of maximum 
input voltage and ON time. Additionally, the inductor core 
must be able to store the required flux; i.e., it must not 
saturate. At power levels generally encountered with 
LT1111 based designs, small surface-mount ferrite core 

L7lJD~ 
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Gain block A2 can serve as a low-battery detector. The 
negative input of A2 is the 1.25V reference. A resistor 
divider from VIN to GND, with the mid-point connected to 
the SET pin provides the trip voltage in a low-battery 
detector application. AO can sink 3001lA (use a 22k 
resistor pull-up to +5V). 

A resistor connected between the ILiM pin and VIN sets 
maximum switch current. When the switch current ex
ceeds the set value, the switch cycle is prematurely 
terminated. If current limit is not used, ILiM should be tied 
directly to VIN. Propagation delay through the current-limit 
circuitry is approximately 111S. 
In step-up mode the switch emitter (SW2) is connected to 
ground and the switch collector (SW1) drives the induc
tor; in step-down mode the collector is connected to VIN 
and the emitter drives the inductor. 
The L T1111-5 and L T1111-12 are fu nctionally identical to 
the L T1111. The -5 and -12 versions have on-chip voltage 
setting resistors for fixed 5V or 12V outputs. Pin 8 on the 
fixed versions should be connected to the output. No 
external resistors are needed. 

units with saturation current ratings in the 300mA to 1 A 
range and DCR less than O.4n (depending on application) 
are adequate. Lastly, the inductor must have sufficiently 
low DC resistance so excessive power is not lost as heat 
in the windings. An additional consideration is Electro
Magnetic Interference (EMI). Toroid and pot core type 
inductors are recommended in applications where EMI 
must be kept to a minimum; for example, where there are 
sensitive analog circuitry ortransducers nearby. Rod core 
types are a less expensive choice where EMI is not a 
problem. Minimum and maximum input voltage, output 
voltage and output current must be established before an 
inductor can be selected. 

Inductor Selection - Step-Up Converter 

In a step-up, or boost converter (Figure 4), power gener
ated by the inductor makes up the difference between 
input and output. Power required from the inductor is 
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APPLICATions InFORmATIOn 
determined by PL = (12V + 0.5V - 4.5V)(60m~ = 480mW. (06) 

PL = (VOUT + Vo - VIN MIN) (lOUT) (01) Energy required from the inductor is 

where Vo is the diode drop (0.5V for a 1 N5818 Schottky). 
Energy required by the inductor per cycle must be equal or 
greater than 

PLlfosc (02) 

in order for the converter to regulate the output. 

When the switch is closed, current in the inductor builds 
according to 

IL (t) = ~~ 1-eL ( -ROt] 
(03) 

where R' is the sum of the switch equivalent resistance 
(0.80 typical at 25°C) and the inductor DC resistance. 
When the drop across the switch is small compared to VIN, 
the simple lossless equation 

(04) 

can be used. These equations assume that at t = 0, 
inductor current is zero. This situation is called "discon
tinuous mode operation" in switching regulator parlance. 
Setting "t" to the switch ON time from the L T1111 speci
fication table (typically 71ls) will yield IpEAK for a specific 
"L" and VIN. Once IpEAK is known, energy in the inductor 
at the end of the switch ON time can be calculated as 

~ = 480mW = 6.lJ.tJ 
fosc 72kHz 

(07) 

Picking an inductor value of 471lH with 0.20 OCR results 
in a peak switch current of 

[ 
-1.0(.1.7118] 

I = 4.5V 1-e 471lH . = 623mA PEAK lOn . (08) 

Substituting IpEAK into Equation 04 results in 

(09) 

Since 9.11lJ > 6.7~, the 471lH inductor will work. This 
trial-and-error approach can be used to select the opti-
mum inductor. Keep in mind the switch current maximum 
rating of 1.5A. If the calculated peak current exceeds this, 
consider using the LT1110. The 70% duty cycle of the 
L T111 0 allows more energy per cycle to be stored in the 
inductor, resulting in more output power. 

A resistor can be added in series with the ILiM pin to invoke 
switch current limit. The resistor should be picked so the 
calculated IpEAK at minimum VIN is equal to the Maximum 
Switch Current (from Typical Performance Characteristic 
curves). Then, as VIN increases, switch current is held 
constant, resulting in increasing efficiency. 

E - 1 L 2 L -"2 IpEAK (05) Inductor Selection - Step-Down Converter 

EL must be greater than PL/fosc forthe converter to deliver 
the required power. For best efficiency IpEAK should be 
kept to 1 A or less. Higher switch currents will cause 
excessive drop across the switch resulting in reduced 
efficiency. In general, switch current should be held to as 
Iowa value as possible in order to keep switch, diode and 
inductor losses at a minimum. 

As an example, suppose 12V at 60mA is to be generated 
from a 4.5V to 8V input. Recalling equation (01), 
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The step-down case (Figure 5) differs from the step-up in 
that the inductor current flows through the load during 
both the charge and discharge periods of the inductor. 
Current through the switch should be limited to -650mA 
in this mode. Higher current can be obtained by using an 
external switch (see Figure 6). The ILiM pin is the key to 
successful operation over varying inputs. 

After establishing output voltage, output current and input 
voltage range, peak switch current can be calculated by the 
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formula 

I 210UT [ VOUT + Va ] 
PEAK = OC VIN- VSw + Va 

where DC = duty cycle (0.50) 
Vsw = switch drop in step-down mode 
Va = diode drop (0.5V for a 1 N5818) 
lOUT = output current 
VOUT = output voltage 
VIN = minimum input voltage 

(10) 

Vsw is actually a function of switch current which is in turn 
a function of VIN, L, time, and VOUT. To simplify, 1.5V can 
be used for Vsw as a very conservative value. 
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Inductor Selection - Positive-to-Negative Converter 

Figure 7 shows hookup for positive-to-negative conver
sion. All ofthe output power must come from the inductor. 
I n this case, 

PL = (I VOUT 1 + Va)(loUT)' (14) 

In this mode the switch is arranged in common collector 
or step-down mode. The switch drop can be modeled as 
a 0.75V source in series with a 0.650 resistor. When the 
switch closes, cu~rent in the inductor builds according to 

Idt)= ~7 1-e L [ -ROt] 
(15) 

Once IpEAK is known, inductor value can be derived from where R' = 0.650 + DCRL 

L = "'INMIN - Vsw - VOUT -tON 
IpEAK 

(11) 

where tON = switch ON time (7l!s). 

Next, the current limit resistor RUM is selected to give IpEAK 
from the RUM Step-Down Mode curve. The addition ofthis 
resistor keeps maximum switch current constant as the 
input voltage is increased. 

As an example, suppose 5V at 300mA is to be generated 
from a 12V to 24V input. Recalling Equation (10), 

2(300mA) [ 5+05 ] IpEAK = . = 600mA 
0.50 12 -1.5 + 0.5 

(12) 

Next, inductor value is calculated using Equation (N) 

L= 12-1.5-5 7 s=64 H. 
600mA I! I! (13) 

Use the next lowest standard value (56I!H). 

Then pick RUM from the curve. For I PEAK = 600mA, RUM = 
560. 

VL = VIN - 0.75V 

As an example, suppose -5V at 50mA is to be generated 
from a 4.5V to 5.5V input. Recalling Equation (14), 

PL = (I-5V 1 +0.5V)(50mA) = 275mW. 

Energy required from the inductor is 

-.!L = 275mW = 3.8J,JJ. 
fosc 72kHz 

(16) 

(17) 

Picking an inductor value of 561!H with 0.20 OCR results 
in a peak switch current of 

IpEAK = 1- e 56~H = 445mA. 
(4.5V-O.75V) [ -O'85n.7~l 
(0.650+0.20) 

(18) 

Substituting IpEAK into Equation (04) results in 

EL = ~ (56I!H)( 0.445A) 2 = 5. 54J,JJ. (19) 

Since 5.541!-l > 3.82I!J, the 561lH inductor will work. 

With this relatively small input range, RUM is not usually 
necessary and the ILiM pin can betied directly to VIN. As in 
the step-down case, peak switch current should be limited 
to -650mA. 
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Capacitor Selection 

Selecting the right output capacitor is almost as important 
as selecting the right inductor. A poor choice for a filter 
capacitor can result in poor efficiency and/or high output 
ripple. Ordinary aluminum electrolytics, while inexpensive 
and readily available, may have unacceptably poor Equiva
lent Series Resistance (ESR) and ESL (inductance). There 
are low ESR aluminum capacitors on the market specifi
cally designed for switch mode DC-DC converters which 
work much better than general-purpose units. Tantalum 
capacitors provide still better performance at more ex
pense. We recommend OS-CON capacitors from Sanyo 
Corporation (San Diego, CAl. These units are physically 
quite small and have extremely low ESR. To illustrate, 
Figures 1, 2, and 3 show the output voltage of an LT1111 
based converter with three 1 OO~F capacitors. The peak 
switch current is 500mA in all cases. Figure 1 shows a 
Sprague 501 D, 25V aluminum capacitor. VOUT jumps by 
over 120mV when the switch turns off, followed by a drop 
in voltage as the inductor dumps into the capacitor. This 
works outto be an ESR of over 240mQ. Figure 2 shows the 
same circuit, but with a Sprague 150D, 20V tantalum 
capacitor replacing the aluminum unit. Output jump is now 
about 35mV, corresponding to an ESR of 70mQ. Figure 3 
shows the circuit with a 16V OS-CON unit. ESR is now only 
20mQ. 
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51JS/DIV 

Figure 1. Aluminum 

5IJ.S/DIV 

Figure 2. Tantalum 

Diode Selection 

511SiDIV 

Figure 3. OS-CON 

Speed, forward drop, and leakage current are the three 
main considerations in selecting a catch diode for LT1111 
converters. General purpose rectifiers such as the 1 N4001 
are unsuitable for use in anyswitching regulator applica
tion. Although they are rated at 1A, the switching time of 
a 1 N4001 is inthe 1 0~s-50~s range. At best, efficiency will 
be severely compromised when these diodes are used; at 
worst, the circuit may notworkatall. Most LT1111 circuits 
will be well served by a 1 N5818 Schottky diode, or its 
surface mount equivalent, the MBRS130T3. The combina
tion of 500mV forward drop at 1 A current, fast turn ON and 
turn OFF time, and 4~ to 1 O~ leakage current fit nicely 
with LT1111 requirements. At peak switch currents of 
1 OOmA or less, a 1 N4148 signal diode may be used. This 
diode has leakage current in the 1 nA-5nA range at 25°C 
and lower cost than a 1 N5818. (You can also use them to 
get your circuit up and running, but beware of destroying 
the diode at 1 A switch currents.) 
Step-Up (Boost Mode) Operation 

A step-up DC-DC converter delivers an output voltage 
higher than the input voltage. Step-up converters are not 
short circuit protected since there is a DC path from input 
to output. 

The usual step-up configuration for the L T1111 is shown 
in Figure 4. The L T1111 first pulls SW1 low causing VIN
VCESATto appear across L 1. A currentthen builds up in L 1. 
At the end of the switch ON time the current in L 1 is 1: 

(20) 

Note 1: This simple expression neglects the effect of switch and coil 
resistance. This is taken into account in the "Inductor Selection" section. 
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L1 01 

Figure 4. Step-Up Mode Hookup. 
Refer to Table 1 for Component Values 

Immediately after switch turn off, the SW1 voltage pin 
starts to rise because current cannot instantaneously stop 
flowing in L 1. When the voltage reaches VOUT + VD, the 
inductor current flows through D1 into C1, increasing 
VOUT. This action is repeated as needed by the LT1111 to 
keep VFB at the internal reference voltage of 1.25V. R1 and 
R2 set the output voltage according to the formula 

VOUT = (1 + ~~ ) (1. 25V). (21) 

Step-Down (Buck Mode) Operation 

A step-down DC-DC converter converts a higher voltage to 
a lower voltage. The usual hookup for an L T1111 based 
step-down converter is shown in Figure 5. 

Figure 5. Step-Down Mode Hookup 
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When the switch turns on, SW2 pulls up to VIN- Vsw. This 
puts a voltage across L 1 equal to VIN - Vsw - VOUT, 
causing a current to build up in L 1. At the end of the switch 
ON time, the current in L 1 is equal to 

VlN- Vsw - VOUT 
IpEAK= L tON' (22) 

When the switch turns off, the SW2 pin falls rapidly and 
actually goes below ground. D1 turns on when SW2 
reaches OAV below ground. 01 MUST BE A SCHOTTKY 
DIODE. The voltage at SW2 must never be allowed to go 
below-O.5V. A silicon diode such as the 1 N4933 will allow 
SW2 to go to -O.8V, causing potentially destructive power 
dissipation inside the LT1111. Output voltage is deter
mined by 

VOUT = (1 + ~~ ) (1.25V). (23) 

R3 programs switch current limit. This is especially im
portant in applications where the input varies over a wide 
range. Without R3, the switch stays on for a fixed time 
each cycle. Under certain conditions the current in L 1 can 
build up to excessive levels, exceeding the switch rating 
and/or saturating the inductor. The 100n resistor pro
grams the switch to turn off when the current reaches 
approximately 700mA. When using the LT1111 in step
down mode, output voltage should be limited to 6.2V or 
less. Higher output voltages can be accommodated by 
inserting a 1 N5818 diode in series with the SW2 pin 
(anode connected to SW2). 

Higher Current Step-Down Operation 

Output current can be increased by using a discrete PNP 
pass transistor as shown in Figure 6. R1 serves as a 
current limit sense. When the voltage drop across R1 
equals a VBE, the switch turns off. For temperature com
pensation a Schottky diode can be inserted in series with 
the ILiM pin. Thisalso lowers the maximum drop across R1 
to VBE - VD, increasing efficiency. As shown, switch 
current is limited to 2A. Inductor value can be calculated 
based on formulas in the "Inductor Selection Step-Down 
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Converter" section with the following conservative 
expression for Vsw: 

(24) 

R2 provides a current path to turn off Q1. R3 provides base 
drive to Q1. R4 and R5 set output voltage. A PMOS FET can 
be used in place of Q1 when VIN is between 1 OV and 20V. 

Inverting Configurations 

The L T1111 can be configured as a positive-to-negative 
converter (Figure 7), or a negative-to-positive converter 
(Figure 8). In Figure 7, the arrangement is very similar to 
a step-down, except that the high side of the feedback is 
referred to ground. This level shifts the output negative. As 
in the step-down mode, 01 must be a Schottky diode, 
and I VOUT I should be less than 6.2V. More negative output 
voltages can be accommodated as in the prior section. 

In Figure 8, the input is negative while the output is 
positive. In this configuration, the magnitude of the input 
voltage can be higher or lower than the output voltage. A 
level shift, provided by the PNPtransistor, supplies proper 
polarity feedback information to the regulator. 

USing the ILIM Pin 

The LT1111 switch can be programmed to turn off at a set 
switch current, a feature not found on competing devices. 
This enables the input to vary over a wide range without 
exceeding the maximum switch rating or saturating the 
inductor. Consider the case where analysis shows the 
L T1111 must operate at an 800mA peak switch current 
with a2.0Vinput.lfVIN rises to 4V, the peak switch current 
will rise to 1.6A, exceeding the maximum switch current 
rating. With the proper resistor selected (see the "Maxi
mum Switch Current vs RUM" characteristic), the switch 
current will be limited to 800m A, even if the input voltage 
increases. 

Another situation where the IUM feature is useful occurs 
when the device goes into continuous mode operation. 
This occurs in step-up mode when 

VOUT + VDIODE 1 
-=.:.---=:..:..;:..::..::.. < --. 
~N- Vsw 1-0C 

(25) 

4-270 

R1 
0.3a VIN 

30V ........ - ....... INIr..-....--.. 
MAX 

VOUT = 1.25V (1 +~) 

Figure 6. Q1 Permits Higher-Current Switching. 
lT1111 Functions as Controller. 

Figure 7. Positive-to-Negative Converter 

L1 01 
...--......_-....... - ........ rvvY'\..._ ... ___ -+VOUT 

R2 (R1 ) VOUT = R2 1.25V + 0.6V 

Figure 8. Negative-to-Positive Converter 

When the input and output voltages satisfy this relation
ship, inductor current does not go to zero during the 
switch OFF time. When the switch turns on again, the 
current ramp starts from the non-zero current level in the 
inductor just priorto switch turn on. As shown in Figure 9, 
the inductor current increases to a high level before the 
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comparator turns off the oscillator. This high current can 
cause excessive output ripple and requires oversizing the 
output capacitor and inductor. With the ILiM feature, 
however, the switch current turns off at a programmed 
level as shown in Figure 10, keeping output ripple to a 
minimum. 

ON 
SWITCH 

OFF 

Figure 9. No Current Limit Causes Large Inductor 
Current Build-Up 

PROGRAMMED CURRENT LIMIT 

ON 
SWITCH OFF 1--_ ..... 

Figure 1 D. Current Limit Keeps Inductor Current Under Control 

RUM ILIM 
(EXTERNAL) 

- - -"'I'>i'v- - - - R1 
BOQ 

I-------t (INTERNAL) 

'---........ SW2 

Figure 11. LT1111 Current Limit Circuitry 

Figure 11 details current limit circuitry. Sense transistor 
01, whose base and emitter are paralleled with power 
switch 02, is ratioed such that approximately 0.5% of 02's 
collector current flows in 01 's collector. This current is 
passed through internal80Q resistor R1 and out through 
the ILiM pin. The value of the external resistor connected 
between ILiM and VIN sets the current limit. When suffi
cient switch current flows to develop a VSE across R1 + 
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RLlM, 03 turns on and injects current into the oscillator, 
turning off the switch. Delay through this circuitry is 
approximately 111S. The current trip point becomes less 
accurate for switch ON times less than 311S. Resistor 
values programming switch ON time for 111S or less will 
cause spurious response in the switch circuitry although 
the device will still maintain output regulation. 

Using the Gain Block 

The gain block (GB) on the LT1111 can be used as an error 
amplifier, low battery detector or linear post regulator. The 
gain block itself is a very simple PNP input op amp with an 
open collector NPN output. The negative input of the gain 
block is tied internally to the 1.25V reference. The positive 
input comes out on the SET pin. 

Arrangement of the gain block as a low battery detector is 
straightforward. Figure 12 shows hookup. R1 and R2 
need only be low enough in value so that the bias current 
of the SET input does not cause large errors. 33kQ for R2 
is adequate. R3 can be added to introduce a small amount 
of hysteresis. This will cause the gain block to "snap" 
when the trip point is reached. Values in the 1 M-1 OM 
range are optimal. The addition of R3 will change the trip 
point, however. 

VSAT 

R1 ~ VLS -1.25V 
35.1~A 

VLS ~ BATTERY TRIP POINT 
R2 ~ 33kQ 
R3 ~ 1.6MQ 

TO 
PROCESSOR 

Figure 12. Selling Low Battery Detector Trip Point 
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APPLICATions InFoRmATion 
Table 1. Component Selection for Common Converters 

INPUT OUTPUT OUTPUT CIRCUIT INDUCTOR INDUCTOR 
VOLTAGE VOLTAGE CURRENT (MIN) 

2,0-3,1 S 90mA 

2,0-3,1 S 10mA 
2,0-3,1 12 30mA 

2,0-3,1 12 10mA 

S 12 90mA 

S 12 30mA 

6,S-11 S SOmA 

12-20 S 300mA 

20-30 S 300mA 

S -S 7SmA 

12 -S 2S0mA 

S = Sumida 
C = Coiltronics 
* Add 470 from ILiM to VIN 
* * Add 2200 from ILiM to VIN 

Table 2. Inductor Manufacturers 
MANUFACTURER 

Coiltronics International 
984 SW, 13th Court 
Pompano Beach, FL 33069 
305-7S1-8900 

Toko America Incorporated 
1250 Feeh,anville Drive 
Mount Prospect, IL 60056 
312-297-0070 

Sumida Electric Co, USA 
70S-956-0666 
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PART NUMBERS 

CTX100-4 Series 
Surface Mount 

Type SRBS 

CD54 
CDR74 
CDR105 
Surface Mount 

VALUE PART NUMBER 

1S~H S CD7S-7SOK 

471lH S CDS4-470K, C CTXSO-1 

1SIlH S CD7S-1S0K 

471lH S CDS4-470K, C CTXSO-1 

331lH S CD7S-330K 

471lH S CD7S-470K, C CTXSO-1 

1SIlH S CDS4-1S0K 

S61lH S CD10S-S60K, C CTXSO-4 

120llH S CD1 OS-121 K, C CTX100-4 

S61lH S CD7S-S60K, C CTXSO-4 

120llH S CD10S-121K, C CTX100-4 

Table 3. Capacitor Manufacturers 
MANUFACTURER 

Sanyo Video Components 
1201 Sanyo Avenue 
San Diego, CA 92073 
619-661-6322 

Nichicon America Corporation 
927 East State Parkway 
Schaumberg, IL 60173 
70S-S43-7500 

Sprague Electric Company 
Lower Main Street 
Sanford, ME 04073 
207-324-4140 

Matsuo 
714-969-2491 

CAPACITOR 
VALUE NOTES 

331lF * 

10llF 

221lF 

10llF 

221lF 

1SIlF 

471lF ** 

471lF ** 

471lF ** 

471lF 

100ilF ** 

PART NUMBERS 

OS-CON Series 

PL Series 

150D Solid Tantalums 
5500 Tantalex 
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TYPICAL APPLICATions 
3V to -22V LCD Bias Generator 

2X1.SV 
CELLS 

• L 1 = SUMIDA CDS4-270K 

L1· 

M8RS130T3 

FOR SV INPUT CHANGE R1 TO 470. 
CONVERTER WILL DELIVER -22V AT 40mA. 

9V to 5V Step-Down Converter 

9V 
BAmRY 

• L1 = SUMIDA CDS4-1S0K 

SV OUTPUT 
t-.J"'Irv"I"'-+--1S0mAAT9V INPUT 

SOmA AT 6.SV INPUT 

1N4148 

732k 
1% 

"---.... --... - -22V OUTPUT 
7mA AT 2.0V INPUT 

+20V to 5V Step-Down Converter 

'"'---""""""'-~_ SV OUTPUT 
300mA 

4711F 

• L1 = SUMIDA CD74-680M 
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TYPICAL APPLICATions 
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+5V to -5V Converter 
+VIN _ ..... _ ....... _-...... ---, 

5V INPUT 

'--_ ...... ___ ..... _ ;~~~UTPUT 

• L 1 = SUMIDA CD54-330K 

Voltage Controlled Positive-to-Negative Converter 

5V-1~~ _-t---'01/l.2.,.,2 ...... ___ ---.""""\. 

• L 1 = CDILTRONICS CTX20-4 
tZETEX INC. 516-543-7100 

...... -----'\N\,-- Vc(0V TO 5V) 

High Power, Low Quiescent Current Step-Down Converter 

8V-1~~ __ WIr-4----_---..-:~··v,:..;:::-_---'vvV'\._--_- ~~mA 

121k 

• L1 = SUMIDA CDR105-100M 
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FEATURES 
• Operates at Supply Voltages From 2.0V to 30V 
• Consumes Only 11 O~ Supply Current 
• Works in Step-Up or Step-Down Mode 
• Only Three External Components Required 
• Low Battery Detector Comparator On-Chip 
• User-Adjustable Current Limit 
• Internal1A Power Switch 
• Fixed or Adjustable Output Voltage Versions 
• Space Saving 8-Pin MiniDIP or S08 Package 

APPLICATions 
• Flash Memory Vpp Generators 
• 3V to 5V, 5V to 12V Converters 
• 9V to 5V, 12V to 5V Converters 
• LCD Bias Generators 
• Peripherals and Add-On Cards 
• Battery Backup Supplies 
• Laptop and Palmtop Computers 
• Cellular Telephones 
• Portable Instruments 

TYPICAL APPLICATiOnS 
Logic Controlled Flash Memory Vpp Generator 

'L1 = GOWANDA GA20-103K EFFICIENCY= 81 % 
COILTRONICS CD<100-4 t = 1% METAL FILM 

NO OVERSHOOT 

SANYO 
OS-CON 
100~F 

DC-DC Converter 
Adjustable and Fixed 5V, 12V 

DESCRIPTion 
The L T1173 is a versatile micro power DC-DC converter. 
The device requires only three external components to 
deliver a fixed output of 5V or 12V. Supply voltage ranges 
from 2.0V to 12V in step-up mode and to 30V in step-down 
mode. The LT1173 functions equally well in step-up, step
down or inverting applications. 

The LT1173 consumes just 11 O~ supply current at 
standby, making it ideal for applications where low quies
cent current is important. The device can deliver 5V at 
80mA from a 3V input in step-up mode or 5V at 200mA 
from a 12V input in step-down mode. 

Switch current limit can be programmed with a single 
resistor. An auxiliary gain block can be configured as a low 
battery detector, linear post regulator, under voltage lock
out circuit or error amplifier. 

For input sources of less than 2V, use the LT1073. 

VOUT 
5v/DIV 

OV 

PROGRAM 
5v/DIV 

Vpp Output 

5mslOlV 
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ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATion 
Supply Voltage (VIN) ................................................. 36V 
SW1 Pin Voltage (Vsw1) ........................................... 50V 
SW2 Pin Voltage (VSW2) ..................•.......•.. -0.5Vto VIN 
Feedback Pin Voltage (LT1173) .................•......•......... 5V 
Sense Pin Voltage (LT1173, -5, -12) •............•.......... 36V 
Maximum Power Dissipation .................•........... 500mW 
Maximum Switch Current ........................................ 1.5A 
Operating Temperature Range ..................... O°C to 70°C 
Storage Temperature Range ........•......... -65°C to 150°C 
Lead Temperature, (Soldering, 10 sec.) ................ 300°C 

TOP VIEW '"'0· ..... · VIN 2 7 SET 
SW13 6AO 
SW2 4 5 GND 

N8 PACKAGE 
8·LEAD PLASTIC DIP 

<FIXED VERSIONS 
LT1173'PlOl 

TOP VIEW '"'0·_0' VIN 2 7 SET 
SW13 6AO 
SW2 4 5 GND 

S8 PACKAGE 
HEAD PLASTIC SOIC 

<FIXED VERSIONS 
LT"73.PI(l,2 

ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 3V, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP 

10 Quiescent Current Switch Off • 110 

10 Quiescent Current, Boost No load I lT1173-5 135 
Mode Configuration I lT1173-12 250 

VIN Input Voltage Step-Up Mode • 2.0 
Step-Down Mode • 

Comparator Trip Point Voltage LT1173 (Note 1) • 1.20 1.245 

VoiJT Output Sense Voltage LT1173-5 (Note 2) • 4.75 5.00 
L T1173-12 (Note 2) • 11.4 12.0 

Comparator Hysteresis LT1173 • 5 
Output Hysteresis LT1173-5 • 20 

LT1173-12 • 50 

fosc Oscillator Frequency • 18 24 
Duty Cycle Full Load • 47 55 

tON Switch ON Time ILiM tied to VIN • 17 23 
Feedback Pin Bias Current LT1173, VFB = OV • 10 

Set Pin Bias Current VSET= VREF • 20 

VOL Gain Block Output Low ISINK = 1001lA, VSET = 1.00V • 0.15 
Reference Line Regulation 2.0V ~ VIN ~ 5V • 0.2 

5V~VIN ~30V • 0.02 

VSAT SWSAT Voltage, Step-Up Mode VIN = 3.0V, Isw = 650mA • 0.5 

VIN = 5.0V, Isw = 1 A 0.8 

• 
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ORDER PART 
NUMBER 

LT1173CN8 
L T1173CN8-5 
LT1173CN8-12 

LT1173CS8 
L T1173CS8-5 
LT1173CS8-12 

PART MARKING 

1173 
17305 
17312 

MAX UNITS 
150 IIA 

IIA 
IIA 

12.6 V 
30 V 
1.30 V 

5.25 V 
12.6 V 
10 mV 
40 mV 

100 mV 

30 kHz 

63 0/0 

32 ).Is 

50 nA 
100 nA 
0.4 V 

0.4 'YoN 
0.075 O/ON 
0.65 V 

1.0 V 

1.4 V 
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ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 3V, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VSAT SWSAT Voltage. Step· Down Mode VIN = 12V. Isw = 650mA 1.1 1.5 V 

• 1.7 V 

Av Gain Block Gain RL = 100kn (Note 3) • 400 1000 VN 

Current Limit 220n to ILiM to VIN 400 mA 

Current Limit Temperature Coell. • -0.3 'MoC 

Switch OFF Leakage Current Measured at SW1 Pin 1 10 J.lA 
VSW2 Maximum Excursion Below GND ISWl " 10J.lA. Switch 011 -400 -350 mV 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: This specification guarantees that both the high and low trip 
points of the comparator fall within the 1.20V to 1.30V range. 

Note 2: The output voltage waveform will exhibit a sawtooth shape due to 
the comparator hysteresis. The output voltage on the fixed output 
versions will always be within the specified range. 
Note 3: 100kn resistor connected between a 5V source and the AO pin. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

~ 

Saturation Voltage Step-Up Mode 
(SW2 Pin Grounded) 

1.2 r-----r--r---,--,------,r-'T"J 

1.0 i---t--+--+--+-+-f+.H 

0.8 I--f--+--+---v---ti~---l 

~ 0.6 I--f--+-"'.-+--h¥--"'I----l 
;!; 

0.4 I--f--+"""'II'F---+-----II----l 

0.2 1--f.,'+--+--+-~I----1 

oL-~ _ _L_k_~ __ -L~ 

o 0.2 0.4 0.6 0.8 1.0 1.2 

1000 

900 

800 

~>oo 
~ 600 
a: 
~ 500 
'" g 400 

s: 300 
UJ 

200 

100 

ISWITCH (A) 

Maximum Switch Current vs 
RLiM Step-Down Mode 

l"'-. You = 5V 

'" \~IN= 2i, 
I"'--.. '" L = 500l1H 

"'" ~ f--VIN = 12V ............. 
L = 250l1H ........ 1'-.. 

j"-.... l'-

o 
100 1000 

1.4 

1.3 

~ 1.2 

~ §! 1.1 
z 
o 1.0 
::I: 

r:e 
3i 0.9 
UJ 

0.8 

0.7 

20 

~ 
>- 15 tl'i 
a: 
a: 
::> 
'-' 

'" ~ 
z 10 0: 

~ 

5 

Switch ON Voltage 
Step-Down Mode 
(SW1 Pin Connected to VIN) 

/ 
/ 

V 
V 

/ 

... 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

ISWITCH(A) 

Set Pin Bias Current vs 
Temperature 

I- VIN - 3V 

r-. 

, 
\ 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

1200 

1100 

1000 

~ 900 
;::-800 
z 
til 700 
a: 
13 600 
::I: 
r:e 500 

~ 400 

l 
>-
ffi 
a: 
a: 
::> 

'" '" $ 
'" z 
0: 
'" '" ;a 
frl 
tJ: 

300 

200 

100 

18 

16 

14 

12 

10 

8 

Maximum SWitch Current vs 
RLiM Step-Up Mode 

2V~JIN~5~ 

1\ 
\ 

10 100 1000 

Feedback Pin Bias Current vs 
Temperature 

VIN = 3V 

~ 
V 

I 
-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Quiescent Current vs Temperature Supply Current vs Switch Current Oscillator Frequency 

120 

LU 
50 

./ 
V' 

40 

26.0 

25.5 

25.0 

110 
~ .... a5 30 

VIN =5V ,./ "N 24.5 

~24.0 
:g 

1/ 
/ 

100 II 

J 

90 

a: 
a: 
::J 
<> 
~ 20 
0-
::J 

'" 10 

o 

/ 

/ 
V-

1,1' 

V 
." I--"" 

./ I-' VIN = 2V 

V 

~ 23.5 

23.0 

22.5 

22.0 

-b -
-50 -25 0 25 50 75 100 125 o 200 400 600 BOO 1000 o 10 15 20 25 30 

TEMPERATURE (OC) SWITCH CURRENT (rnA) V1N(V) 

Pin FunCTions 
ILIM (Pin 1): Connectthis pin to VIN for normal use. Where 
lower current limit is desired, connect a resistor between 
ILiM and VIN. A 2200 resistor will limit the switch current 
to approximately 400mA. 

VIN (Pin 2): Input supply voltage. 

SW1 (Pin 3): Collector of power transistor. For step-up 
mode connect to inductor/diode. For step-down mode 
connect to VIN. 
SW2 (Pin 4): Emitter of power transistor. For step-up 
mode connect to ground. For step-down mode connect to 
inductor/diode. This pin must never be allowed to go more 
than a Schottky diode drop below ground. 

BLOCK DIAGRAmS 
LT1173 

FB 

4-278 

GND (Pin 5): Ground. 

AD (Pin 6): Auxiliary Gain Block (GB) output. Open collec
tor, can sink 100IlA. 

SET (Pin 7): GB input. GB is an op amp with positive input 
connected to SET pin and negative input connected to 
1.245V reference. 

FB/SENSE (Pin 8): On the L T1173 (adjustable) this pin 
goes to the comparator input. On the L T1173-5 and 
L T1173-12, this pin goes to the internal application resis
tor that sets output voltage. 

LT1173-5, -12 

SET 

Rl 
R2 

753kQ 
GND ......... ....II/\/Ir-...... Wvo- SENSE 

AD 

ILiM SWl 

LT1173-5: Rl = 250kQ 
LT1173-12: Rl =B7.4kQ 

SW2 



LTn73 OPERATion 
The LT1173 is a gated oscillator switcher. This type archi
tecture has very low supply current because the switch is 
cycled only when the feedback pin voltage drops below the 
reference voltage. Circuit operation can best be under
stood by referring tothe LT1173 block diagram. Compara
tor A1 compares the feedback pin voltage with the 1.245V 
reference voltage. When feedback drops below 1.245V, A 1 
switches on the 24kHz oscillator. The driver amplifier 
boosts the signal level to drive the output NPN power 
switch. An adaptive base drive circuit senses switch 
current and provides just enough base drive to ensure 
switch saturation withoutoverdriving the switch, resulting 
in higher efficiency. The switch cycling action raises the 
output voltage and feedback pin voltage. When the feed
back voltage is sufficient to trip A 1, the oscillator is gated 
off. Asmall amount of hysteresis built into A 1 ensures loop 
stability without external frequency compensation. When 
the comparator is low the oscillator and all high current 
circuitry is turned off, lowering device quiescent currentto 
just 11 O).IA, for the reference, A 1 and A2. 

The oscillator is set internally for 23j.Ls ON time and 19j.Ls 
OFF time, optimizing the device for circuits where VOUT 
and VIN differ by roughly a factor of 2. Examples include a 
3V to 5V step-up converter or a 9V to 5V step-down 
converter. 

APPLICATions InFORmATion 
Measuring Input Current at Zero Dr Light Load 

Obtaining meaningful numbers for quiescent current and 
efficiency at low output current involves understanding 
how the LT1173 operates. At very low or zero load current, 
the device is idling for seconds at a time. When the output 
voltage falls enough to trip the comparator, the power 
switch comes on for a few cycles until the output voltage 
rises sufficiently to overcome the comparator hysteresis. 
When the power switch is on, inductor current builds up 
to hundreds of milliamperes. Ordinary digital multi meters 
are not capable of measuring average current because of 
bandwidth and dynamic range limitations. A different 

LT1l73 

A2 is a versatile gain block that can serve as a low battery 
detector, a linear post regulator, or drive an under voltage 
lockout circuit. The negative input of A2 is internally 
connected to the 1.24SV reference. A resistor divider from 
VIN to GND, with the mid-point connected to the SET pin 
provides the trip voltage in a low battery detector applica
tion. The gain block output (AO) can sink 1 OO).IA (use a 47k 
resistor pull-up to +5V). This line can signal a microcon
troller that the battery voltage has dropped below the 
preset leve\. 

A resistor connected between the ILiM pin and VIN sets 
maximum switch current. When the switch current ex
ceeds the set value, the switch cycle is prematurely 
terminated. If current limit is not used, ILiM should be tied 
directly to VIN. Propagation delay through the current limit 
circuitry is approximately 2j.Ls. 

In step-up mode the switch emitter (SW2) is connected to 
ground and the switch collector (SW1) drives the induc
tor; in step-down mode the collector is connected to VIN 
and the emitter drives the inductor. 

The L T1173-5 and L T1173-12 are functionally identical to 
the L T1173. The -5 and -12 versions have on-chip voltage 
setting resistors for fixed 5V or 12V outputs. Pin 8 on the 
fixed versions should be connected to the output. No 
external resistors are needed. 

approach is required to measure the 100).IA off-state and 
SOOmA on-state currents of the circuit. 

Quiescent current can be accurately measured using the 
circuit in Figure 1. VSET is set to the input voltage of the 
LT1173. The circuit must be "booted" by shorting V2 to 
VSET. Afterthe LT1173 output voltage has settled, discon
nect the short. Input voltage is V2, and average input 
current can be calculated by this formula: 

V2-V1 
liN = 100Q (01) 
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APPLICATions InFoRmATion 
1Ma 

Figure 1. Test Circuit Measures No Load Quiescent Current of 
L T1 073 Converter 

Inductor Selection 

A DC-DC converter operates by storing energy as mag
netic flux in an inductor core, and then switching this 
energy into the load. Since it is flux, not charge, that is 
stored, the output voltage can be higher, lower, or opposite 
in polarity to the input voltage by choosing an appropriate 
switching topology. To operate as an efficient energy 
transfer element, the inductor must fulfill three require
ments. First, the inductance must be low enough for the 
inductor to store adequate energy under the worst case 
condition of minimum input voltage and switch ON time. 
The inductance must also be high enough so that maxi
mum current ratings of the LT1173 and inductor are not 
exceeded at the other worst case condition of maximum 
input voltage and ON time. Additionally, the inductor core 
must be able to store the required flux; i.e., it must not 
saturate. At power levels generally encountered with 
L T1173 based designs, small axial leaded units with 
saturation current ratings in the 300mA to 1A range 
(depending on application) are adequate. Lastly, the in
ductor must have sufficiently low DC resistance so that 
excessive power is not lost as heat in the windings. An 
additional consideration is Electro-Magnetic Interference 
(EMI). Toroid and pot core type inductors are recom
mended in applications where EMI must be kept to a 
minimum; for example, where there are sensitive analog 
circuitry or transducers nearby. Rod core types are a less 
expensive choice where EMI is not a problem. 

Specifying a proper inductor for an application requires 
first establishing minimum and maximum input voltage, 
output voltage, and output current. In a step-up converter, 

4-280 

the inductive events add to the input voltage to producethe 
output voltage. Power required from the inductor is deter
mined by 

PL = (VOUT + Vo - VIN) (lOUT) (02) 

where Vo is the diode drop (0.5V for a 1 N5818 Schottky). 
Energy required by the inductor per cycle must be equal or 
greater than 

...!L 
Fosc 

(03) 

in order for the converter to regulate the output. 

When the switch is closed, current in the inductor builds 
according to 

Idt)= ~~ 1-e-L ( -ROt] 
(04) 

where R' is the sum of the switch equivalent resistance 
(0.8n typical at 25°C) and the inductor DC resistance. 
When the drop across the switch is small compared to VIN, 
the simple lossless equation 

(05) 

can be used. These equations assume that at t = 0, 
inductor current is zero. This situation is called "discon
tinuous mode operation" in switching regulator parlance. 
Setting "t" to the switch ON time from the LT1173 speci
fication table (typically 231ls) will yield iPEAK for a specific 
"L" and VIN. Once iPEAK is known, energy in the inductor at 
the end of the switch ON time can be calculated as 

(06) 

EL must be greaterthan PL/Fosc forthe converterto deliver 
the required power. For best efficiency iPEAK should be 
kept to 1A or less. Higher switch currents will cause 
excessive drop across the switch resulting in reduced 
efficiency. In general, switch current should be held to as 
Iowa value as possible in order to keep switch, diode and 
inductor losses at a minimum. 



APPLICATions InFoRmATion 

As an example, suppose 9V at SOmA is to be generated 
from a 3V input. Recalling Equation 02, 

PL = (9V + O.SV - 3V) (SOmA) ="32SmW. (07) 

Energy required from the inductor is 

JL= 32SmW = 13.SI1J. 
Fosc 24kHz 

(OB) 

Picking an inductor value of 1 OOI1H with 0.2Q DCR results 
in a peak switch current of 

ipEAK= ~~ 1-e 100~H = 616mA. ( -In.23~sl 
(09) 

Substituting iPEAK into Equation 04 results in 

EL =i(100I1H)(0.616A)2 = 19.0I1J. (10) 

Since 19~ > 13.SI1J the 100l1H inductor will work. This 
trial-and-error approach can be used to select the opti
mum inductor. Keep in mind the switch current maximum 
rating of 1.SA. If the calculated peak current exceeds this, 
consider using the L T1 073. The 70% duty cycle of the 
L T1 073 allows more energy per cycle to be stored in the 
inductor, resulting in more output power. 

An inductor's energy storage capability is proportional to 
its physical size. If the. size of the inductor is too large for 
a particular application, considerable size reduction is 
possible by using the LlJ 111. This device is pin compat
ible with the L T1173 but has a 72kHz oscillator, thereby 
reducing inductor and capacitor size requirements by a 
factor of three. 

For both positive-to-negative (Figure 7) and negative-to
positive configurations (Figure B), all the output power 
must be generated by the inductor. In these cases 

PL = (I VOUT I + VO)(IOUT)' (11) 

In the positive-to-negative case, switch drop can be mod
eled as a 0.7SV voltage source in series with a 0.6SQ 
resistor so that 

VL = VIN - 0.7SV -IL (0.6SQ). (12) 

LT1l73 

In the negative-to-positive case, the switch saturates and 
the O.BQ switch ON resistance value given for Equation 04 
can be used. In both cases inductor design proceeds from 
Equation 03. 

The step-down case is different than the preceeding three 
in that the inductor current flows through the load in a 
step-down topology (Figure 6). Currentthrough the switch 
should be limited to -6S0mA in step-down mode. This can 
be accomplished by using the ILiM pin. With input voltages 
in the range of 12V to 2SV, a SV output at 300mA can be 
generated with a 220llH inductor and 100Q resistor in 
series with the ILiM pin. With a 20V to 30V input range, a 
470l1H inductor should be used along with the 100Q 
resistor. 

Capacitor Selection 

Selecting the right output capacitor is almost as important 
as selecting the right inductor. A poor choice for a filter 
capacitor can result in poor efficiency and/or high output 
ripple. Ordinary aluminum electrolytics, while inexpensive 
and readily available, may have unacceptably poor equiva
lent series resistance (ESR) and ESL (inductance). There 
are low-ESR aluminum capacitors on the market specifi
cally designed for switch mode DC-DC converters which 
work much better than general-purpose units. Tantalum 
capacitors provide still better performance at more ex
pense. We recommend OS-CON capacitors from Sanyo 
Corporation (San Diego, CAl. These units are physically 
quite small and have extremely low ESR. To illustrate, 
Figures 2, 3, and 4 show the output voltage of an LT1173 
based converter with three 100l1F capacitors. The peak 
switch current is SOOmA in all cases. Figure 2 shows a 
Sprague S01 D, 2SV aluminum capacitor. VOUT jumps by 
over 120mV when the switch turns off, followed by a drop 
in voltage as the inductor dumps into the capacitor. This 
works outto be an ESR of over 240mQ. Figure 3 shows the 
same circuit, but with a Sprague 1S0D, 20V tantalum 
capacitor replacing the aluminum unit. Output jump is 
now about 3SmV, corresponding to an ESR of 70mQ. 
Figure 4 shows the circuit with a 16V OS-CON uniLESR is 
now only 20mQ. 
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5!AslDlV LT1173 "TA07 

> 

~ 
E ' 
~ 

5JlS1DIV 5JlS10lV 

Figure 2. Aluminum Figure 3. Tantalum Figure 4. OS-CON 

In very low power applications where every microampere 
is important, leakage current of the capacitor must be 
considered. The OS-CON units do have leakage current in 
the 51lA to 101lA range. If the load is also in the microam
pere range, a leaky capacitor will noticeably decrease 
efficiency. In this type application tantalum capacitors are 
the best choice, with typical leakage currents in the 11lA to 
51lA range. 

Diode Selection 

Speed, forward drop, and leakage current are the three' 
main considerations in selecting a catch diode for LT1173 
converters. General purpose rectifiers such as the 1 N4001 
are unsuitable for use in any switching regulator applica
tion. Although they are rated at 1A, the switching time of 
a 1 N4001 is in the 1 0IlS-50IlS range. At best, efficiencywill 
be severely compromised when these diodes are used; at 
worst, the circuit may not work at all. Most L T1173 circuits 
will be well served by a 1 N5818 Schottky diode. The 
combination of 500mV forward drop at 1A current, fast 
turn ON and turn OFF time, and 41lA to 101lA leakage 
current fit nicely with LT1173 requirements. At peak 
switch currents of 1 OOmA or less, a 1 N4148 signal diode 
may be used. This diode has leakage current in the 1 nA-
5nA range at 25°C and lower costthan a 1 N5818. (You can 
also use them to get your circuit up and running, but 
beware of destroying the diode at 1A switch currents.) In 
situations where the load is intermittent and the LT1173 is 
idling most of the time, battery life can sometimes be 
extended by using a silicon diode such as the 1 N4933, 
which can handle 1A but has leakage current of less than 
11lA. Efficiency will decrease somewhat compared to a 
1 N5818 while delivering power, but the lower idle current 
may be more important. 
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Step-Up (Boost Mode) Operation 

A step-up DC-DC converter delivers an output voltage 
higher than the input voltage. Step-up converters are not 
short circuit protected since there is a DC path from input 
to output. 

The usual step-up configuration for the LT1173 is shown 
in Figure 5. The LT1173 first pulls SW110w causing VIN
VCESATto appear across L 1. A currentthen builds up in L 1. 
At the end of the switch ON time the current in L 1 is 1: 

. V1N 
IPEAK=TtON (13) 

L1 01 

Figure 5. Step-Up Mode Hookup. 
Refer to Table 1 for Component Values 

Immediately after switch turn off, the SW1 voltage pin 
starts to rise because current cannot instantaneously stop 
flowing in L 1. When the voltage reaches VOUT + Vo, the 
inductor current flows through D1 into C1, increasing 
VOUT. This action is repeated as needed by the LT1173 to 

Note 1: This simple expression neglects the effect of switch and coil 
resistance. This is taken into account in the "Inductor Selection" section. 
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keep VFB at the internal reference voltage of 1.245V. R1 
and R2 set the output voltage according to the formula 

VOUT = (1 + :~) (1. 245V). (14) 

Step-Down (Buck Mode) Operation 

A step-down DC-DC converter converts a higher voltage to 
a lower voltage. The usual hookup for an L T1173 based 
step-down converter is shown in Figure 6. 

LT1l73 

R3 programs switch current limit. This is especially im
portant in applications where the input varies over a wide 
range. Without R3, the switch stays on for a fixed time 
each cycle. Under certain conditions the current in L 1 can 
build up to excessive levels, exceeding the switch rating 
and/or saturating the inductor. The 100n resistor pro
grams the switch to turn off when the current reaches 
approximately 800mA. When using the LT1173 in step
down mode, output voltage should be limited to 6.2V or 
less. Higher output voltages can be accommodated by 
inserting a 1 N5818 diode in series with the SW2 pin 
(anode connected to SW2). 

Inverting Configurations 

The LT1173 can be configured as a positive-to-negative 
converter (Figure 7), or a negative-to-positive converter 

_,...,.,rrr~--t---1~VOUT (Figure 8). In Figure 7, the arrangement is very similar to 

Figure 6. Step-Down Mode Hookup 

When the switch turns on, SW2 pulls up to VIN-Vsw. This 
puts a voltage across L 1 equal to VIN - Vsw - VOUT, 
causing a currentto build up in L 1. Atthe end ofthe switch 
ON time, the current in L 1 is equal to 

. V1N- Vsw - VOUT t (15) 
IpEAK= L ON· 

When the switch turns off, the SW2 pin falls rapidly and 
actually goes below ground. D1 turns on when SW2 
reaches O.4V below ground. D1 MUST BE A SCHOTTKY 
DIOD£ The voltage at SW2 must never be allowed to go 
below-0.5V. A silicon diode such as the 1 N4933 will allow 
SW2 to go to -o.av, causing potentially destructive power 
dissipation inside the L T1173. Output voltage is deter
mined by 

VOUT = (1 + :~) (1.245V). (16) 

a step-down, except that the high side of the feedback is 
referred to ground. This level shifts the output negative. As 
in the step-down mode, D1 must be a Schottky diode, 
and IVOUTI should be less than 6.2V. More negative output 
voltages can be accomodated as in the prior section. 

LT1113·TA12 

Figure 7. Positive-to-Negative Converter 

In Figure a, the input is negative while the output is 
positive. In this configuration, the magnitude of the input 
voltage can be higher or lower than the output voltage. A 
level shift, provided by the PNPtransistor, supplies proper 
polarity feedback information to the regulator. 
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L1 01 

R2 (R1) Your = R2 1.245V + O.6V 

LTII73.TAI3 

Figure 8. Negative-to-Positlve Converter 

Using the ILiM Pin 

The L T1173 switch can be programmed to turn off at a set 
switch current, a feature not found on competing devices. 
This enables the input to vary over a wide range without 
exceeding the maximum switch rating or saturating the 
inductor. Consider the case where analysis shows the 
L T1173 must operate at an 800mA peak switch current 
with a2.0Vinput.lfVIN risest04V, the peak switch current 
will rise to 1.SA, exceeding the maximum switch current 
rating. With the proper resistor selected (see the "Maxi
mum Switch Current vs RUM" characteristic), the switch 
current will be limited to 800mA, even if the input voltage 
increases. 

Another situation where the IUM feature is useful occurs 
when the device goes into continuous mode operation. 
This occurs in step-up mode when 

VOUT + VOIOOE 1 
-=':'---"-'= < --. 

VIN- Vsw 1- DC 
(17) 

When the input and output voltages satisfy this relation
ship, inductor current does not go to zero during the 
switch OFF time. When the switch turns on again, the 
current ramp starts from the non-zero current level in the 
inductor just prior to switch turn on. As shown in Figure 
9, the inductor current increases to a high level before the 
comparator turns off the oscillator. This high current can 
cause excessive output ripple and requires oversizing the 
output capacitor and inductor. With the IUM feature, 
however, the switch current turns off at a programmed 
level as shown in Figure 10, keeping output ripple to a 
minimum. 
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ON 
SWITCH 

OFF 

Figure 9. No Currenl limit Causes Large Inductor 
Current Build-Up 

SWITCH ;~ 1---.... 
LTtI73°rA1S 

Figure 10. Current Limit Keeps Inductor Current Under Control 

Figure 11 details current limit circuitry. Sense transistor 
01, whose base and emitter are paralleled with power 
switch 02, is ratioed such that approximately 0.5% of 02's 
collector current flows in 01 's collector. This current is 
passed through internal80n resistor R1 and out through 
the IUM pin. The value of the external resistor connected 
between IUM and VIN sets the current limit. When sufficient 
switch currentflows to develop a VSE across R1 + RUM, a3 
turns on and injects current into the oscillator, turning off 
the switch. Delay through this circuitry is approximately 
211S. The current trip point becomes less accurate for 
switch ON times less than 4J.ls. Resistor values program
ming switch ON time for 2J.ls or less will cause spurious 
response in the switch circuitry although the device will 
still maintain output regulation. 

(EXT~lA~AL) IliM 

- - -¥iIr - - - R1 
80n 

t------i (INTERNAL) 

'---.... SW2 

Figure 11. LT1173 Current Limit Circuitry 
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Using the Gain Block 

The gain block (GB) on the LT1173 can be used as an error 
amplifier, low battery detector or linear post regulator. The 
gain block itself is a very simple PNP input op amp with an 
open collector NPN output. The negative input of the gain 
block is tied internally to the 1.245V reference. The posi
tive input comes out on the SET pin. 

Arrangement of the gain block as a low battery detector is 
straightforward. Figure 12 shows hookup. R1 and R2 need 
only be low enough in value so that the bias current of the 
SET input does not cause large errors. 100kn for R2 is 
adequate. R3 can be added to introduce a small amount of 
hysteresis. This will cause the gain block to "snap" when 
the trip point is reached. Values in the 1 M-1 OM range are 
optimal. The addition of R3 will change the trip point, 
however. 

Table 1. Component Selection for Common Converters 
INPUT OUTPUT OUTPUT CIRCUIT INOUCTOR 

VOLTAGE 

2.0·3.1 

2.0-3.1 

2.0-3.1 

2.0-3.1 

5 

5 

5 

5 

6.5-9.5 

12-20 

20-30 

5 

12 

-5 

-5 

G = Gowanda 
C = Coiltronics 

VOLTAGE 

5 

5 

12 

12 

12 

12 

15 

30 

5 

5 

5 

-5 

-5 

5 

12 

* Add 680 from ILiM to VIN 
** Add 1000 from ILiM to VIN 

CURRENT (MIN) FIGURE VALUE 

90mA 5 4711H 

10mA 5 22Ol1H 

50mA 5 4711H 

10mA 5 15Ol1H 

90mA 5 12Ol1H 

30mA 5 15Ol1H 

50mA 5 12Ol1H 

25mA 5 1OOl1H 

50mA 6 4711H 

300mA 6 22Ol1H 

300mA 6 47Ol1H 

75mA 7 1OOl1H 

250mA 7 47Ol1H 

150mA 8 1OOl1H 

75mA 8 1OOl1H 

R1 = VlB - 1.245V 
11.711A 

LTl173 

TO 
PROCESSOR 

VlB = BAITERY TRIP POINT 
R2 = 100kn 
R3=4.7MQ 

Figure 12. Setting Low Battery Detector Trip Point 

INOUCTOR CAPACITOR 
PART NUMBER VALUE NOTES 

G GA10-472K, C CTX50-1 1OOl1F * 

G GA10-223K, C CTX 2211F 

G GA10-472K, C CTX50-1 4711F * 

G GA10-153K 2211F 

G GA10-123K 1OOl1F 

G GA10-153K 4711F ** 

G GA10-123K C CTX100-4 4711F 

G GA10-103K, C CTX100-4 1OI1F,50V 

G GA 1 0-472K, C CTX50-1 100l1F ** 

G GA20-223K 22Ol1F ** 

G GA20-473K 47Ol1F ** 

G GA1 0-1 03K, C CTX100-4 100l1F ** 

G GMO-473K 22Ol1F ** 

G GA1 0-1 03K, C CTX100-4 22Ol1F 

G GA1 0-1 03K, C CTX100-4 4711F 
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Table 2. Inductor Manufacturers Table 3. Capacitor Manufacturers 
MANUFACTURER PART NUMBERS MANUFACTURER PART NUMBERS 
--~----------------------~~---- ~----~----------------~~~----Gowanda Electronics Corporation GA10 Series Sanyo Video Components OS-CON Series 
1 Industrial Place GMO.Series 1201 Sanyo Avenue 
Gowanda, NY 14070 San Diego, CA 92073 
716-532-2234 619-661-6322 
Caddell-Burns 7300 Series Nichicon America Corporation 
258 East Second Street 6860 Series 927 East State Parkway 
Mineola. NY 11501 Schaumberg. IL 60173 
516-746-2310 708-843-7500 

Coiltronics International Custom Toroids Sprague Electric Company 
984 SW. 13th Court Surface Mount Lower Main Street 
Pompano Beach. FL 33069 Sanford. ME 04073 
305-781-8900 207-324-4140 

Toko America Incorporated 
1250 Feehanville Drive 
Mount Prospect. IL 60056 
312-297-0070 

Renco Electronics Incorporated 
60 Jefryn Boulevard. East 
Deer Park. NY 11729 
800-645-5828 

TYPICAL APPLICATiOnS 

2X1.5V 
CELLS 

Type 8RBS 

RL1283 
RL1284 

3V to -22V LCD Bias Generator 

lN4148 

o.ll'F 

• Ll = GOWANDA GAl 0-1 o3K 
COILTRONICS CTXl00-4 L-__ ~_""~ -22VOUTPUT 
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FOR 5V INPUT CHANGE Rl TO 47ll 
CONVERTER WILL DELIVER -22V AT 40mA. 

7mA AT 2.0V INPUT 
70% EFFICIENCY 

PL Series 

1500 Solid Tantalums 
5500 Tantalex 
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3V to 5V Step-up Converter 

ll' 

lN5B18 2Xl.5V 
CEllS 5VOUTPUT 

---t---150mA AT 3V INPUT 
SOmA AT 2V INPUT 

100llF 

'll = GOWANDA GA10-l03K 
COllTAONICS CTX10D-l (SURFACE MOUNT) 

+5V to -5V Converter 

5V 

L-_ ..... ____ ..... _ ~~~UTPUT 

'l1=GOWANDAGA10-l03K 
Call TAONICS CTX100-l 

9V 
BATTERY 

LTl173 

9V to 5V Step-Down Converter 

5V OUTPUT 
.... -J'.,..,Y'\,~~--150mAAT9V INPUT 

50mA AT 6.5V INPUT 

, 11 = GOWANDA GAl D-472K 
COllTRONICS CTX50-l 

FOR HIGHER OUTPUT CURRENTS SEE lTl073 DATASHEET 

+2DV to 5V Step-Down Converter 

""'---JV'I'V'I ........ ""'--_ 5V OUTPUT 
300mA 

l00IlF 

, II = GOWANDA GA20-223K LT1173·TA21 

Telecom Supply 

48VDC 

'll = CTX11 0077 
10 = 1201lA 

ll' 

r:--~~-, ____ ~ ___ ~ ___ ~ __ -J~~"""" __ ':~~~_-1~ ___ +5V 
100mA 

10nF 

lN965B 
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4 X NICAD 
OR 

ALKALINE 
CELLS 

'Ll = COILTRONICS CTX10o-4 
GOWANDA GA20-103K 

"5 to 5" Step-Up Dr Step-Down Converter 

VIN = 2.611 TO 7.2V 
Your = 5V AT l00mA 

24k 

2V to 5V at 3DDmA Step-Up Converter with Under Voltage Lockout 
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2XNICAD 

"Ll = COILTRONICS CTX-20-5-52 
tl% METAL FILM 

L1" 
5A 

.sVOUTPUT 

--4p"-.l\llJ'Y-+---t---t- ~~~~UT AT 
I.S5V INPUT 

100kt 
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3V 

Voltage Controlled Positive-to-Negative Converter 

5V-l~~-"'~'VIr""---"'~ 

-I--4--.JI,f.>/Ir--- Vc(OV TO 5V) 

"L1 = GOWANDA GT10-l0l 

High Power, Low Quiescent Current Step-Down Converter 

OPERATE I STANDBY _-I~I-_..J 

"L1 = GOWANDA GTlO-l00 
EFFICIENCY ~ 80% FOR lOrnA,; ILOAD ,; 500mA 
STANDBY 10 '; l501lA 

2 Cell Powered Neon Light Flasher 

"TOKO 262l YF-Ol00K 

LTl173 

LT1173·TA27 
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~, TECHNOLOGy"'---a-A-a-n-d-1-0-A-H-ig-h-E-ff-ic-ie-n-c-y 

FEATURES 
• Wide Input Voltage Range 3.5V-30V 
• Low Quiescent Current -7mA 
• Internal8ASwitch (10A for LT1270A) 
• Very Few External Parts Required 
• Self·Protected Against Overloads 
• Shutdown Mode Draws Only 100~ Supply Current 
• Flyback·Regulated Mode has Fully Floating Outputs 
• Comes in Standard 5·Pin Package 
• Can be Externally Synchronized (See LT1072 Data Sheet) 

APPLICATions 
• High Efficiency Buck Converter 
• PC Power Supply with Multiple Outputs 
• Battery Upconverter 
• Negative to Positive Converter 

USER NOTE: 

This data sheet Is only intended to pro~de specifications, graphs, and a general functional description of 
the LT127DA1LT1270. Application clrcutts are included to show the capability of the LT127DA1LT1270. A 
oomplet. design manuaIIAN·t9) should be obtained to esslst in developing new designs. This manual 
contains a comprehensiV9 discussion of both the LT1070 and the external components used with It, es 
well es complete formules for calculating the values of these oomponents. The manual can also be used 
forth. LT1270AlLTt270 by factoring in the higher switch current rating and higheropBf8ting frequeney. 

High Efficiencyt Buck Converter 

Switching Regulators 
DESCRIPTiOn 
The LT1270 and LT1270A are monolithic high power 
switching regulators. Identical to the popular LT1070, ex· 
cept for switching frequency (60kHz) and higher switch 
current, they can be operated in all standard switching 
configurations including buck, boost, flyback, and invert· 
ing. A high current, high efficiency switch is included on 
the die along with all oscillator, control, and protection cir· 
cuitry. Integration of all functions allows the LT1270Al 
LT1270 to be built in a standard TO·220 power package. 
This makes it extremely easy to use and provides "bust 
proof" operation similar to that obtained with 3·pin linear 
regulators. 

The LT1270AlLT1270 operates with supply voltages from 
3.5V to 30V, and draws only 7mA quiescent current. By util· 
izing current·mode switching techniques, it provides ex· 
cellent AC and DC load and line regulation. 

The LT1270AlLT1270 uses adaptive anti·sat switch drive to 
allow very wide ranging load currents with no loss in effi· 
ciency. An externally activated shutdown mode reduces 
total supply current to 100l'A typical for standby 
operation. 

tEFFICIENCYIS .88%@2A,86%@SA Maximum Output Power· 
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FOR,POWER SHUTDOWN OPTION, CONSULT FACTORY. 
'THESE COMPONENTS RATED CONSERVATIVELY TO IMPROVE 
EFFICIENCY. MAXIMUM OUTPUT CURRENT CAN BE IA. 
FOR HIGH EFFICIENCY, THE INDUCTOR SHOULD BE 
MOLYPERMALLOY OR FERRITE. 

56IlIl 

100 

80 

20 

o 

BOOST Ii 
II I 

I BUCK·BOOST, VO=l:t 
I (INVERTIN!,. 

/ FLYBACo/ 1 
/ / ,-~ 

J V 
'/.. ~ BUCK·BOOST, Vo = 5V 

(j~ (INVERTING) 

o 10 15 20 25 30 
INPUT VOLTAGE (V) 

'MULTIPLY BY 1.2 FOR LTl270A. BUCK MODE 
OUTPUT POWER. r·SA) (v0UTI 

tTRANSFORMER TURNS RATIO MUST BE 
OPTIMUM TO ACHIEVE FULL POWER. 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage 

FRONT VIEW ORDER PART 
L T1270AJ70 ......................................................... 30V 

0 NUMBER 
Switch Output Voltage 

LT1270AJ70 ......................................................... 60V LT1270CT 
Feedback Pin Voltage (Transient, 1ms) .................. ±15V 1 2 345 

0 LT1270ACT 
Operating Junction Temperature Range 

Il-VIN L T1270AC/LT1270C (Oper.) ................ O°C to + 125°C Ve-L T1270AC/LT1270C (Short Ckt.) ......... O°C to + 140°C 
FB-- ~Vsw 

Storage Temperature Range ............... - 65°C to + 150°C -GND 

Lead Temperature (Soldering, 10 sec.) ................. 300°C TPACKAGE 
5·LEAD To.220 

ELECTRICAL CHARACTERISTICS VIN = 15V, Vc = D.5V, VFB = VREF, switch pin open, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VREF Reference Voltage Measured at Feedback Pin 1.224 1.244 1.264 V 
Vc = 0.8V • 1.214 1.244 1.274 V 

IB Feedback Input Current VFB = VREF 350 750 nA 

• 1100 nA 

gm Error Amplifier die = ±251lA 3000 4400 6000 Ilmho 
Transconductance • 2400 7000 Ilmho 

Error Amplifier Source or Vc = 1.5V 150 200 350 IlA 
Sink Current • 120 400 IlA 

Error Amplifier Clamp Hi Clamp, VFB = 1V 1.8 2.3 V 
Voltage Lo Clamp, VFB = 1.5V 0.25 0.38 0.52 V 

Reference Voltage Line 3V ~ VIN ::; VMAX. Ve = 0.8V • 0.03 %N 
Regulation 

Av Error Amplifier Voltage Gain 0.9V~Vc~ lAV 500 800 VN 

Minimum Input Voltage • 2.8 3.0 V 

10 Supply Current 3V ~ VIN::; VMAX, Vc = 0.6V 7 10 mA 

Control Pin Threshold Duty Cycle = 0 0.8 0.9 1.08 V 

• 0.6 1.25 V 

Normal/Flyback Threshold OA 0.45 0.54 V 
on Feedback Pin 

VFB Flyback Reference Voltage IFB = 501lA 15 16.3 17.6 V 

• 14 18 V 

VFB Change in Flyback 0.05::; IFB ~ lmA 4.5 6.8 8.5 V 
Reference Voltage 

Flyback Reference Voltage IFB = 501lA 0.01 0.03 %N 
Line Regulation 3V ~ VIN ::; VMAX 

Flyback Amplifier dlC =±101lA 150 300 650 Ilmho 
Transconductance (gm) 

Flyback Amplifier Source Vc = 0.6V Source • 15 32 70 IlA 
and Sink Current IFB = 501lA Sink • 25 40 70 IlA 

BV Output Switch Breakdown 3V ~ VIN ~ VMAX L T1270AlL T1270 • 60 75 V 
Voltage Isw=5mA 
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ELECTRICAL CHARACTERISTICS VIN = 15V, Vc = O.5V, VFB = VREF, switch pin open, unless otherwise noted. 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

VSAT Output Switch ON TJ S 100°C 0.12 O.lB Q 
Resistance (Note 1, 3) TJS125°C 0.22 Q 

Control Voltage to Switch 12 AN 
Current Transconductance 

IliM Switch Current Limit (LT1270) Duty Cycle = 50% TJ S 100°C • B 16 A 
(Note 3) Duty Cycle = BO% TJS100°C • 6 14 A 

IliM Switch Current Limit (L T1270A) Duty Cycle = 50% TJ S 100°C • 10 16 A 
(Note 3) Duty Cycle = BO% TJS100°C • 7.5 14 A 

AIIN Supply Current Increase 25 40 mAlA 
Alsw During Switch ON Time 

f Switching Frequency 50 60 70 kHz 

• 50 70 kHz 

DC (max) Maximum Switch Duty Cycle BO 92 95 % 

Flyback Sense Delay Time 1.5 liS 
Shutdown Mode 3V S VIN S VMAY" Vc = 0.05V 100 400 !IA 
Supply Current 

Shutdown Mode 3V S VIN S VMAX 
Threshold Voltage 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: Measured with Vc in hi clamp, VFB = O.BV. 
Nole 2: For duty cycles (DC) between 50% and 80%, minimum 

100 150 250 

• 50 300 

guaranteed switch current is given by IliM = 6.67 (1.7 - DC) for the 
L T1270 and ILiM = B.33 (1.7- DC) for the LT1270A. 

mV 
mV 

Nole 3: Minimum current limit is reduced by O.5A at 125°C. 10aoG test 
limits are guaranteed by correlation to 125°C tests. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

24 

18 

o 
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Switch Current Limit vs Duty Cycle 

-55°C /~5°C 

125°C -..;; ~ ~ :--
"';;::1= 

o 10 20 30 40 50 60 70 80 90 100 
DUTY CYCLE (%) 

1.6 

1.4 
~ 
~ 1.2 
~ 
~ 1.0 
~ 
f1 0.8 

~ 0.6 
<n 

B 
~ 0.4 

0.2 

o 

Switch Saturation Voltage 

TI=25'C / 
V 

1/ I-' 

... "" 
./ 

o 1 2 3 4 5 6 7 8 9 10 
SWITCH CURRENT (A) 



TYPICAL APPLICATions 
Boost Converter (5V to 12V) 

'PULSE ENGINEERING 'PE-92116 

LTl270/LT1270A 

Negative to Positive Buck,Boost Converter 

Negative Buck Converter 

'REQUIRED IF INPUT LEADS.2' 
"PULSE ENGINEERING 'PE·92116 

'REQUIRED IF INPUT LEADS.2' 
"PULSE ENGINEERING itPE·92115 
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Interface 

RS232 5V Powered 

LT1081 
LT1181 (O.lJlF Caps) 
LT1281 (Very Low Power) 

lT1130 (50x. 5Rx) 
LT1132 (50x. 3Rx) 
LT1133 (30x. 5Rx) 
LT1134 (40x. 4Rx) 

Shutdown/3 State RS232 
and TTL Outputs 

lT1080 
lT1180 (O.lJlF Caps) 
L T1280 (Very Low Power) 

Shutdown/3 State RS232 
and TTL Outputs 

LTl131 (50x.4Rx) 
LTl136 (40x. 5Rx) 
LTl137 (30x. 5Rx) 
LTl138 (50x. 3Rx) 

5V. + 12V Powered 1--______ --jShutdown/3 State RS232 
and TTL Outputs 

5V. ± 12V Powered 

LT1 039-16 (30x. 3Rx) 
LT1135 (50x. 3Rx) 

RS485/RS422 &--------------~ 

LTl139 (40x. 4Rx) 

Shutdown/3 State RS232 
and TTL Outputs 

lT1030 (40x. ORx) 
lT1032 (40x. ORx) 
lT1 039 (30x. 3Rx) 
LT1140 (50x. 3Rx) 
lT1141 (30x.5Rx) 

World's Lowest Power 
RS485 Devices 

L TC485 (lOx. 1 Rx) Low Power 75176 
LTC486 (40x) Low Power 75172 
LTC487 (40x) Low Power 75174 
LTC488 (4Rx) Low Power 75173 
LTC489 (4Rx) Low Power 75175 
LTC490 (lOx. 1 Rx) Low Power 75179 
LTC491 (lOx. 1 Rx) Low Power 75ALS180 
LTC1485 (lOx. 1 Rx) Low Power 75ALS176 

RS423 5V. ± 12V Powered IShutdown/3 State RS4231 
I---------j Outputs 

~-------~ 

LT1032 (40x. ORx) 
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RS232 & RS422 INTERFACE SOLUTIONS 

RS232 Family Features RS485 Family Features 
• Absolutely No Latch Up • Ultra Low Power 
• CMOS Comparable Low Power (80mW) • CMOS Schottky Process 
• Operates From a Single 5V Supply • Designed for RS485 and RS422 Applications 
• Operates Over 64K Baud • Three State RS485 Outputs When Shutdown 
• Outputs Can be Forced to ±30V Without Damage • Power Up/Down Glitch Free Outputs 
• Three State RS232 and TIL Outputs When Off ·10MB Operation (LTC486-489, LTC1485) 
• Only Needs 11JF Capacitors • Industry Standard Pinouts 
• Easy PC Board Layout (Flow Through Pinout) • SOIC Available 
• 1 iJA Supply Current in Shutdown Mode 
• SOIC Available 

RS232 Interface 
Shutdown! Req'd 
RS232 and Faun Charge 

Supplies TIL Three- Tolerant Pump 
Drivers Receivers Required State Outputs to±25V Cap Size Comments Part Number 

4 0 ±12V Yes Yes NlA Low Pwr 1488 Upgrade LT1030 
4 0 ±12V Yes Yes N/A Low Pwr 1488 Upgrade Also supports RS423 LT1032 
3 3 +5V,±12V Yes Yes NlA One Receiver Active in Shutdown LT1039 
3 3 +5V,±12V No Yes NlA Rugged MC145406 Replacement LT1039-16 
2 2 +5V Yes Yes llJF General Purpose Interface LT1080 
2 2 +5V No Yes llJF Rugged MAX232 Replacement LT1081 
5 5 +5V No Yes V Synchronous Communications LTl130 
5 4 +5V Yes Yes llJF Synchronous Modem/DCE Interface LTl131 
5 3 +5V No Yes llJF Modem/DCE Interface LTl132 
3 5 +5V No Yes 0.11JF PC/DTE Interface LTl133 
4 4 +5V No Yes llJF 5V only 148811489 Replacement LT1134 
5 3 +5V,±12V No Yes N/A Modem/DCE Interface LT1135 
4 5 +5V Yes Yes llJF Synchronous PC/DTE Interface LTl136 
3 5 +5V Yes Yes O·V PCI DTE Interface LT1137 
5 3 +5V Yes Yes llJF Modeml DCE Interface LTl138 
4 4 +5V, ±12 V Yes Yes llJF 148811489 Replacement LT1139 
5 3 +5V,±12V Yes Yes N/A Modeml DCE Interface LT1140 
3 5 +5V, ±12V Yes Yes N/A PCI DTE Interface LT1141 
2 2 +5V Yes Yes 0.11JF Ideal For Surface Mount LT1180 
2 2 +5V No Yes 0.1W' Ideal For Surface Mount LT1181 
2 2 +5V Yes Yes llJF Low Power LT1 080 LT1280 
2 2 +5V No Yes llJF Low Power LT1 081 LT1281 

RS485/RS422 Interface 
Max Industry 

Supplies Max Supply Standard 
Drivers Receivers Required Data Rate Current Pinout Comments Part Number 

1 1 +5V 2.5MB 500J.IA 75176 Half Duplex 2 Wire RS485 LTC485 
4 0 +5V 10MB 150J.IA 75172 Good For V.35 Interface LTC486 
4 0 +5V 10MB 150J.IA 75174 Good For V.35 Interface LTC487 
0 4 +5V 10MB 10mA 75173 Good For V.35 Interface LTC488 
0 4 +5V 10MB 10mA 75175 Good For V.35 Interface LTC489 
1 1 +5V 2.5MB 500J.IA 75179 Full Duplex 4 Wire RS485 LTC490 
1 1 +5V 2.5MB 500J.IA 75ALS180 Full Duplex 4 Wire RS485 LTC491 
1 1 +5V 10MB 3.5mA 75ALS176B High Speed I Half Duplex LTC1485 
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RS232 & RS422 INTERFACE SOLUTIONS 

LTC RS232 ADVANTAGE 

11!f ~ 5V Vee 1J.LF lne~iye, 

~_~=~::{' l,'·F f 
::::: 
~ RS232 and Logic 

RS232 110 glc ~; ~~~e 

~ ~ Highlyintagrated 
"""'---___ r" Many Drivers and 

~=I~=:~t~e Transients, ~ ~:=ers per 
Static Discharge- Absolutely No Latch Up 

LTC RS485 ADVANTAGE 
60 60 

50 

~40 
~ 
a 30 

i i 20 

10 

75176 

50 

« 
§-40 
~ 
" 30 ! !i 20 

10 

LTC485 75172/4 LTC48617 

+ + Ultra Low SUpply Current 

Complete Software Selectable Universal DTE/DCE RS232 
Interface: NO Jumpers or DIP Switches Required 

RS232 
110 

2TX!RX 
3 RXIrX 

4 RTSICTS 
SCTSIRTS 

SOSR/OTR 
BOCD 

20DTRlDSR 
22RI 

'.F~ '.F 

v 

'OF~ 
'oF 

LT1137 

-" Jx 
..&. 

li 

LT1138 

:::t 

~'.F 

~ 

D 

~ 1JlF .". 

r_ 

LOGIC LEVEL 
110 

r 

TX 
AJ( 

RTS 
CTS 
DSA 
DCD 
DTR 
RI 

CONFtGURE AS 
DTE (LOW) OR DCE (HIGH) 

Typical Interconnection Schemes 

---{:£:: = RS422 or RS485 Receivers 

:::S>-- = RS422 or RS485 Drivers 
-{>o-- = RS232 Driver or Receiver 
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~7YO~~--L-O-W-p-o-w-e-r-RS-4-8-5-ln-t~-J~-f~-:-: 
FEATURES 
• Low Power: Icc = 300itA Typ 
• Designed for RS485 Interface Applications 
• Single + 5V Supply 
• - 7V to + 12V Bus Common Mode Range Permits ± 7V 

Ground Difference Between Devices on the Bus 
• Thermal Shutdown Protection 
• Power Up/Down Glitch-Free Driver Outputs Permit Live 

Insertion or Removal of Transceiver 
• Driver Maintains High Impedance in Three-State or With 

the Power Off 
• Combined Impedance of a Driver Output and ~eceiver 

Allows Up to 32 Transceivers on the Bus 
• 70mVTypicalinput Hysteresis 
• 30ns Typical Driver Propagation Delays with 5ns Skew 
• Pin Compatible with the SN75176A, DS75176A and 

JLA96176 

APPLICATions 
• Low Power RS485/RS422 Transceiver 
• Level Translator 

TYPICAL APPLICATION 

5-6 

R01 

REi 

DE1 

Dl1 

R02 

RE2 

DE2 

DI2 

Transceiver 

DESCRIPTion 
The LTC485 is a low power differential bus/line transceiver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range ( + 12V to 
- 7V). It also meets the requirements of RS422. 

The CMOS design offers significant power savings over 
its bipolar counterpart without sacrificing ruggedness 
against overload of ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a ther
mal shutdown circuit which forces the driver outputs into 
a high impedance state. 

The receiver has a fail safe feature which guarantees a 
high output state when the inputs are left open. 

The LTC485 is fully specified over the commercial and ex
tended industrial temperature range. 

Driver Outputs 



LTC485 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
(Note 1) 

Supply Voltage (Vee) ............................... 12V TOP VIEW 

Control Input Voltages .............. - O.5V to Vee + O.5V 
Driver Input Voltage ................. - O.5V to Vee + O.5V 
Driver Output Voltages ........................... ± 14V 
Receiver Input Voltages ........................... ± 14V 
Receiver Output Voltage ............. - O.5V to Vee + O.5V 
Operating Temperature Range Ja PACKAGE Na PACKAGE 

L TC4851 ....................................... - 40°C::> T A ::> 85°C a·LEAD CERAMIC DIP a·LEAD PLASTIC DIP 

L TC485C ........................................... O°C ::> T A::> lO°C 
LTC485M ................................... - 55°C::> TA::> 125°C 

sa PACKAGE 
HEAD PLASTIC SOIC 

DC ELECTRICAL CHARACTERISTICS Vcc=5V±5%(Notes2and3) 

ORDER PART 
NUMBER 

LTC485CN8 
LTC4851N8 
LTC485CS8 
LTC4851S8 
LTC485CJ8 
LTC485MJ8 

S8 PART MARKING 
485 
4851 

LTC485C, LTC4851 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VODl Differential Driver Output Voltage 10=0 • 5 V 
(Unloaded) 

VOD2 Differential Driver Output Voltage R = 501l; (RS422) • 2 V 
(with Load) R = 270; (RS485), Figure 1 • 1.5 5 

aVoo Change in Magnitude of Driver R = 270 or R = 5On, Figure 1 • 0.2 V 
Differential Output Voltage for 
Complementary Output States 

Voc Driver Common Mode Output Voltage R = 270 or R = 500, Figure 1 • 3 V 

alVocl Change in Magnitude of Driver R = 270 or R = 500, Figure 1 • 0.2 V 
Common Mode Output Voltage 
for Complementary Output States 

VIH Input High Voltage DE, 01, RE • 2.0 V 
VIL Input Low Voltage DE,DI,RE • 0.8 V 

IINl Input Current DE,DI,RE • ±2 ~A 

IIN2 Input Current (A, B) DE=O, Vcc=O I VIN =12V • t1.0 rnA 
or 5.25 I VIN= -7V • -0.8 

VTH Differential Input Threshold Voltage for -7VSVCMS t12V • -0.2 to.2 V 
Receiver 

aVTH Receiver Input Hysteresis VCM=OV • 70 mV 

VOH Receiver Output High Voltage 10 = - 4mA, VIO = t 200mV • 3.5 V 

VOL Receiver Output Low Voltage 10 = t 4mA, Vlo = - 200mV • 0.4 V 

IOlR Three·State (High Impedance) Output Vcc= Max, O.4sVos2.4 • ±1 ~ 
Current at Receiver 

RIN Receiver Input Resistance -7VSVCMst12V • 12 kO 

Icc Supply Current No Load. Pins 2, I Outputs Enabled • 500 900 ~ 
3, 4 = OV or 5V I Outputs Disabled • 300 500 

10501 Driver Short·Circuit Current, Vour = HIGH -7VsVost12V • 35 250 rnA 

10502 Driver Short-Circuit Current, Vour = LOW - 7V sVos t 10V • 35 250 rnA 

10SR Receiver Short·Circuit Current OVsVQsVcc • 7 85 rnA 
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LTC485 

SWITCHinG CHARACTERISTICS Vcc=5V±5%(Notes2and3) 

L TC485C, L TC4851 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

\PLH Driver Input to Output ROIFF =S40, CL1 =Cl2 = 100pF, • 10 30 60 

~L Driver Input to Output (Figures 3 and S) • 10 30 60 

tSKEW Driver Output to Output • S 10 

tR, tF Driver Rise or Fall Time • 3 15 40 

tZH Driver Enable to Output High CL = 100pF (Figures 4 and 6) 52 Closed • 40 70 

tZL Driver Enable to Output Low CL = 100pF (Figures 4 and 6) 81 Closed • 40 70 

h Driver Disable Time from Low CL = ISpF (Figures 4 and 6) 81 Closed • 40 70 

tHZ Driver Disable Time from High CL = ISpF (Figures 4 and 6) 82 Closed • 40 70 

\PLH Receiver Input to Output ROIFF =S4!l, CL1 =Cl2 =100pF, • 30 90 200 
tpHL Receiver Input to Output (Figures 3 and 7) • 30 90 200 

tSKo ItpLH,tpHLi • 13 
Differential Receiver 8kew 

tZL Receiver Enable to Output Low CRL = ISpF (Figures 2 and 8) 81 Closed • 20 50 

tZH Receiver Enable to Output High CRL = ISpF (Figures 2 and 8) 82 Closed • 20 SO 

tLZ Receiver Disable from Low CRL = ISpF (Figures 2 and 8) 81 Closed • 20 50 

tHZ Receiver Disable from High CRL = ISpF (Figures 2 and 8) 52 Closed • 20 SO 

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

Note 2: All currents Into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. Note 1: "Absolute Maximum Ratings" are those beyond which the safety of 

the device cannot be guaranteed. 

TEST CIRCUITS 

AIh R 

Voo 

R Voe 

B ~ 

Figure 1. Driver DC Test Load 

Figure 3, Driver/Receiver Timing Test Circuit 
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Note 3: All typicals are given for Vcc = 5V and TA = 25°C. 

15pF 

RECEIVER TEST POINT 
OUTPUT 

CAL 
15PFI 

1k 
51 Qo-J\IVV- Vee 

1k 

Figure 2. Receiver Timing Test Load 

TL'o--VCC 
OUTPUT 5000 . 

UNDER TEST 

-rCI S2~ - .". 

Figure 4. Driver Timing Test Load #2 

ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 



LTC485 

SWITCHinG TimE WAVEFORms 

3V--------------~,r_----------------------------------------~, 

DI f=1MHz:tR<10ns: tF<10ns 1.5V 
OV ______________ J t 1/2VO 

_---L-----I--____ I~--------__.. -----'----

tSKEW ~~tSKEW 
VOIFF= V(A)- V(B) 

20% j~ ========1;O;;:%r% 
tR~l~ 

)to% 
tF ~'-------

Figure 5. Driver Propagation Delays 

3V 
DE 

OV 
5V 

A,B 
VOL 

J 1.5V f=1MHz: tR<10ns: tF<10ns ' 1.5V 
tZL----" ~ tLZ-

~ ~.3V OUTPUT NORMALLY LOW 

VOH 
A,B 

OV 
2.3V OUTPUT NORMALLY HIGH ~ tZH- ~ tHZ-

Figure 6. Driver Enable and Disable Times 

VOH------------------~ 
OUTPUT VOL ____________________ +~ __________________________________________ __J 

f= tMHz:tR<tOnS: tF<10ns 
VOO, ------------------,. 

A-B INPUT -VOO, __________________ +~ __________________________________________ __J 

3V 

OV 
5V 

OV 

tZl-

tZH-

1.5V 

\~ 

1: 

Figure 7. Receiver Propagation Delays 

f= lMHz: t"tOns: tF<10ns 1.5V 

tLZ-

~ OUTPUT NORMALLY LOW 

OUTPUT NORMALLY HIGH ~ tHZ-

Figure 8. Receiver Enable and Disable Times 
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LTC485 

FunCTion TABLES Pin FunCTions 
LTC485 Transmitting PIN # NAME DESCRIPTION 

INPUTS LINE OUTPUTS 
RE DE DI CONDITION B A 

1 RO R~eiver Output. If the receiver output is enabled 
(RE low), then if A> B by 200mV, RO will be high. If 
A<B by200mV, then RO will be low. 

X 1 1 No Fault 0 1 2 FiE Receiver Output Enable. A low enables the 
X 1 0 No Fault 1 0 receiver output, RO. A high input forces the 
X 0 X X Z Z receiver output into a high impedance state. 
X 1 X Fault Z Z 3 DE Driver Outputs Enable. A high on DE enables the 

driver output. A and B, and the chip will function 
as a line driver. A low input will force the driver 

LTC485 Receiving outputs into a high impedance state and the chip 
will function as a line receiver. 

INPUTS OUTPUTS 4 DI Driver Input. If the driver outputs are enabled (DE 
RE DE A-B R 
0 0 ;, +O.2V 1 
0 0 ,;; -O.2V 0 
0 0 Inputs Open 1 
1 0 X Z 

high), then a low on DI forces the outputs A low 
, and B high. A high on DI with the driver outputs 
) "~ enabled will force A high and Blow. 

5 GND Ground Connection. 
6 A Driver Output/Receiver Input. 
7 B Driver Output/Receiver Input. 
8 Vee Positive Supply; 4.75<Vee<5.25 

TYPICAL PERFORmAnCE CHARACTERISTICS 

~ 
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Output Current T A = 25°C 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC485 

APPLICATions InFoRmATion 

Basic Theory of Operation 

Previous RS485 transceivers have been designed using 
bipolar technology because the common mode range of 
the device must extend beyond the supplies and the 
device must be immune to ESO damage and latch up. Un
fortunately, the bipolar devices draw a large amount of 
supply current, which is unacceptable for the numerous 
applications that require low power consumption. The 
LTC485 is the first CMOS RS485/RS422 transceiver which 
features ultra low power consumption without sacrificing 
ESO and latchup immunity. 

The LTC485 uses a proprietary driver output stage, which 
allows a common mode range that extends beyond the 
power supplies while virtually eliminating latchup and 
providing excellent ESO protection. Figure 9 below shows 
the LTC485 output stage while Figure 10 shows a conven
tional CMOS output stage. 

When the conventional CMOS output stage of Figure 10 
enters a high impedance state, both the P-channel (P1) 
and the N-channel (N1) are turned off. If the output is then 
driven above Vee or below ground, the P + IN-well diode 
(01) or the N + IP-substrate diode (02) respectively will turn 

Vee 

LOGIC 

Figure 9. LTC485 Output Stage 

5-12 

on and clamp the output to the supply. Thus, the output 
stage is no longer in a high impedance state and is not 
able to meet the RS485 common mode range requirement. 
In addition, the large amount of current flowing through ei
ther diode will induce the well known CMOS latchup 
condition, which could destroy the device. 

The LTC485 output stage of Figure 9 eliminates these 
problems by adding two Schottky diodes, S03 and S04. 
The Schottky diodes are fabricated by a proprietary 
modification to the standard N-well CMOS process. When 
the output stage is operating normally, the Schottky 
diodes are forward biased and have a small voltage drop 
across them. When the output is in the high impedance 
state and is driven above Vee or below ground, the para
sitic diodes 01 or 02 still turn on, but S03 or S04 will re
verse bias and prevent current from flowing into the N-well 
or the substrate. Thus, the high impedance state is main
tained even with the output voltage beyond the supplies. 
With no minority carrier current flowing into the N-well or 
substrate, latchup is virtually eliminated under power-up 
or power-down conditions. 

Vee 

LOGIC OUTPUT 

--I 

Figure 10. Conventional CMOS Output Stage 



APPLICATions InFoRmATion 
The LTC485 output stage will maintain a high impedance 
state until the breakdown of the N·channel or P·channel is 
reached when gOing positive or negative respectively. The 
output will be clamped to either Vee or ground by a zener 
voltage plus a Schottky diode drop, but this voltage is way 
beyond the RS485 operating range. This clamp protects 
the MOS gates from ESD voltages well over 2000V. Be· 
cause the ESD Injected current in the N·well or substrate 
consists of majority carriers, latchup Is prevented by care· 
fullayout techniques. 

DRIVER 
OUTPUTS 

A 

Figure 11. Receiver tpHL 

LTC485 

Propagation Delay 

Many digital encoding schemes are dependent upon the 
difference in the propagation delay times of the driver and 
the receiver. Using the test circuit of Figure 13, Figures 11 
and 12 show the typical LTC485 receiver propagation delay. 

The receiver delay times are: 
ItpLH - tpHLI =9ns Typ, Vee=5V 

The driver skew times are: 
Skew=5nsTyp, Vee=5V 

DRIVER 
OUTPUTS 

B 

A 

10nsMax, Vee=5V, TA=-40°C to 85°C 

Figure 12. Receiver tpLH 

Figure 13. Receiver Propagation Delay Test Circuit 
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LTC485 

APPLICATions InFoRmATion 

LTC485 Line Length vs Data Rate 

The maximum line length allowable for the RS4221RS485 
standard is 4000 feet. 

Figure 14. Line Length Test Circuit 

TTL 
OUT 

Using the test circuit of Figure 14, Figures 15 and 16 show 
that with -20Vp-p common mode noise injected on the line, 
the L TC485 is able to reconstruct the data stream at the end 
of 4000 feet of twisted pair wire. 

Ro 

COMMON MODE 
VOLTAGE (A + B)12 

01 

Figure 15. System Common Mode Voltage @19.2kHz . 

RO 

DIFFERENTIAL 
VOLTAGEA-B 

01 

Figure 16. System Differential Voltage @19.2kHz 
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Figures 17 and 18 show that the LTC485 is able to comfort
ably drive 4000 feet of wire at 110kHz. 

Ro 

COMMON MODE 
VOLTAGE (A + 8)12 

01 

Figure 17. System Common Mode Voltage @110kHz 

Ro 

DIFFERENTIAL 
VOLTAGEA-B 

01 

Figure 18. System Differential Voltage @110kHz 

When specifying line length vs maximum data rate the curve 
in Figure 19 should be used: 

10km!1mI 

" !;lk." ~ 
~ 
~ 

~1°O ••• 1!1 
10k lOOk 1M 2.5M 10M 

MAXIMUM DATA RATE 

Figure 19. Cable Length vs Maximum Data Rate 
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TYPICAL APPLICATion 

Typical RS485 Network 

RT RT 
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FEATURES 
• Very Low Power: Icc = 11 OIlA Typ. 
• Designed for RS485 or RS422 Applications 
• Single +5V Supply 
• -7V to + 12V Bus Common Mode Range Permits ±7V 

GND Difference Between Devices on the Bus 
• Thermal Shutdown Protection 
• Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion/Removal of Package 
• Driver Maintains High Impedance in Three-State or 

with the Power Off 
• 28ns Typical Driver Propagation Delays with 5ns 

Skew 
• Pin Compatible with the SN75172, DS96172, 

IlA96172, and DS96F172 

APPLICATions 
• Low Power RS485/RS422 Drivers 
• Level Translator 

TYPICAL APPLICATiOn 

EN 

01 

EN 
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RS485 Driver 

DESCRIPTion 
The L TC486 is a low power differential bus/line driver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range (+ 12V to 
-7V). It also meets RS422 requirements. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver features three-state outputs, with the driver 
outputs maintaining high impedance over the entire com
mon mode range. Excessive power dissipation caused by 
bus contention or faults is prevented by a thermal shut
down circuit which forces the driver outputs into a high 
impedance state. 

Both AC and DC specifications are guaranteed from O°C to 
70°C and over the 4.75V to 5.25V supply voltage range. 

EN 

RO 

RS485 Cable Length Specification· 

10k 

[ 1k 
:I: .... 
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DATA RATE (bps) 
LTC486·TAOII 

• APPLIES FOR 24 GAUGE. POLYETHYLENE 
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LTC486 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
(Note 1) 

Supply Voltage (Vccl ................................................ 12V 
Control Input Voltages ..................... -o.5V to Vcc + 0.5V 
Driver Input Voltages ....................... -o.5V to Vcc + 0.5V 
Driver Output Voltages ........................................... ±14V 
Control Input Currents ........................................ ±25mA 
Driver Input Currents .......................................... ±25mA 
Operating Temperature Range ..................... O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

0028 1'71!=-+-'"'--~ 
D02A 

N PACKAGE S PACKAGE 
16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

LTC486CN 
LTC486CS 

DC ELECTRICAL CHARACTERISTICS Vee = 5V ±5%, Doe ~ Temperature ~ 70°C (Note 2, 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
VOOt Differential Driver Output Voltage (Unloaded) 10 = 0 5 V 

V002 Differential Driver Output Voltage (With Load) R = 50Q; (RS422) 2 v 
R = 2m; (RS485) (Figure 1) 1.5 5 V 

VO~ Change in Magnitude of Driver Differential R = 2m or R = 50Q 0.2 V 
Output Voltage for Complementary Output States (Figure 1) 

Voc Driver Common Mode Output Voltage 3 

!Voci Change in Magnitude of Driver Common Mode 0.2 
Output Voltage for Complementary Output States 

VIH Input High Voltage DI, EN, EN 2.0 V 

VIL Input Low Voltage 0.8 V 

liNt Input Current ±2 !LA 
Icc Supply Current No Load I Output Enabled 110 200 flA 

I Output Disabled 110 200 

10S01 Driver Short Circuit Current, VOUT = High -7V '5, Va '5, +12V 250 mA 

IOS02 Driver Short Circuit Current, VOUT = Low -7V'5,Vo'5,+12V 250 mA 

loz High Impedance State Output Current Va = -7V to 12V ±2 ±2oo !LA 

SWITCHinG CHARACTERISTICS Vee = 5V ±5%, DOC ~ Temperature ~ 70°C (Nole 2, 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
- -

tpLH Driver Input to Output ROIFF = 54Q, CU = CL2 = 100pF 20 28 60 ns 

tpHl Driver Input to Output (Figures 2. 4) 20 28 60 

tSKEW Driver Output to Output 5 15 

tr.tl Driver Rise or Fall Time 5 15 71 

tZH Driver Enable to Output High CL = 100pF (Figures 3, 5) S2 Closed 35 70 ns 

tZl Driver Enable to Output Low CL = 100pF (Figures 3, 5) S1 Closed 44 75 ns 

tLl Driver Disable Time from Low Cl = 15pF (Figures 3, 5) S1 Closed 55 92 ns 

tHZ Driver Disable Time from High Cl = 15pF (Figures 3, 5) S2 Closed 45 75 ns 

Nola 1 : "Absolute Maximum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. 

pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 

Note 2: All currents into device pins are positive; all currents out of device Note 3: All typicals are given for Vce = 5V and Temperature = 25°C. 
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FunCTion TABLE 
INPUT ENABLES OUTPUTS 

DI EN EN OUTA OUTB 

H H X H L 

L H X L H 

H X L H L 

L X L L H 

X L H Z Z 

Pin FunCTions 
011 (Pin 1): Driver 1 input. If Driver 1 is enabled, then a low 
on DI1 forces the driver outputs D01Alowand D01 8 high. 
A high on DI1 with the driver outputs enabled will force 
D01A high and D018 low. 

D01A (Pin 2): Driver 1 output. 

0018 (Pin 3): Driver 1 output. 

EN (Pin 4): Driver outputs enabled. See Function Table for 
details. 

0028 (Pin 5): Driver 2 output. 

002A (Pin 6): Driver 2 output. 

012 (Pin 7): Driver 2 input. Refer to D11. 

TEST CIRCUITS 

R 

DI 
R 

lTC486.TA02 

EN 

H: High Level 
L: Low Level 
X: Irrelevant 
Z: High Impedance (Off) 

GNO (Pin 8): Ground connection. 

013 (Pin 9): Driver 3 input. Refer to D11. 

003A (Pin 10): Driver 3 output. 

0038 (Pin 11): Driver 3 output. 

EN (Pin 12): Driver outputs disenabled. See Function 
Table for details. 

0048 (Pin 13): Driver 4 output. 

004A (Pin 14): Driver 4 output. 

014 (Pin 15): Driver 4 input. Refer to D11. 

Vcc (Pin 16): Positive supply; 4.75 < Vee < 5.25. 

rt:S1o--VCC 

OUTPUT 500n 
UNDER TEST 

Tel S2~ 

Figure 1. Driver DC Test Load Figure 2. Driver Timing Tesl Circuil Figure 3. Driver Timing Test Load #2 
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SWITCHinG TimE WAVEFORms 
3V 

DI l.SV f=IMHz:lr <10ns:lj <IOns 
OV 

Vo 
A 

Vo 
80% 

-Vo 

Figure 4. Driver Propagation Delays 
3V 

EN I4sv f= lMHz: Ir ~ IOns: Ij ~ IOns 
OV - IZl -SV 

A, B 
VOL 

2.3V OUTPUT NORMALLY LOW 

'bH 
A, B 2.3V OUTPUT NORMALLY HIGH 

OV - IZH 4-

Figure 5. Driver Enable and Disable Times 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
Driver Differential Output Voltage vs 
Temperature Ro = 540 
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APPLICATions InFORmATion 
Typical Application 

A typical connection of the LTC486 is shown in Figure 6. 
A twisted pair of wires connect up to 32 drivers and 
receivers for half duplex data transmission. There are no 
restrictions on where the chips are connected to the wires, 
and it isn't necessary to have the chips connected at the 
ends. However, the wires must be terminated only at 
the ends with a resistor equal to their characteristic 
impedance, typically 120Q. The optional shields around 
the twisted pair help reduce unwanted noise, and are 
connected to GND at one end. 

EN 

ox 

1/4 LTC486 

EN 

ox 

1/4 LTC486 

Thermal Shutdown 

The L TC486 has a thermal shutdown feature which pro
tects the part from excessive power dissipation. If the 
outputs of the driver are accidently shorted to a power 
supply or low impedance source, up to 250mA can flow 
through the part. The thermal shutdown circuit disables 
the driver outputs when the internal temperature reaches 
150°C and turns them back on when the temperature 
cools to 130°C. If the outputs of two or more LTC486 
drivers are shorted directly, the driver outputs can not 
supply enough current to activate the thermal shutdown. 

EN 

1/4 LTC488 

EN 

RX 

1/4 LTC488 

Figure 6. Typical Connection 
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APPLICATions InFoRmATion 
Thus, the thermal shutdown circuit will not prevent con
tention faults when two drivers are active on the bus at the 
same time. 

Cable and Data Rate 

The transmission line of choice for RS-485 applications is 
a twisted pair. There are coaxial cables (twinaxial) made 
for this purpose that contain straight pairs, but these are 
less flexible, more bulky, and more costly than twisted 
pairs. Many cable manufacturers offer a broad range of 
120Q cables designed for RS-485 applications. 

Losses in a transmission line are a complex combination 
of DC conductor loss, AC losses (skin effect), leakage, and 
AC losses in the dielectric. In good polyethylene cables 
such as the Belden 9841, the conductor losses and dielec
tric losses are of the same order of magnitude, leading to 
relatively low overall loss (Figure 7). 

I°SlllIm1 

0.1 L...-L.U..l.LlllL---1...L.LJ.J.JJJL--L..LJ.J..WJ1 

0.1 1.0 10 100 

FREQUENCY (MHz) 

Figure 7. Attenuation vs Frequency for Belden 9841 

When using low loss cables, Figure 8 can be used as a 
guideline for choosing the maximum line length for a given 
data rate. With lower quality PVC cables, the dielectric loss 
factor can be 1000 times worse. PVC twisted pairs have 
terrible losses at high data rates (> 1 OOkbs) and greatly 
reduce the maximum cable length. At low data rates 
however, they are acceptable and much more economical. 

LTC486 

10k 

~ lk 

~ 
~ 
w 
--' 
~ 100 

10 
10k 

"-
r-.. 

lOOk 1 M 2.5M 10M 

DATA RATE (bps) 

Figure 8. Cable Length vs Data Rate 

Cable Termination 

The proper termination ofthe cable is very important.lfthe 
cable is not terminated with its characteristic impedance, 
distorted waveforms will result. In severe cases, distorted 
(false) data and nulls will occur. A quick look at the output 
of the driver will tell how well the cable is terminated. It is 
best to look at a driver connected to the end of the cable, 
since this eliminates the possibility of getting reflections 
from two directions. Simply look at the driver output while 
transmitting square wave data. If the cable is terminated 
properly, the waveform will look like a square wave 
(Figure 9). 

RX 

Rt=47n 

Rt=470n 

Figure 9. Termination Effects 
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APPLICATions InFoRmATion 
If the cable is loaded excessively (47n), the signal initially 
sees the surge impedance of the cable and jumps to an 
initial amplitude. The signal travels down the cable and is 
reflected back out of phase because ofthe mistermination. 
When the reflected signal returns to the driver, the ampli
tude will be lowered. The width of the pedestal is equal to 
twice the electrical length of the cable (about 1.5ns/foot). 
Ifthe cable is lightly loaded (4700), the signal reflects in 
phase and increases the amplitude atthe driver output. An 
input frequency of 30kHz is adequate for tests out to 
4000 ft. of cable. 

AC Cable Termination 

Cable termination resistors are necessary to prevent un
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2V when the 
cable is terminated with two 1200 resistors, causing 
33mA of DC current to flow in the cable when no data is 
being sent. This DC current is about 220 times greater than 
the supply cu rrent of the LTC486. One way to eliminate the 
unwanted current is by AC coupling the termination resis
tors as shown in Figure 10. 

RX 

C = LINE LENGTH (FT) x 16.3pF 

Figure 10. AC Coupled Termination 

The coupling capacitor must allow high-frequency energy 
to flow to the termination, but block DC and low frequen
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capacitor 
must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
ofthe coupling capacitor should therefore be set at 16.3pF 
per foot of cable length for 1200 cables. With the coupling . 
capacitors in place, power is consumed only on 
the Signal edges, and not when the driver output is idling 
at a 1 or 0 state. A 1 OOnF capacitor is adequate for lines up 
to 4000 feet in length. Be aware that the power savings start 
to decrease once the data rate surpasses 1/(1200 x C). 
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Receiver Open-Circuit Fail-Safe 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
when the data is finished transmitting and all drivers on the 
line are forced into three-state. All LTC RS485 receivers 
have a fail-safe feature which guarantees the output to be 
in a logic 1 state when the receiver inputs are left floating 
(open-circuit). However, when the cable is terminated 
with 1200, the differential inputs to the receiver are 
shorted together, not left floating. Because the receiver 
has about 70mV of hysteresis, the receiver output will 
maintain the last data bit received. 

If the receiver output must be forced to a known state, the 
circuits of Figure 11 can be used. 

+5V_-..., 

RX 

+5V 

1.5kQ 

)().~_~==1~40~Q==~~ RX 

1.5kQ 

120Q 

RX 

Figure 11. Forcing '0' When All Drivers Are Oil 

The termination resistors are used to generate a DC bias 
which forces the receiver output to a known state, in this 
case a logic O. The first method consumes about 
208mW and the second about 8mW. The lowest power 
solution is to use an AC termination with a pull-up resistor. 
Simply swap the receiver inputs for data protocols ending 
in logic 1. 



APPLICATions InFoRmATion 
Fault Protection 

All of LTC's RS-485 products are protected against ESD 
transients up to 2kV using the human body model 
(100pF, 1.5kQ). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb from each line side pin to ground 
(Figure 12). 

A TransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 
time, and low series resistance. They are available from 
General Semiconductor Industries and come in a variety of 
breakdown voltages and prices. Be sure to pick a break-

TYPICAL APPLICATiOn 

LTC486 

down voltage higher than the common mode voltage 
required for your application (typically 12V). Also, don't 
forget to check how much the added parasitic capacitance 
will load down the bus. 

Figure 12. ESD Protection with TransZorbs 

RS232 to RS485 Level Translator with Hysteresis 

RS·232IN -+-.......,..~ 
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FEATURES 
• Very Low Power: Icc = 11 DIlA Typ. 
• Designed for RS485 or RS422 Applications 
• Single +5V Supply 
• -7V to + 12V Bus Common Mode Range Permits ±7V 

GND Difference Between Devices on the Bus 
• Thermal Shutdown Protection 
• Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion/Removal of Package 
• Driver Maintains High Impedance in Three-State or 

with the Power Off 
• 28ns Typical Driver Propagation Delays with 5ns 

Skew 
• Pin Compatible with the SN75174, DS96174, 

IlA96174, and DS96F174 

APPLICATions 
• Low Power RS485/RS422 Drivers 
• Level Translator 

TYPICAL APPLICATiOn 

EN 12 

DI 

114 LTC487 
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RS485 Driver 

DESCRIPTion 
The LTC487 is a low power differential bus/line driver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range (+ 12V to 
-7V). It also meets RS422 requirements. 

The CMOS design offers significant power savings over its 
bipolar cou nterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver features three-state outputs, with the driver 
outputs maintaining high impedance over the entire com
mon mode range. Excessive power dissipation caused by 
bus contention or faults is prevented by a thermal shut
down circuit which forces the driver outputs into a high 
impedance state. 

Both AC and DC specifications are guaranteed from DOC to 
7DoC and over the 4.75V to 5.25V supply voltage range. 

EN 12 

RO 

RS485 Cable Length Specification" 

10k~ml~IEII 
~ 

1010'-k -L..J..J.J..UJ1 O~Ok--'--L..J..J..!J.L<L.1 M:-:':2.S::':'M ~1 OM 

DATA RATE (bps) 
LTC487.TA09 

• APPLIES fOR 24 GAUGE, POLYETHYLENE 
DIELECTRIC TWISTED PAIR 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
(Note 1) 

Supply Voltage (Vce) ................................................ 12V 
Control Input Voltages ..................... -O.5V to Vcc + O.5V 

ORDER PART 
NUMBER 

Driver Input Voltages ....................... -O.5V to Vcc + O.5V 
Driver Output Voltages ........................................... ±14V 
Control Input Currents ........................................ ±25mA 
Driver Input Currents .......................................... ±25mA 
Operating Temperature Range ..................... O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

N PACKAGE S PACKAGE 
16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

LTC487CN 
LTC487CS 

DC ELECTRICAL CHARACTERISTICS Vee = 5V ±5%, DOC ~ Temperature ~ 70°C (Note 2, 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

VODl Differential Driver Output Voltage (Unloaded) 10 = 0 5 

VOD2 Differential Driver Output Voltage (With Load) R = 50n; (RS422) 2 

R = 270; (RS485) (Figure 1) 1.5 5 

VOD Change in Magnitude of Driver Differential R = 270 or R = 50n 0.2 
Output Voltage for Complementary Output States (Figure 1) 

Voc Driver Common Mode Output Voltage 3 

1V0ci Change in Magnitude of Driver Common Mode 0.2 
Output Voltage for Complementary Output States 

VIH Input High Voltage 01, EN12, EN34 2.0 

VIL Input Low Voltage 0.8 

IINl Input Current ±2 

Icc Supply Current No Load I Output Enabled 110 200 

I Output Disabled 110 200 

10SDl Driver Short Circuit Current, VOUT = High -7V "Vo" +12V 250 

IOSD2 Driver Short Circuit Current, VOUT = Low -7V "Vo" +12V 250 

loz High Impedance State Output Current Vo = -7V to 12V ±2 ±200 

SWITCHinG CHARACTERISTICS Vee = 5V ±5%, DOC ~ Temperature ~ 70°C (Note 2,3) 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

tpLH Driver Input to Output RDiFF = 54n, CL1 = CL2 = 100pF 20 28 60 

tpHL Driver Input to Output (Figures 2, 4) 20 28 60 

tSKEW Driver Output to Output 5 15 

tr,tf Driver Rise or Fall Time 5 20 71 

tZH Driver Enable to Output High CL = 100pF (Figures 3, 5) S2 Closed 35 70 

tZL Driver Enable to Output Low CL = 100pF (Figures 3, 5) Sl Closed 44 75 

tLZ Driver Disable Time from Low CL = 15pF (Figures 3, 5) Sl Closed 55 92 

tHZ Driver Disable Time from High CL = 15pF (Figures 3, 5) 82 Closed 45 75 

Note 1: "Absolute Maximum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. 

pins are negative. All voltages are referenced to device GND unless 
otherwise specified. 

Note 2: All currents into device pins are positive; all currents out of device Note 3: All typicals are given for Vcc = 5V and Temperature = 25°C. 

UNITS 
V 

V 

V 
V 

V 

V 

~ 
~ 

rnA 

rnA 

lolA 

UNITS 
ns 

ns 

ns 

ns 

ns 
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FunCTion TABLE 

INPUT ENABLES OUTPUTS 

01 EN12 or EN34 OUTA OUTB 

H H H L 
L H L H 
X L Z Z 

X: Irrelevant H: High Level 
L: Low Level Z: High Impedance (Off) 

Pin FunCTions 
011 (Pin 1): Driver 1 input. If Driver 1 is enabled, then a low 
on DI1 forces the driver outputs D01Alow and D01 8 high. 
A high on DI1 with the driver outputs enabled will force 
D01A high and D018 low. 

001A (Pin 2): Driver 1 output. 

001 B (Pin 3): Driver 1 output. 

EN12 (Pin 4): Driver 1 and 2 outputs enabled. See Func
tion Table for details. 

002B (Pin 5): Driver 2 output. 

002A (Pin 6): Driver 2 output. 

012 (Pin 7): Driver 2 input. Refer to D11. 

TEST CIRCUITS 

R 
DI 

R t 
Voe 

i 

EN12 

GNO (Pin 8): GND connection. 

013 (Pin 9): Driver 3 input. Refer to D11. 

003A (Pin 10): Driver 3 output. 

003B (Pin 11): Driver 3 output. 

EN34 (Pin 12): Driver 3 and 4 outputs enabled. See 
Function Table for details. 

004B (Pin 13): Driver 4 output. 

004A (Pin 14): Driver 4 output. 

014 (Pin 15): Driver 4 input. Refer to D11. 

Vcc (Pin 16): Positive supply; 4.75 < Vee < 5.25. 

rL:S1o---vee 

OUTPUT 500n 
UNDER TEST 

JCL S2~ 

Figure 1. Driver DC Test Load Figure 2. Driver Timing Test Circuit Figure 3. Driver Timing Test Load #2 
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SWITCHinG TimE WAVEFORms 

3V 
DI 1.5V f= lMHz :Ir < IOns :If < IOns 

OV 

va 
A 

Va 

-yo 
80% VOlff = V(A) - V(B) 

Figure 4. Driver Propagation Delays 
3V 

EN12 f = lMHz: Ir $ IOns : If $10ns 

OV 

5V 
A, B 

- IZl 

~~.5V 

OUTPUT NORMALLY LOW - I'"LZLZ-I--= -~~~~~~~~~~~~~= 
________ +-_ ""2;;;;.3:..;,.V _______________ -+..J~, __ 0.5V 

),<!j.5V 
-------' 

VOL 

'ilH 
A, B 

---------+-- oL'2:-:.3~V----OU-TP-UT-N-O-RM-A-LL-Y H-IG-H-------+· -- 0.5V 

OV 

Figure 5. Driver Enable and Disable Times 

TYPICAL PERFORmAnCE CHARACTERISTICS 

-96 

<" 
5-72 

ffi 
a: 
a: 
5 -48 
':; 

~ 
0_24 

o 

1.63 

~1.61 
~ 
9 
o ffi 1.59 
a: 
~ ... 
~ 1.57 
:;; 

Driver Output High Voltage vs 
Output Current TA = 25°C 

~ 

'" '" ~ '\ 
\ 

o 
OUTPUT VOLTAGE (V) 

l" 

TTL Input Threshold vs Temperature 

v 
V 

V 
/' 

1.55 
-50 50 

TEMPERATURE (OC) 

100 

64 

<" 
5 48 

~ 
a: 
a: 
=> 
<..> 32 

~ ... 
=> 
o 16 

o 

5.0 

4.0 

~ 3.0 

2.0 

Driver Differential Output Voltage vs 
Output Current TA = 25°C 

f'. 
"'-

...... 1'-.. 

f'. 

'" " " o 
OUTPUT VOLTAGE (V) 

Driver Skew vs Temperature 

'--...... --- ....... 

1.0 
-50 50 

TEMPERATURE (OC ) 

100 

80 

<" 
5 60 

~ a: 
a: 
13 40 
':; 

~ 
20 

o 

130 

<" 
3120 

~ 
a: 
a: 
13 110 
~ 
:t 
i]l 

100 

Driver Output low Voltage vs 
Output Current TA = 25°C 

V 
/ 

/ 
/ 

/ 

I 
lL 

1/ 
o 

OUTPUT VOLTAGE (V) 

Supply Current vs Temperature 

r'--. 
r'--. 

"-i',. 
f'.... --r-

90 
-50 50 100 

TEMPERATURE (OC ) ,,,,,,,.,,,,,,,, 

5-27 



LTC487 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Driver Differential Output Voltage vs 
Temperature Ro = 540 
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APPLICATions InFORmATion 
Typical Application 

A typical connection of the LTC487 is shown in Figure 6. 
A twisted pair of wires connect up to 32 drivers and 
receivers for half duplex data transmission. There are no 
restrictions on where the chips are connected to the wires, 
and it isn't necessary to have the chips connected at the 
ends. However, the wires must be terminated only at 
the ends with a resistor equal to their characteristic 
impedance, typically 1200. The optional shields around 
the twisted pair help reduce unwanted noise, and are 
connected to GND at one end. 

EN12 

DX 

EN12 

DX 

Thermal Shutdown 

The LTC487 has a thermal shutdown feature which pro
tects the part from excessive power dissipation. If the 
outputs of the driver are accidently shorted to a power 
supply or low impedance source, up to 250mA can flow 
through the part. The thermal shutdown circuit disables 
the driver outputs when the internal temperature reaches 
150°C and turns them back on when the temperature 
cools to 130°C. If the outputs of two or more LTC487 
drivers are shorted directly, the driver outputs can not 
supply enough current to activate the thermal shutdown. 

EN12 

EN12 

RX 

1/4 LTC487 1/4 LTC489 

Figure 6. Typical Connection 
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Thus, the thermal shutdown circuit will not prevent con
tention faults when two drivers are active on the bus at the 
same time. 

Cable and Data Rate 

The transmission line of choice for RS-485 applications is 
a twisted pair. There are coaxial cables (twinaxial) made 
for this purpose that contain straight pairs, but these are 
less flexible, more bulky, and more costly than twisted 
pairs. Many cable manufacturers offer a broad range of 
1200 cables designed for RS-485 applications. 

Losses in a transmission line are a complex combination 
of DC conductor loss, AC losses (skin effect), leakage, and 
AC losses in the dielectric. In good polyethylene cables 
such as the Belden 9841, the conductorlosses and dielec
tric losses are of the same order of magnitude, leading to 
relatively low overall loss (Figure 7). 

'" ~ 
t;: 
o 

10 __ 

~l'O._ ffi 
c.. 

§ 
./ 

0.1 ~L.U..llllll-----l-LLLllUL--L...LLJ..lJlJJ 

0.1 1.0 10 100 

FREQUENCY (MHz) 

Figure 7. Attenuation vs Frequency lor Belden 9841 

When using low loss cables, Figure 8 can be used as a 
guideline for choosing the maximum line length for a given 
data rate. With lower quality PVC cables, the dielectric loss 
factor can be 1000 times worse. PVC twisted pairs have 
terrible losses at high data rates (> 100kbs) and greatly 
reduce the maximum cable length. At low data rates 
however, they are acceptable and much more economical. 

LTC487 

10k ~ml~II~11 
" 

lOOk 1M 2.5M 10M 

DATA RATE (bps) 

Figure 8. Cable Length vs Data Rate 

Cable Termination 

The proper termination ofthe cable is very important.lfthe 
cable is not terminated with its characteristic impedance, 
distorted waveforms will result. In severe cases, distorted 
(false) data and nulls will occur. A quick lookatthe output 
of the driver will tell how well the cable is terminated. It is 
best to look at a driver connected to the end of the cable, 
since this eliminates the possibility of getting reflections 
from two directions. Simply look atthe driver output while 
transmitting square wave data. If the cable is terminated 
properly, the waveform will look like a square wave 
(Figure 9) . 

RX 

Rt= 470 

Rt = 4700 

Figure 9. Termination Effects 
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APPLICATions InFoRmATion 
Ifthe cable is loaded excessively (47Q) , the signal initially 
sees the surge impedance of the cable and jumps to an 
initial amplitude. The signal travels down the cable and is 
reflected back out of phase because ofthe mistermination. 
When the reflected signal returns to the driver, the ampli
tude will be lowered. The width of the pedestal is equal to 
twice the electrical length of the cable (about 1.5ns/foot). 
If the cable is lightly loaded (470Q), the signal reflects in 
phase and increases the amplitude at the driver output. An 
input frequency of 30kHz is adequate for tests out to 
4000 ft. of cable. 

AC Cable Termination 

Cable termination resistors are necessary to prevent un
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2V when the 
cable is terminated with two 120'Q resistors, causing 
33mA of DC current to flow in the cable when no data is 
being sent. This DC current is about 220 times greater than 
the supply current ofthe LTC487. One way to eliminate the 
unwanted current is by AC coupling the termination resis
tors as shown in Figure 10. 

RX 

C = LINE LENGTH (FT) x 16.3pF 

Figure 10. AC Coupled Termination 

The coupling capacitor must allow high-frequency energy 
to flow to the termination, but block DC and low frequen
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capacitor 
must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
of the coupling capacitor should therefore be set at 
16.3pF per foot of cable length for 120Q cables. With the 
coupling capacitors in place, power is consumed only on 
the signal edges, and not when the driver output is idling 
at a 1 or 0 state. A 1 OOnF capacitor is adequate for lines up 
to 4000 feet in length. Be aware that the power savings start 
to decrease once the data rate surpasses 1/(120Q x C). 
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Receiver Open-Circuit Fail-Safe 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
when the data is finished transmitting and all drivers on the 
line are forced into three-state. All LTC RS485 receivers 
have a fail-safe feature which guarantees the output to be 
in a logic 1 state when the receiver inputs are left floating 
(open-circuit). However, when the cable is terminated 
with 120Q, the differential inputs to the receiver are 
shorted together, not left floating. Because the receiver 
has about 70mV of hysteresis, the receiver output will 
maintain the last data bit received. 

If the receiver output must be forced to a known state, the 
circuits of Figure 11 can be used. 

RX 

+5V 

1.5kQ 

)(),-__ ~==1~40~Q==~~ RX 

1.5kQ 

RX 

Figure 11. ForCing '0' When All Drivers Are 011 

The termination resistors are used to generate a DC bias 
which forces the receiver output to a known state, in this 
case a logic O. The first method consumes about 
208mW and the second about 8mW. The lowest power 
solution is to use an AC termination with a pull-up resistor. 
Simply swap the receiver inputs for data protocols ending 
in logic 1. 
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Fault Protection 

All of LTC's RS-485 products are protected against ESD 
transients up to 2kV using the human body model 
(100pF, 1.5kQ). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb from each line side pin to ground 
(Figure 12). 

A TransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 
time, and low series resistance. They are available from 
General Semiconductor Industries and come in a variety of 
breakdown voltages and prices. Be sure to pick a break-

TYPICAL APPLICATiOn 

LTC487 

down voltage higher than the common mode voltage 
required for your application (typically 12V). Also, don't 
forget to check how much the added parasitic capacitance 
will load down the bus. 

Figure 12. ESD Protection with TransZorbs 

RS232to RS485 level Translator with Hysteresis 

RS·232 IN -+-'\o/llv--

LTC4B7-TA14 
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FEATURES 
• Low Power: Icc = 300~A Typical 
• Designed for RS485 or RS422 Applications 
• Single +5V Supply 
• -7V to + 12V Bus Common Mode Range 

Permits ±7V Ground Difference Between Devices 
on the Bus 

• Thermal Shutdown Protection 
• Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion or Removal of Package 
• Driver Maintains High Impedance in Three-State or 

with the Power Off 
• Combined Impedance of a Driver Output and 

Receiver Allows up to 32 Transceivers on the Bus 
• 70mV Typical Input Hysteresis 
• 28ns Typical Driver Propagation Delays with 5ns 

Skew 
• Pin Compatible with the SN75179 

APPLICATions 
• Low Power RS485/RS422 Transceiver 
• Level Translator 

TYPICAL APPLICATiOn 

o 
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Receiver Pair 

DESCRIPTion 
The LTC490 is a low power differential buslline transceiver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range (+ 12V to 
-7V). It also meets the requirements of RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail safe feature which guarantees a high 
output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from O°C to 
70°C and 4.75V to 5.25V supply voltage range. 

o 



ABSOLUTE mAXimum RATinGS 
(Note 1) 

Supply Voltage (Vce) ................................................ 12V 
Driver Input Currents ............................ -25mA to 25mA 
Driver Input Voltages ....................... -0.5V to Vcc +0.5V 
Driver Output Voltages ........................................... ±14V 
Receiver Input Voltages ......................................... ±14V 
Receiver Output Voltages ................. -0.5V to Vcc +0.5V 
Operating Temperature Range ..................... O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

DC ELECTRICAL CHARACTERISTICS 

LTC490 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

N8 PACKAGE S8 PACKAGE 
HEAD PLASTIC DIP HEAD PLASTIC SOIC 

ORDER PART 
NUMBER 

LTC490CN8 
LTC490CS8 
LTC490lN8 
LTC490lS8 

S8 PART MARKING 
490 
4901 

Vee = 5V ±5%, DOC::; Temperature::; 70°C (Notes 2 and 3) unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOD1 Differential Driver Output Voltage (Unloaded) 10 = 0 5 V 

VOD2 Differential Driver Output Voltage (With load) R = 500; (RS422) 2 v 
R = 2m; (RS485) (Figure I) 1.5 5 V 

/l,.VOD Change in Magnitude of Driver Differential Output R = 2m or R = 500 (Figure I) 0.2 V 
Voltage for Complementary Output Slates 

Voc Driver Common Mode Output Voltage 3 V 

/l,.IVoc I Change in Magnitude of Driver Common Mode 0.2 V 
Output Voltage for Complementary Output States 

VIH Input High Voltage (D) 2.0 V 

VIL Input Low Voltage (D) 0.8 V 

IIN1 Input Current (D) ±2 IlA 

IIN2 Input Current (A, 8) Vcc = OV or 5.25V I VIN = 12V + 1.0 mA 

I VIN =-lV -0.8 mA 

VTH Differential Input Threshold Voltage for Receiver -7V.:;, VCM':;' 12V -0.2 +0.2 V 

/l,.VTH Receiver Input Hysteresis VCM = OV 70 mV 

VOH Receiver Output High Voltage 10 = -4mA, VID = +0.2V 3.5 V 

VOL Receiver Output Low Voltage 10 = +4mA, VID = -0.2V 0.4 V 

10ZR Three-State Output Current at Receiver Vcc = Max O.4V.:;, Vo':;' 2.4V ±I IlA 
Icc Supply Current No Load; D = GND, or Vcc 300 500 IlA 
RIN Receiver Input Resistance -7V.:;, VCM':;' +12V 12 kn 

IOSD1 Driver Short Circuit Current, VOUT = High -7V.:;, Vo::; +12V 250 mA 

IOSD2 Driver Short Circuit Current, VOUT = Low -7V.:;, Vo':;' +12V 250 mA 

10SR Receiver Short-Circuit Current OV.:;, Vo ':;'Vcc 7 85 mA 

loz Driver Three-State Output Current Vo = -7Vto 12V ±2 ±200 IlA 
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SWITCHinG CHARACTERISTICS 
Vee = 5V ±5o/., DoC::;; Temperature::;; 70°C (Notes 2 and 3) unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpLH Driver Input to Output ROIFF = 540, CL 1 = CL2 = 100pF 10 28 60 

tpHL Driver Input to Output (Figures 2, 3) 10 28 60 

tsKEW Driver Output to Output 5 

tr,t, Driver Rise or Fall Time 5 15 25 

tpLH Receiver Input to Output ROIFF = 540, Cu = CL2 = 100pF 40 70 150 

tpHL Receiver Input to Output (Figures 2, 4) 40 70 150 

tSKo I tpLH - tpHL I Differential Receiver Skew 13 

Nole 1: "Absolute Maximum Ratings" are those beyond which the safety pins are negative. All voltages are referenced to device ground unless 
of the device cannot be guaranteed. otherwise specified. 
Nole 2: All currents into device pins are positive; all currents out of device Note 3: All typicals are given for Vee = 5V and Temperature = 25°C. 

Pin FunCTions 
VCC (Pin 1): Positive supply; 4.75V ~ Vee ~ 5.25V. 

R (Pin 2): Receiver output. If A > B by 200mV, R will be 
high. If A < B by 200mV, then R will be low. 

o (Pin 3): Driver input. A low on D forces the driver outputs 
A low and B high. A high on D will force A high and Blow. 

GND (Pin 4): Ground Connection. 

Y (Pin 5): Driver output. 

Z (Pin 6): Driver output. 

B (Pin 7): Receiver input. 

A (Pin 8): Receiver input. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Driver Output High Voltage vs 
Output Current TA = 25°C 

Driver Differential Output Voltage vs Driver Output Low Voltage vs 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

TTL Input Threshold vs Temperature 
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Figure 1. Driver DC Test Load 

Driver Skew vs Temperature 
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SWITCHinG TimE WAVEFORms 
~----~r------------------~ o f= lMHz :Ir~ IOns: I, ~10ns 
OV 

vo ------- i~80=%------VO-lff-=-V(y-)--V-(Z-) -------~~I 
-VO --"':::':'::;"1""" 

" ~~- ~~---
o y ~t~:--IS-KEW---------------l/2~II:-ISKEW 

Figure 3. Driver Propagation Delays 

INPUT 
V002 ---,-------------------... 

A-B OV f= lMHz; Ir~ IOns: l,s10ns OV 
-V002 

VOH --
R 
VOl-_~ 

OUTPUT 

Figure 4. Receiver Propagation Delays 

APPLICATions InFORmATion 

Typical Application 

A typical connection of the LTC490 is shown in Figure 5. 
Two twisted pair wires connect two driver/receiver pairs 
for full duplex data transmission. Note that the driver and 
receiver outputs are always enabled.lfthe outputs must be 
disabled, use the LTC491. 

+5V 

RX 

O.OIJ.lf 

ox 

There are no restrictions on where the chips are con
nected, and it isn't necessary to have the chips connected 
at the ends of the wire. However, the wires must be 
terminated only at the ends with a resistor equal to their 
characteristic impedance, typically 120Q. Because only 

+5V 

Figure 5. Typical Connection 
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one driver can be connected on the bus, the cable can be 
terminated only at the receiving end. The optional shields 
around the twisted pair help reduce unwanted noise, and 
are connected to GND at one end. 

The L TC490 can also be used as a line repeater as shown 
in Figure 6. If the cable length is longer than 4000 feet, the 
LTC490 is inserted in the middle of the cable with the 
receiver output connected back to the driver input. 

Figure 6. Line Repeater 

Thermal Shutdown 

The LTC490 has a thermal shutdown feature which pro
tects the part from excessive power dissipation. If the 
outputs of the driver are accidently shorted to a power 
supply or low impedance, source, up to 250mA can flow 
through the part. The thermal shutdown circuit disables 
the driver outputs when the internal temperature reaches 
150°C and turns them back on when the temperature 
cools to 130°C. If the outputs of two or more LTC490 
drivers are shorted directly, the driver outputs can not 
supply enough current to activate the thermal shutdown. 
Thus, the thermal shutdown circuit will not prevent con
tention faults when two drivers are active on the bus at the 
same time. 

Cables and Data Rate 

The transmission line of choice for RS485 applications is 
a twisted pair. There are coaxial cables (twinaxial) made 
for this purpose that contain straight pairs, but these are 
less flexible, more bulky, and more costly than twisted 
pairs. Many cable manufacturers offer a broad range of 
120Q cables designed for RS485 applications. 

LTC490 

Losses in a transmission line are a complex combination 
of DC conductor loss, AC losses (skin effect), leakage and 
AC losses in the dielectric. In good polyethylene cables 
such as the Belden 9841, the conductor losses and 
dielectric losses are of the same order of magnitude, 
leading to relatively low overall loss (Figure 7). 

t;: 
o 

~10m_. ffi 
c.. 

'" '" g 

FREQUENCY (MHz) 

Figure 7. Attenuation vs Frequency for Belden 9B41 

When using low loss cables, Figure 8 can be used as a 
guideline for choosing the maximum line length for a given 
data rate. With lower quality PVC cables, the dielectric loss 
factor can be 1000 times worse. PVC twisted pairs have 
terrible losses at high data rates (>1 OOkbs), and greatly 
reduce the maximum cable length. At low data rates 
however, they are acceptable and much more economical. 

10k 

~ 1k 

~ z 
~ 
w 

~ 100 
'-' 

10 
10k 

r\. 

100k 1M 2.5M 10M 

DATA RATE (bps) 

Figure B. RS4B5 Cable Length Specification. Applies for 24 
Gauge, Polyethylene Dielectric Twisted Pair. 
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Cable Termination 

The proper termination of the cable is very important. 
If the cable is not terminated with its characteristic 
impedance, distorted waveforms will result. In severe 
cases, distorted (false) data and nulls will occur. 

A quick look at the output of the driver will tell how well the 
cable is terminated. It is best to look at a driver connected 
to the end of the cable, since this eliminates the possibility 
of getting reflections from two directions. Simply look at 
the driver output while transmitting square wave data. If 
the cable is terminated properly, the waveform will look 
like a square wave (Figure 9). If the cable is loaded 
excessively (470), the Signal initially sees the surge 
impedance of the cable and jumps to an initial amplitude. 
The signal travels down the cable and is reflected back out 
of phase because of the mistermination. When the re
flected Signal returns to the driver, the amplitude will be 
lowered. The width of the pedestal is equal to twice the 
electrical length of the cable (about 1.Sns/foot). If the 
cable is lightly loaded (4700), the signal reflects in phase 
and increases the amplitude at the driver output. An input 
frequency of 30kHz is adequate for tests out to 4000 feet 
of cable. 

RX 

Rt=47Q 

Rt = 47011 

Figure 9. Termination Effects 
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AC Cable Termination 

Cable termination resistors are necessary to prevent un
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2V when the 
cable is terminated with two 1200 resistors, causing 
33mA of DC current to flow in the cable when no data is 
being sent. This DC current is about 60 times greater than 
the supply current ofthe L TC490. One way to eliminate the 
unwanted current is by AC coupling the termination resis
tors as shown in Figure 10. 

RX 

C = LINE LENGTH (FD x 16.3pF 

Figure 10. AC Coupled Termination 

The coupling capacitor must allow high-frequency energy 
to flow to the termination, but block DC and low frequen
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capacitor 
must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
ofthe coupling capacitor should therefore be set at 16.3pF 
per foot of cable length for 1200 cables. 

With the coupling capacitors in place, power is consumed 
only on the signal edges, and not when the driver output 
is idling at a 1 or 0 state. A 1 OOnF capacitor is adequate for 
lines up to 4000 feet in length. Be aware that the power 
savings start to decrease once the data rate surpasses 11 
(1200 x C). 

Fault Protection 

All of LTC's RS48S products are protected against ESD 
transients up to 2kV using the human body model (100pF, 
1.SkO). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb from each line side pin to ground 
(Figure 11). A TransZorb is a silicon transient voltage 
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suppressor that has exceptional surge handling capabili
ties, fast response time, and low series resistance. They 
are available from General Semiconductor Industries and 
come in a variety of breakdown voltages and prices. Be 
sure to pick a breakdown voltage higher than the common 
mode voltage required foryour application (typically 12V). 
Also, don't forget to check how much the added parasitic 
capacitance will load down the bus. 

TYPICAL APPLICATiOnS 

RS232 Receiver 

LTC490 

Figure 11. ESD Protection with TransZorbs 

RS232to RS485 Level Transistor with Hysteresis 

RS·232IN -+-...~-

1/2 LTC490 

Ivv·vzl 19k 
HYSTERESIS = 10kQ' -R - "-R- • 
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FEATURES 
• Low Power: Icc = 300IJA Typical 
• Designed for RS485 or RS422 Applications 
• Single +5V Supply 
• -7V to + 12V Bus Common Mode Range 

Permits ±7V Ground Difference Between Devices 
on the Bus 

• Thermal Shutdown Protection 
• Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion or Removal of Package 
• Driver Maintains High Impedance in Three-State or 

with the Power Off 
• Combined Impedance of a Driver Output and 

Receiver Allows up to 32 Transceivers on the Bus 
• 70mV Typical Input Hysteresis 
• 28ns Typical Driver Propagation Delays with 5ns 

Skew 
• Pin Compatible with the SN75180 

APPLICATions 
• Low Power RS485/RS422 Transceiver 
• Level Translator 

TYPICAL APPLICATiOn 

REB 
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Receiver Pair 

DESCRIPTion 
The LTC491 is a low power differential bus/line transceiver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range (+ 12V to 
-7V). It also meets the requirements of RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail safe feature which guarantees a high 
output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from O°C to 
70°C and 4.75V to 5.25V supply voltage range. 

o 
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ABSOLUTE mAXimum RATinGS 
(Note 1) 
Supply Voltage (Vee) ................................................ 12V 
Control Input Voltages ..................... -O.5V to Vee +O.5V 
Control Input Currents .......................... -50mA to 50mA 
Driver Input Voltages ....................... -O.5V to Vee +O.5V 
Driver Input Currents ............................ -25mA to 25mA 
Driver Output Voltages ........................................... ±14V 
Receiver Input Voltages ......................................... ±14V 
Receiver Output Voltages ................. -O.5V to Vcc +O.5V 
Operating Temperature Range ..................... O°C to lO°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ............... :.300°C 

DC ELECTRICAL CHARACTERISTICS 

LTC491 

PACKAGE/ORDER InFORmATiOn 

GND 

N PACKAGE S PACKAGE 
1HEAD PLASTIC DIP 1HEAO PLASTIC SOIC 

ORDER PART 
NUMBER 

LTC491CN 
LTC491CS 
LTC491IN 
LTC491IS 

Vee = 5V ±5%, DoC :s: Temperature :s: 70°C (Notes 2 and 3) unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOD1 Differential Driver Output Voltage (Unloaded) 10=0 5 V 

VOD2 Differential Driver Output Voltage (With load) R = 50Q; (RS422) 2 V 

R = 270; (RS485) (Figure 1) 1.5 5 V 

!NOD Change in Magnitude of Driver Differential Output R = 270 or R = 50Q (Figure 1) 0.2 V 
Voltage for Complementary Output States 

Voc Driver Common Mode Output Voltage 3 V 

t.IVoc I Change in Magnitude of Driver Common Mode 0.2 V 
Output Voltage for Complementary Output States 

VIH Input High Voltage D,DE,REB 2.0 V 

VIL Input Low Voltage 0.8 V 

IIN1 Input Current ±2 !IA 
IIN2 Input Current (A, B) Vcc = OV or 5.25V I VIN = 12V +1.0 rnA 

I VIN = -7V -0.8 rnA 

VTH Differential Input Threshold Voltage for Receiver -7V",VCM",12V -0.2 +0.2 V 

t.VTH Receiver Input HysteresiS VCM = OV 70 mV 

VOH Receiver Output High Voltage 10 = -4mA, VIO = +0.2V 3.5 V 

VOL Receiver Output Low Voltage 10 = +4mA, VIO = -0.2V 0.4 V 

10ZR Three-State Output Current at Receiver Vcc = Max 0.4V", Vo'" 2.4V ±1 !IA 
Icc Supply Current No Load; D = GND, I Outputs Enabled 300 500 !IA 

orVCC I Outputs Disabled 300 500 !IA 
RIN Receiver Input Resistance -7V", VCM'" +12V 12 kQ 

IOS01 Driver Short Circuit Current, VOUT = High -7V", Vo'" + 12V 250 rnA 

IOS02 Driver Short Circuit Current, VOUT = Low -7V", Vo'" +12V 250 rnA 

10SR Receiver Short Circuit Current OV",Vo ",Vcc 7 85 rnA 

loz Driver Three-State Output Current Va = -7Vto 12V ±2 ±200 !IA 
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SWITCHinG CHARACTERISTICS 
Vee = 5V ±5%, DoC s: Temperature s: 70°C (Notes 2 and 3) unless otherwise noted. 

SYMBOL PARAMETER 

tpLH Driver Input to Output 

tpHL Driver Input to Output 

tSKEW Driver Output to Output 

1" t, Driver Rise or Fall Time 

tZH Driver Enable to Output High 

tZL Driver Enable to Output Low 

ILl Driver Disable Time From Low 

tHZ Driver Disable Time From High 

tpLH Receiver Input to Output 

tpHL Receiver I nput to Output 

tSKO I tPLH - tpHL I Differential Receiver Skew 

tZL Receiver Enable to Output Low 

tZH Receiver Enable to Output High 

tLZ Receiver Disable From Low 

tHZ Receiver Disable From High 

Note 1: "Absolute MaKimum Ratings" are those beyond which the safety 
of the device cannot be guaranteed. 
Note 2: All currents into device pins are positive; all currents out of device 

Pin FunCTions 
NC (Pin 1): Not Connected. 

R (Pin 2): Receiver output.lfthe receiver output is enabled 
(REB low), then if A > B by 200mV, R will be high. If A < B 
by 200mV, then R will be low. 

REB (Pin 3): Receiver output enable. A low enables the 
receiver output, R. A high input forces the receiver output 
into a high impedance state. 

DE (Pin 4): Driver output enable. A high on DE enables the 
driver outputs, A and B. A low input forces the driver 
outputs into a high impedance state. 

D (Pin 5): Driver input. If the driver outputs are enabled 
(DE high), then A low onD forces the driver outputs A low 
and B high. A high on D will force A high and Blow. 
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CONOITIONS MIN TYP MAX UNITS 
RDiFF = 540, CL 1 = CL2 = 100pF 10 28 60 
(Figures 2, 5) 

10 28 60 

5 

5 15 25 

CL = 100pF (Figures 4, 6) S2 Closed 40 70 

CL = 100pF (Figures 4, 6) S1 Closed 40 70 

CL = 15pF (Figures 4, 6) S1 Closed 40 70 

CL = 15pF (Figures 4, 6) S2 Closed 40 70 

ROIFF = 540, CLI = CL2 = 100pF 40 70 150 
(Figures 2, 7) 40 70 150 

13 

CL = 15pF (Figures 3, 8) S1 Closed 20 50 

CL = 15pF (Figures 3, 8) S2 Closed 20 50 

CL = 15pF (Figures 3, 8) S1 Closed 20 50 

CL = 15pF (Figures 3, 8) S2 Closed 20 50 

pins are negative. All voltages are referenced to device ground unless 
otherwise speCified. 
Note 3: All Iypicals are given for Vee = 5V and Temperature = 25°C. 

GND (Pin 6): Ground Connection. 

GND (Pin 7): Ground Connection. 

NC (Pin 8): Not Connected. 

Y (Pin 9): Driver output. 

Z (Pin 10): Driver output. 

B (Pin 11): Receiver input. 

A (Pin 12): Receiver input. 

NC (Pin 13): Not Connected. 

Vee (Pin 14): Positive supply; 4.75V ~ Vee ~ 5.25V. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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TEST CIRCUITS 

y 

R 

R t 
Voe 

! 
LTC491.TAQ2 

Figure 1. Driver DC Test Load 

o 

Figure 2. Driver!Receiver Timing Tesl Circuil 

rLS1
1>-- vee 

OUTPUT 500n 
UNDER TEST 

Tel S2~ 

LTC491'TAOS 

Figure 3. Receiver Timing Test Load Figure 4. Driver Timing Test Load 
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SWITCHinG TimE WAVEFORms 

3V -------.-r------------------------------------------~ D f= 1MHz: tr~ 10ns :tf~ 10ns 
OV ------' 

~ ---------- ~~--~----------------------------------~~I 
-Va ______ -=~ 

, I ' :_~-
Vo Y ~t2""8f_-t-sK-EW---------------------------------1....;/2 ~ I:--ts-KEW-------

3V ---------------
DE 

OV----------------J 
1.5V 

5V----------------~~ 

Figure 5. Driver Propagation Delays 

f = 1MHz: tr~ 10ns: tr~ 10ns 

OUTPUT NORMALLY LOW ~B ~~ 
VOL -----------------.,.- .....:;:..;...--------------------------------f--I, 

VOH ------------------+- ...-----------------------------------r-t, 
A. B OUTPUT NORMALLY HIGH 

W----------------~-' 

Figure 6. Driver Enable and Disable Times 

INPUT 
VOD2 -------~------------------------------------------""' 

A-B OV f= 1MHz ;tr~ 10ns :tf~ 10ns OV 
-VOD2 ----' 

VOH ----------
OUTPUT 

VOL _______ ~ 

Figure 7. Receiver Propagation Delays 

3V---------------, 
REB ".li'\:5V f=1MHz:tr~10ns:tf~10ns /il'i.5V 

R ::========~~~_-_-_-_-_-~-.... "'_IZ-ll--I .. -----------------------------------~ ILZ - • ______ _ 

VOL ~ 1.5V OUTPUT NORMALL YLOW 0.5V 

VOH -------.f__ ,-----------------+-t,~ 
R / OUTPUT NORMALLY HIGH 0.5V 

OV ________________ -4_",-..1£ 11 .. :5V "__1.-----------
---- tZH I ...... 

Figure 8. Receiver Enable and Disable Times 
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APPLICATions InFoRmATion 
Typical Application 

A typical connection of the LTC491 is shown in Figure 9. 
Two twisted pair wires connect up to 32 driver/receiver 
pairs for full duplex data transmission. There are no 
restrictions on where the chips are connected to the wires, 
and it isn't necessary to have the chips connected at the 
ends. However, the wires must be terminated only at the 
ends with a resistor equal to their characteristic imped
ance, typically 120ft The input impedance of a receiver is 

ox 

typically 20kn to GND, or 0.6 unit RS-485 load, so in 
practice 50 to 60 transceivers can be connected to the 
same wires. The optional shields around the twisted pair 
help reduce unwanted noise, and are connected to GND at 
one end. 

The LTC491 can also be used as a line repeater as shown 
in Figure 1 O. Ifthe cable length is longer than 4000 fee(fhe 
L TC491 is inserted in the middle of the cable with the 
receiver output connected back to the driver input. 

RX 

Figure 9. Typical Connection 

LTC49I·TA11 

Figure 10. Line Repeater 
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APPLICATions InFoRmATion 

Thermal Shutdown 

The LTC491 has a thermal shutdown feature which pro
tects the part from excessive power dissipation. If the 
outputs of the driver are accidently shorted to a power 
supply or low impedance source, up to 250mA can flow 
through the part. The thermal shutdown circuit disables 
the driver outputs when the internal temperature reaches 
150°C and turns them back on when the temperature 
cools to 130°C. If the outputs of two or more LTC491 
drivers are shorted directly, the driver outputs can not 
supply enough current to activate the thermal shutdown. 
Thus, the thermal shutdown circuit will not prevent con
tention faults when two drivers are active on the bus atthe 
same time. 

Cables and Data Rate 

The transmission line of choice for RS485 applications is 
a twisted pair. There are coaxial cables (twinaxial) made 
for this purpose that contain straight pairs, but these are 

10 __ 

0.1 L.......;L....LJ.JWJJl...--1....L.J...ll.Ull.-..J.....L.L.J.J..UJI 

0.1 1.0 10 100 

FREQUENCY (MHz) 

Figure 11. Attenuation vs Frequency for Belden 9481 

LTC491 

less flexible, more bulky, and more costly than twisted 
pairs. Many cable manufacturers offer a broad range of 
1200 cables designed for RS485 applications. 

Losses in a transmission line are a complex combination 
of DC conductor loss, AC losses (skin effect), leakage and 
AC losses in the dielectric. In good polyethylene cables 
such as the Belden 9841, the conductor losses and 
dielectric losses are of the same order of magnitude, 
leading to relatively low over all loss (Figure 11). 

When using low loss cables, Figure 12 can be used as a 
guideline for choosing the maximum line length for a given 
data rate. With lower quality PVC cables, the dielectric loss 
factor can be 1000 times worse. PVC twisted pairs have 
terrible losses at high data rates (>1 OOkBs), and greatly 
reduce the maximum cable length. At low data rates 
however, they are acceptable and much more economical. 

10k 

g 1k 

ti z 
~ 
~ 

-' 

~ 100 

10 
10k 

\. 

100k 1M 2.5M 10M 

DATA RATE (bps) 

Figure 12. Cable Length vs Data Rate 
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APPLICATions InFoRmATion 
Cable Termination 

The proper termination of the cable is very important. 
If the cable is not terminated with it's characteristic 
impedance, distorted waveforms will result. In severe 
cases, distorted (false) data and nulls will occur. A quick 
look at the output of the driver will tell how well the cable 
is terminated. It is best to look at a driver connected to the 
end of the cable, since this eliminates the possibility of 
getting reflections from two directions. Simply look at the 
driver output while transmitting square wave data. If the 
cable is terminated properly, the waveform will look like a 
square wave (Figure 13). 

RX 

Rt = 470Q 

Figure 13. Termination Effects 

If the cable is loaded excessively (47Q), the signal initially 
sees the surge impedance of the cable and jumps to an 
initial amplitude. The signal travels down the cable and is 
reflected back out of phase because ofthe mistermination. 
When the reflected signal returns to the driver, the ampli
tude will be lowered. The width of the pedestal is equal to 
twice the electrical length of the cable (about 1.5ns/foot). 
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If the cable is lightly loaded (470Q), the signal reflects in 
phase and increases the amplitude atthe driver output. An 
input frequency of 30kHz is adequate for tests out to 4000 
feet of cable. 

AC Cable Termination 

Gable termination resistors are necessary to prevent un
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2V when the 
cable is terminated with two 120Q resistors, causing 
33mA of DG current to flow in the cable when no data is 
being sent. This DG current is about 60 times greater than 
the supply current ofthe L TG491. One way to eliminate the 
unwanted current is by AG coupling the termination resis
tors as shown in Figure 14. 

YJ __ ----q RX 

C = LINE LENGTH (ft) x 16.3pF 

Figure 14. AC Coupled Termination 

The coupling capacitor must allow high-frequency energy 
to flow to the termination, but block DG and low frequen
cies. The dividing line between high and low frequency 
depends on the length ofthe cable. The coupling capacitor 
must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
ofthe coupling capacitor should therefore be set at 16.3pF 
per foot of cable length for 120Q cables. With the coupling 
capacitors in place, power is consumed only on the signal 
edges, and not when the driver output is idling at a 1 or 0 
state. A 1 OOnF capacitor is adequate for lines up to 4000 
feet in length. Be aware that the power savings start to 
decrease once the data rate surpasses 1/(120Q x G). 



APPLICATions InFoRmATion 

Receiver Open-Circuit Fail-Safe 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
when the data is finished transmitting and all drivers on the 
line are forced into three-state. The receiver ofthe LTC491 
has a fail-safe feature which guarantees the output to be in 
a logic 1 state when the receiver inputs are left floating 
(open-circuit). However, when the cable is terminated 
with 120Q, the differential inputs to the receiver are 
shorted together, not left floating. Because the receiver 
has about 70mV of hysteresis, the receiver output will 
maintain the last data bit received. 

RX 

+5V 

RX 

1200 

RX 

Figure 15. Forcing "0" When All Drivers are Off 

The termination resistors are used to generate a DC bias 
which forces the receiver output to a known state, in this case 
a logic O. The first method consumes about 208mW and the 
second about 8mW. The lowest power solution is to use an 
AC termination with a pull-up resistor. Simply swap the 
receiver inputs for data protocols ending in logic 1. 

L7lJD~ 

LTC491 

Fault Protection 

All of LTC's RS485 products are protected against ESD 
transients up to 2kV using the human body model (1 OOpF, 
1.5kQ). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb from each line side pin to ground 
(Figure 16). 

Figure 16. ESD Protection with TransZorbs 

A TransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response .. 
time, and low series resistance. They are available from ~ 
General Semiconductor Industries and come in a variety of 
breakdown voltages and prices. Be sure to pick a break-
down voltage higher than the common mode voltage 
required for your application (typically 12V). Also, don't 
forget to check how much the added parasitic capacitance 
will load down the bus. 
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TYPICAL APPLICATions 

RS232 Receiver 

RS232 to RS485 Leval TranSistor with Hysteresis 

RS232IN -+~Mr--

Ivv-vzl 19k 
HYSTERESIS = 10kQ· -R - = -R -
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ANALOG TO DIGITAL CONVERTERS 

Serial Output 8-Bit 
Micropower SO-8 

Single Input 
LTC1096 (16115) 

2 Channel MUX 
LTC1098 (16115) 

10-Bit with MUX 

Single Input 
LTC 1 092 (20115) 

2 Channel MUX 
LTC1091 (20115) 

6 Channel MUX 
LTC 1 093 (20115) 
L TC1 095 (20115. Reference) 

8 Channel MUX 
LTC1090 !201151 
L TC1094 20115 

Parallel Output 
8-Bit High Speed 

LTC1099 (2.5115) 

12-Bit High Speed 

LTC1272 (3115. 5115. 8115 Sampling) 

12-Bit with MUX 

Single Input 
LTC1292 (13115) 

2 Channel MUX 
LTC1291 (13115) 

6 Channel MUX 
LTC1293 (13115) 

8 Channel MUX 

LTC1294 13 
LTC1290 f31151 

LTC1289 3.rv Operation. 26115) 

• 
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DATA ACQUISITION SELECTION GUIDE 

miLITARY AnD commERQAL 
TOTAL MAXIMUM 

PART RESOLU- UNADJUSTED CONY. VOLTAGE SUPPLY PKGS. IMPORTANT 
NUMBER DESCRIPTION TlON ERROR TIME SUPPLY CURRENT AVAIL. FEATURES 

LTC1090C, M 10-Bit, Serial I/O, Analog to 10 Bits ±l12LSB (LTC1090A) 22"s 5V, 2.5mA J, N, S 10·Bit A to 0 with Built in 
Digital Converter with Over Full 10V, 8 Channel Analog MUX and 
8 Channel Multiplexer. Full Temperature or Sample/Hold. Compatible with 
Duplex Senallnterface. Range ±5V All Microprocessors with Serial 

Ports. Software Conligurable 
Bipolar or Unipolar Operation. 
Full Duplex Serial I/O. 

LTC1091C, M 10-Bit, 8-Pin Serial I/O, 10 Bits ±l12LSB (LTCl 091 A) 20"s 5V 3.5mA J8, N8 10-Bit A to 0 with Built in 
Analog to Digital Converter Over Full or 2 Channel Analog MUX and 
with 2 Channel Analog Temperature 10V Sample/Hold. Compatible with 
Multiplexer. Range All Microprocessors with Serial 

Ports. Unipolar Operation. 
LTC1092C, M 10-Bit, 8-Pin, Analog to 10 Bits ±1/2LSB (LTC1092A) 20JlS 5V 2.5mA J8, N8 Separate Reference Pin Allows 

Digital Converter with Senal Over Full or Reduced Span (Down to 200mV) 
Output. Temperature 10V Operation. Unipolar A to 0 

Range Conversions are Performed on 
a Differential Input Pair. 
Compatible with All 
Microprocessors with Serial Ports. 

LTC1093C, M 10-Bit, Serial I/O, Analog to 10 Bits ±l12LSB (LTC1093A) 20llS 5V, 2.5mA J, N, S 1 O-Bit A to 0 with Built in 
Digital Converter with Over Full 10V, 6 Channel Analog MUX and 
6 Channel Multiplexer. Temperature or Sample/Hold. Compatible with 

Range ±5V All Microprocessors with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Half Duplex Serial I/O. 

LTC1094C, M 10-Bit, Senall/O, Analog to 10 Bits ±1/2LSB (LTC1094A) 20JlS 5V, 2.5mA J, N 10-Bit A to 0 with Built in 
Oigilal Converter System Over Full 10V, 8 Channel Analog MUX and 
with 8 Channel Multiplexer. Temperature or Sample/Hold. Compatible with 

Range ±5V All Microprocessors with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Half Duplex Serial I/O. 

LTC1095C, M 10-Bit, Serial I/O, Analog to 10 Bits ±0.15% FSR 20llS 7.2V 3.7mA J 1 O-Bit ADC with Built in 
Digital Converter with to 6 Channel Analog MUX, 
6 Channel Multiplexer 10V Sample/Hold, and 5V Buried Zener 
and 5V Buried Zener Reference. Compatible with 
Reference. All Microprocessors with Serial 

Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Half Duplex Senall/O. 

LTC1096 8-Bit, 161ls, Micropower, 8 Bits ±1/2LSB (LTC1096A) 16JlS 3V 801lA N8, S8 Single Differential Input, S/H with 
Sampling AID Converter Over Full to Single Ended Inputs. Ultra-Low 
with Serial I/O and Temperature 9V Power. Automatic Power-Down 
Differential Input. Range Mode. 

LTC1098 8-Bit, 161's, Micropower, 8 Bits ±l12LSB (LTC1098A) 161ls 3V 801lA N8, S8 2 Channel Multiplexer, Sampling 
Sampling AID Converter Over Full to ADC. Ultra-Low Power, Automatic 
with Serial I/O and Temperature 9V Power-Down Mode. 
2 Channel MUX Range 

LTC1099C, M 8-BIt, 21ls Analog to Digital 8 Bits ±lLSB 2JlS 5V 15mA J, N, S Built in S/H Allows Direct 
Converter with Built in Over Full Conversion of 5Vp-p Signals up 
Sample-and-Hold. Parallel Temperature to 167kHz. Pin Compatible with 
Output. Range ADC0820 and AD7820. 

LTC1272C, M 12-Bit, 31ls, Sampling AID 12 Bits ± 1 12LSB Lineanty, 31lS 5V 20mA J, N, S Single Supply, Sampling Plug in 
Converter with Parallel ±3LSB Offset, Upgrade for A07572. 250kHz 
Output. ±10LSB Full/Scale Sample Rate. Operates with or 

Error without-15V Supply Required 
by A07572. 
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DATA ACQUISITION SELECTION GUIDE 

mlUmRY AnD commERaRL 
TOTAL MAXIMUM 

PART RESOLU- UNADJUSTED CONV. VOLTAGE SUPPLY PKGS. IMPORTANT 
NUMBER DESCRIPTION TION ERROR TIME SUPPLY CURRENT AVAIL. FEATURES 

LTC1290C. M 12-Bit. Serial 1/0. Analog to 12 Bits ±2.5LSB 131JS 5V, 5mA J, N, S 12-Bit AOC with Built in 8 Channel 
Digital Converter with Over Full or Analog MUX and Sample/Hold. 
8 Channel Multiplexer. Full Temperature ±5V Compatible with All 
Duplex Serial Interface. Range Microprocessors with Serial Ports. 

(LTC1290B) Software Configurable Bipolar or 
Unipolar Operation. Full Duplex 
Serial 110. 

LTC1292C 12-Bit, 8-Pin Analog to 12 Bils ±2.5LSB 131JS 5V 5mA J, N 12-Bit ADC, Unipolar 
Digital Converter with Serial Over Full Conversion of Single 
Output. Temperature Differential Input. Separate 

Range Reference Pin Allows 
(LTC1292B) Reduced Span. Compatible 

with All Microprocessors 
with Serial Ports. 

LTC1293C 12-Bit, Serial 1/0, Analog to 12 Bits ±2.5LSB 131JS 5V, 5mA J, N 12-Bit ADC with Built in 
Digital Converter System OverFull or 8 Channel MUX and Samplel 
with 6 Channel Multiplexer. Temperature ±5V Hold. Compatible with All 

Range Microprocessors with Serial 
(LTC1293B) Ports. Software Configurable 

Bipolar or Unipolar Operation. 
Full Duplex Serial 110. 

LTC1294C 12-Bit, Serial 1/0, Analog to 12 Bits ±2.5LSB 131's 5V, 5mA J, N 12-8it ADC with Built in 
Digital Converter System Over Full or 8 Channel MUX and Samplel 
with 8 Channel Multiplexer. Temperature ±5V Hold. Compatible with All 

Range Microprocessors with Serial 
(LTC1294B) Ports. Software Configurable 

Bipolar or Unipolar Operation. 
Half Duplex Serial 110. 
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~~ TECHNOLOGY~-------1-2--B-it-I-3-~s-,-2-5-0k-H-Z 

FEATURES 
• AD7572 Pin Out 
• 12-Bit Resolution 
• 3j.ls, 5j.ls, 8j.ls Conversion Times 
• On-Chip Sample-and-Hold 
• Up to 250kHz Sample Rates 
• +5V Single Supply Operation 
• No Negative Supply Required 
• On-Chip 25ppm/oC Reference 
• 75mW (Typ) Power Consumption 
• 24-Pin Narrow DIP and SO Packages 
• ESD Protected on all Pins 

APPLICATions 
• High Speed Data Acquisition 
• Digital Signal Processing (DSP) 
• Multiplexed Data Acquisition Systems 
• Single Supply Systems 

TYPICAL APPLICATiOn 
Single 5V Supply, 3!!s, 12-Bit Sampling ADC 

LTCI272 

+2.42V 
VREF....,..,...-~.,.--,--i 

OUTPUT O. 
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8 OR 12·BIT 
PARALLEL 

BUS 

+5V 

Sampling AID Converter 

DESCRIPTion 
The LTC1272 is a 3J.lS, 12-bit, successive approximation 
sampling AID converter. It has the same pinout as the 
.industry standard AD7572 and offers faster conversion time, 
on-chip sample-and-hold, and single supply operation. It 
uses LTBiCMOS™ switched capacitor technology to com
bine a high speed 12-bit ADC with a fast, accurate sample
and-hold and a precision reference. 

The LTC1272 operates with a single +5V supply but can also 
accept the + 5V/-15V supplies required by the AD7572 (Pin 
23, the negative supply pin of the AD7572, is not connected 
on the LTC1272). The LTC1272 has the same OV to 5V input 
range as the AD7572 but, to achieve single supply operation, 
it provides a +2.42V reference output instead of the -5.25V 
of the AD7572. It plugs in for the AD7572 if the reference 
capacitor polarity is reversed and a 1j.1S sample-and-hold 
acquisition time is allowed between conversions. 

The output data can be read as a 12-bit word or as two 
8-bit bytes. This allows easy interface to both 8-bit and 
higher processors. The LTC1272 can be used with a crystal 
or an external clock and comes in speed grades of 3j.ls, 5j.lS, 
and 8j.lS. 
LTBiCMOSTM is a trademark of linear Technology Corporation 
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ABSOLUTE mAXimum RATinGS 
(Notes 1 and 2) 

Supply Voltage (Voo) .................................................. 6V 
Analog Input Voltage (Note 3) ................. -0.3V to + 15V 
Digital Input Voltage .................................. -0.3Vto 12V 
Digital Output Voltage ..................... -0.3V to Voo + 0.3V 
Power Dissipation .............................................. 500mW 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW TOP VIEW 

J PACKAGE N PACKAGE S PACKAGE 
2HEAD CERAMIC DIP 2HEAD PLASTIC DIP 2HEAD PLASTIC SOIC 

LTC1272 

Operating Temperature Range 
LTC1272-XAC, BC, CC ........................... O°C to 70°C 
LTC1272-XAM, BM, CM .................. -55°C to 125°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

ORDER PART NUMBER 

CONVERSION CONVERSION CONVERSION 
TIME = 31ls TIME = 51ls TIME = BIlS 

L TC1272-3AMJ L TC1272-5AMJ L TC1272-BAMJ 
L TC1272-3BMJ L TC1272-5BMJ L TC1272-8BMJ 
L TC1272-3CMJ L TC1272-5CMJ L TC1272-8CMJ 

L TC1272-3ACJ L TC1272-5ACJ L TC1272-BACJ 
L TC1272-3BCJ L TC1272-5BCJ L TC1272-BBCJ 
L TC1272-3CCJ LTC1272-5CCJ L TC1272-BCCJ 

L TC1272-3ACN LTC1272-5ACN L TC1272-BACN 
L TC1272-3BCN L TC1272-5BCN LTC1272-BBCN 
L TC1272-3CCN L TC1272-5CCN LTC1272-BCCN 

S PACKAGE ONLY 

LTC1272-3ACS L TC1272-5ACS L TC1272-BACS 
L TC1272-3BCS LTC1272-5BCS L TC1272-BBCS 
L TC1272-3CCS L TC1272-5CCS L TC1272-BCCS 

conVERTER CHARACTERISTICS With Internal Reference (Note 4) 

LTC1272-XA LTC1272-XB LTC1272-XC 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Resolution (No Missing Codes) • 12 12 12 Bits 

Integral Linearity Error (Note 5) ±1/2 ±1 ±1 LSB 

1 Com • ±1/2 ±1 ±1 

.1 Mil • ±3/4 ±1 ±1 

Differential Linearity Error • ±1 ±1 ±1 LSB 

Offset Error ±3 ±3 ±4 LSB 

• ±4 ±5 ±6 

Gain Error ±10 ±10 ±15 LSB 

Full Scale Tempco lOUT (Reference) = 0 • ±5 ±25 ±10 ±25 ±10 ±45 ppmfOC 
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LTC1272 

InTERnAL REFEREnCE CHARACTERISTICS (Nole4) 

LTC1272-XA/B LTC1272-XC 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
VREF Output Voltage (Note 6) lOUT = 0 2.400 2.420 2.440 2.400 2.420 2.440 V 

V REF Output Tempco lOUT = 0 • 5 25 10 45 ppm/oC 

VREF Line Regulation 4.75V ~ Voo ~ 5.25V, lOUT = 0 0.01 0.01 lSBN 

VREF load Regulation (Sourcing Current) O~ IloUTI ~lmA 2 2 lSB/mA 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS (Nole 4) 

LTC1272-XA/B/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High level Input Voltage CS, RD, HBEN, ClKIN Voo = 5.25V • 2.4 V 

VIL low level Input Voltage CS, RD, HBEN, ClKIN Voo = 4.75V • 0.8 V 

liN Input Current CS, RD, HBEN VIN = OV to Voo • ±10 IlA 

liN Input Current ClKIN VIN = OV to Voo • ±20 I!A 
VOH High level Output Voltage All logic Outputs Voo = 4.75V I lour: - lOIlA 4.7 V 

I lour: - 2OOIlA • 4.0 

VOL low level Output Voltage All logic Outputs Voo = 4.75V, lOUT = 1.6mA • 0.4 V 

loz High-Z Output leakage 011-00/8 VOUT = OV to Voo • ±10 I!A 
Coz High-Z Output Capacitance (Note 7) • 15 pF 

ISOURCE Output Source Current VOUT = OV -10 rnA 

ISINK Output Sink Current VOUT = Voo 10 rnA 

100 Positive Supply Current CS = RD = Voo, AIN = 5V • 15 30 rnA 

PO Power Dissipation 75 mW 

DynAmiC ACCURACY (Nole 4) 'SAMPLE = 250kHz (LTC1272-3). 166kHz (LTC1272-5). 111kHz (LTC1272-S) 

LTC1272-XA/B/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
S/(N + D) Signal to Noise Plus Distortion Ratio 10kHz Input Signal 72 dB 

THO Total Harmonic Distortion (Up to 5th Harmonic) 10kHz Input Signal -82 dB 

Peak Harmonic or Spurious Noise 10kHz Input Signal -82 dB 

AnALOG InpUT (Nole4) 

LTC1272-XA/B/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIN Input Voltage Range 4.75V ~ Voo ~ 5.25V • 0 +5 V 

liN Input Current • 3.5 rnA 

CIN Input CapaCitance 50 pF 

tACO Sample-and-Hold Acquisition Time • 0.45 1 I!S 
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LTC1272 

TiminG CHARACTERISTICS (Nole 8) 

LTC1272-XA/B/C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

t1 CS to RD Setup Time • 0 ns 

t2 RD to BUSY Delay Cl = 50pF 80 190 ns 

I COM Grade • 230 

I MIL Grade • 270 

t3 Data Access Time After RDJ, Cl = 20pF 50 90 ns 

I COM Grade • 110 

I MIL Grade • 120 

Cl = 100pF 70 125 ns 

I COM Grade • 150 

L MIL Grade • 170 

t4 RD Pulse Width t3 ns 

I COM Grade • t3 

I MIL Grade • t3 

t5 CS to RD Hold Time • 0 ns 

t6 Data Setup Time After BUSY 40 70 ns 

I COM Grade • 90 

I MIL Grade • 100 

t7 Bus Relinquish Time 20 30 75 ns 

I COM Grade • 20 85 

I MIL Grade • 20 90 

t8 HBEN to RD Setup Time • 0 ns 

t9 HBEN to RD Hold Time • 0 ns 

t10 Delay Between RD Operations • 200 ns 

t11 Delay Between Conversions 1 llS 

t12 Aperture Delay of Sample and Hold Jitter <50ps 25 ns 

t13 CLK to BUSY Delay 

tCONV Conversion Time 

The. indicates specs which apply over the full operating temperature 
range; all other limits and typicals TA = 25°C. 
Nole 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 
Nole 2: All voltage values are with respect to ground with DGND and 
AGND wired together (unless otherwise noted). 
Nole 3: When the analog input voltage is taken below ground it will be 
clamped by an internal diode. This product can handle, with no external 
diode, input currents of greater than BOmA below ground without latch
up. 
Nole 4: Voo = 5V, fClK = 4MHz for LTCI272-3, 2.5MHz for LTC1272-5 
and I.BMHz for LTCI272-8, tr =tl = 5ns unless otherwise specified. For 
best analog performance, the L TCI272 clock should be synchronized to 
the iID and CS control inputs with at least 40ns separating convert start 
from the nearest clock edge. 

80 170 ns 

I COM Grade • 220 

I MIL Grade • 2BO 

• 12 13 ClK 
Cycles 

Nole 5: Linearity error is specified between the actual end pOints of the 
NO transfer curve. 
Nole 6: The l TCI272 has the same OV to 5V input range as the AD7572 
but, to achieve single supply operation, it provides a +2.42V reference 
output instead of the -5.25V of the AD7572. This requires that the polarity 
of the reference bypass capaCitor be reversed when plugging an LTCI272 
into an AD7572 socket. 
Nole 7: Guaranteed by design, not subject to test. 
Nole 8: Voo = 5V. Timing speCifications are sample tested at 25°C to 
ensure compliance. All input control signals are speCified with t, = tl = 5ns 
(10% to 90% of +5V) and timed from a voltage level of + I.BV. See Figures 
13 throagh 17. 
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LTC1272 

Pin FunCTions 
AIN (Pin 1): Analog Input, OV to +5V unipolar input. 

VREF (Pin 2): +2.42V Reference Output. When plugging 
into an AD7572 socket, reverse the reference bypass 
capacitor polarity and short the 10n series resistor. 

AGNO (Pin 3): Analog Ground 

011-04 (Pins 4-11): Three-State Data Outputs 

OGNO (Pin 12): Digital Ground 

03/11-00/S (Pins 13-16): Three-State Data Outputs 

elK IN (Pin 17): Clock Input. An external nUCMOS 
compatible clock may be applied to this pin or a crystal can 
be connected between ClK IN and ClK OUT. 

elK OUT (Pin 1S): Clock Output. An inverted ClK IN signal 
appears at this pin. 

Data Bus Output, CS and RD = LOW 

Pin4 Pin5 Pin6 Pin7 Pin B 

MNEMONIC· 011 010 09 OS 07 

HBEN = LOW OB11 OB10 OB9 OBS OB7 

HBEN = HIGH OB11 OB10 OB9 OBS LOW 

• 011 ... 00/S are the AOC data output pins. 
OB11 ... 0BO are the 12-bit conversion results, OB11 is the MSB. 

HBEN (Pin 19): High Byte Enable Input. This pin is used to 
multiplex the internal 12-bit conversion result into the 
lower bit outputs (D7-DO/8). See table below. HBEN also 
disables conversion starts when HIGH. 

RD (Pin 20): READ Input. This active low signal starts a 
conversion when CS and HBEN are low. RD also enables 
the output drivers when CS is low. 

es (Pin 21): The CHIP SELECT Input must be low for the 
ADC to recognize RD and HBEN inputs. 
-- --
BUSY (Pin 22): The BUSY Output is low when a conver-
sion is in progress. 

Ne (Pin 23): Not connected internally. The lTC1272 does 
not require negative supply. This pin can accommodate 
the -15V required by the AD7572 without problems. 

Voo (Pin 24): Positive Supply, +5V. 

Ping Pin 10 Pin 11 Pin13 Pin14 Pin 15 Pin16 

06 05 04 03/11 02110 01/9 ~O/a 

OB6 OB5 OB4 OB3 OB2 OB1 OBO 

LOW LOW LOW OB11 OB10 OB9 OBS 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Integral Non-Linearity 
1.0 

Voo = 5V 
fCLK = 4MHz 

0.5 

I, .. ",1Iw.! .... --, ... I .... 
...... I .... • ~ 

-0.5 

-1.0 
o 512 1024 1536 2048 2560 3072 3584 4096 

CODE 
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LTC1272 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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LTC1272 

APPLICATions InFoRmATion 
Conversion Details 

Conversion start is controlled by the CS, RD and HBEN 
inputs. At the start of conversion the successive approxi
mation register (SAR) is reset and the three-state data 
outputs are enabled. Once a conversion cycle has begun 
it cannot be restarted. 

During conversion, the internal 12-bit capacitive DAC 
output is sequenced by the SAR from the most significant 
bit (MSB) to the least significant bit (lSB). Referring to 
Figure 1, the AIN input connects to the sample-and-hold 
capacitor through a 300Q/2.7kQ divider. The voltage 
divider allows the lTC1272 to convert OV to 5V input 
signals while operating from a 4.5V supply. The conver
sion has two phases: the sample phase and the convert 
phase. During the sample phase, the comparator offset is 
nulled by the feedback switch and the analog input is 
stored as a charge on the sample-and-hold capacitor, 
CSAMPLE. This phase lasts from the end of the previous 
conversion until the next conversion is started. A mini
mum delay between conversions (t10) of 1~s allows 
enough timeforthe analog inputto be acquired. Duringthe 
convert phase, the comparator feedback switch opens, 
putting the comparator into the compare mode. The 
sample-and-hold capacitor is switched to ground inject
ing the analog input charge onto the comparator summing 
junction. This input charge is successively compared to 
binary weighted charges supplied by the capacitive DAC. 
Bit decisions are made by the comparator (zero crossing 
detector) which checks the addition of each successive 
weighted bit from the DAC output. The MSB decision is 
made 50ns (typically) after the second falling edge of ClK 
IN following a conversion start. Similarly, the succeeding 
bit decisions are made approximately 50ns after a ClK IN 
edge until the conversion is finished. At the end of a 
conversion, the DAC output balances the AIN output charge. 
The SAR contents (12-bit data word) which represent the 
AIN input signal are loaded into a 12-bit latch. 

Sample-and-Hold and Dynamic Performance 

Traditionally AID converters have been characterized by 
such specs as offset and full-scale errors, integral non-
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SAMPLE 

3000 

2.71<0 

Figure 1. AIN Input 

linearity and differential non-linearity. These specs are 
useful for characterizing an ADC's DC or low frequency 
signal performance. 

These specs alone are not adequate to fully specify the 
lTC1272 because of its high speed sampling ability. FFT 
(Fast Fourrier Transform) test techniques are used to 
characterize the lTC1272's frequency response, distor
tion and noise at the rated throughput. 

By applying a low distortion sine-wave and analyzing the 
digital output using a FFT algorithm, the lTC1272's spec
tral content can be examined for frequencies outside the 
fundamental. Figure 2 shows a typical lTC1272 FFT plot. 

-10 1-+.-+-+-+-+-+-+-+-+-+-+-+-1 
-20 I----+.--+-+-+-+-+-+-++-+-+-H 
-30 1-+.-+-+-+-+-+-+-+-+-+-+-+-1 

~ -40 I-II--+-+-+-+-+-+-+-+-+-+-+-I 
~-Wl-li--+-+-+-+-+-+-+-+-+-+-+-I 
::0 

is -60 I-+--+-+-+-+-+-+-++-+-+-H 
~ -701-l--+-+-+-+-+-+-+-+-+-+-+-I 

-80 f-+--lr-+-+-+-+-+-+-+-+-+-+-I 

-100 

W ~ 00 00 100 lW 

FREQUENCY (KHz) 

Figure 2. LTC1272 Non-Averaged, 1024 Point FFT Plot. 
Is = 250kHz, liN = 10kHz 



APPLICATions InFoRmATion 

Signal to Noise Ratio 

The Signal to Noise Ratio (SNR) is the ratio between the 
RMS amplitude of the fundamental input frequency to the 
RMS amplitude of all other frequency components at the 
ND output. This includes distortion as well as noise 
products and forthis reason it is sometimes referred to as 
Signal to Noise + Distortion [S/(N + D)]. The output is band 
limited to frequencies from DC to one half the sampling 
frequency. Figure 2 shows spectral content from DC to 
125kHz which is 112 the 250kHz sampling rate. 

Effective Number of Bits 

The effective number of bits (ENOBs) is a measurement of 
the resolution of an ND and is directly related to the 
S/(N + D) by the equation: 

N = [S/(N + D) -1.76]/6.02, 

where N is the effective number of bits of resolution and 
S/(N + D) is expressed in dB. At the maximum sampling 
rate of 250kHz the lTC1272 maintains 11.5 ENOBs or 
better to 20kHz. Above 20kHz the ENOBs gradually de
cline, as shown in Figure 3, due to increasing second 
harmonic distortion. The noise floor remains approxi
mately 90dB. The dynamic differential non-linearity re
mains good out to 120kHz as shown in Figure 4. 

12 
11 

10 

o 

--H-l 
J I ---

I 
_ 's=250KHz 

VDD = 5V 

o 20 40 60 80 100 120 

fiN (KHz) 

Figure 3. LTC1272 Effective Number of Bits (ENOBs) vs Input 
Frequency. fs = 250kHz 

LTC1272 

0.5 ~+--+-+--I--+----+--l---l 

'" ~ 
-;;; 0 
o 
a: 
ffi 

-0.5 ~+-+-+--I--+---+---+----l 

CODE (THOUSANDS) 

Figure 4. LTC1272 Dynamic DNL. felK = 4MHz, 
fs = 250kHz, fiN = 122.25342kHz, Vee = 5V 

Total Harmonic Distortion 

Total Harmonic Distortion (THD) is the ratio of the RMS 
sum of all harmonics ofthe input signal tothe fundamental 
itself. The harmonics are limited to the frequency band 
between DC and one half the sam ling frequency. THD is 
expressed as: 20 LOG [ V22 + V32 +VN21 V1] where V1 is 
the RMS amplitude of the fundamental frequency and V2 
through VN are the amplitudes of the second through Nth 
harmonics. 

Clock and Control Synchronization 

For best analog performance, the lTC1272 clock should 
be synchronized to the CS and RD control inputs as shown 
in Figure 5, with at least 40ns separating convert start from 
the nearest ClK IN edge. This ensures that transitions at 
ClK IN and ClK OUT do not couple to the analog input and 
get sampled by the sample-and-hold. The magnitude of 
this feedthrough is only a few millivolts, but if ClK and 
convert start (CS and RD) are asynchronous, frequency 
components caused by mixing the clock and convert 
signals may increase the apparent input noise. 

When the clock and convert signals are synchronized, 
small endpoint errors (offset and full scale) are the most 
that can be generated by clock feedthrough. Even these 
errors (which can be trimmed out) can be eliminated by 
ensuring that the start of a conversion (CS and RD falling 
edge) does not occur within 40ns of a clock edge, as in 
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LTC1272 

APPLICATions InFoRmATion 

ClK IN 

OB11 
(MSB) 

Fv£ 
t t t 

OB10 OB1 OBO 
(lSB) 

UNCERTAIN CONVERSION TIME FOR 30n. <114 < 180n. 

"THE lTC1272 IS ALSO COMPATIBLE WITH THE A07572 SYNCHRONIZATION MODES. 

Figure 5. RD and ClK IN for Synchronous Operation 

Figure 5. Nevertheless, even without observing this guide
line, the lTC1272 is still compatible with AD7572 synchro
nization modes, with no increase in linearity error. This 
means that either the falling or rising edge of ClK IN may 
be near RD's falling edge. 

Driving the Analog Input 

The analog input of the lTC1272 is much easier to drive 
than that of the AD7572. The input current is not modu
lated by the DAC as in the AD7572. It has only one small 
current spike from charging the sample-and-hold capaci
tor atthe end ofthe conversion. During the conversion the 
analog input draws only DC Current. The only requirement 
is that the amplifier driving the analog input must settle 
after the small current spike before the next conversion is 
started. Any op amp that settles in 1IJ.s to small current 
transients will allow maximum speed operation. If slower 
op amps are used, more settling time can be provided by 
increasing the time between conversions. Suitable de
vices capable of driving the lTC1272 AIN input include the 
l T1 006 and l T1007 op amps. 

Internal Clock Oscillator 

Figure 6 shows the l TC1272 internal clock circuit. A 
crystal or ceramic resonator may be connected between 
ClK IN (Pin 17) and ClK OUT (Pin 18) to provide a clock 
oscillator for ADC timing. Alternatively the crystal/resona
tor may be omitted and an external clock source may be 

6-14 

NOTES: 
lTC1272-3 -4MHz CRYSTAUCERAMIC RESONATOR 
lTC1272-5 - 2.5MHz CRYSTAllCERAMIC RESONATOR 
lTC1272-B-1.6MHz GRYSTAllCERAMIC RESONATOR 

Figure 6. lTC1272 Internal Clock Circuit 

connected to ClK IN. For an external clock the duty cycle 
is not critical. An inverted ClK IN signal will appear at the 
ClK OUT pin as shown in the operating waveforms of 
Figure 7. Capacitance on the ClK OUT pin should be 
minimized for best analog performance. 

Internal Reference 

The lTC1272 has an on-chip, temperature-compensated, 
curvature corrected, bandgap reference, which is factory 
trimmed to 2.42V ±1 %. It is internally connected to the 
DAC and is also available at Pin 2 to provide up to 1 rnA 
current to an external load. 

For minimum code transition noise the reference output 
should be decoupled with a capacitor to filter wideband 
noise from the reference (1 OIJ.F tantalum in parallel with a 
0.11J.F ceramic). A simplified schematic of the reference 
with its recommended decoupling is shown in Figure 8. 
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CS&Rli \ / 7 7 7 7 
BUSY\ 

CLK IN 

CLK OUT 

OBll OB10 OBl OBO 
(MSB) (LSB) 

Figure 7. Operating Waveforms Using an External Clock Source for CLK IN 

Figure B. LTC1272 Internal 2.42V Reference 

Unipolar Operation 

Figure 9 shows the ideal input/output characteristic forthe 
OV to 5V input range of the L TC1272. The code transitions 
occur midway between successive integer LSB values 
(Le., 1/2 LSB, 3/2 LSBs, 5/2 LSBs ... FS-3/2 LSBs). The 
output code is natural binary with 1 LSB = FS/4096 = (51 
4096)V = 1.22mV. 

Unipolar Offset and Full-Scale Error Adjustment 

In applications where absolute accuracy is important, then 
offset and full-scale error can be adjusted to zero. Offset 

11 ... 111 

11...110 

11 ... 101 
w 

- f--- FULL SCALE 
TRANSITION --H 

1 
I 

'" 0 
, 

<.:> 
f-
:::> 
0.. FS = 5V -
f-
:::> 
0 lLSB= 4~~6-, 

00 ... 011 

00 ... 010 

00 ... 001 

r 
I 

I 
00 ... 000 t o 1 2 3 ~ 

LSB t LSB's FS • 1 LSB 
LSB's 

A1N, INPUT VOLTAGE (IN TERMS Of LSB's) 

Figure 9. LTC1272 Ideallnpul/Output Transfer Characteristic 

error must be adjusted before full-scale error. Figure 10 
shows the extra components required for full-scale error 
adjustment. Zero offset is achieved by adjusting the offset 
of the op amp driving AIN (Le., A 1 in Figure 10). For zero 
offset error apply 0.61 mV (Le., 1/2 LBS) at VIN and adjust 
the op amp offset voltage until the ADC output code 
flickers between 0000 0000 0000 and 0000 0000 0001. 

For zero full-scale error apply an analog input of 4.99817V 
(Le., FS-3/2 LSBs or last code transition) at VIN and adjust 
R1 until the ADC output code flickers between 11111111 
1110 and 111111111111. 
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Figure 10. Unipolar OV 10 +5V Operation with Gain Error Adjust 

Applicatjon Hints 

Wire wrap boards are not recommended for high resolu
tion or high-speed AID converters. To obtain the best 
performance from the LTC1272 a printed circuit board is 
required. Layout for the printed circuit board should 
ensure that digital and analog signal lines are separated as 
much as possible. In particular, care should be taken not 
to run any digital track alongside an analog signal track or 
underneath the LTC1272. The analog input should be 
screened by AGND. 

A single point analog ground separate from the logic 
system ground should be established with an analog 
ground plane at Pin 3 (AGND) or as close as possible to the 
LTC1272, as shown in Figure 11. Pin 12 (LTC1272 DGND) 
and all other analog grounds should be connected to this 
single analog ground point. No other digital grounds 
should be connected to this analog ground point. Low 
impedance analog and digital power supply common 
returns are essential to low noise operation ofthe ADC and 

the foil width for these tracks should be as wide as 
possible. 

Noise: Input signal leads to AIN and signal return leads 
from AGND (Pin 3) should be kept as short as possible to 
minimize input noise coupling. In applications where this 
is not possible, a shielded cable between source and ADC 
is recommended. Also, since any potiential difference in 
grounds between the signal source and ADC appears as an 
error voltage in series with the input signal, attention 
should be paid to reducing the ground circuit impedances 
as much as possible. 

In applications where the LTC1272 data outputs and 
control signals are connected to a continuously active 
microprocessor bus, it is possible to get LSB errors in 
conversion results. These errors are due to feedthrough 
from the microprocessorto the successive approximation 
comparator. The problem can be eliminated by forcing the 
microprocessor into a WAIT state during conversion (see 
Slow Memory Mode interfacing), or by using three-state 
buffers to isolate the L TC1272 data bus. 

Timing and Control 

Conversion start and data read operations are controlled 
by three LTC1272 digital inputs; HBEN, CS and RD. Figure 
12 shows the logic structure associated with these inputs. 
The three signals are internally gated so that a logic "0" is 
required on all three inputs to initiate a conversion. Once 
initiated it cannot be restarted until conversion is com
plete. Converter status is indicated by the BUSY output, 
and this is low while conversion is in progress. 

\ 

DIGITAL 
SYSTEM 

F---' GROUND CONNECTION 
TO DIGITAL CIRCUITRY 

Figure 1f Power Supply Grounding Practice 
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APPLICATions InFoRmATion 
There are two modes of operation as outlined by the timing 
diagrams of Figures 13 to 17. Slow Memory Mode is 
designed for microprocessors which can be driven into a 
WAIT state, a READ operation brings CS and RD low which 
initiates a conversion and data is read when conversion is 
complete. 

The second is the ROM Mode which does not require 
microprocessor WAIT states. A READ operation brings CS 
and RD low which initiates a conversion and reads the 
previous conversion result. 

- 011 .... 00/8 ARE THE AOC DATA OUTPUT PINS 
OB11.. .. 080 ARE THE 12-BIT CONVERSION RESULTS 

Figure 12. Internal logic for Control Inputs CS, RD and HBEN 

OB11 
(MSB) 

UNCERTAIN CONVERSION TIME FOR 30ns < 114 < 180ns 

OB10 OB1 

-THE LTC1272 IS ALSO COMPATIBLE WITH THE A07572 SYNCHRONIZATION MODES. 
SEE "DIGITAL INTERFACE" TEXT. 

Figure 13. RD and ClK IN for Synchronous Operation 

Table 1. Data Bus Output, CS and RD = low 

PIN 4 PIN 5 PIN 6 PIN 7 PIN 8 PINg PIN 10 PIN 11 

Oata Outputs * 011 010 09 08 07 06 05 04 

HBEN = Low DBll DB10 DB9 DBB DB? DB6 DB5 DB4 

HBEN = High DBll DB10 DB9 DBB Low Low Low Low 

Note: *011 ... DO/B are the ADC data output pins 
DBll ... DBO are the 12-bit conversion results, DBll is the MSB 

OBO 
(LSB) 

PIN 13 

03/11 

DB3 

DBll 

PIN 14 PIN 15 PIN 16 

02110 01/9 00/8 

DB2 DBl DBO 

DB10 DB9 DBB 
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-----+- t121"'--

T::~: ~+-------iL--_______ ----I1 
Figure 14. Slow Memory Mode, Parallel Read Timing Diagram 

Data Outputs 

Read 

Data Format 

The output data format can be either a complete parallel 
load for 16-bit microprocessors or a two byte load for 8-
bit microprocessors. Data is always right justified (i.e., 
LSB is the most right-hand bit in a 16-bit word). For a two 
byte read, only data outputs 07 ... 00/8 are used. Byte 
selection is governed by the HBEN input which controls an 
internal digital multiplexer. This multiplexes the 12-bits of 
conversion data onto the lower 07 ... 00/8 outputs 
(4 MSBs or 8 LSBs) where itcan be read intwo read cycles. 
The 4 MSB's always appear on 011 ... 08 whenever the 
three-state output drives are turned on. 

Slow Memory Mode, Parallel Read (HBEN = Low) 

Figure 14 and Table 2 show the timing diagram and data 
bus status for Slow Memory Mode, Parallel Read. CS and 
RO going low triggers a conversion and the LTC1272 
acknowledges by taking BUSY low. Data from the previous 
conversion appears on the three-state data outputs. BUSY 
returns high at the end of conversion when the output 
latches have been updated and the conversion result is 
placed on data outputs 011 ... 00/8. 

6-18 

00/8 

080 

Slow Memory Mode, Two Byte Read 

For a two byte read only 8 data outputs 07 ... 00/8 are 
used. Conversion start procedure and data output status 
for the first read operation is identical to Slow Memory 
Mode, Parallel Read. See Figure 15 timing diagram and 
Table 3 data bus status. At the end of conversion the low 
data byte (OB7 ... OBO) is read from the AOC. A second 
READ operation with HBEN high, places the high byte on 
data outputs 03/11 ... 00/8 and disables conversion start. 
Notethe 4 MSB's appear on data outputs 011 ... 08 during 
the two READ operations above. 

ROM Mode, Parallel READ (HBEN = Low) 

The ROM Mode avoids placing a microprocessor into a 
WAIT state. A conversion is started with a READ operation 
and the 12 bits of data from the previous conversion is 
available on data outputs 011 ... 00/8 (see Figure 16 and 
Table 4). This data may be disregarded if not required. A 
second READ operation reads the new data (OB11 ... 
OEIO) and starts another conversion. A delay at least as 
long as the LTC1272 conversion time plus the 1 fls mini
mum delay between conversions must be allowed be
tween READ operations. 
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HBEN)~""t_B --------------.--�..L9~t'~.u.u...~-IB- __ I~'t-~---

DATA ---1--<1 OLD DATA 
DB7-DBO 

-----+- t121------+-t121-
HOLD -------- I 

TRACK---....I· ~----------------~I 
Figure 15. Slow Memory Mode, Two Byte Read Timing Diagram 

Table 3. Slow Memory Mode, Two Byte Read Data Bus Status 

Data Outputs 07 06 05 04 03/11 

First Read DB? DB6 DB5 DB4 DB3 

Second Read Low Low Low Low DB11 

LJ 
Figure 16. RDM Mode, Parallel Read Timing Diagram 

Table 4. ROM Mode, Parallel Read Data Bus Status 

02/10 

DB2 

DB10 

01/9 

DB1 

DB9 

L 

Data Outputs 011 010 09 08 07 06 05 04 03/11 02/10 

First Read (Old Data) DB11 DB10 DB9 DB8 DB? DB6 DB5 DB4 DB3 DB2 

Second Read DB11 DB10 DB9 DB8 DB? DB6 DB5 DB4 DB3 DB2 

01/9 

DB1 

DB1 

00/8 

DBO 

DB8 

00/8 

DBO 

DBO 
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HBEN ~'t>------,"",+,.u. 
~t8 

DATA ----+-<1 

---. 1"""'- t12 

. 1..-1 _____ --'1 

Figure 17. ROM Mode, Two Byte Read Timing Diagram 

Table 5. ROM Mode, Two Byte Read Dala Bus SIalus 

Oata Outputs 07 06 05 

First Read DB? DB6 DB5 

Second Read Low Low Low 

Third Read DB? DB6 DB5 

ROM Mode, Two Byte READ 

As previously mentioned for a two byte read, only data 
outputs 07 ... 00/8 are used. Conversion is started in the 
normal way with a READ operation and the data output 
status is the same as the ROM Mode, Parallel Read. See 
Figure 17timing diagram and Table 5 data bus status. Two 
more READ operations are required to access the new 
conversion result. A delay equal to the LTC1272 conver
sion time must be allowed between conversion start and 
the second data READ operation. The second READ opera
tion, with HBEN high, disables conversion start and places 
the high byte (4 MSBs) on data outputs 03/11 ... 0018. 
A third read operation accesses the low data byte (DB7 
... DBO) and starts another conversion. The 4 MSB's 

appear on data outputs 011 ... 08 during all three read 
operations above. 
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04 03/11 02/10 01/9 00/8 

DB4 DB3 DB2 DBl DBO 

Low DBll DB10 DB9 DBB 

DB4 DB3 DB2 DBl DBO 

Microprocessor Interfacing 

The LTC1272 is designed to interface with microproces
sors as a memory mapped device. The CS and RD control 
inputs are common to all peripheral memory interfacing. 
The HBEN input serves as a data byte select for 8-bit 
processors and is normally connected to the micropro
cessor address bus. 

MC68000 Microprocessor 

Figure 18 shows a typical interface for the MC68000. The 
LTC1272 is operating in the Slow Memory Mode. Assum
ing the LTC1272 is located at address COOO, then the 
following single 16-bit MOVE instruction both starts a 
conversion and reads the conversion result: 

MoveW $COOO,DO 

.L7lJ!J~ 
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~3~--~~~~--~ 
A1 t--""""""''''"''I- -F-----J 

ASt---~IEN 
MC68000 

DTACK 

RiW t------; >0---+ 
011 .1'---......"..,=""'.",...---

DO ~-.....::::..:.='---1 

• ADDITIDNAL PINS OMITIED FOR CLARITY 

Figure 1B. LTC1272 MC6BOOO Interface 

At the beginning of the instruction cycle when the ADC 
address is selected, BUSY and CS assert DTACK, so that 
the MC68000 is forced into a WAIT state. At the end of 
conversion BUSY returns high and the conversion result 
is placed in the DO register of the microprocessor. 

8085A, Z80 Microprocessor 

Figure 19 shows a LTC1272 interface for the Z80 and 
808SA. The LTC1272 is operating in the Slow Memory 
Mode and a two byte read is required. Not shown in the 
figure is the 8-bit latch required to demultiplex the 808SA 
common address/data bus. AO is used to assert HBEN, so 
that an even address (HBEN = LOW) to the LTC1272 will 
start a conversion and read the low data byte. An odd 
address (HBEN = HIGH) will read the high data byte. This 

MREQ t---~EN 

Z80 L...----r-r----' 
8085A 

WAIT 1_-----------
Riit--------

D7 .1'---......"..,=""'.",...----
00 ~-.....::::..:.='---1 

• LINEAR CIRCUITRY OMITIED FOR CLARITY 

Figure 19. LTC1272 8085AJZBO Interface 

LTC1272 

is accomplished with the single 16-bit LOAD instruction 
below. 

For the 808SA 
For the Z80 

LHLD (8000) 
LDHL, (BOOO) 

This is a two byte read instruction which loads the ADC 
data (address BOOO) into the HL register pair. During the 
first read operation, BUSY forces the microprocessor to 
WAIT for the LTC1272 conversion. No WAIT states are 
inserted during the second read operation when the mi
croprocessor is reading the high data byte . 

TMS32010 Microcomputer 

Figure 20 shows an LTC1272 TMS32010 interface. The 
LTC1272 is operating in the ROM Mode. The interface is 
designed for a maximum TMS32010 clock frequency of 
18MHz but will typically work over the full TMS32010 
clock frequency range. 

The L TC1272 is mapped at a port address. The following 
I/O instruction starts a conversion and reads the previous 
conversion result into data memory. 

INA,PA (PA = PORT ADDRESS) 

When conversion is complete, a second I/O instruction 
reads the up-to-date data into memory and starts another 
conversion. A delay at least as long as the ADC conversion 
time must be allowed between I/O instructions. 

P~ ~----,===:=---~ 
PAD t---':..:.:.:.:.=n:..::=...----' 

DEN 1"--_1 
TMS32010 L...----r:r-----' 

D11 ~----::"=,.",...... __ 

DO ~-----!;=~..., 

• LINEAR CIRCUITRY OMITIEO FOR CLARITY 

Figure 20. LTC1272 TMS32010 Interface 

LTC1272-rA22 
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Compatibility with the AD7572 

Figure 21 shows the simple, single 5V configuration 
recommended for new designs with the lTC1272. If an 
AD7572 replacement or upgrade is desired, the lTC1272 
can be plugged into an AD7572 socket with minor modi
fications. It can be used as a replacement or to upgrade 
with sample-and-hold, single supply operation and re
duced power consumption. 

The lTC1272, while consuming less power overall tha~ 
the AD7572, draws more current from the +5V supply (It 
draws no power from the -15V supply). Also, a 1J!s 

+2.42V 
VREF -0-. _+_---<l""""'"-{-

OUTPUT 

minimum time between conversions must be provided to 
allow the sample-and-hold to reacquire the analog input. 
Figure 22 shows that if the clock is synchronous with CS 
and RD, it is only necessary to short out the 10Q series 
resistor and reverse the polarity of the 10J!F bypass 
capacitor on the VREF pin. The -15V supply is not required 
and can be removed, or, because there is no internal 
connection to Pin 23, it can remain unmodified. The clock 
can be considered synchronous with CS and RD in cases 
where the lTC1272 ClK IN signal is derived from the same 
clock as the microprocessor reading the lTC1272. 

+5V 

• FOR GROUNDING AND BYPASSING HINTS 
SEE FIGURE 11 AND APPLICATION HINTS 
SECTION 

LTCI272-TA03 

Figure 21. Single 5V Supply, 3!!$, 12-Bit Sampling ADC 
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LTC1272 

+2.42V· 
!-------=,..."...".---....... ----t.,...+5V 

VREF -,-..,..,.-p"-,-.,,.....'WI.......-I 
OUTPUT 

-151('" ~10"F 
10"F ~ ~ 

" "':'" ',- ______ --,"t 

• THE LTC1272 HAS THE SAME OV TO 5V INPUT RANGE BUT PROVIDES A +2.42V 
REFERENCE OUTPUT AS OPPOSED TO THE -5.25V OF THE AD7572. FOR PROPER 
OPERATION, REVERSE THE REFERENCE CAPACITOR POLARITY AND SHORT OUT THE 
10n RESISTOR . 

•• THE ADC CLOCK SHOULD BE SYNCHRONIZED TO THE CONVERSION START 
SIGNALS (eg, fUjl OR 1-2 LSBs OF OUTPUT CODE NOISE MAY OCCUR. DERIVING 
T: 'E ADC CLOCK FROM THE "p CLOCK IS ADEQUATE. 

t THE LTC1272 CAN ACCOMMODATE THE -15V SUPPLY OFTHE AD7572 BUT DOES 
NOT REQUIRE IT. PIN 23 OFTHE LTC1272IS NOT INTERNALLY CONNECTED. 

Figure 22. Plugging the LTC1272 into an AD7572 Socket 
Case 1: Clock Synchronous with CS and RD 

If the clock signal for the AD7572 is derived from a 
separate crystal or other signal which is not synchronous 
with the microprocessor clock, then the signals need to be 
synchronized for the lTC1272 to achieve best analog 
performance (see Clock and Control Synchronization), 
The best way to synchronize these signals is to drive the 
ClK IN pin of the lTC1272 with a derivative of the 
processor clock, as mentioned above and shown in Figure 
22. Another way, shown in Figure 23, is to use a flip-flop 
to synchronize the RD to the lTC1272 with the ClK IN 
signal. This method will work but has two disavantages 

.L7lJU~ 

over the first: Because the RD is delayed by the flip-flop, 
the actual conversion start and the enabling of the 
l TC1272's BUSY and data outputs can take up to one ClK 
IN cycle to respond to a RD.j, convert command from the 
processor. The sampling of the analog input no longer 
occurs at the processor's falling RD edge but may be 
delayed as much as one ClK IN cycle. Although the 
lTC1272 will still exhibit excellent DC performance, the 
flip-flop will introduce jitter into the sampling which may 
reduce the usefulness of this method for AC systems. 
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r---~p6~~~~---1~---1~+W 
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+2.42V' 
\liEF -:':'-:t-:-.... ~:.-WH""LJ 

OUTPUT 

DA~~ 
BUS 

EXTERNAL 

0 .. 11-..... ----- Ali 

ASYNCHRONOUS OR 
CLOCK 

, THE LTC1272 HAS THE SAME OVTO 5V INPUT RANGE BUT PROVIOES A +2.42V 
REFERENCE OUTPUT AS OPPOSED TO THE -5.25V OF THE AD7572. FOR PROPER 
OPERATION, REVERSE THE REFERENCE CAPACITOR POLARITY AND SHORT OUT THE 
100 RESISTOR . 

.. THE D FLIP-FLOP SYNCHRONIZES THE CONVERSION START SIGNAL (ROll TO THE 
ADC CLKoUT SIGNAL TO PREVENT OUTPUT CODE NOISE WHICH OCCURS WITH 
AN ASYNCHRONOUS CLOCK. 

t THE LTC1272 CAN ACCOMMODATE THE -15V SUPPLY OFTHE AD7572 BUT DOES 
NOT REQUIRE IT. PIN 23 OF THE LTC1272IS NOT INTERNALLY CONNECTED. 

Figure 23. Plugging the LTC1272 into an AD7572 Socket 
Case 2: Clock Not Synchronous with CS and RD 

10llF 

"p 
CONTROL 
LINES 



''''-Llnt:A~D ___ LTC_1287 
~, TECHNOLOGY 3V Single Chip 12-Bit 

Data Acquisition System 

FEATURES 
• Single Supply 3.3V or ±3.3V Operation 
• Built-In Sample-and-Hold 
• Direct 3-Wire Interface to Most MPU Serial Ports and 

All MPU Parallel Ports 
• 30kHz Maximum Throughput Rate 

KEY SPECIFICATiOnS 
• Minimum Guaranteed Supply Voltage: 2.7V 
• Resolution: 12 Bits 
• Fast Conversion Time: 24/JS Max Over Temp. 
• Low Supply Current: 1.0mA 

TYPICAL APPLICATiOn 
• Battery-Powered Instruments 
• Data Logger 
• Data Acquisition Modules 

3V Differential Input Data Acquisition System 

cg~~~~~6~LEI~r~~~ + -+-++--
OVTO Vee' 

TO AND FROM MPU 

• FOR OVERVOLTAGE PROTECTION. LIMIT THE INPUT CURRENT TO 15mA 
PER PIN OR CLAMP THE INPUTS TO Vee AND GND WITH 1 N4148 DIODES. 
CONVERSION RESULTS ARE NOT VALID WHEN THE SELECTED CHANNEL OR 
OTHER CHANNEL IS OVERVOLTAGED (VIN < GND OR VIN > Vee). SEE SECTION 
ON OVERVOLTAGE PROTECTION IN THE APPLICATIONS INFORMATION . 

.L7lJ!J~ 

DESCRIPTion 
The LTC1287 is a 3V data acquisition component which 
contains a serial 1/0 successive approximation AID con
verter. The device specifications are guaranteed at a 
supply voltage of 2.7V. It uses LTCMOS™ switched ca
pacitor technology to perform a 12-bit unipolar, AID 
conversion. The differential input has an on-chip sample
and-hold on the (+) input. 

The serial 110 is designed to communicate without external 
hardware to most MPU serial ports and all MPU parallel 
1/0 ports allowing data to be transmitted and received over 
three wires. The low voltage operating capability and the 
low power consumption of this device make it ideally 
suited for battery applications. Given the ease of use, small 
package size and the minimum number of interconnects 
for 1/0, the L TC1287 can be used for remote sensing 
applications. 

LTCMOS is a trademark of Linear Technology Corporation 

INL with VREF = 1.2V 

1.0 

0.5 

.",-,/11 ~~ ~ ~ ... .!It." .. w... 
'" ~i'\\"'I I'f'W" 'n' W' 

-0.5 

-1.0 
o 512 1024 1536 2048 2560 3072 3584 4096 

CODE 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
(Notes 1 and 2) 

Supply Voltage (Vccl to GND .................................. 12V ORDER PART 
Voltage TOP VIEW NUMBER 

Analog and Reference Inputs ..... -0.3V to Vcc + 0.3V 
Digital Inputs ........................................ -0.3Vto 12V 
Digital Outputs ........................... -0.3V to Vcc + 0.3V 

Power Dissipation ............................................. 500mW 
Operating Temperature Range 

LTC1287BI, LTC1287CI .................... -40°C TO 85°C 

~O'· LTC1287BIJ 
tiN 2 7 ClK LTC1287CIJ 
-IN 3 6 DOUl LTC1287BIN 

GND 4 5 VREF LTC1287CIN 
J8 PACKAGE LTC1287BCJ 

8-lEAD CERAMIC DIP LTC1287CCJ 
LTC1287BC, L TC1287CC ........................ O°C to 70°C 

Storage Temperature Range ................. -65°C to 150°C 
N8 PACKAGE LTC1287BCN 8-lEAD PLASTIC DIP 

LTC1287CCN 1287 PO 

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

conVERTER AnD mULTIPLEXER CHARACTERISTICS (Note3) 

LTC1287B LTC1287C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Error Vcc = 2.7V (Note 4) • ±3.0 ±3.0 lSB 
Linearity Error (INl) Vcc = 2.7V (Notes 4 & 5) • ±0.5 ±0.5 lSB 
Gain Error Vcc = 2.7V{Note 4) • ±0.5 ±1.0 lSB 
Minimum Resolution for Which No • 12 12 Bits 
Missing Codes are Guaranteed 

Analog and REF Input Range (Note 7) (V ) - 0.05V to Vcc + 0.05V V 

On Channel leakage Current (Note 8) On Channel = 3V • ±1 ±1 IlA 
Off Channel = OV 

On Channel = OV • ±1 ±1 IlA 
Off Channel = 3V 

Off Channel leakage Current (Note 8) On Channel = 3V • ±1 ±1 IlA 
Off Channel = OV 

On Channel = OV • ±1 ±1 IlA 
Off Channel = 3V 

AC CHARACTERISTICS (Note 3) 

LTC1287B/L TC1287C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

fClK Clock Frequency (Note 6) {Note 9) 0.5 MHz 

tSMPl Analog Input Sample Time See Operating Sequence 1.5 ClK Cycles 

tCONV Conversion Time See Operating Sequence 12 ClK Cycles 

tCYC Total Cycle Time See Operating Sequence (Note 6) 14 ClK+ Cycles 
5.01JS 

tdDO Delay Time, ClK! to DOUT Data Valid See Test Circuits • 250 450 ns 

tdis Delay Time, cst to DOUT Hi-Z See Test Circuits • 80 160 ns 

len Delay Time, ClK! to DOUT Enabled See Test Circuits • 130 250 ns 
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AC CHARACTERISTICS (Nole 3) 

LTC1287B/L TC1287C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

thDD Time Output Data Remains Valid After CLK! SO ns 

tf DOUT Fall Time See Test Circuits • 40 100 ns 

t, DOUT Rise Time See Test Circuits • 40 100 ns 

tWHelK CLK High Time Vee = 3V (Note 6) 600 ns 

tWlelK ClK low Time Vee = 3V (Note 6) 800 ns 

Isucs Setup Time, cst Before ClKi Vee = 3V (Note 6) 100 ns 

tWHCS CS High Time Between Data Transfer Cycles Vee = 3V (Note 6) S.O !J.S 

tWlCS CS low Time During Data Transfer Vee = 3V (Note 6) 14 ClK Cycles 

CIN Input Capacitance Analog Inputs On Channel 100 pF 
Analog Inputs Off Channel S pF 
Digital Inputs S pF 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS (Nole 3) 

LTC1287B/L TC1287C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High level Input Voltage Vee = 3.6V • 2.1 V 

Vil low Level Input Voltage Vee = 3.0V • 0.45 V 

IIH High level Input Current VIN = Vee • 2.S IlA 
III Low Level Input Current VIN = OV • -2.S IlA 
VOH High Level Output Voltage Vee = 3.0V, 10 = 201lA 2.90 V 

10 = 4001lA • 2.7 2.8S V 

VOL Low Level Output Voltage Vee = 3.0V, 10 = 201lA O.OS V 
10 = 4001lA • 0.10 0.3 V 

loz High Z Output Leakage VOUT = Vee&S High • 3 IlA 
VOUT = OV, CS High • -3 IlA 

IsouReE Output Source Current VOUT = OV 

Is INK Output Sink Current VOUT= Vee 

Icc Positive Supply Current CS High 

IREF Reference Current VREF= 2.SV 

The. denotes specifications which apply over the operating temperature 
range; all other limits and typicals TA = 2SoC. 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 
Note 2: All voltage values are with respect to ground (unless otherwise 
noted). 
Note 3: Vee = 3V, VREF = 2.5V, ClK = SOOkHz unless otherwise specified. 
Note 4: One LSB is equal to VREF divided by 4096. For example, when 
VREF = 2.5V, 1 LSB = 2.5V/4096 = 0.61 mY. 
Note 5: Integral nonlinearity error is defined as the deviation of a code 
from a straight line passing through the actual endpoints of the transfer 
curve. The deviation is measured from the center of the quantization band. 

-10 rnA 

9 rnA 

• 1.S S rnA 

• 10 50 IlA 

Note 6: Recommended operating conditions. 
Note 7: Two on-chip diodes are tied to each analog input which will 
conduct for analog voltages one diode drop below GND or one diode drop 
above Vee. Be careful during testing at low Vee levels, as high level analog 
inputs can cause this input diode to conduct, especially at elevated 
temperature, and cause errors for inputs near full scale. This spec allows 
SOmV forward bias of either diode. This means that as long as the analog 
input does not exceed the supply voltage by more than SOmV, the output 
code will be correct. 
Note 8: Channel leakage current is measured after the channel selection. 
Note 9: Increased leakage currents at elevated temperatures cause the 
S/H to droop, therefore it is recommended that feLK ;:>: 30kHz at 85°C and 
feLK ;:>: 3kHz at 2SoC. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Supply Current vs Supply Voltage 
2.S 

2.6 ClK = 500kHz / 
TA=25°C 
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Change in Linearity vs Reference 
Voltage 

Vee = 3V 
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Change in Linearity vs 
Temperature 
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Change in Gain vs Temperature 
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Vee = 3V 

\ 
I\.Vos = 0.250mV 

'\ 
""-.... 

'" ........... 
Vos = 0.125mV ....... r--

o 0.5 1.0 1.5 2.0 2.5 3.0 
REFERENCE VOLTAGE (V) 

Change in Onset vs Temperature 

Vee = 3V 
VREF = 2.5V 
ClK = 500kHz 

i'.. , 
........... ./ 

V 
-40 -20 0 20 40 60 80 100 

350 

~ 300 
-.. 
d 250 
::; 

~ 200 
w 
::; 
>= 150 

~ Cl 100 

ii 
Cl 50 

o 

AMBIENT TEMPERATURE (OC) 

DOUT Delay Time vs Temperature 

Vee = 3V V 

~SB-FIIRST D~TA ...... /f' 

......Y1 
/' lSB-FIRST ~e..- ...-
~ -...-

-40 -20 20 40 60 so 100 
AMBIENT TEMPERATURE (OC) 



TYPICAL PERFORmAnCE CHARACTERISTICS 

~ .. 
~ 
'" '" I-
w 
:;; 
>= 
z 
0 
>= en 
5 
0 
'-' 

"'" :J: 
00 

500 

Maximum Clock Rate vs Source 
Resistance 

['vcc = 3V 

~ VREF = 2.5V 

\ 
ClK = 500kHz 

1\ 

,vla:~ 
r-R~ -IN 

.,!,. ~ 

o 
100 

i 11111111 

lk 10k 
RSOURCE- (n) 

Sample-and-Hold Acquisition 
Time vs Source Resistance 

100 

10 

1 
100 

VREF-2.5V 
Vcc - 3V 
TA-25°C 
OV T~ 2~V iNm STEP 

RSOURCE+ 

VIN~ 

-

lk 
RSOURCE+ (n) 

lOOk 

10k 

LTC1287G13 

¥0.25 
~ 
>-
~ 0.20 
::J 
o 
fE 0.15 
::J 
'-' 
:;; 0.10 
::J 
:;; 
z 
:iii 0.05 

Minimum Clock Rate for 0.1 LSB 
Error"" 

Vcc = 3V 

V 
-50 -25 0 25 50 75 100 

1000 

:[ 900 

~ 800 
a: 
§ 700 
'-' 
W 600 

~ 500 

~ 400 
z 
~ 300 

~ 200 
::J 
~ 100 

o 

AMBIENTTEMPERATURE (OC) 

Input Channel Leakage Current vs 
Temperature 

GLAR~NTEJD~ 

ON CHANNEL 

OFrCH1NN~ 
-50 -30 -10 10 30 50 70 90 110 130 

AMBIENTTEMPERATURE (OC) 

1 

1.0 

iO 0.9 
<J) 

d O.B 
a: 
~ 0.7 
a: 
~ 0.6 
<J) 

~ 0.5 

~ 0.4 

6 0.3 
~ iE 0.2 

0.1 

o 

LTC1287 

Maximum Filter Resistor vs Cycle 
Time 

10 100 1000 10000 
CYCLE TIME (ItS) 

Noise Error vs Reference Voltage 

lTC1287 NOISE = 200~Vp_p 

\ 

" ........... 

o 0.5 1.0 1.5 2.0 2.5 3.0 
REFERENCE VOLTAGE (V) 

MAXIMUM ClK FREQUENCY REPRESENTS THE ClK FREQUENCY AT WHICH A O.llSB 
SHIFT IN THE ERROR AT ANY CODE TRANSITION FROM ITS 500kHz VALUE IS FIRST 
DETECTED. 

MAXIMUM RFILTER REPRESENTS THE FilTER RESISTOR VALUE AT WHICH A 0.1 lSB 
CHANGE IN FULL SCALE ERROR FROM ITS VALUE AT RFILTfR = on IS FIRST 
DETECTED. 

•• AS THE ClK FREQUENCY IS DECREASED FROM 1 MHz, MINIMUM ClK FREQUENCY 
(AERROR 5 O.llSB) REPRESENTS THE FREQUENCY AT WHICH A O.llSB SHIFT IN ANY 
CODE TRANSITION FROM ITS 500kHz VALUE IS FIRST DETECTED. 

Pin FunCTions 
# PIN FUNCTION DESCRIPTION 

1 CS Chip Select Input A logic low on this input enables the l TC1287, 

2,3 +IN,-IN Analog Inputs These inputs must be free of noise with respect to GND, 

4 GND Analog Ground GND should be tied directly to an analog ground plane, 

5 VREF Reference Input The reference input defines the span of the AID converter and must be kept free of noise with respect to GND, 

6 DOUT Digital Data Output The AID conversion result is shifted out of this output. 

7 ClK Shift Clock This clock synchronizes the serial data transfer. 

8 Vcc Positive Supply This supply must be kept free of noise and ripple by bypassing directly to the analog ground plane, 
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APPLICATions InFoRmATion 
The lTC1287 is a data acquisition component which 
contains the following functional blocks: 
1. 12-bit successive approximation capacitive AID 

converter 
2. Analog multiplexer (MUX) 
3. Sample-and-hold (StH) 
4. Synchronous, half-duplex serial interface 
5. Control and timing logic 

DIGITAL CONSIDERATIONS 
Serial Interface 
The lTC1287 communicates with microprocessors and 
other external circuitry via a synchronous, half-duplex, 
three-wire serial interface (see Operating Sequence). The 
clock (ClK) synchronizes the data transfer with each bit 
being transmitted on the falling ClK edge. The lTC1287 

does not require a configuration inputword and has no DIN 
pin. It is permanently configured to have a single differen
tial input and to operate in unipolar mode. A falling CS 
initiates data transfer. The first ClK pulse enables DOUT. 
After one null bit, the AID conversion result is output on the 
DOUT line with a MSB-first sequence followed by a lSB
first sequence. With the half duplex serial interface the 
DOUT data is from the current conversion. This provides 
easy interface to MSB- or lSB-first serial ports. Bringing 
CS high resets the l TC1287 for the next data exchange. 

logic Levels 
The logic level standards for this supply range have not 
been well defined. What standards that do exist are not 
universally accepted. The trip point on the logic inputs of 
the lTC1287 is 0.28 x Vee. This makes the logic inputs 
compatible with HC-type levels and processors that are 

I-I·-----------tevc--------------I'I 
~ ~ !--------------------------------------~ 

eLK 

DOUT ----:.::.:; 

-I-<-------tCONV -------+ 

Figure 1. LTC1287 Operating Sequence 

~tSMPI. 
lTC1287F01 
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specified at 3.3V. The output DOUT is also compatible with 
the above standards. The following summarizes such 
levels. 

VOH (no load) 
VOL (no load) 
VOH 
VOL 
VIH 
VIL 

Vee - 0.1V 
0.1V 

0.9 x Vee 
0.1 x Vee 
0.7 x Vee 
0.2 x Vee 

The LTC1287 can be driven with 5V logic even when Vee 
is at 3.3V. This is due to a unique input protection device 
that is found on the LTC1287. 

Microprocessor Interfaces 
The LTC1287 can interface directly (without external hard
ware) to most popular microprocessor (MPU) synchro
nous serial formats. If an MPU without a serial interface is 
used, then three of the MPU's parallel port lines can be 
programmed to form the seriallinkto the LTC1287. Many 
of the popular MPUs can operate with 3V supplies. For 
example the MC68HC11 is an MPU with a serial format 
(SPI). Likewise parallel MPUs that have the 8051 type 
architecture are also capable of operating at this voltage 
range. The code for these processors remains the same 
and can be found in the L TC1292 data sheet. 

Sharing the Serial Interface 
The LTC1287 can share the same two-wire serial interface 
with other peripheral components or other LTC1287s 
(Figure 2). In this case, the CS signals decide which 
LTC1287 is being addressed by the MPU. 

2 1 0 
~ 

OUTPUT PORT 

ANALOG CONSIDERATIONS 
Grounding 
The LTC1287 should be used with an analog ground plane 
and single point grounding techniques. Do not use wire 
wrappingtechniquesto breadboard and evaluate the device. 
To achieve the optimum performance use a PC board. The 
ground pin (Pin 4) should be tied directly to the ground 
plane with minimum lead length (a low profile socket is 
fine). Pin 7 (Vee) should be bypassed to the ground plane 
with a 22~ (minimum value) tantalum with leads as short 
as possible and as close as possible to the pin. A 0.1 ~ 
ceramic disk also should be placed in parallel with the 
22~ and again with leads as short as possible and as close 
to Vee as possible. Figure 3 shows an example of an ideal 
LTC1287 ground plane design for a two-sided board. Of 
course this much ground plane will not always be possible, 
but users should strive to get as close to this ideal as 
possible. 

Bypassing 
For good performance, Vee must be free of noise and 
ripple. Any changes in the Vee voltage with respect to 
ground during a conversion cycle can induce errors or 
noise in the output code. Vee noise and ripple can be kept 
below 0.5mV by bypassing the Vee pin directly to the 
analog plane with a minimum of 22~ tantalum capacitor 
and with leads as short as possible. The lead from the 
device to the Vee supply also should be keptto a minimum 
and the Vee supply should have a low output impedance 

2-WIRE SERIAL 
SERIAL DATA 1-->'-"...--1--....... -+-_--1-.... INTERFACE TO OTHER 

PERIPHERALS OR LTC1287s 

MPU 

2 CHANNELS 2 CHANNELS 2 CHANNELS LTC0287""" 

Figure 2. Several LTC1287s Sharing One 2-Wire Seriallnlerlace Figure 3. Example Ground Plane for the LTC1287 
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such as obtained from a voltage regulator (e.g., LT1117). 
For high frequency bypassing a 0.1 W ceramic disk placed 
in parallel with the 22W is recommended. Again the leads 
should be keptto a minimum. Using a battery to power the 
L TG1287 will help reduce the amount of bypass capacitance 
required on the Vee pin. A battery placed close to the 
device will only require 10W to adequately bypass the 
supply pin. Figure4 shows the effect of poorVee bypassing. 
Figure 5 shows the settling of a L T1117 low dropout 
regulator with a 22W bypass capacitor. The noise and 
ripple is kept around 0.5mV. Figure 6 shows the response 
of a lithium battery with a 10W bypass capacitor. The 
noise and ripple is kept below 0.5mV. 

Analog Inputs 
Because of the capacitive redistribution AID conversion 
techniques used, the analog inputs of the LTG1287 have 

5V/OIV 

O.5mV/OIV 

HORIZONTAL: 10IJS/OIV 

Figure 4. Poor Vee Bypassing. Noise and 
Ripple Can Cause AID Errors 

HORIZONTAL: 20!JS/OIV 

Figure 5. LT1117 Regulator with 221JF Bypassing on Vee 

LTC 1 287 

5v/DIV 

O.5mV/OIV 

HORIZONTAL: 20IJS/OIV 

Figure 6. Lithium BaHery with 1DIJF Bypassing on Vee 

capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. If large 
source resistances are used or if slow settling op amps 
drive the inputs, take care to insure the transients caused 
by the current spikes settle completely before the 
conversion begins. 

Source Resistance 
The analog inputs of the LTG1287 look like a 100pF 
capacitor (GIN) in series with a 1.5k resistor (RON). This 
value for RON is for Vee = 2. 7V. With larger supply voltages 
RON will be reduced. For example, with Vee = 2.7Vand V
= -2.7V, RON becomes 500n. GIN gets switched between 
(+) and (-) inputs once during each conversion cycle. 
Large external source resistors and capacitances will slow 
the settling ofthe inputs. It is important that the overall RG 
time constant is short enough to allow the analog inputs 
to settle completely within the allowed time. 

Figure 7. Analog Input Equivalent Circuit 
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"+" Input Settling 
The input capacitor is switched onto the "+" input during 
the sample phase (tSMPL, see Figures 8a, 8b and 8c). The' 
sample period can be as short as tWHGS + 0.5 ClK cycle or 
as long as tWHGS + 1.5 ClK cycles before a conversion 
starts. This variability depends on where CS falls relative 
to ClK. The voltage on the "+" input must settle completely 
within the sample period. Minimizing RSOURCE+ and C1 
will improve the settling time. If large "+" input source 

resistance must be used, the sample time can be increased 
by using a slower ClK frequency. With the minimum 
possible sample time of 6.0/JS, RSDURCE+ < 4.0k and C1 < 
20pF will provide adequate settle time. 

"-" Input Settling 
Atthe end ofthe sample phase the input capacitorswitches 
to the "-" input and the conversion starts (see Figures 8a, 
8b and 8c). During the conversion, the "+" input voltage is 

"+" and "-" Input Settling Windows 
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11----twHCS ----I 

ClK 

DOUT 

(+)INPUT r 1ST BITTEST (-)INPUT MUST 
SETTlE DURING THIS TIME 

(-) INPUT ~ ________________________ ~I~_----~--------------
Figure Ba. Setup Time (tsucs) is Met 

J.1----twHcs ----I 
~J \~ ________ _ 

ClK 

DOUT 

1ST BITTEST (-)INPUT MUST 
smLE DURING THIS TIME 

(+)INPUT Y 
(-) INPUT ________________________ ~l ___________________ __ 

Figure Bb. Setup Time (tsues) is Met LTC1287F8b 
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I" tWHCS 'I 

elK 

DOUT 
HI-Z 

1ST BITTEST I-I INPUT MUST 
SETTLE DURING THIS TIME 

LTC1287 

(+)INPUT r 
H~ L ________________________________ ~I~_-------------

Figure Be. Setup Time (tsues) is Not Met 

effectively uheld" by the sample and hold and will not affect 
the conversion result. It is critical that the U_" input voltage 
be free of noise and settle completely during the first ClK 
cycle of the conversion. Minimizing RSQURCE- and C2 will 
improve settling time. If large U_" input source resistance 
must be used the time can be extended by using a slower 
ClKfrequency. Atthe maximum ClKfrequency of 500kHz, 
RSOURCE- < 2000 and C2 < 20pF will provide adequate 
settling. 

Input Op Amps 
When driving the analog inputs with an op amp it is 
important that the op amp settles within the allowed time 

2: 
~ 
~ 
ia! 
'-' >= 
ffi 
0> 

HORIZONTAL: 500nsIDIV 

Figure 9. Adequate Setlling of Op Amp Driving Analog Input 

(see Figures 8a, 8b and 8c). Again the u+" and U_" input 
sampling times can be extended as described above to 
accommodate slower op amps. For single supply low 
voltage application the l T1006, l T1 013 and lT1 014 can 
be made to settle well even with the minimum settling 
windows of 6f.1S (u+" input) and 2f.1S (U_" input) which 
occur at the maximum clock rates (ClK = 500kHz). 
Figures 9 and 10 show examples of adequate and poor op 
amp settling. The lT1 077, lT1 078 or l T1 079 can be used 
here to reduce power consumption. Placing an RC network 
at the output of the op amps will inprove the settling 
response and also reduce the broadband noise. 

2: 
c 
:;; 
~ 
ii 
'-' 

~ 

HORIZONTAL: 20IJS/DIV 

Figure 10. Poor Op Amp Settling Can Cause AID Errors 

6-35 



LTC1287 

APPLICATions InFoRmATion 

RC Input filtering 
It is possible to filter the inputs with an RC network as 
shown in Figure 11. For large values of CF (e.g., 1~) the 
capacitive input switching currents are averaged into a net 
DC current. A filter should be chosen with a small resistor 
and large capacitor to prevent DC drops across the resistor. 
The magnitude of the DC current is approximately loc = 
1 OOpF x VIN/tCYC and is roughly proportional to VIN. When 
running at the minimum cycle time of 33~, the input 
current equals 7.6~ at VIN = 2.5V. Here a filter resistor of 
8n will cause 0.1 lSB of full-scale error. If a large filter 
resistor must be used, errors can be reduced by increasing 
the cycle time as shown in the Typical Performance 
Characteristics curve Maximum Filter Resistor vs Cycle 
Time. 

LTCl2117Fl1!OB 

Figure 11. RC Inpul Filtering 

Input Leakage Current 
Input leakage currents also can create errors if the source 
resistance gets too large. Forexample, the maximum input 
leakage specification of 1~ (at 85°C) flowing through a 
source resistance of 1 k will cause a voltage drop of 1 mV 
or 1.6lSB with VREF = 2.5V. This error will be much 
reduced at lower temperatures because leakage drops 
rapidly (see Typical Performance Characteristics curve 
Input Channel leakage Current vs Temperature). 

SAMPLE-AND-HOLD 
Single-Ended Input 
The lTC1287 provides a built-in sample and hold (S&H) 
function on the +IN input for signals acquired in the single 
ended mode (-IN pin grounded). The sample and hold 
allows the l TC1287 to convert rapidly varying signals (see 
Typical Performance Characteristics curve of S&H 
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Acquisition Time vs Source Resistance). The input voltage 
is sampled during the tSMPL time as shown in Figure 8. The 
sampling interval begins at rising edge of CS and continues 
until the falling edge of the ClK before the conversion 
begins. On this falling edge the S&H goes into the hold 
mode and the conversion begins. 

Differential Input 
With a differential inputthe AID no longer converts a single 
voltage but converts the difference between two voltages. 
The voltage on the +IN pin is sampled and held and can be 
rapidly time varying. The voltage on the -IN pin must 
remain constant and be free of noise and ripple throughout 
the conversion time. Otherwise the differencing operation 
will not be done accurately. The conversion time is 12 ClK 
cycles. Therefore a change in the -IN input voltage during 
this interval can cause conversion errors. For a sinusoidal 
voltage on the -IN input this error would be: 

VERROR(MAX) = (21tf(-IN)VPEAK)( f~~K) 
Where f(-IN) is the frequency of the -IN input voltage, 
VPEAK is its peak amplitude and fCLK is the frequency of the 
ClK. Usually VERROR will not be significant. For a 60Hz 
signal on the -IN input to generate a 0.25lSB error 
(150~V) with the converter running at ClK = 500kHz, its 
peak value would have to be 16mV. Rearranging the above 
equation, the maximum sinusoidal signal that can be 
digitized to a given accuracy is given as: 

f - [VERROR(MAX») (fCLK) 
(-IN)MAX - 2nVPEAK 12 

For 0.25lSB error (150~V) the maximum input sinusoid 
with a 2.5V peak amplitude that can be digitized is O.4Hz. 

Reference Input 
The voltage on the reference input of the l TC1287 
determines the voltage span of the AID converter. The 
reference input has transient capacitive switching cur
rents due to the switched capacitor conversion tech
nique (see Figure 12). During each bit test of the 
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conversion (every ClK cycle) a capacitive current spike 
will be generated onthe reference pin by the AID. These 
current spikes settle quickly and do not cause a prob
lem. If slow settling circuitry is used to drive the 
reference input, take care to insure that transients 
caused by these current spikes settle completely during 
each bit test of the conversion. 

Figure 12. Reference Input Equivalent Circuit 

HORIZONTAL: 111SiOlV 

Figure 13. Adequate Reference Settling 

HORIZONTAL: 10IJS/DIV 

Figure 14. Poor Reference Settling Can Cause AID Errors 

LTC1287 

Figures 13 and 14 show examples of both adequate and 
poor settling. Using a slower ClK will allow more time 
for the reference to settle. Even at the maximum ClK 
rate of 500kHz most references and op amps can be 
made to settle within the 2!lS bit time. For example an 
l T1 019 used in the shunt mode with a 10J.lf bypass 
capacitor will settle adequately. To minimize power an 
l T1 004-2.5 can be used with a 1 0J.lf bypass capaCitor. 
For lower value references the l T1 004-1.2 with a 1 0J.lf 
bypass capacitor can be used. 

Reduced Reference Operation 
The effective resolution of the l TC1287 can be in
creased by reducing the input span of the converter. 
The lTC1287 exhibits good linearity over a range of 
reference voltages (seeTypical Performance Charac
teristics curves of Change in Linearity vs Reference 
Voltage). Care must be taken when operating at low 
values of VREF because ofthe reduced lSB step size and 
the resulting higher accuracy requirement placed on 
the converter. Offset and Noise are factors that must be • 
considered when operating at low VREF values. 

Offset with Reduced VREF 

The offset of the l TC1287 has a larger effect on the 
output code when the AID is operated with a reduced 
reference voltage. The offset (which is typically a fixed 
voltage) becomes a larger fraction of an lSB as the size 
of the lSB is reduced. The Typical Performance Char
acteristics curve of Unadjusted Offset Error vs Refer
ence Voltage shows how offset in lSBs is related to 
reference voltage for a typical value of Vas. For 
example a Vas of 0.1 mV, which is 0.2lSB with a 2.5V 
reference becomes O.4lSB with a 1.25 reference. If 
this offset is unacceptable, it can be corrected digitally 
by the receiving system or by offsetting the -IN input to 
the lTC1287. 

Noise with Reduced VREF 

The total input referred noise of the l TC1287 can be 
reduced to approximately 200llV peak-to-peak using a 
ground plane, good bypassing, good layouUechniques 
and minimizing noise on the reference inputs. This 
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noise is insignificant with a2.5V reference input but will 
become a larger fraction of an LSB as the size ofthe LSB 
is reduced. The Typical Performance Characteristics 
curve of Noise Error vs Reference Voltage shows the 
LSB contribution of this 200~V of noise. 
For operation with a 2.5V reference, the 200~V noise is 
only O.32LSB peak-to-peak. Here the L TC1287 noise 
will contribute virtually no uncertainty to the output 
code. For reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable 
jitter in the output code. For example, with a 1.25V 
reference, this 200~V noise is O.64LSB peak-to-peak. 
This will reduce the range of input voltages over which 
a stable output code can be achieved by O.64LSB. Now 
averaging readings may be necessary. 
This noise data was taken in a very clean test fixture. 
Any setup induced noise (noise or ripple on Vee, VREF 
or VIN) will add to the internal noise. The lower the 
reference voltage used, the more critical it becomes to 
have a noise-free setup. 

Overvoltage Protection 
Applying signals to the L TC1287's analog inputs that 
exceed the positive supply or that go below ground will 
degrade the accuracy of the AID and possibly damage 
the device. For example this condition would occur if a 
signal is applied to the analog inputs before power is 
applied to the LTC1287. Another example is the input 
source operating from different supplies of larger value 
than the LTC1287. These conditions should be pre
vented either with proper supply sequencing or by use 
of external circuitry to clamp or current limit the input 
source. There are two ways to protect the inputs. In 
Figure 15 diode clamps from the inputs to Vee and GND 
are used. The second method is to put resistors in 
series with the analog inputs for current limiting. Limit 
the current to 15mA per channel. The +IN input can 
accept a resistor value of 1 k but the -IN input cannot 
accept more than 200Q when clocked at its maximum 
clock frequency of 500kHz. If the L TC1287 is clocked at 
the maximum clock frequency and 200Q is not enough 
to current limit the input source then the clamp diodes 
are recommended (Figures 16 and 17). The reason for 
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the limit on the resistor value is the MSB bit test is 
affected by the value of the resistor placed at the -IN 
input (see discussion on Analog Inputs and the Typical 
Performance Characteristics curve of Maximum CLK 
Frequency vs Source Resistance). 
If Vee and VREF are not tied together, then Vee should 
be turned on first, then VREF.lfthis sequence cannot be 
met, connecting a diode from VREF to Vec is recom
mended (see Figure 18). 
Because a unique input protection structure is used on 
the digital input pins, the signal levels on these pins can 
exceed the device Vee without damaging the device. 

1N4148 DIODES 

+3V 

Figure 15. OveNoltage Protection for Inputs 

+3V 

lTC1217F1611l11 

Figure 16. OveNoltage Protection for Inputs 

+3V 

Figure 17. OveNoltage Protection for Inputs 
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- ....... - +3V A "Quick Look" Circuit for the LTC1287 

Figure 18 

1N4148 

Users can get a quick look at the function and timing of 
the L TC1287 by using the following simple circuit 
(Figure 19). VREF is tied to Vcc. VIN is applied to the +IN 
input and the -IN input is tied to the ground plane. CS 
is driven at 1/32 the clock rate by the 74HC393 and DOUT 
outputs the data. The output data from the DOUT pin can 
be viewed on an oscilloscope tbat is set up to trigger on 
the falling edge of CS (Figure 20). Note the LSB data is 
partially clocked out before CS goes high. 

H~-----------t--- +3V 

......---~A1 

ClR1 

VCC -;r; O.1~F 
A21---t~ 

TO OSCilLOSCOPE 

ClK 

Dour 

Figure 19. "Quick look" Circuitfor the l TC1287 

lSB lSB DATA 
BIT (B11) (BO) (B1) 

VERTICAL: 5VIDIV 
HORIZONTAL: 51lSiDIV 

Figure 20. Scope Trace 01 the l TC1287 "Quick look" Circuit 
Showing AID Oulput 1010101010 (AAAHEXI 
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FEATURES 
• Single Supply 3.3V or ±3.3V Operation 
• Software Programmable Features 

Unipolar/Bipolar Conversions 
4 Differential/8 Single-Ended Inputs 
Variable Data Word Length 
Power Shutdown 

• Built-In Sample and Hold 
• Direct 4-Wire Interface to Most MPU Serial Ports 

and all MPU Parallel Ports 
• 25kHz Maximum Throughput Rate 

KEY SPECIFICATiOnS 
• Minimum Guaranteed Supply Voltage ................ 2.7V 
• Resolution ...................................................... 12 Bits 
• Fast Conversion Time .............. 261-18 Max Over Temp 
• Low Supply Currents ....................................... 1.0mA 

TYPICAL APPLICATiOn 

Data Acquisition System 

DESCRIPTion 
The L TC1289 is a 3V data acquisition component which 
contains a serial 1/0 successive approximation AID con
verter. The device specifications are guaranteed at a 
supply voltage of 2.7V. It uses LTCMOS™ switched ca
pacitor technology to perform a 12-bit unipolar, or 11-bit 
plus sign bipolar AID conversion. The 8 channel input 
multiplexer can be configured for either single-ended or 
differential inputs (or combinations thereof). An on-chip 
sample and hold is included for all single-ended input 
channels. When the LTC1289 is idle it can be powered 
down in applications where low power consumption is 
desired. 

The serial 110 is designed to be compatible with industry 
standard full duplex serial interfaces. It allows either MSB
or LSB- first data and automatically provides 2's comple
ment output coding in the bipolar mode. The output data 
word can be programmed for a length of 8, 12 or 16 bits. 
This allows easy interface to shift registers and a variety of 
processors. 

LTCMOS" is a trademark of Linear Technology Corporation 

Single Cell3V 12-8it Data Acquisition System 

+3V 

1N4148 

100 

-3V 

FOR OVERVOLTAGE PROTECTION ON 
ONLY ONE CHANNEL LlMITTHE INPUT 
CURRENTTO 15mA. FOR MORE THAN 
ONE CHANNEL LIMIT THE INPUT 
CURRENT TO 7mA PER CHANNEL AND 
28mA FOR ALL CHANNELS. 
CONVERSION RESULTS ARE NOT VALID 
WHEN THE SELECTED OR ANY OTHER 
CHANNEL IS OVERVOLTAGED (VIN < V
or V1N > Vecl. 
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ABSOLUTE mAXimum RATinGS (Noles 1 and 2) 

Supply Voltage VCC to GND or V- ........................... 12V 
Negative Supply Voltage (V-) ..................... -6V to GND 
Voltage 

Analog and Reference Inputs (V-) -0.3V to Vcc + 0.3V 
Digital Inputs ........................................... -0.3Vto 12V 
Digital Outputs .............................. -0.3V to Vcc + 0.3V 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

J PACKAGE N PACKAGE 
20-LEAD CERAMIC DIP 20-LEAD PLASTIC DIP 

1289 POOl 

ORDER PART 
NUMBER 

LTC1289BIJ 
LTC1289CIJ 
LTC1289BIN 
LTC1289CIN 
LTC1289BCJ 
LTC1289CCJ 
LTC1289BCN 
LTC1289CCN 

Power Dissipation ............................................. 500mW 
Operating Temperature Range 

LTC1289BI, LTC1289CI ..................... -40°C TO 85°C 
LTC1289BC, LTC1289CC ......................... O°C to lO°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

S PACKAGE 
20-LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

LTC1289BCS 
LTC1289CCS 

conVERTER AnD mULTIPLEXER CHARACTERISTICS (Nole 3) 

LTC1289B LTC1289C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Error Vee; 2.7V • ±1.5 ±1.5 LSB 
(Note 4) 

Linearity Error (INL) Vee; 2.7V • ±O.5 ±D.5 LSB 
(Notes 4 and 5) 

Gain Error Vce; 2.7V • ±O.5 ±1.0 LSB 
(Note 4) 

Minimum Resolution for • 12 12 BITS 
Which No Missing Codes are 
Guaranteed 

Analog and REF Input Range (Note 7) (V-) - O.05V to Vce + O.05V (V-) - O.05V to Vce + O.05V V 

On Channel Leakage Current On Channel; 3V • ±1 ±1 IlA 
(Note 8) Off Channel; OV 

On Channel; OV • ±1 ±1 IlA 
Off Channel; 3V 

Off Channel Leakage Current On Channel; 3V • ±1 ±1 IlA 
(Note 8) Off Channel; OV 

On Channel; OV • ±1 ±1 IlA 
Off Channel; 3V 
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AC CHARACTERISTICS (Note 3) 

LTC1289B 
LTC1289C 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

fSCLK Shift Clock Frequency (Note 6) 0 1.0 MHz 

fACLK AID Clock Frequency (Note 6) (Note 10) 2.0 MHz 

lAcc Delay time from CSJ, to DOUT Data Valid (Note 9) 2 ACLK 
Cycles 

tsMPL Analog Input Sample Time See Operating Sequence 7 SCLK 
Cycles 

tCONV Conversion Time See Operating Sequence 52 ACLK 
Cycles 

tCYC Total Cycle Time See Operating Sequence (Note 6) 12 SCLK + Cycles 
56 ACLK 

tdOO Delay Time, SCLKJ, to DOUT Data Valid See Test Circuits • 200 350 ns 

!dis Delay Time, CSi to DOUT Hi-Z See Test Circuits • 70 150 ns 

ten Delay Time, 2nd ACLKJ, to DOUT Enabled See Test Circuits • 130 250 ns 

thCS Hold Time, CS After Last SCLKJ, (Note 6) 0 ns 

thOI Hold Time, DIN After SCLKi (Note 6) 50 ns 

thOO Time Output Data Remains Valid After SCLKJ, 50 ns 

tf DOUT Fall Time See Test Circuits • 40 100 ns 

tr DOUT Rise Time See Test Circuits • 40 100 ns 

tsuDi Setup Time, DIN Stable Before SCLKi (Note 6 and 9) 50 ns 

tsucs Setup Time, CSJ, Before Clocking in (Note 6 and 9) 2 ACLK Cycles 
First Address Bit + 180ns 

twHCS CS High Time During Conversion (Note 6) 52 ACLK 
Cycles 

CIN Input Capacitance Analog Inputs On Channel 100 pF 
Analog Inputs Off Channel 5 pF 
Digital Inputs 5 pF 
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DIGITAL AnD DC ELECTRICAL CHARACTERISTICS (Note 3) 

LTC1289B 
LTC1289C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High Level Input Voltage Vee: 3.6V • 2.1 V 

VIL Low Level Input Voltage Vee: 3.0V • 0.45 V 

hH High Level Input Current VIN: Vee • 2.5 ~ 
hL Low Level Input Current VIN: OV • -2.5 ~ 
VOH High Level Output Voltage Vee: 3.0V V 

lo:20~ • 2.90 
lo:400~ 2.7 2.85 

VOL Low Level Output Voltage Vee: 3.0V V 
lo:20~ • 0.05 
lo:400~ 0.10 0.3 

loz High Z Output Leakage VOUT: Vee,..QS High • 3 ~ 
VOUT : OV, CS High • -3 ~ 

IsouReE Output Source Current VOUT: OV -10 rnA 

ISINK Output Sink Current VOUT: Vee 9 rnA 

Icc Positive Supply Current Qll High • 1.5 5 rnA 
CS High, Power Shutdown, ACLK Off • 1.0 10 ~ 

IREF Reference Current VREF: 2.5V 
1- Negative Supply Current CS High 

The. denotes specifications which apply over the operating temperature 
range; all other limits and typicals T A: 25°C. 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impared. 
Note 2: All voltage values are with respect to ground with DGND, AGND 
and REF-wired together (unless otherwise noted). 
Note 3: Vce: 3V, VREF+: 2.5V, VREr: OV, V-: OV for unipolar mode 
and -3V for bipolar mode, ACLK: 2.0MHz unless otherwise specified. 
Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2VREF) divided by 4096. 
For example, when VREF : 2.5V, 1 LSB(bipolar) : 2(2.5)/4096 : 1.22mV. 
V-: -2.7V for bipolar mode. 
Note 5: Integral nonlinearity is defined as the deviation of a code from a 
straight line passing through the actual endpoints of the transfer curve. 
The deviation is measured from the center of the quantization band. 
Note 6: Recommended operating conditions. 
Note 7: Two on-chip diodes are tied to each analog input which will 
conduct for analog voltages one diode drop below GND or one diode drop 
above Vee. Be careful during testing at low Vee levels, as high level analog 

• 10 50 ~ 

• 1 50 ~ 

inputs can cause this input diode to conduct, especially at elevated 
temperature, and cause errors for inputs near full scale. This spec allows • 
50mV forward bias of either diode. This means that as long as the analog 
input does not exceed the supply voltage by more than 50mV, the output 
code will be correct. 
Note 8: Channel leakage current is measured after the channel selection. 
Nole 9: To minimize errors caused by noise at the chip select input, the 
internal circuitry waits for two ACLK falling edges after a chip select falling 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the 
minimum chip select set-up time has elasped. See Typical Peformance 
Characteristics curves for additional information (\sues vs Vee). 
Nole 10: Increased leakage currents at elevated temperatures cause the 
SIH to droop, therefore it's recommended that fAeLK ;:., 125kHz at 85°C 
and fACLK ;:., 15kHz at 25°C. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Pin FunCTions 
/I PIN FUNCTION DESCRIPTION 

1-8 CHO-CH7 Analog Inputs The analog inputs must be free of noise with respect to AGND. 
9 COM Common The common pin defines the zero reference point for all single-ended inputs. It must be free of noise and 

is usually tied to the analog ground plane. 
10 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane. 
11 AGND Analog Ground AGND should be tied directly to the analog ground plane. 
12 v- Negative Supply Tie V- to the most negative potential in the circuit. (Ground in single supply applications.) 
13,14 REF-, REF+ Reference Inputs The reference inputs must be kept free of noise with respect to AGND. 
15 CS Chip Select Input A logic low on this input enables data transfer. 
16 DOUT Digital Data Output The AID conversion result is shifted out of this output. 
17 DIN Digital Input The AID configuration word is shifted into this input. 
18 SCLK Shift Clock This clock synchronizes the serial data transfer. 
19 ACLK AID Conversion Clock This clock controls the AID conversion process. 
20 Vcc Positive Supply This supply must be kept free of noise and ripple by bypassing directly to the analog ground plane. 

BLOCK DIAGRAM 

vee ~ 

CHO 
CH1 
CH2 
CH3 ANALOG 
CH4 INPUTMUX 12-81T 

SAR 
CH5 12-81T 
CH6 CAPACITIVE 
CH7 OAC 

COM 
ACLK 

110 111 112 113 114 CS 
OGNO AGNO v- REF- REF' 

LTC1289BD 
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TEST CIRCUITS 

3V 

On and Off Channel Leakage Current Voltage Waveforms for Dour Delay Time, tdDO 

}---~ ON CHANNEL 

2.1V 
°OUT 

I : 
I • 
I • 

] 
OFF 
CHANNELS 

"" ~":"x- ----
____ .....J ]1:======= O.6V 

LTC1$3TC01 

Load Circuit for tdDO, tr and t, Voltage Waveforms for Dour Rise and Fall Times, tr,t, 

3k 
f( kn~nn-- 2.IV 

_____ --=::---- O.6V 

tr ----. tf 

1.5V 

DOUT I--~~--- TEST POINT 

DoUT 

- '- IOOpF 

*" LTC12B9TC02 

ACLK 

DOUT 
WAVEFORM 1 

Load Circuit for tdis and ten 

TEST POINT 

3V 'dis WAVEFORM 2, 1,," 

'--_--' *" lOOpF 

~ Idis WAVEFORM 1 

LTC1289TC05 

Voltage Waveforms for len and Idis 

2.1V 

(SEE NOTE I) ---------~ 

DOUT ----------""'\ 
WAVEFORM 2 
(SEE NOTE 2) 

NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH CONDITIONS SUCH THAT THE OUTPUT IS HIGH 
UNLESS DISABLED BY THE OUTPUT CONTROl. 
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT 
IS LOW UNLESS DISABLED BY THE OUTPUT CONTROl. 

LTCt289TC06 

L7lJ!J~ 6-47 



LTC1289 

APPLICATions InFoRmATion 
The LTC1289 is a data acquisition component which 
contains the following functional blocks: 

1. 12-bit successive approximation capacitive AID 
converter 

2. Analog multiplexer (MUX) 
3. Sample and hold (S/H) 
4. Synchronous, full duplex serial interface 
5. Control and timing logic 

DIGITAL CONSIDERATIONS 

Serial Interface 

The LTC1289 communicates with microprocessors and 
other external circuitry via asynchronous, full duplex, four 
wire serial interface (see Operating Sequence). The shift 
clock (SCLK) synchronizes the data transfer with each bit 
being transmitted on the falling SCLK edge and captured 
on the rising SCLK edge in both transmitting and receiving 
systems. The data is transmitted and received simulta
neously (full duplex). 

Data transfer is initiated by a falling chip select (CS) signal. 
After the falling CS is recognized, an 8-bit input word is 
shifted into the DIN input which configures the L TC1289 
for the next conversion. Simultaneously, the result of the 

previous conversion is output on the Dour line. At the end of 
the data exchange the requested conversion begins and CS 
should be brought high. After teoNv, the conversion is 
complete and the results will be available on the next data 
transfer cycle. As shown below, the result of a conversion is 
delayed by one CS cycle from the input word requesting it. 

DOUT I DOUT WORD 0 I I DOUT WORD 1 I 1 DOUT WORD 21 
~ DATA +-'5s~v-l- DATA +-t~~v-l 

TRANSFER CONVERSION TRANSFER CONVERSION 

Input Data Word 

The LTC1289 8-bit data word is clocked into the DIN input 
on the first eight rising SCLK edges after chip select is 
recognized. Further inputs on the DIN pin are then ignored 
until the next CS cycle. The eight bits of the input word are 
defined as follows: 

Operating Sequence 

SCLK 

(Example: Differentiallnpuls (CH3-CH2), Bipolar, MSB-First and 12-Bit Word Length) 

I---------------~~--------------~ 
I 1 I 2 1 3 I 4 1 5 1 6 1 7 1 8 1 9 110 1 11 112 1 F777==:::-n7"li 

1 

~ l~ ____________________ -J ~ __________________ ~r-
DIN ~ VlliJ//Ii//IZ DON'T CARE ij//////////iA ILIL..s-l W/II/IJ/////II/I/I/I// 

DOUT 
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APPLICATions InFoRmATion 
MUXAddress 

The first four bits of the input word assign the MUX 
configuration for the requested conversion. For a given 
channel selection, the converter will measure the voltage 
between the two channels indicated by the + and - signs 
in the selected row of Table 1. Note that in differential 

Table 1. Multiplexer Channel Selection 

MUXADDRESS DIFFERENTIAL CHANNEL SELECTION 
SGlI ODD SELECT 0 1 2 3 4 5 6 7 DIFF SIGN 1 0 

0 0 0 0 + -
0 0 0 1 + -
0 0 1 0 + -
0 0 1 1 + -
0 1 0 0 - + 
0 1 0 1 - + 
0 1 1 0 - + 
0 1 1 1 - + 

LTC1289 

mode (SGUDIFF = 0) measurements are limited to four 
adjacent input pairs with either polarity. In single-ended 
mode, all input channels are measured with respect to 
COM. 

MUXADDRESS SINGLE-ENDED CHANNEL SELECTION 
SGlI ODD SELECT 0 1 2 3 4 5 6 7 COM 
DIFF SIGN 1 0 

1 0 0 0 + -
1 0 0 1 + -
1 0 1 0 + -
1 0 1 1 + -
1 1 0 0 + -
1 1 0 1 + -
1 1 1 0 + -
1 1 1 1 + -

4 Differential 8 Single-Ended Combinations of Differential and Single-Ended 

CHANNEL CHANNEL CHANNEL 

0.1 { 
+ (-) 0 + 0,1 { + 
-(f) 1 + 

2 + 
2,3 { 

+(-) 3 + 2,3 { 
-(f) 4 + + 

4,5{ 
+(-) 5 + + 
-(f) 6 + + 

7 + + 
6,7 { 

+(-) + 
-(f) COMH COMH 

'::' '::' 

Changing the MUX Assignment "On the Fly" 

4,5 { + 5,4 { + 

6,7 { + ~{ + 
+ 

COM (UNUSED) COMH 
'::' 1 ST CONVERSION '::' 2ND CONVERSION 

Figure 1. Examples of Multiplexer Options on the LTC1289 
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APPliCATiOns InFORmATion 

Unipolar/Bipolar (UNI) 

The fifth input bit (UNI) determines whether the conver
sion will be unipolar or bipolar. When UNI is a logical one, 
a unipolar conversion will be performed on the selected 

input voltage. When UNI is a logical zero, a bipolar conver
sion will result. The input span and code assignment for 
each conversion type are shown in the figures below. 

Unipolar Output Code (UNI = 1) Unipolar Transfer Curve (UNI = 1) 

OUTPUT CODE INPUT VOLTAGE 

111111111111 VREF-1LSB 
111111111110 VREF~2LSB · · · · · 000000000001 1LSB 
000000000000 OV 

OUTPUT CODE 

011111111111 
011111111110 · · · 000000000001 
000000000000 

INPUT VOLTAGE 
(VREF c 2.5V) 

2.4994V 
2.49B8V · · · 0.0006V 

OV 
LTCUBllAIQ4a 

INPUT VOLTAGE 

VREF-1LSB 
VREF- 2LSB . 

. 
1LSB 

OV 

111111111111 
111111111110 

000000000001 
000000000000 

~ ~ 

Bipolar Output Code (UNI = 0) 

INPUT VOLTAGE 
(VREF = 2.5V) OUTPUTCOOE 

2.49BBV 111111111111 
2.4976V 111111111110 . 

. 
0.0012V 100000000001 

OV 100000000000 

Bipolar Transfer Curve (UNI = 0) 

011111111111 

011111111110 

i 
I 

e; 
'" 

INPUTVOLTAGE 
INPUT VOLTAGE (VREF • 2.5V) 

-lLSB -0.0012V 
-2LSB -0.0024V 

· · · · · · -(VREF) + 1LSB -2.4988V 
-(VREF) -2.5000V 

LTC12119AI05a 

VIN 

i i 
I 

i;i 
LTt:128&A104b '" 

----1I--f---.l\r---+-+-+-,::!of-..L...+--t---'\r---f--+-+-- VIN 
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APPLICATions InFORmATion 
The following discussion will demonstrate how the two 
reference pins are to be used in conjunction with the 
analog input multiplexer. In unipolar mode the input span 
ofthe AID is set by the difference in voltage on the REF+ pin 
and the REF- pin. In the bipolar mode the input span is 
twice the difference in voltage on the REP pin and the 
REF-pin. In the unipolar mode the lower value of the input 
span is set by the voltage on the COM pin for single-ended 
inputs and by the voltage on the minus input pin for 
differential inputs. For the bipolar mode of operation the 
voltage on the COM pin or the minus input pin sets the 
center of the input span. 

The upper and lower value of the input span can now be 
summarized in the following table: 

INPUT 
CONFIGURATION UNIPOLAR MODE BIPOLAR MODE 
Single-Ended Lower Value COM -(REF - REF ) + COM 

Upper Value (REF' - RW) + COM (REF' - REF-) + COM 
Differential Lower Value IN- -(REF' - REF ) + IN-

Upper Value (REF' - RW) + IN- (REF' - REF-) + IN-

The reference voltages REF+ and REF- can fall between 
Vee and V-, but the difference (REF+- REF-) must be less 
than or equal to Vee. The input voltages must be less than 
or equal to Vce and greater than or equal to V-. 

The following examples are for a single-ended input con
figuration. 

Example 1: LetVee=3.3V, V- =OV, REF+=3V, REF-= 1V 
and COM = OV. Unipolar mode of operation. The resulting 
input span is OV ::; IN+ ::; 2V. 

Example 2: The same conditions as Example 1 except 
COM = 1V. The resulting input span is 1V::; IW ::;3V. Note 
if IW~3Vthe resulting DOUTword isall1 's.lf IW::;1Vthen 
the resulting Dour word is all O's. 

Example 3: Let Vec = 3.3V, V- = -3.3V, REF+ = 3V, REF
= 1V and COM = 1V. Bipolar mode of operation. The 
resulting input span is -1 V::; IN+ ::; 3V. 

For differential input configurations with the same condi
tions as in the above three examples the resulting input 
spans are as follows: 

Example 1 (Diff.): IN-::; IN+::; IN- + 2V 

LTC 1 289 

Example 2 (Diff.): IN-::; IN+::; IN- + 2V 

Example 3 (Diff.): IN- - 2V ::; IN+ ::; IN- + 2V. 

MSB-First/lSB-First Format (MSBF) 

The output data of the L TC1289 is programmed for MSB
first or LSB-first sequence using the MSBF bit. For MSB
first output data, the input word clocked to the L TC1289 
should always contain a logical one in the sixth bit location 
(MSBF bit). Likewise for LSB-first output data the input 
word clocked to the LTC1289 should always contain a zero 
in the MSBF bit location. The MSBF bit affects only the 
order of the output data word. The order of the input word 
is unaffected by this bit. 

MSBF OUTPUT FORMAT 
o LSB-First 

MSB-First 

Word length (Wl1, WlO) and Power Shutdown 

The last two bits of the input word (WL 1 and WLO) 
program the output data word length and the power 
shutdown feature of the LTC1289. Word lengths of 8, 12 
or 16 bits can be selected according to the following table. 

WL1 WLO OUTPUT WORD LENGTH 
0 0 B Bits 
0 1 Power Shutdown 
1 0 12 Bits 
1 1 16 Bits 

LTC1289Al07 

The WL 1 and WLO bits in a given DIN word control the 
length of the present, not the next, Dour word. WL 1 and 
WLO are never "don't cares" and must be set for the 
correct DOUTword length even when a "dummy" DIN word 
is sent. On any transfer cycle, the word length should be 
made equal to the number of SCLK cycles sent by the 
MPU. Power down will occur when WL 1 = 0 and WLO = 1· 
is selected. The previous result will be clocked out as a 10 
bit word so a "dummy"conversion is required before 
powering down the L TC1289. Conversions are resumed 
once CS goes low or an SCLK is applied, if CS is already 
low. 
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8-Blt Word Length 

cs ,'-_____ -+F ___ I_SM_P_L_-'pONV 

SCLK 

Dour 
MSB-FIRST 

Dour 
LSB-FIRST 

12-Bit Word Length 

THE lAST FOUR BITS 
ARE TRUNCATED 

cs,'-_____ -+lt-o·~~~_-_-_-_-_-_-_ts_M_PL~~~~~~_-_-_-~FI--1CONV 

SCLK 

Dour 
MSB-FIRST 

Dour 
LSB-FIRST 

(SB) 

16-Bit Word Length 

Dour 
MSB-FIRST 

Dour 
LSB-FIRST 

(SB) 

• IN UNIPOLAR MODE, THESE BITS ARE FILLED WITH ZEROS. 
IN BIPOLAR MODE, THE SIGN BIT IS EXTENDED INTO THESE LOCATIONS. 

(SB) 

FILL 
ZEROS 

Figure 2. Data Output (DolIT) Timing with Different Word Lengths 



APPLICATions InFoRmATion 
Deglitcher 

A deglitching circuit has been added to the Chip Select 
input of the LTC1289 to minimize the effects of errors 
caused by noise on that input. This circuit ignores changes 
in state on the CS input that are shorter in duration than 
one ACLK cycle. After a change of state on the CS input, the 
LTC1289 waits for two falling edge of the ACLK before 
recognizing a valid chip select. One indication of CS 
recognition is the DOUT line becoming active (leaving the 
Hi-Z state). Note that the deglitching applies to both the 
rising and falling CS edges. 

low CS Recognized Internally 

ACLK 

cs ~ ! 

I 
I 

Dour 
Hi·Z 

K VALID OUTPUT 
I 
I 

LTC1289 

CS Low During Conversion 

In the normal mode of operation, CS is brought high 
during the conversion time. The serial port ignores any 
SCLK activity while CS is high. The LTC1289 will also 
operate with CS low during the conversion. In this mode, 
SCLK must remain low during the conversion as shown in 
the following figure. After the conversion is complete, the 
DOUT line will become active with the first output bit. Then 
the data transfer can begin as normal. 

High CS Recognized Internally 

ACLK 

cs 1//// 
) Hi-Z 

Dour VALID OUTPUT )--------...;..;;..;;----

LTCl289AIOSa 

SHIFT IsMPL 48 TO 52 SHIFT RESULT OUT 

'

-MUX ADDRESS, SAMPLE ANALOG -J ACLK CYC r'---AND NEW ADDRESS IN ---..... , 
_ . IN INPUT hI---; 
cs~ ! I~ __________ ~r-

I 
SCLK 

DIN~ I Will J2 DON'T CARE 111/11,1 rzzL.rLJ I VJj//I///I/II!I///l1I 

Dour 

Figure 3. CS High During Conversion 

SCLK 

Villl/! DON'T CARE 'l! III/A rzzL.rLJ I VlIi/!I/// /1/// !l(1A 
Dour 

LTCl289A1F04 

Figure 4. CS low During Conversion 
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Logic Levels 

The logic level standards for this supply range have not 
been well defined. What standards that do exist are not 
universally accepted. The trip point on the logic inputs of 
the LTC1289 is 0.28 x Vee. This makes the logic inputs 
compatible with HC type logic levels and processors that are 
specified at 3.3V. The output DOUT is also compatible with the 
above standards. The following summarizes such levels. 

VOH (no load) 
VOL (no load) 

VOH 
VOL 
VIH 
VIL 

Vee - 0.1V 
0.1V 

0.9 x Vee 
0.1 x Vee 
0.7 x Vee 
0.2 x Vee 

The LTC1289 can be driven with 5V logic even when Vee 
is at 3.3V. This is due to a unique input protection device 
that is found on the L TC1289. 

Microprocessor Interfaces 

The LTC1289 can interface directly (without external hard
ware) to most popular microprocessor (MPU) synchro
nous serial formats. If an MPU without a serial interface is 
used, then four of the MPU's parallel port lines can be 
programmed to form the serial link to the L TC1289. Many 
of the popular MPU's can operate with 3V supplies. For 
example the MC68HC11 is an MPU with a serial format 
(SPI). Likewise parallel MPU's that have the 8051 type 
architecture are also capable of operating at this voltage 

2 1 0 
'--.-J 

OUTPUT PORT 

range. The code for these processors remains the same 
and can be found in the LTC1290 datasheet or application 
notes AN36A and AN36B. 

Sharing the Serial Interface 

The LTC1289 can share 3-wire serial interface with other 
peripheral components or other L TC1289s (See Figure 5). 
In this case, the CS signals decide which LTC1289 is being 
addressed by the MPU. 

ANALOG CONSIDERATIONS 

1. Grounding 

The LTC1289 should be used with an analog ground plane 
and single point grounding techniques. 

Pin 11 (AGND) should be tied directly to this ground plane. 

Pin 10 (DGND) can also be tied directly to this ground 
plane because minimal digital noise is generated within 
the chip itself. 

Pin 20 (Vee) should be bypassed to the ground plane with a 
22~ tantalum with leads as short as possible. Pin 12 (V-) 
should be bypassed with a 0.1~ ceramic disk. For single 
supply applications, V- can be tied to the ground plane. 

It is also recommended that pin 13 (REF-) and pin 9 (COM) 
be tied directly to the ground plane. All analog inputs should 
be referenced directly to the single. point ground. Digital 
inputs and outputs should be shielded from and/or routed 
away from the reference and analog circuitry. 

3-WIRE SERIAL 
SERIAL A ............. -+-........ -+--.--+-+ INTERFACE TO OTHER 

PERIPHERALS OR LTC1289s 

MPU 

8 CHANNELS 8 CHANNELS 8 CHANNELS 

Figure 5. Several LTC1289s Sharing One 3-Wire Serial Interface 
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Figure 6showsan example of an ideal ground plane design 
for a two-sided board. Of course, this much ground plane 
will not always be possible, but users should strive to get 
as close to this ideal as possible. 

2. Bypassing 

For good performance, Vee must be free of noise and 
ripple. Any changes in the Vee voltage with respect to 
analog ground during a conversion eycle can induce 
errors or noise in the output code. Vee noise and ripple can 
be kept below O.5mV by bypassing the Vee pin directly to 
the analog ground plane with a 22j.lF tantalum capacitor 
and leads as short as possible. The lead from the device to 
the Vee supply should also be kept to a minimum and the 
Vee supply should have a low output impedance such as 
that obtained from a voltage regulator (e.g., LT1117). Using 
a battery to power the L TC1289 will help reduce the 
amount of bypass capacitance required on the Vee pin. A 
battery placed close to the device will only require 1 OJ.lF to 
adequately bypass the supply pin. Figure 7 shows the 
effect of poor Vee bypassing. Figure 8a shows the settling 
of a LT1117 low dropout regulator with a 22j.lF bypass 

Figure 6. Example Ground Plane for the LTC12B9 

LTC1289 

capacitor. The noise and ripple is approximately O.5mV. 
Figure 8b shows the response of a lithium battery with a 1 OJ.lF 
bypass capacitor. The noise and ripple is kept below O.5mV. 

HORIZONTAL: 10~S/DIV 

Figure 7. Poor Vee Bypassing. 
Noise and Ripple Can Cause AID Errors. 

HORIZONTAL: 20~S/DIV 

Figure Ba. LT1117 Regulator with 221JF Bypassing on Vee 

Sv/DIV 

O.SmV/DIV 

HORIZONTAL: 201lS/DIV 

Figure Bb. Lithium Ballery with 101JF Bypassing on Vee 
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3. Analog Inputs 

Because of the capacitive redistribution ND conversion 
techniques used, the analog inputs of the L TG1289 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. How
ever, if large source resistances are used or if slow settling 
op amps drive the inputs, care must betaken to insure that 
the transients caused by the current spikes settle com
pletely before the conversion begins. 

Source Resistance 

The analog inputs of the LTG1289 look like a 100pF 
capacitor (GIN) is series with a 15000 resistor (RON) as 
shown in Figure 9. This value for RON is for Vcc = 2.7V. 
With larger supply voltages RON will be reduced. For 
example with Vcc = 2.7V and V-= -2.7V RON becomes 
5000. GIN gets switched between the selected" +" and "-" 
inputs once during each conversion cycle. Large external 
source resistors and capacitances will slow the settling of 

Figure 9. Analog Input Equivalent Circuit 

"+"INPUT 

the inputs. It is important that the overall RG time con
stants be short enough to allow the analog inputs to 
completely settle within the allotted time. 

"+" Input Settling 

This input capaCitor is switched onto the u+" input during 
the sample phase (tSMPL, see Figure 10). The sample 
phase starts atthe 4th SGLK cycle and lasts until the falling 
edge of the last SGLK (the 8th, 12th or 16th SGLK cycle 
depending on the selected word length). The voltage on 
the u+" input must settle completely within this sample 
time. Minimizing RSOURCE+ and G1 will improve the input 
settling time. If large u+" input source resistance must be 
used, the sample time can be increased by using a slower 
SGLK frequency or selecting a longer word length. With 
the minimum possible sample time of 4J.1S, RSOURCE+ < 2k 
and C1 < 20pF will provide adequate settling. 

"-" Input Settling 

Atthe end ofthe sample phase the input capacitor switches 
to the "-" input and the conversion starts (see Figure 1 0). 
During the conversion, the "+" input voltage is effectively 
uheld" by the sample and hold and will not affect the 
conversion result. However, it is critical that the "-" input 
voltage be free of noise and settle completely during the 
first four AGLK cycles of the conversion time. Minimizing 
RSOURCE- and G2 will improve settling time. If large U_" 
input source resistance must be used, the time allowed for 

SAMPLE MUST smLE HOLD t DURING THIS TIME t 
SHIFTED IN L I~~M"~~. -IsMPj 

CSt ·..1 
I 

SCLK ~"'~-lASTSCLK(8TH.12THOR 16TH DEPENDING ON WORKLENGTHj 

ACLK 

I 
1 2 3 4 

!-lST BITTEST-i 
•• _ •• INPUT MUST SETTLE 

DURING THIS TIME 

'.+" INPUT Y 
"-··INPUT _____________ ---It..."" _____________ _ 

Figure 10. U +" and "-" Input Settling Windows 
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settling can be extended by using a slower ACLK frequency. 
At the maximum ACLK rate of 2MHz, RSOURCE - < 2000 and 
C2 < 20pF will provide adequate settling. 

Input Op Amps 

When driving the analog inputs with an op amp it is 
important that the op amp settle within the allowed time 
(see Figure 10). Again, the "+" and "-" input sampling 
times can be extended as described above to accommo
date slower op amps. For single supply low voltage 
applications the LT1006, LT1013 and LT1014 can be 
made to settle well even with the minimum settling win
dows of 4j.lS ("+" input) and 2j.lS ("-" input) which occur 
at the maximum clock rates (ACLK = 2MHz and SCLK = 
1 MHz). Figures 11 and 12 show examples of adequate and 
poorop amp settling. The LT1077, LT1078 or LT1079 can 
be used here to reduce power consumption. Placing an RC 
network at the output of the op amps will improve the 
settling response and also reduce the broadband noise. 

RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 13. For large values of CF (e.g., 1~), the 
capacitive input switching currents are averaged into a net 
DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is 
approximately loc = 100pF x VIN/tCYC and is roughly 
proportional to VIN. When running at the minimum cycle 
time of 40j.lS, the input current equals 6.3~ at VIN = 2.5V. 
In this case, a filter resistor of 100 will cause 0.1 LSB of 
full-scale error. If a larger filter resistor must be used, 
errors can be eliminated by increasing the cycle time as 
shown in the typical curve of Maximum Filter Resistor vs 
Cycle Time. 

Input Leakage Current 

Input leakage currents can also create errors if the source 
resistance gets too large. Forinstance, the maximum input 
leakage specification of 1 ~ (at 85DC) flowing through a 
source resistance of 1 kQ will cause a voltage drop of 1 mV 
or 1.6LSB with VREF = 2.5V. This error will be much 
reduced at lower temperatures because leakage drops 

LTC1289 

rapidly (see typical curve of Input Channel Leakage Cur
rent vs Temperature). 

Noise Coupling Into Inputs 

High source resistance input signals (>5000) are more 
sensitive to coupling from external sources. It is prefer
able to use channels near the center of the package (Le., 
CH2-CH7) for signals which have the highest output 
resistance because they are essentially shielded by the 

HORIZONTAL: 500nsJDIV 

Figure 11. Adequate Settling of Op Amps Driving Analog Input 

HORIZONTAL: 20llsJDIV 

Figure 12. Poor Op Amp Settling Can Cause AID Errors 

Figure 13. RC Input Filtering 
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pins on the package ends (DGND and CHO). Grounding 
any unused inputs (especially the end pin, CHO) will also 
reduce outside coupling into high source resistances. 

4. Sample and Hold 

Single-Ended Inputs 

The LTC1289 provides a built-in sample and hold (S&H) 
function for all signals acquired in the single-ended mode 
(COM pin grounded). This sample and hold allows the 
LTC1289 to convert rapidly varying signals (see typical 
curve of S&H Acquisition Time vs Source Resistance). The 
input voltage is sampled during the tSMPL time as shown 
in Figure 10. The sampling interval begins after the fourth 
MUX address bit is shifted in and continues during the 
remainder of the data transfer. On the falling edge of the 
final SCLK, the S&H goes into hold mode and the conver
sion begins. The voltage will be held on either the 8th, 12th 

. or 16th falling edge of the SCLK depending on the word 
length selected. 

Differential Inputs 

With differential inputs or when the COM pin is not tied to 
ground, the AID no longer converts just a single voltage 
but rather the difference between two voltages. In these 
cases, the voltage on the selected u+" input is still sampled 
and held and therefore may be rapidly time varing just as 
in single ended mode. However, the voltage on the se
lected U_" input must remain constant and be free of noise 
and ripple throughout the conversion time. Otherwise, the 
differencing operation may not be performed accurately. 
The conversion time is 52 ACLK cycles. Therefore, a 
change in the U_" input voltage during this interval can cause 
conversion errors. For a sinusoidal voltage on the U_" input 
this error would be: 

VERROR (MAX) = VPEAK x 2 x 1t X f(U_") x f 52 
ACLK 

Where f(U_") is the frequency of the U_" input voltage, 
VPEAK is its peak amplitude and fACLK is the frequency of 
the ACLK.ln most cases VERROR will not be significant. For 
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a 60Hz signal on the U_" input to generate a 1/4LSB error 
(150~V) with the converter running at ACLK = 2MHz, its 
peak value would have to be 15mV. 

5. Reference Inputs 

The voltage between the reference inputs of the L TC1289 
defines the voltage span of the AID converter. The refer
ence inputs will have transient capacitive switching cur
rents due to the switched capacitor conversion technique 
(see Figure 14). During each bit test of the conversion 
(every 4 ACLK cycles), a capacitive current spike will be 
generated on the reference pins by the AID. These current 
spikes settle quickly and do not cause a problem. How
ever, if slow settling circuitry is used to drive the reference 
inputs, care must be taken to insure thattransients caused 
by these current spikes settle completely during each bit 
test of the conversion. 

When driving the reference inputs, two things should be 
kept in mind: 

1. Transients on the reference inputs caused by the 
capacitive switching currents must settle completely 
during each bit test (each 4 ACLK cycles). Figures 15 
and 16 show examples of both adequate and poor 
settling. Using a slower ACLK will allow more time for 
the reference to settle. However, even at the maximum 
ACLK rate of 2MHz most references and op amps can 
be made to settle within the 2~ bit time. For example 
an LT1 019 used in the shunt mode with a 1 O~ bypass 
capacitor will settle adequately. To minimize power an 
L T1 004-2.5 can be used with a 1 O~ bypass capacitor. 
For lower value references the LT1 004-1.2 with a 1 ~ 
bypass capacitor can be used. 

Figure 14. Reference Input Equivalent Circuit 
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HORIZONTAL: 1~sJDIV 

Figure 15. Adequate Reference Settling 

HORIZONTAL: 1~DlV 

Figure 16. Poor Reference Settling Can Cause AID Errors 

2. It is recommended that REF- input be tied directly to 
the analog ground plane. If REF- is biased at a voltage 
other than ground, the voltage must not change during 
a conversion cycle. This voltage must also be free of 
noise and ripple with respect to analog ground. 

6. Reduced Reference Operation 

The effective resolution of the LTC1289 can be increased by 
reducing the input span of the converter. The LTC1289 
exhibits good linearity and gain over a wide range of refer
ence voltages (see typical curves of Linearity and Gain Error 
vs Reference Voltage). However, care must be taken when 
operating at low values of VREF because of the reduced LSB 
step size and the resulting higher accuracy requirement 
placed on the converter. The following factors must be 
considered when operating at low VREF values: 

1. Offset 
2. Noise 

LTC 1289 

Offset with Reduced VREF 

The offset of the L TC1289 has a larger effect on the output 
code when the AID is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) 
becomes a larger fraction of an LSB as the size of the LSB 
is reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vas. For example, 
a Vas of 0.1 mV which is 0.2LSB with a 2.5V reference 
becomes O.4LSB with a 1.25V reference. If this offset is 
unacceptable, it can be corrected digitally by the receiving 
system or by offsetting the "-" input to the L TC1289. 

Noise with Reduced VREF 

The total input referred noise of the L TC1289 can be 
reduced to approximately 200llV peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 2.5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200llV of noise. 

For operation with a 2.5 reference, the 200llV noise is only 
0.32LSB peak-to-peak. In this case, the LTC1289 noise 
will contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may become 
a significant fraction of an LSB and cause undesirable jitter 
in the output code. For example, with a 1.25V reference, 
this same 200llV noise is 0.64LSB peak-to-peak. This will 
reduce the range of input voltages over which a stable 
output code can be achieved by 0.64LSB. In this case 
averaging readings may be necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, VREF, VIN orV-) will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical it becomes to have a clean, 
noise-free setup. 
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7. L TC1289 AC Characteristics 

Two commonly used figures of merit for specifying the 
dynamic performance of the AID's in digital signal pro
cessing applications are the Signal-to-Noise Ratio (SNR) 
and the "effective number of bits (ENOB)." SNR is defined 
as the ratio of the RMS magnitude of the fundamental to 
the RMS magnitude of all the nonfundamental signals up 
to the Nyquist frequency (half the sampling frequency). 
The theoretical maximum SNR for a sine wave input is 
given by: 

SNR = (6.02N + 1.76d8) 

where N is the number of bits. Thus the SNR is a function 
ofthe resolution ofthe AID. For an ideal 12-bit AID the SNR 
is equal to 74dB. A Fast FourierTransform(FFT) plot ofthe 
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Figure 17a. liN = 1kHz, Is = 25kHz, SNR = 72.92dB 
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Figure 17b. liN = 12kHz, fs = 25kHz, SNR = 72.23dB 
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output spectrum of the LTC1289 is shown in Figures 17a 
and 17b. The input (fiN) frequencies are 1 kHz and 12kHz 
with the sampling frequency (fs) at 25kHz. The SNR 
obtained from the plot are 72.92dB and 72.23dB. 

Rewriting the SNR expression it is possible to obtain the 
equivalent resolution based on the SNR measurement. 

N= SNR-1.76dB 
6.02 

This is the so-called effective number of bits (ENOB). For 
the example shown in Figures 17a and 17b, N = 11.8 bits 
and 11.7 bits, respectively. Figure 18 shows a plot of ENOB 
as a function of input frequency. The curve shows the AID's 
ENOB remain in the range of 11.8 to 11.7 for input frequen
cies up to fsl2 

12 

11 
~ ., 
~ 10 
ffi ., 
~ 9 
'" 
~ 8 

~ 

6 

1-r- r--.. Fs = 25kHz 
'\ 

\ 
\ 
1\ 

1\ 
r-..... r--.. 

o 10 20 30 40 50 
FREQUENCY (kHz) 

LTCl28g.Alf18 

Figure 18. LTC1289 ENoB vs Input Frequency 
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Figure 19 shows an FFT plot ofthe output spectrum for two 
tones applied to the input of the AID. Nonlinearities in the 
AID will cause distortion products at the sum and differ
ence frequencies of the fundamentals and products of the 
fundamentals. This is classically referred to as 
intermodulation distortion (IMD). 

8. Overvoltage Protection 

Applying signals to the analog MUX that exceed the 
positive or negative supply of the device will degrade the 
accuracy of the AID and possibly damage the device. For 
example this condition would occur if a signal is applied to 
the analog MUX before power is applied to the L TC1289. 
Another example is the input source is operating from 
different supplies of larger value than the L TC1289. These 
conditions should be prevented either with proper supply 
sequencing or by use of external circuitry to clamp or 
current limit the input source. As shown in Figure 20, a 
1 kQ resistor is enough to stand off ±15V (15mA for one 
only channel). If more than one channel exceeds the 
supplies than the following guidelines can be used. Limit 
the current to 7mA per channel and 28mA for all channels. 
This means four channels can handle 7mA of input current 
each. Reducing the ACLK and SCLK frequencies from the 
maximum of 2MHz and 1 MHz, respectively (see Typical 
Peformance Characteristics curves Maximum ACLK Fre
quency vs Source Resistance and Sample and Hold Acqui
sition Time vs Source Resistance) allows the use of larger 
current limiting resistors. Use 1 N4148 diode clamps from 
the MUX inputs to Vcc and V- if the value of the series 
resistor will not allow the maximum clock speeds to be 
used orifan unknown source is used to drive the LTC1289 
MUX inputs. 

How the various power supplies to the LTC1289 are 
applied can also lead to overvoltage conditions. For single 
supply operation (Le., unipolar mode), ifVcc and REF+ are 
not tied together, then Vcc should be turned on first, then 
REF+. If this sequence cannot be met, connecting a diode 
from REF+ to Vee is recommended (see Figure 21). 

For dual supplies (bipolar mode) placing two Schottky 
diodes from Vce and V-to ground (Figure 22) will prevent 
powersupply reversal from occuring when an input source 

LTC 1289 

is applied to the analog MUX before power is applied to the 
device. Power supply reversal occurs, for example, if the 
input is pulled below V- then Vce will pull a diode drop 
below ground IA\hich could cause the device not to power 
up properly. Likewise, ifthe input is pulled above Vcc then 
V- will be pulled a diode drop above ground. If no inputs 
are present on the MUX, the Schottky diodes are not 
required if V- is applied first, then Vee. 

Because a unique input protection structure is used on the 
digital input pins, the signal levels on these pins can 
exceed the device Vee without damaging the device. 

Figure 20. Overvoltage Protection for MUX 

~---VREF 

Figure 21. 

Figure 22. Power Supply Reversal 
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TYPICAL APPLICATions 

A "Quick Look" Circuit for the LTC1289 

Users can get a quick look at the function and timing of the 
LTC1289 by using the following simple circuit. REF+ and 
DIN are tied to Vcc selecting a 3V input span, CH7 as a 
single-ended input, unipolar mode, MSB-first format and 
16-bit word length. ~CLK is driven by an external clock and 

SCLK is driven by one half the clock rate. CS is driven at 
1/128 the clock rate by the 74HC393 and DOUToutputs the 
data. All other pins are tied to a ground plane. The output 
data from the DOUT pin can be viewed on an oscilloscope 
which is set up to trigger on the falling edge of CS. 

A "Quick Look" Circuit lor the LTC12S9 
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TIME 
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Scope Trace 01 LTC12S9 "Quick Look" Circuit 
Showing AID Output 01 010101010101 (555HEX) 
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(B11) 

LSB 
(BO) 

VERTICAL: 5v/01V 
HORIZONTAL: 211Si0lV 

FILLS 
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TYPICAL APPLICATions 
SNEAK-A-8I1TM 

The LTC1289's unique ability to software select the polar
ity of the differential inputs and the output word length is 
used to achieve one more bit of resolution. Using the 
circuit below with two conversions and some software, a 
2's complement 12-bit + sign word is returned to memory 
inside the MPU. The MC68HC05C4 was chosen as an 
example, however, any processor that operates at 3.3V 
could be used. 

LTC 1289 

Two 12-bit unipolar conversions are performed: the first 
over a OV to 2.5V span and the second over a OV to -2.5V 
span (by reversing the polarity of the inputs). The sign of 
the input is determined by which of the two spans con
tained it. Then the resulting number (ranging from -4095 
to +4095 decimal) is converted to 2's complement nota
tion and stored in RAM. 

SNEAK-A-BIT Circuit 

OTHER CHANNELS 1 
OR SNEAK·A-BIT 

INPUTS 

VIN 
-2.5V TO +2.5V 

VIN ~ (+)CH6 

n HCH7 

1 ST CONVERSION 

~HCH6 n (+)CH7 

2ND CONVERSION 

SNEAK-A-BIT is a trademark of linear Technology Corp. 

+3.3V 

~----+---tMOSI 

f------+---+lMISO 

SNEAK-A-BIT 

VIN 
2.5V 

8191 STEPS 
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TYPICAL APPLICATions 
SNEAK-A-BIT Code 

DOUT from LTC1289 in MC68HC05C4 RAM 

Sign 
Location $77 IB12 B11 B10 B9 B8 B7 B6 B51 

LSB 
Location $87 1 B4 B3 B2 B1 BO filled with Os 

DIN words for L TC1289 
MUXAddr. 

MSBF 

U!' j Word 
(OOO/sIGN) Length 

DIN1 0 0 1 1 

DIN2 0 

DIN3 0 0 
lTC12811TAOS 

SNEAK-A-BIT Code for the LTC1289 Using the MC68HC05C4 

MNEMONIC 

LOA #$50 
STA $OA 
LOA #$FF 
STA $06 
BSH 0, $02 
JSR READ-I+ 

JSR READ +1-
JSR READ-I+ 
JSR CHKSIGN 

READ -1+ : LOA #$3F 
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JSR TRANSFER 
LOA $60 
STA $71 
LOA $61 
STA $72 
RTS 

DESCRIPTION 

Configuration data for SPCR 
Load configuration data into $OA 
Configuration data for port C DDR 
Load configuration data into port C DDR 
Make sure CS is high 
Dummy read configures LTC1289 for 
next read 
Read CH6 with respect to CH7 
Read CH7 with respect to CH6 
Determines which reading has valid 
data, converts to 2's complement and 
stores in RAM 
Load DIN word for LTC1289 into ACC 
Read L TC1289 routine 
Load MSBs from LTC1289 in ACC 
Store MSBs in $71 
Load LSBs from L TC1289 in ACC 
Store LSBs in $72 
Return 

SNEAK-A-BIT Code for the LTC1289 Using the MC68HC05C4 

MNEMONIC DESCRIPTION 

READ +1-: LOA #$7F Load DIN word for L TC1289 into ACC 
JSR TRANSFER Read L TC1289 routine 
LOA $60 Load MSBs from L TC1289 into ACC 
STA $73 Store MSBs in $73 
LOA $61 Load LSBs from LTC1289 into ACC 
STA $74 Store LSBs in $74 
RTS Return 

TRANSFER: BCLR 0, $02 CS goes low 
STA SOC Load DIN into SPI. Start transfer 

LOOP 1: TST SOB Test status of SPIF 
BPL LOOP 1 Loop to previous instruction if not done 
LOA SOC Load contents of SPI data reg into ACC 
STA SOC Start next cycle 
STA $60 Store MSBs in $60 

LOOP 2: TST SOB Test status of SPIF 
BPL LOOP2 Loop to previous instruction if not done 
BSH 0, $02 CS goes high 
LOA SOC Load contents of SPI data reg into ACC 
STA $61 Store LSBs in $61 
RTS Return 

CHKSIGN: LOA $73 Load MSBs of +/- read into ACC 
ORA $74 Or ACC (MSBs) with LSBs of +/- read 
BEQ MINUS If result is a goto minus 
CLC Clear carry 
ROR $73 Rotate right $73 through carry 
ROR $74 Rotate right $74 through carry 
LOA $73 Load MSBs of +1- read into ACC 
STA $77 Store MSBs in RAM locations $77 
LOA $74 Load LSBs of +1- read into ACC 
STA $87 Store LSBs in RAM location $87 
BRA END Goto end of routine 

MINUS: CLC Clear carry 
ROR $71 Shift MSBs of -1+ read right 
ROR $72 Shift LSBs of -1+ read right 
.COM $71 1 's complement of MSBs 
COM $72 1 's complement of LSBs 
LOA $72 Load LSBs into ACC 
ADD #$01 Add 1 to LSBs 
STA $72 Store ACC in $72 
CLRA Clear ACC 
ADC $71 Add with carry to MSBs. Result in ACC 
STA $71 Store ACC in $71 
STA $77 Store MSBs in RAM locations $77 
LOA $72 Load LSBs in ACC 
STA $87 Store LSBs in RAM location $87 

END: RTS Return 



TYPICAL APPLICATions 

Power Shutdown 

For battery-powered applications it is desirable to keep 
power dissipation at a minimum. The LTC1289 can be 
powered down when not in use reducing the supply 
current from a nominal value of 1 rnA to typically 1 ~ (with 
ACLK turned off). See the Curve for Supply Current (Power 
Shutdown) vs ACLK if ACLK cannot be turned off when the 
LTC1289 is powered down. In this case the supply current 
is proportional to the ACLK frequency and is independent 
oftemperature until it reaches the magnitude ofthe supply 
current attained with ACLK turned off. 

As an example of how to use this feature let's add this to 
the previous application, SNEAK-A-BIT. After the CHK 
SIGN subroutine call insert the following: 

• 
• 

JSR CHK SIGN Determines which reading has valid 
data, converts to 2's complement 
and stores in RAM 

JSR SHUTDOWN LTC1289 power shutdown routine 

The actual subroutine is: 

SHUTDOWN: LOA #$30 Load DIN word for 
L TC1289 into ACC 

JSR TRANSFER Read L TC1289 routine 
RTS Return 

LTC1289 

To place the device in power shutdown the word length 
bits are set to WL 1 = 0 and WLO = 1. The L TC1289 is 
powered up on the next request for conversion and it's 
ready to digitize an input signal immediately. 

Power Shutdown Timing Considerations 

After power shutdown has been requested, the LTC1289 
is powered up on the next request for a conversion. This 
request can be initiated either by brl!!ging CS low or by 
starting the next cycle of SCLKs if CS is kept low (see 
Figures 3 and 4). When the SCLK frequency is much 
slower than the ACLK frequency a situation can arise 
where the LTC1289 could power down and then prema
turely power back up. Power shutdown begins at the 
negative going edge of the 10th SCLK once it has been 
requested. A dummy conversion is executed and the 
LTC1289 waits for the next request for conversion. If the 
SCLKs have not finished once the LTC1289 has finished its 
dummy conversion, it will recognize the next remaining 
SCLKs as a request to start a conversion and power up the 
LTC1289 (see Figure 23). To prevent this, bring either CS 
high at the 19th SCLK (Figure 24) or clock out only 10 
SCLKs (Figure 25) when power shutdown is requested. 

cs ---, I 
10 

SCLK __ --I 

POWER SHUTDOWN STARTS / / '" 
DUMMY CONVERSION FINISHES AFTER 52 ACLK PERIODS POWER UP Lro,,,,,,,,, 

Figure 23. Power Shutdown Timing Problem 

cs ---, .... ____________ ...... 

10 
SCLK __ ---I 

POWER SHUTDOWN STARTS / / 
DUMMY CONVERSION FINISHES AFTER 52 ACLK PERIODS LTCI288TAF24 

Figure 24. Power Shutdown Timing 
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~.~~------------------------------~ ~OWERUP 
10 

SClK ____ -.I 

POWER SHUTDOWN STARTS / / 
DUMMY CONVERSION FINISHES AFTER 52 AClK PERIODS LTC121l9TAF2 

Figure 25. Power Shutdown Timing 
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~~ TBCHNOLOGY~------Si-n-g-le-C-h-iP--12--B-it-D-a-ta-

FEATURES 
• Software Programmable Features 

-Unipolar/Bipolar Conversion 
-4 Differentiall8 Single Ended Inputs 
-MSB or LSB First Data Sequence 
-Variable Data Word Length 
-Power Shutdown 

• Built-In Sample and Hold 
• Single Supply 5Vor ± 5V Operation 
• Direct 4 Wire Interface to Most MPU Serial Ports and all 

MPU Parallel Ports 
• 50kHz Maximum Throughput Rate 

KEY SPECIFICATiOnS 
• Resolution 
• Fast Conversion Time 
• Low Supply Current 

12 Bits 
13J.1s Max. Over Temp. 

6.0mA 

LTCMOS is a trademark of Linear Technology Corporation. 

TYPICAL APPLICATiOn 

Acquisition System 

DESCRIPTion 
The LTC1290 is a data acquisition component which 
contains a serial I/O successive approximation AID con
verter.lt uses L TCMOS™ switched capacitortechnology to 
perform either 12-bit unipolar, or 11-bit plus sign bipolar 
AID conversions. The 8-channel input multiplexer can be 
configured for either single ended or differential inputs (or 
combinations thereof). An on-chip sample and hold is 
included for all single ended input channels. When the 
LTC1290 is idle it can be powered down with a serial word 
in applications where low power consumption is desired. 

The serial I/O is designed to be compatible with industry 
standard full duplex serial interfaces. It allows either MSB 
or LSB first data and automatically provides 2's comple
ment output coding in the bipolar mode. The output data 
word can be programmed for a length of 8, 12 or 16-bits. 
This allows easy interface to shift registers and a variety of 
processors. 

12-Bit 8-Channel Sampling Data Acquisition System 

SINGLE-ENDED INPUT 
OV TO SV OR .sv 

.1SV OVERVOLTAGE RANGE-

DIFFERENTIAL INPUT (+) 
.SV COMMON MODE RANGE (_) 

1k1l 
CHO 

CH1 

CH2 

CH3 

CH4 

CHS 

CH6 

-

Vee 

ACLK 

SCLK 

DIN 

DOUT 
LTC1290 _ 

CS 

REF+ 

+ +sv 
22~F 

1NS817 

.". 
1 TTANTALUM 

TO AND FROM 1N4148 J MICROPROCESSOR 

4.7~F + 
TANTALUM T 

1-+-1-...... - -SV .". .". 

1NS817 

"FOR OVERVOLTAGE PROTECTION ON ONLY ONE CHANNEL LlMITTHE INPUT CURRENTTO 1SmA. FOR OVERVOLTAGE PROTECTION 
ON MORE THAN ONE CHANNEL LIMIT THE INPUT CURRENT TO 7mA PER CHANNEL AND 28mA FOR ALL CHANNELS. (SEE SECTION 
ON OVERVOLTAGE PROTECTION IN THE APPLICATIONS INFORMATION.) CONVERSION RESULTS ARE NOT VALID WHEN THE SELECTED 
OR ANY OTHER CHANNEL IS OVERVOLTAGED (VIN < V- OR VIN > Vee). 

8VTO 40V 
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ABSOLUTE mAXimum RATinGS 
(Notes 1 and 2) 
Supply Voltage (Vedto GND orV- ................... 12V 
Negative Supply Voltage (V-) ............... - 6V to GND 
Voltage 

Analog and Reference Inputs .. (V-) - O.3V to Vee + O.3V 
Digital Inputs ........................... - 0.3V to 12V 
Digital Outputs ................... - 0.3V to Vee + 0.3V 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

J PACKAGE N PACKAGE 
20-LEAD CERAMIC DIP 20-LEAD PLASTIC DIP 

LTC129Q·POI02 

ORDER PART 
NUMBER 

LTC1290BMJ 
LTC1290CMJ 
LTC1290DMJ 
LTC1290BIJ 
LTC1290CIJ 
LTC1290DIJ 
LTC1290BIN 
LTC1290CIN 
LTC1290DIN 
LTC1290BCN 
LTC1290CCN 
LTC1290DCN 

Power Dissipation .............................. 500mW 
Operating Temperature Range 

LTC1290BC, LTC1290CC, LTC1290DC ...... OOC to 70°C 
LTC1290BI, LTC1290CI, LTC1290DI. ..... - 40°C to 85°C 
LTC1290BM, LTC1290CM, LTC1290DM . - 55°C to 125°C 

Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 

TOP VIEW 

S PACKAGE 
20-LEAD PLASTIC SOL 

LTC1290·PQI01 

ORDER PART 
NUMBER 

LTC1290BCS 
LTC1290CCS 
LTC1290DCS 

conVERTER AnD mULTIPLEXER CHARACTERISTICS (Note 3) 

LTC1290B LTC1290C LTC1290D 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Offsel Error (Note 4) • ±1.5 ±1.5 ±1.5 LSB 
Linearity Error (INL) (Notes 4 and 5) • ±O.5 ±O.5 ±O.75 LSB 
Gain Error (Note 4) • ±O.5 ±1.0 ±4.0 LSB 
Minimum Resolution for • 12 12 12 Bits 
Which No Missing Codes are 
Guaranteed 
Analog and REF Input Range (Note 7) (II ) - O.05V to Vee + O.05V (V ) - O.05V to Vee + O.05V (V ) - O.05V to Vce + O.05V V 
On Channel Leakage Current On Channel = 5V • ±1 ±1 ±1 ~A 
(NoteS) Off Channel = OV 

On Channel = OV • ±1 ±1 ±1 ~A 
Off Channel = 5V 

Off Channel Leakage Current On Channel = 5V • ±1 ±1 ±1 ~ 
(NoteS) Off Channel = OV 

On Channel = OV • ±1 ±1 ±1 ~A 
Off Channel = 5V 
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AC CHARACTERISTICS (Note 3) 

LTC1290B 
LTC1290C 
LTC1290D 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

fSCLK Shift Clock Frequency VCC = 5V (Note 6) 0 2.0 MHz 
fACLK AID Clock Frequency V cc = 5V (Note 6) (Note 10) 4.0 MHz 

tACC Delay Time from CS I to DOUT Data Valid (Note 9) 2 ACLK 
Cycles 

tSMPL Analog Input Sample Time See Operating Sequence 7 SCLK 
Cycles 

tCONV Conversion Time See Operating Sequence 52 ACLK 
Cycles 

tCYC Total Cycle Time See Operating Sequence (Note 6) 12SCLK+ Cycles 
56 ACLK 

tdoO Delay Time, SCLK I to DOUT Data Valid See Test Circuits LTCI290BC, LTCI290CC, • 130 220 ns 
LTCI290DC, LTCI290BI, 
L TC1290CI, LTCI290DI 
LTCI290BM, LTCI290CM, • 180 270 ns 
LTC1290DM 

tdiS Delay Time, CS 1 to DOUT Hi-Z See Test Circuits • 70 100 ns 

"'" 
Delay Time, 2nd ACLK I to DOUT Enabled See Test Circuits • 130 200 ns 

thCS Hold Time, CS After Last SCLK I Vcc =5V(Note6) 0 ns 

thOI Hold Time, DIN After SCLK 1 Vcc=5V (Note 6) 50 ns 

thOO TimeOutput Data Remains Valid After SCLKI 50 ns 

tf DOUT Fall Time See Test Circuits • 65 130 ns 

t, DOUT Rise Time See Test Circuits • 25 50 ns 

tsuOI Setup Time, DIN Stable Before SCLK 1 Vcc =5V (Note 6) 50 ns 

tsucs Setup Time, CS I Before Clocking in First (Note 6 and 9) 2 ACLK Cycles 
Address Bit + lOOns 

tWHCS CS High Time During Conversion V cc = 5V (Note 6) 52 ACLK 
Cycles 

CIN Input Capacitance Analog Inputs On Channel 100 pF 

Digital Inputs 

Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 
Note 2: All voltage values are with respect to ground with DGND, AGND, 
and REF- wired together (unless otherwise noted). 
Note3: Vcc =5V, VREF + =5V, VREF - =OV, V- =OV for unipolar mode and 
- 5V for bipolar mode, ACLK = 4.0MHz unless otherwise specified. The. 
indicates specs which apply over the full operating temperature range; all 
other limits and typicals TA = 25°C. 
Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2VREF) divided by 4096. 
For example, when VREF = 5V, 1 LSB (bipolar) = 2(5V)/4096 = 2.44mV. 
Note 5: Integral non·linearity is defined as the deviation of a code from a 
straight line passing through the actual endpOints of the transfer curve. The 
deviation is measured from the center of the quantization band. 
Note 6: Recommended operating conditions. 
Note 7: Two on·chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V- or one diode drop above Vcc. Be careful during testing at low Vcc 

Off Channel 5 pF 
5 pF 

levels (4.5V), as high level reference or analog inputs (5V) can cause this in
put diode to conduct, espeCially at elevated temperatures, and cause errors 
for inputs near full scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute OV to 5V input voltage range will therefore require a 
minimum supply voltage of 4.950Vover initial tolerance, temperature varia· 
tions and loading. 
Note 8: Channel leakage current is measured after the channel selection. 
Note 9: To minimize errors caused by noise at the chip select input, the in· 
ternal circuitry waits for two ACLK falling edge after a chip select falling 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the mini· 
mum chip select setup time has elapsed. 
Nole10: Increased leakage currents at elevated temperatures cause the 
S/H to droop, therefore it's recommended that fAcLK2:500kHz at 125°C, 
fACLK 2: 125kHz at 85°C, and fACLK 2: 15kHz at 25°C. 
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DIGITAL AnD DC ELECTRICAL CHARACTERISTICS (Note 3) . 

LTC1290B 
LTC1290C 
LTC12900 

SYMBOL PARAMETER CONDITIONS MIN TVP MAX 

VIH High Level Input Voltage Vee = 5.25V • 2.0 

VIL Low Level Input Voltage Vee = 4.75V • 0.8 

IIH High Level Input Current VIN = Vee • 2.5 

IlL Low Level Input Current VIN = OV • -2.5 

VOH High Level Output Voltage Vcc = 4.75V, 10 = lallA 4.7 
10 = 36011A • 2.4 4.0 

VOL Low Level Output Voltage Vec = 4.75V, 10 = 1.6rnA • 0.4 

loz Hi-Z Output Leakage VOUT = VcccfS High • 3 
VOUT = OV, CS High • -3 

ISOURCE Output Source Current VOUT= OV -20 

ISINK Output Sink Current VOUT = Vcc 20 

Icc Positive Supply Current CS High • 6 12 
CS High, L TCI290BC, L TCI290CC, • 5 10 
Power LTC1290DC, LTCI290BI, 
Shutdown, LTCI290CI, LTC1290DI 
ACLKoff 

L TCI290BM, LTCI290CM, • 5 15 
LTC1290DM 

IREF Reference Current VREF= 5V • 10 50 
1- Negative Supply Current CS High • 1 50 

TEST CIRCUITS 
On and Off Channel Leakage Current Voltage Waveforms for Dour Delay Time, tdoO 

~: '~O:;:::oo':'" i.....,----2.4V 

___ ....J~F::..;;;:.='""'O.4V 

5V 

Voltage Waveform for Dour Rise and Fall Times, tl! tf 
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Load Circuit for tdls and ten 

TEST 
POINT 

Dourl---t-....JIIVY--" 

5V WAVEFORM 2 

WAVEFORM 1 

oour £r.--2.4V -- -O.4V 

tr -t1 

Load Circuit for tdoo, tl! and tf 

1.4V 

3k!l 

Dour!-+--TEST POINT -r 1DOpF 

UNITS 
V 

V 

IIA 
IIA 
V 
V 

V 

IIA 
IIA 
rnA 

rnA 

rnA 

IIA 

IIA 

IIA 
IIA 
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TEST CIRCUITS 

ACLK 

DOUT 
WAVEFORM 1 

Vollage Waveforms for len and Idis 

(SEE NOTE 1) _________ +-...J 

WAVEFO~~U~ ---------"'-"'" 

2.0V 

(SEE NOTE 2) 1'-"'=-----------'1 
NOTE 1: WAVEFORM liS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT IS HIGH UNLESS DISABLED BV THE OUTPUT CONTROL. 

NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT IS LOW UNLESS DISABLED BV THE OUTPUT CONTROL. 

Pin FunCTions 
# PIN FUNCTION DESCRIPTION 
1-8 CHO-CH7 Analog Inputs The analog inputs must be free of noise with respect to AGND. 
9 COM Common The common pin defines the zero reference point for all single ended inputs. It must be free of 

noise and is usually tied to the analog ground plane. 
10 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane. 
11 AGND Analog Ground AGND should be tied directly to the analog ground plane. 
12 V- Negative Supply Tie V - to most negative potential in the circuit. (Ground in single supply applications.) 
13,14 REF- REF+ Reference Inputs The reference inputs must be kept free of noise with respect to AGND. - , 
15 CS Chip Select Input A logic low on this input enables data transfer. 
16 DoUT Digital Data Output The AID conversion result is shifted out of this output. 
17 DIN Data Input The AID configuration word is shifted into this input. 
18 SCLK Shift Clock This clock synchronizes the serial data transfer. 
19 ACLK AID Conversion Clock This clock controls the AID conversion process. 
20 Vcc Positive Supply This supply must be kepi free of noise and ripple by bypassing directly to the analog ground 

plane. 

SLOCK DIAGRAm 
Vcc~ 

r--------------------1~-...:.;;...SCLK 

CHO 
CHI 
CH2 
CH3 ANALOG 
CH4 INPUT 12·BIT 

CH5 MUX SAR 

CH6 12-BIT 

CH7 CAPACITIVE 

COM DAC 

19 

1
10 111 112 

1
13 114 

ACLK 

DGND AGND V- REF- REF+ CONTROL 15 I:S AND 
TIMING 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Supply Current vs Temperature 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFORmATion 
The LTC1290 is a data acquisition component which con· 
tains the following functional blocks: 

1. 12·bit successive approximation capacitive AID 
converter 

2. Analog multiplexer (MUX) 
3. Sample and hold (S/H) 
4. Synchronous, full duplex serial interface 
5. Control and timing logic 

DIGITAL CONSIDERATIONS 

Serial Interface 

The LTC1290 communicates with microprocessors and 
other external circuitry via a synchronous, full duplex, four 
wire serial interface (see Operating Sequence). The shift 
clock (SCLK) synchronizes the data transfer with each bit 
being transmitted on the falling SCLK edge and captured 
on the rising SCLK edge in both transmitting and receiving 
systems. The data is transmitted and received simultane· 
ously (full duplex). 
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Data transfer is initiated by a falling chip select (CS) 
signal. After the falling CS is recognized, an a·bit input 
word is shifted into the D,N input which configures the 
LTC1290 for the next conversion. Simultaneously, the reo 
suit of the previous conversion is output on the DOUT line. 
At the end of the data exchange the requested conversion 
begins and CS should be brought high. After teoNv, the 
conversion is complete and the results will be available on 
the next data transfer cycle. As shown below, the result of 
a conversion is delayed by one CS cycle from the input 
word requesting it. 

DIN I DIN Word 1 I DIN Word 2 I I DIN Word 3 

DouT IDOUTWordO I IDoUT wordl I I DOUTWord 2 I 
hDala~ 1~~V~Dala~ ~~V~ 

Transfer Conversion Transfer Conversion 

Input Data Word 

The LTC1290 eight bit data word is clocked into the D,N in· 
put on the first eight rising SCLK edges after chip select is 

recognized. Further inputs on the D,N pin are then ignored 
until the next CS cycle. The eight bits of the input word are 
defined as follows: 

MUXAddress 

MUXAddress 

Unipolarl Word 
Bipolar Length 

MSB Firstl 
LSB First 

The first four bits of the input word assign the MUX 
configuration for the requested conversion. For a given 
channel selection, the converter will measure the voltage 
between the two channels indicated by the + and - signs 
in the selected row of the following table. Note that in dif· 
ferential mode (SGUDIFF = 0) measurements are limited 
to four adjacent input pairs with either polarity. In single 
ended mode, all input channels are measured with respect 
toCOM. 

Operating Sequence 

SCLK 

DOlfr 
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(Example: Differential Inputs (CH3-CH2~ Bipolar, MSB First and 12·Bit Word Length) 

i---SHIFT CONFIGURATION I 
WORD IN ---I 

~ ____________ ~r 

I (SB) SHIFT AlO RESULT OUT AND I 
t---NEW CONFIGURAfION WORD IN-----J 
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Table 1. Multiplexer Channel Selection 

MUXADDRESS DIFFERENTIAL CHANNEL SELECTION MUXADDRESS SINGLE ENDED CHANNEL SELECTION 
SGLI ODDI SELECT SGLI ODDI SELECT 
DIFF SIGN 1 0 0 1 2 3 4 5 6 7 DIFF SIGN 1 0 0 1 2 3 4 5 6 7 COM 

0 0 0 0 + - 1 0 0 0 + -
0 0 0 1 + - 1 0 0 1 + -
0 0 1 0 + - 1 0 1 0 + -
0 0 1 1 + - 1 0 1 1 + -
0 1 0 0 - + 1 1 0 0 + -
0 1 0 1 - + 1 1 0 1 + -
0 1 1 0 - + 1 1 1 0 + -
0 1 1 1 - + 1 1 1 1 + -

4 Differential 8 Single Ended Combinations of Differential and Single Ended 

CHANNEL CHANNEL CHANNEL 

0.11 
+ (-) 
- (+) 

+ 
0.11 

+ 
+ 

2.31 

+ 
2.31 + 

+ + 

4.5\ 
+ + 
+ + 
+ + 

6.71 
+ 

COM (-) COM (-) 

.". .". 

Changing the MUX Assignment "On the Fly" 

4.51 
+ 

5.41 + 

6.71 
+ + 

+ 

COM (UNUSED) COM (-) 

.". 
1ST CONVERSION 

.". 
2ND CONVERSION 

Figure 1. Examples of Multiplexer Options on the L TC1290 
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Unipolar/Bipolar (UNI) 

The fifth input bit (UNI) determines whether the conversion 
will be unipolar or bipolar. When UNI is a logical one, a 
unipolar conversion will be performed on the selected in· 
put voltage. When UNI is a logical zero, a bipolar conver· 
sion will result. The input span and code assignment for 
each conversion type are shown in the figures below. 

Unipolar Transfer Curve (UNI = 1) 

111111111111 
111111111110 

000000000001 
000000000000 '-'-+--!----J\--+--+--+-V�N 

ov 1LSB VREF-2LSB: VREF , 
VREF-1LSB 

Bipolar Transfer Curve (UNI = 0) 

011111111111 
011111111110 

Unipolar Output Code (UNI = 1) 

OUTPUT CODE INPUT VOLTAGE 
111111111111 VREF-1LSB 
111111111110 VREF -2LSB 

• • 
• • 
• • 

000000000001 1LSB 
000000000000 OV 

Bipolar Output Code (UNI = 0) 

OUTPUT CODE INPUT VOLTAGE 
011111111111 VREF-1LSB 
011111111110 VREF-2LSB 

• • · • 
• • 

000000000001 1LSB 
000000000000 OV 
111111111111 -1LSB 
111111111110 -2LSB 

• • 
• • · · 100000000001 -(VREF)+ 1LSB 

100000000000 -(VREF) 

---+--+----""..--+--+--+-r"l-'-+--+----'Ir---+--+~I---VIN 
VREF-2LSBI VREF 
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100000000001 
100000000000 

I , 
VREF-1LSB 

INPUT VOLTAGE 
(VREF=5V) 

4.9988V 
4.9976V 

• 
• 
• 

O.OO12V 
OV 

INPUT VOLTAGE 
(VREF = 5V) 

4.9976V 
4.9851V 

• 
• 
• 

0.OO24V 
OV 

-0.OO24V 
-o.o048V 

• 
• · -4.9976V 

-5.0000V 
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MSB First/LSB First Format (MSBF) 

The output data of the LTC1290 is programmed for MSB 
first or LSB first sequence using the MSBF bit. For MSBF 
first output data the input word clocked to the LTC1290 
should always contain a logical one in the sixth bit loca
tion (MSBF bit). Likewise for LSB first output data the in
put word clocked to the LTC1290 should always contain a 
zero in the MSBF bit location. The MSBF bit affects only 
the order of the output data word. The order of the input 
word is unaffected by this bit. 

MSBF OUTPUT FORMAT 
0 LSB First 
I MSB First 

Word Length (WL 1, WLO) and Power Shutdown 

The last two bits of the input word (WL 1 and WLO) program 
the output data word length and the power shutdown fea
ture of the LTC1290. Word lengths of 8,12 or 16-bits can be 
selected according to the following table. The WL 1 and 
WLO bits in a given DIN word control the length of the pre
sent, not the next, DOUT word. WL 1 and WLO are never 
"don't cares" and must be set for the correct DOUT word 
length even when a "dummy" DIN word is sent. On any 

Low CS Recognized Internally 

ACLK 

I 
I - I 

cs I 
r 
I 
I 

Hi-Z I 

Dour K VALID OUTPUT 
I 

LTC 1 290 

transfer cycle, the word length should be made equal to 
the number of SCLK cycles sent by the MPU. Power down 
will occur when WL 1 = 0 and WLO = 1 is selected. The pre
vious conversion result will be clocked out as a 10-bit word 
so a "dummy" conversion is required before poweri~ 
down the LTC1290. Conversions are resumed once CS 
goes low or an SCLK is applied, if CS is already low. 

WLI WLO OUTPUT WORD LENGTH 
0 0 a-Bits 

0 I Power Shutdown 
I 0 12·Bits 
I I 16·Bits 

Deglitcher 

A deglitching circuit has been added to the Chip Select in
put of the LTC1290 to minimize the effects of errors 
caused by noise on that input. This circuit ignores 
changes in state on the CS input that are shorter in dura
tion than one ACLK cycle. After a change of state on the 
CS input, the LTC1290 waits for two falling edge of the 
ACLK before recognizing a valid chip select. One indica
tion of CS recognition is the DOUT line becoming active 
(leaving the Hi-Z state). Note that the deglitching applies 
to both the riSing and falling CS edges. 

High CS Recognized Internally 

ACLK 

cs _ 

OOUT VALID OUTPUT ) 
Hi-Z 
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8·Bit Word Length 

cs ~\.. _____ +-r __ t_SM_Pl_'_-,pNV 

SCLK __ --I 

DOUT 
MSB FIRST 

DOUT 
LSB FIRST· 

12·Bit Word Length 

SCLK 

DOUT 
MSB FIRST 

DOUT 
LSB FIRST 

----' 

(SB) 

16·Bit Word Length 

THE LAST FOUR BITS 
ARE TRUNCATED 

(SB) 

.... _____ :~_-_-_-_-_-_-_ -_ -_ -_ -_ -_-_-_tS_MP_l~~~~==========~t4---~t~CONV cs~ t 
SCLK __ ---I 

DOUT 
MSB FIRST 

Dour 
LSB FIRST 

(SB) 

(SB) 

'IN UNIPOLAR MODE, THESE BITS ARE FILLED WITH ZEROES. 

FILL 
ZEROES 

IN BIPOLAR MODE, THE SIGN BIT IS EXTENDED INTO THESE LOCATIONS. 

Figure 2. Data Output (DOUT) Timing with Different Word Lengths 
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CS Low During Conversion 

In the normal mode of operation, CS is brought high during 
the conversion time. The serial port ignores any SCLK 
activity while CS is high. The LTC1290 will also operate 
with CS low during the conversion. In this mode, SCLK 

must remain low during the conversion as shown in the 
following figure. After the conversion is complete, the 
DOUT line will become active with the first output bit. Then 
the data transfer can begin as normal. 

SHIFT ISMPL 48 TO 52 
r-MUX ADDRESS-t--SAMPLE ANALOG---i ACLK CYC 1-1' ---A~~I~~~~DLJE~~~N----I'I cs -, IN I INPUT ,-u..., I 

I ~------------~ 

SCLK 

DINRSL-.J 

DOUT 

Figure 3. CS High During Conversion 

SHIFT tSMPL 
r-MUX ADDRESS-t--SAMPLE ANALOG---j cs -, IN I INPUT 

I I~l--------------------------

SCLK 

DOUT 

Figure 4. CS Low During Conversion 
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Microprocessor Interfaces 

The LTC1290 can interface directly (without external hard
ware) to most popular microprocessor (MPU) synchronous 
serial formats (see Table 2). If an MPU without a serial in
terface is used, then 4 of the MPU's parallel port lines can 
be programmed to form the serial link to the LTC1290. In
cluded here are two serial interface examples and one 
example showing a parallel port programmed to form the 
serial interface. 

Table 2 •. Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC1290" 

PART NUMBER TYPE OF INTERFACE 
Motorola 

MC6805S2, S3 SPI 
MC68HC11 SPI 
MC68HC05 SPI 

RCA 
CDP68HC05 SPI 

Hitachi 
HD6305 SCI Synchronous 
HD6301 SCI Synchronous 
HD63701 SCI Synchronous 
HD6303 SCI Synchronous 
HD64180 SCI Synchronous 

National Semiconductor 
COP400 Family MICROWIREf 
COPBOOFamlly MICROWIREIPLUSf 
NS8050U MICROWIREIPLUS 
HPCl6000 Family MICROWIREIPLUS 

Taxas Instrumants 
TMS7002 Serial Port 
TMS7042 Serial Port 
TMS70C02 Serial Port 
TMS70C42 Serial Port 
TMS32011, Serial Port 
TMS32020' Serial Port 
TMS370C050 SPI 

'ReqUIres external hardware 
"Contact factory for interface information for processors not on this list 
fMICROWIRE and MICROWIREIPLUS are trademarks of National 
Semiconductor Corp. 

Serial Port Microprocessors 

Most synchronous serial formats contain a shift clock 
(SCLK) and two data lines, one for transmitting and one for 
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receiving. In most cases data bits are transmitted on the 
falling edge of the clock (SCLK) and captured on the rising 
edge. However, serial port formats vary among MPU man
ufacturers as to the smallest number of bits that can be 
sent in one group (e.g., 4-bit, 8-bit or 16-bit transfers). They 
also vary as to the order in which the bits are transmitted 
(LSB or MSB first). The following examples show how the 
LTC1290 accommodates these differences. 

National MICROWIRE (COP402) 

The COP402 transfers data MSB first and in 4-bit incre
ments (nibbles). This is easily accommodated by setting 
the LTC1290 to MSB first format and 12-bit word length. 
The data output word is then received by the COP402 in 
three 4-bit blocks. 

Hardware and Software Interface to COP402 Processor 

ANALOG 
INPUTS 

DOUT from LTC1290 stored in COP402 RAM 

MSBl 
Location $13 I B11 B10 B9 B81 first 4 bits 

Location $14 I B7 B6 B5 B4 I second 4 bits 
LSB 

Location $15 I B3 B2 B1 BO I third 4 bits 

*B11 is MSB in unipolar or sign bit in bipolar 
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COP402Code 
MNEMONIC COMMENTS 

CLRA MUST BE FIRST INSTRUCTION 
LBI 1,0 BR = 1 BD = 0 INITIALIZE B REG. 
STII 8 FIRST DIN NIBBLE IN $10 
STII E SECOND DIN NIBBLE IN $11 
STII 0 NULL DATA IN $12, B = $13 
LEI C SET EN TO (1100) BIN 

LOOP SC CARRY SET 
LDD 1,0 LOAD FIRST DIN NIBBLE IN ACC 
OGI 0 GO (CS) CLEARED 
XAS ACC TO SHIFT REG. BEGIN SHIFT 
LDD 1,1 LOAD NEXT DIN NIBBLE IN ACC 
NOP TIMING 
XAS NEXT NIBBLE, SHIFT CONTINUES 
XIS 0 FIRST NIBBLE DOUT TO $13 
LDD 1,2 PUT NULL DATA IN ACC 
XAS SHIFT CONTINUES, Dour TO ACC 
XIS 0 NEXT NIBBLE DOUT TO$14 
RC CLEAR CARRY 
CLRA CLEARACC 
XAS THI~ NIBBLE DOUT TO ACC 
OGI 1 GO (CS) SET 
XIS 0 THIRD NIBBLE DOUT TO $15 
LBI 1,3 SET B REG. FOR NEXT LOOP 

Motorola SPI (MC68HC05C4) 

The MC68HC05C4 transfers data MSB first and in 8·bit in· 
crements. Programming the LTC1290 for MSB first format 
and 16·bit word length allows the 12·bit data output to be 
received by the MPU as two 8·bit bytes with the final 4 un· 
used bits filled with zeroes by the LTC1290. 

Hardware and Software Interface to Motorola MC68HC05C4 
Processor 

LTCl290 MC68HC05C4 

LTC 1 290 

DOUT from LTC1290 stored in MC68HC05C4 RAM 

MSB* 
Location $61 I B11 B10 B9 B8 B7 B6 B5 B41 byte 1 

Location $62 LSB 
B3 B2 B1 BO 0 0 0 0 byte 2 

'Bll is MSB in unipolar or sign bit in bipolar 

MC68HC05C4 Code 
MNEMONIC COMMENTS 

LDA #$50 CONFIGURATION DATA FOR SPCR 
STA $OA LOAD DATA INTO SPCR ($OA) 
LDA #$FF CON FIG. DATA FOR PORT C DDR 
STA $06 LOAD DATA INTO PORT C DDR 
LDA #$OF LOAD LTC1290 DIN DATA INTO ACC 
STA $50 LOAD LTC1290 DIN DATA INTO $50 

START BCLR 0,$02 CO GOES LOW (CS GOES LOW) 
LDA $50 LOAD DIN INTO ACC FROM $50 
STA SOC LOAD DIN INTO SPI. START SCK 

NOP 8 NOPs FOR TIMING 

LDA SOB CHECK SPI STATUS REG 
LDA SOC LOAD LTC1290 MSBs INTO ACC 
STA $61 STORE MSBs IN $61 
STA SOC START NEXT SPI CYCLE 

NOP 6 NOPs FOR TIMING 

BSET 0,$02 CO GOES HIGH (CS GOES HIGH) 
LDA SOB CHECKSPI STATUS REGISTER 
LDA SOC LOAD LTC1290 LSBs INTO ACC 
STA $62 STORE LSBs IN $62 

Parallel Port Microprocessors 

When interfacing the LTC1290 to an MPU which has a 
parallel port, the serial signals are created on the port with 
software. Three MPU port lines are programmed to create 
the CS, SCLK and DIN signals for the LTC1290. A fourth 
port line reads the DOUT line. An example is made of the 
Inte18051/8052180C252 family. 
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Intel 8051 

To interface to the 8051, the LTC1290 is programmed for 
MSB !!ist format and 12·bit word length. The 8051 gener· 
ates CS, SCLK and DIN on three port lines and reads DOUT 
on the fourth. 

Hardware and Software Interface to Int818051 Processor 

8051 

P1.1 

P1.2 

P1.3 

P1.4 

ALE 

DOUT from LTC1290 stored in 8051 RAM 

MSB* 
R2 IB11 B10 B9 B8 B7 B6 B5 541 

LSB 
R3 1 B3 B2 B1 BO 0 0 0 0 1 

'Bll is MSB in unipolar or sign bit in bipolar 
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8051 Code 

CONT 

LOOP 

DELAY 

MNEMONIC COMMENTS 

MOV Pl,#02H BIT 1 PORT 1 SET AS INPUT 
CLR Pl.3 SCLK GOES LOW 
SETB P1.4 CSGOESHIGH 
MOV A,#OEH DIN WORD FOR LTC1290 
CLR P1.4 CSGOESLOW 
MOV R4,#08H LOAD COUNTER 
NOP DELAY FOR DEGLITCHER 
MOV C,P1.! READ DATA BIT INTO CARRY 
RLC A ROTATE DATA BIT INTO ACC 
MOV P1.2,C OUTPUT DIN BITTO LTC1290 
SETB P1.3 SCLK GOES HIGH 
CLR P1.3 SCLK GOES LOW 
DJNZ R4, LOOP NEXT BIT 
MOV R2,A STORE MSBs IN R2 
MOV C,P1.1 READ DATA BIT INTO CARRY 
CLR A CLEARACC 
RLC A ROTATE DATA BIT INTO ACC 
SETB P1.3 SCLK GOES HIGH 
CLR P1.3 SCLK GOES LOW 
MOV C,Pl.l READ DATA BIT INTO CARRY 
RLC A ROTATE DATA BIT INTO ACC 
SETB Pl.3 SCLK GOES HIGH 
CLR P1.3 SCLK GOES LOW 
MOV C, P1.1 READ DATA BIT INTO CARRY 
RLC A ROTATE DATA BIT INTO ACC 
SETB Pl.3 SCLK GOES HIGH 
CLR Pl.3 SCLK GOES LOW 
MOV C, P1.1 READ DATA BIT INTO CARRY 
RRC A ROTATE RIGHT INTO ACC 
RRC A ROTATE RIGHT INTO ACC 
RRC A ROTATE RIGHT INTO ACC 
RRC A ROTATE RIGHT INTO ACC 
MOV R3,A STORE LSBs IN R3 
SETB Pl.3 SCLK GOES HIGH 
CLR P1.3 SCLK GOES LOW 
SETB P1.4 CSGOESHIGH 

MOV R5,#OBH LOAD COUNTER 
DJNZ R5, DELAY GOTO DELAY IF NOT DONE 
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3WIRESERIAL 
SERIAL DATAI--1~----+-_-----+-__ ----I_INTERFACETOOTHER 

PERIPHERALS OR LTC1290s 
MPU 

8 CHANNELS 8 CHANNELS 8 CHANNELS 

Figure 5. Several LTC1290s Sharing One 3 Wire Serial Interface 

Sharing the Serial Interface 

The LTC1290 can share the same 3 wire serial interface 
with other peripheral components or other LTC1290s (see 
Figure 5). In this case, the CS signals decide which 
LTC1290 is being addressed by the MPU. 

ANALOG CONSIDERATIONS 

1. Grounding 

The LTC1290 should be used with an analog ground plane 
and single point grounding techniques. 

Pin 11 (AGND) should be tied directly to this ground plane. 

Pin 10 (DGND) can also be tied directly to this ground 
plane because minimal digital noise is generated within 
the chip itself. 

Pin 20 (Vee) should be bypassed to the ground plane with a 
2211F tantalum with leads as short as possible. Pin 12 (V-) 
should be bypassed with a 0.111F ceramic disk. For single 
supply applications, V - can be tied to the ground plane. 

It is also recommended that pin 13(REF-) and pin 9 (COM) 
be tied directly to the ground plane. All analog inputs 
should be referenced directly to the single point ground. 
Digital inputs and outputs should be shielded from and/or 
routed away from the reference and analog circuitry. 

Figure 6 shows an example of an ideal ground plane de· 
sign for a two sided board. Of course this much ground 
plane will not always be possible, but users should strive 
to get as close to this ideal as possible. 

Figure 6. Example Ground Plane for the LTC1290 

2. Bypassing 

For good performance, Vee must be free of noise and rip· 
pie. Any changes in the Vee voltage with respect to analog 
ground during a conversion cycle can induce errors or 
noise in the output code. Vee noise and ripple can be kept 
below 0.5mV by bypassing the Vee pin directly to the ana· 
log ground plane with a 2211F tantalum capacitor and leads 
as short as possible. The lead from the device to the Vee 
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supply should also be kept to a minimum and the Vcc sup· 
ply should have a low output impedance such as that 
obtained from a voltage regulator (e.g. LT323A). Figures 7 
and 8 show the effects of good and poor Vcc bypassing. 

HORIZONTAL: 10pS/OIV 

Figure 7. Poor Vcc Bypassing. Noise and Ripple 
Can Cause AID Errors 

HORIZONTAL: 10~sfDlV 

Figure 8. Good Vcc Bypassing Keeps Noise and Ripple 
onVccBelow1mV 

3. Analog Inputs 

Because of the capacitive redistribution AID conversion 
techniques used, the analog inputs of the LTC1290 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. 
However, if large source resistances are used or if slow 
settling op amps drive the inputs, care must be taken to in· 
sure that the transients caused by the current spikes set· 
tie completely before the conversion begins. 

Source Resistance 

tling of the inputs. It is important that the overall RC time 
constants be short enough to allow the analog inputs to 
completely settle within the allowed time. 

" + " Input Settling 

This input capacitor is switched onto the" + " input during 
the sample phase (tSMPL, see Figure 10). The sample phase 
starts at the 4th SCLK cycle and lasts until the falling edge 
of the last SCLK (the 8th, 12th or 16th SCLK cycle depen· 
ding on the selected word length). The voltage on the" + " 
input must settle completely within this sample time. Mini· 
mizing RSOURCE+ and C1 will improve the input settling 
time. If large" + " input source resistance must be used, 
the sample time can be increased by using a slower SCLK 
frequency or selecting a longer word length. With the mini· 
mum possible sample time of 21's, RSOURCE+ <1k and 
C1 < 20pF will provide adequate settling. 

" - " Input Settling 

At the end of the sample phase the input capacitor 
switches to the" - " input and the conversion starts (see 
Figure 10). During the conversion, the" + " input voltage is 
effectively "held" by the sample and hold and will not af· 
fect the conversion result. However, it is critical that the 
"-" input voltage be free of noise and settle completely 
during the first four ACLK cycles of the conversion time. 
Minimizing RSOURCE- and C2 will improve settling time; If 
large" - " input source resistance must be used, the time 
allowed for settling can be extended by using a slower 
ACLK frequency. At the maximum ACLK rate of 4MHz, 
RSOURCE- <2500 and C2<20pF will provide adequate 
settling. 

The analog inputs of the LTC1290 look like a 100pF capaci· V'N- -""""'--1--4 

tor (CIN) is series with a 5000 resistor (RON) as shown in 
Figure 9. CIN gets switched between the selected" + " and 
"- " inputs once during each conversion cycle. Large ex· 
ternal source resistors and capacitances will slow the set· 

6-84 

Figure 9. Analog Input Equivalent Circuit 
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Input Op Amps 

When driving the analog inputs with an op amp it is im
portant that the op amp settle within the allowed time (see 
Figure 10). Again, the" +" and" -" input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the m006 and 
m013 single supply op amps can be made to settle well 
even with the minimum settling windows of 2p.s (" + " 
input) and 1p.s (" -" input) which occur at the maximum 
clock rates (ACLK=4MHz and SCLK=2MHz). Figures 11 
and 12 show examples of adequate and poor op amp 
settling. 

RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 13. For large values of CF (e.g., 1p.F), the 
capacitive input switching currents are averaged into a 
net DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is ap
proximately loc = 100pF x VIN/tCYC and is roughly propor
tional to VIN. When running at the minimum cycle time of 
20p.s, the input current equals 25p.A at VIN = 5V. In this 
case, a filter resistor of 50 will cause 0.1 LSB of full-scale 
error. If a larger filter resistor must be used, errors can be 
eliminated by increasing the cycle time as shown in the 
typical curve of Maximum Filter Resistor vs Cycle Time. 

LTC 1 290 

HORIZONTAL: 500nsiDIV 

Figure 11. Adequate Settling of Op Amps Driving Analog Input 

HORIZONTAL: 201!8/0lV 

Figure 12. Poor Op Amp Settling Can Cause AID Errors 

Figure 13. RC Input Filtering 

SAMPLE S~~~ ~J~~ri T~~:iIME HOLD 

SCLK 

ACLK 

" +"INPUT 

1-1' ___ M~~I~~;~;S_-_I-~-_tSMPL __ ---I 

••• 

••• 

y 

- LAST SCLK (8TH. 12TH OR 16TH DEPENDING ON WORD LENGTH) 

I 1ST BIT I 
1- TEST-I 
"-" INPUT MUST SmLE 

DURING THIS TIME 

• •• 

"-"INPUT _______________ ---'k. .... ___________ _ 

Figure 10. "+" and" - " Input SeDlIng Windows 
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APPLICATions InFoRmATion 
Input Leakage Current 

Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in
put leakage specification of 1fLA (at 125°C) flowing 
through a source resistance of 1 kO will cause a voltage 
drop of 1mV or O.8LSB. This error will be much reduced 
at lower temperatures because leakage drops rapidly 
(see typical curve of Input Channel Leakage Current vs 
Temperature). 

Noise Coupling into Inputs 

High source resistance input signals (>5000) are more 
sensitive to coupling from external sources. It is prefer
able to use channels near the center of the package (i.e., 
CH2-CH7) for signals which have the highest output re
sistance because they are essentially shielded by the pins 
on the package ends (DGND and CHO). Grounding any un
used inputs (especially the end pin, CHO) will also reduce 
outside coupling into high source resistances. 

4. Sample and Hold 

Single Ended Inputs 

The LTC1290 provides a built-in sample and hold (S&H) 
function for all signals acquired in the Single ended mode 
(COM pin grounded). This sample and hold allows the 
LTC1290 to convert rapidly varying signals (see typical 
curve of S&H Acquisition Time vs Source Resistance). The 
input voltage is sampled during the tSMPL time as shown in 
Figure 10. The sampling interval begins after the fourth 
MUX address bit is shifted in and continues during the 
remainder of the data transfer. On the falling edge of the 
final SCLK, the S&H goes into hold mode and the conver
sion begins. The voltage will be held on either the 8th, 12th 
or 16th falling edge of the SCLK depending on the word 
length selected. 

Differential Inputs 

With differential inputs or when the COM pin is not tied to 
ground, the AID no longer converts just a single voltage 
but rather the difference between two voltages. In these 
cases, the voltage on the selected" + " input is still sam-
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pled and held and therefore may be rapidly time varying 
just as in single ended mode. However, the voltage on the 
selected" -" input must remain constant and be free of 
noise and ripple throughout the conversion time. Other
wise, the differencing operation may not be performed 
accurately. The conversion time is 52 ACLK cycles. There
fore, a change in the" - " input voltage during this interval 
can cause conversion errors. For a sinusoidal voltage on 
the" - " input this error would be: 

VERROR (MAX) = VPEAK X 2 x 1(' x 1(" - ") X 52/fACLK 

Where f(" -") is the frequency of the" -" input voltage, 
VPEAK is its peak amplitude and fACLK is the frequency of 
the ACLK. In most cases VERROR will not be significant. 
For a 60Hz Signal on the" -" input to generate a 1/4LSB 
error (300fLV) with the converter running at ACLK = 4MHz, 
its peak value would have to be 61 mY. 

5. Reference Inputs 

The voltage between the reference inputs of the LTC1290 
defines the voltage span of the AID converter. The refer
ence inputs will have transient capacitive switching cur
rents due to the switched capacitor conversion technique 
(see Figure 14). During each bit test of the conversion 
(every 4 ACLK cycles), a capacitive current spike will be 
generated on the reference pins by the AID. These current 
spikes settle quickly and do not cause a problem. 
However, if slow settling circuitry is used to drive the refer
ence inputs, care must be taken to insure that transients 
caused by these current spikes settle completely during 
each bit test of the conversion. 

REF + 

T 8pF-4OpF 

LTC1290 ":' 

Figure 14. Reference Input Equivalent Circuit 
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When driving the reference inputs, two things should be 
kept in mind: 

1. Transients on the reference inputs caused by the 
capacitive switching currents must settle completely 
during each bit test (each 4 ACLK cycles). Figures 15 
and 16 show examples of both adequate and poor set· 
tling. Using a slower ACLK will allow more time for the 
reference to settle. However, even at the maximum 
ACLK rate of 4MHz most references and op amps can 
be made to settle within the 1/.1s bit time. For example 
the LT1027 will settle adequately or with a 10/.lF bypass 
capacitor at REF + the L T1 021 can also be used. 

2. It is recommended that the REF- input be tied directly 
to the analog ground plane. If REF- is biased at a volt
age other than ground, the voltage must not change 
during a conversion cycle. This voltage must also be 
free of noise and ripple with respect to analog ground. 

HORIZONTAL: l,.s/OIV 

Figure 15. Adequate Reference Settling 

HORIZONTAL: l,.s/OIV 

Figure 16. Poor Reference Settling Can Cause AID Errors 

LTC1290 

6. Reduced Reference Operation 

The effective resolution of the LTC1290 can be increased 
by reducing the input span of the converter. The LTC1290 
exhibits good linearity and gain over a wide range of refer
ence voltages (see typical curves of Linearity and Gain 
Error vs Reference Voltage). However, care must be taken 
when operating at low values of VREF because of the re
duced LSB step size and the resulting higher accuracy re
quirement placed on the converter. The following factors 
must be considered when operating at low VREF values. 

1. Offset 
2. Noise 

Ollset with Reduced VREF 

The offset of the LTC1290 has a larger effect on the output 
code when the AID is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) be
comes a larger fraction of an LSB as the size of the LSB is 
reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to .. 
reference voltage for a typical value of Vas. For example, a ... 
Vas of 0.1mV which is 0.1LSB with a 5V reference be-
comes O.4LSB with a 1.25V reference. If this offset is unac-
ceptable, it can be corrected digitally by the receiving 
system or by offsetting the" - " input to the LTC1290. 

Noise with Reduced VREF 

The total input referred noise of the LTC1290 can be re
duced to approximately 200/.lV peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200/.lV of noise. 

For operation with a 5V reference, the 200/.lV noise is only 
0.16LSB peak-to-peak.ln this case, the LTC1290 noise will 
contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable jitter 
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APPLICATions InFoRmATion 
in the output code. For example, with a 1.25V reference, 
this same 200fLV noise is O.64LSB peak·to·peak. This will 
reduce the range ef input voltages over which a stable out· 
put code can be achieved by O.64LSB. In this case averag· 
ing readings may be necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on VCC, VREF, VIN or V-) will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical it becomes to have a clean, 
noise-free setup. 

7. LTC1290 AC Characteristics 

Two commonly used figures of merit for specifying the 
dynamic performance of the AID's in digital signal 
processing applications are the Signal·to·Noise Ratio 
(SNR) and the "effective number of bits (ENOB)." SNR is 
defined as the ratio of the RMS magnitude of the funda· 
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Figure 18. LTC1290 ENOB vs Input Frequency 

mental to the RMS magnitude of all the nonfundamental 
signals up to the Nyquist frequency (half the sampling fre· 
quency). The theoretical maximum SNR for a sine wave 
input is given by 

SNR = (6.02N + 1.76dB) 

where N is the number of bits. Thus the SNR is a function 
of the resolution of the AID. For an ideal 12-bit AID the SNR 
is equal to 74dB. A Fast Fourier Transform (FFT) plot of the 
output spectrum of the LTC1290 is shown in Figures 17A 
and 17B. The input (FIN) frequencies are 1kHz and 25kHz 
with the sampling frequency (Fs) at 50.6kHz. The SNR 
obtained from the plot are 73.25dB and 72.54dB. 

Rewriting the SNR expression it is possible to obtain the 
equivalent resolution based on the SNR measurement. 

N = (SNR -1.76dB)/6.02 
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Figure 19. LTC1290 FFT Piol 
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This is the so-called effective number of bits (ENOS). For 
the example shown in Figures 17 A and 17S, N = 11.9 bits 
and 11.8 bits, respectively. Figure 18 shows a plot of ENOS 
as a function of input frequency. The curve shows the 
AID's ENOS remain in the range of 11.9 to 11.8 for input 
frequencies up to Fsl2. 

Figure 19 shows an FFT plot of the output spectrum for 
two tones applied to the input of the AID. Non-linearities in 
the AID will cause distortion products at the sum and dif
ference frequencies of the fundamentals and products of 
the fundamentals. This is classically referred to as inter
modulation distortion (IMD). 

8_ Overvoltage Protection 

Applying signals to the analog MUX that exceed the 
positive or negative supply of the device will degrade the 
accuracy of the AID and possibly damage the device. For 
example this condition would occur if a signal is applied to 
the analog MUX before power is applied to the LTC1290. 
Another example, is the input source is operating from 
different supplies of larger value than the LTC1290. These 
conditions should be prevented either with proper supply 
sequencing or by use of external circuitry to clamp or 
current limit the input source. As shown in Figure 20, a 
1 kn resistor is enough to stand off ±15V (15mA for one 
only channel). If more than one channel exceeds the 
supplies than the following guidelines can be used. Limit 
the currentto 7mA per channel and 28mA for all channels. 
This means four channels can handle 7mA of input current 
each. Reducing the ACLK and SCLK frequencies from the 
maximum of 4MHz and 2M Hz, respectively (See Typical 
Performance Characteristics Curves Maximum ACLK 
Frequency vs Source Resistance and Sample and Hold 
Acquisition Time vs Source Resistance.) allows the use of 
larger current limiting resistors. Use 1 N4148 diode clamps 
from the MUX inputs to Vee and V- if the value of the 
series resistor will not allow the maximum clock speeds 
to be used or if an unknown source is used to drive the 
LTC1290 MUX inputs. 

How the various power supplies to the LTC1290 are 
applied can also lead to overvoltage conditions. For single 
supply operation (Le. unipolar mode), if Vee and REF+ are 
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not tied together, then Vee should be turned on first, then 
REF+. If this sequence cannot be met connecting a diode 
from REF+ to Vee is recommended (see Figure 21). 

For dual supplies (bipolar mode) placing two Schottky 
diodes from Vee and V-to ground (Figure 23) will prevent 
power supply reversal from occuring when an input source 
is applied to the analog MUX before power is applied to the 
device. Power supply reversal occurs, for example, if the 
input is pulled below V- then Vec will pull a diode drop 
below ground which could cause the device not to power 
up properly. Likewise, ifthe input is pulled above Vee then 
V- will be pulled a diode drop above ground. If no inputs 
are present on the MUX, the Schottky diodes are not 
required if V- is applied first, then Vce. 

Because a unique input protection structure is used on the 
digital input pins, the signal levels on these pins can 
exceed the device Vee without damaging the device. 

--""---5V 

Figure 20. Overvoltage Protection lor MUX 

~--"""-5V 

Figure 21. 

--........ --...... -5V 

LTCl280·TA03 

Figure 22. Power Supply Reversal 
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TYPICAL APPLICATions 
A "Quick Look" Circuit for the LTC1290 

Users can get a quick look at the function and timing of 
the LTC1290 by using the following simple circuit. REF+ 
and DIN are tied to Vee selecting a 5V input span, CH7 as a 
single ended input, unipolar mode, MSB first format and 
16·bit word length. ACLK and SCLK are tied together and 

driven by an external clock. CS is driven at 11128 the clock 
rate by the CD4520 and DOUT outputs the data. All other 
pins are tied to a ground plane. The output data from the 
DOUT pin can be viewed on an oscilloscope which is set up 
to trigger on the falling edge of CS. 

A "Quick Look" Circuit for the LTC1290 
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TO OSCILLOSCOPE 

CLOCK IN 
2MHzMAX 

Scope Trace of L TC1290 "Quick Look" Circuit 
Showing AID Output of 010101010101 (555HEXl 

TIME IBll) 

VERTICAL: 5VIDIV 
HORIZONTAL: lj1SiDiV 
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TYPICAL APPLICATions 
SNEAK·A·BIT™ 

The LTC1290's unique ability to software select the polar· 
ity of the differential inputs and the output word length is 
used to achieve one more bit of resolution. Using the cir· 
cuit below with two conversions and some software, a 2's 
complement 12·bit + sign word is returned to memory in· 
side the MPU. The MC68HC05C4 was chosen as an exam· 
pie; however, any processor could be used. 

Two 12·bit unipolar conversions are performed: the first 
over a OV to 5V span and the second over a OV to - 5V 
span (by reversing the polarity of the inputs). The sign of 
the input is determined by which of the two spans con· 
tained it. Then the resulting number (ranging from - 4095 
to + 4095 decimal) is converted to 2's complement nota· 
tion and stored in RAM. 

V1N~(+lCH6 
n(-lCH7 

1 ST CONVERSION 

V1N~(-lCH6 
n(+lCH7 

2ND CONVERSION 

SNEAK·A·BIT is a trademark of Linear Technology Corp. 

SNEAK·A·BIT Circuit 

2MHz 
CLOCK 

MC68HC05C4 

++-----------1SCK 

++-----------1 MOSI 

-+---------tMISO 

++-----------1 CO 

SNEAK·A·BIT 

5VIl1STCONVERS,ON 
4096 STEPS 

SOFTWARE 

OV oVl12NDCONVE~ ov 

4096 STEPS 

-5V -5V 

8191 STEPS 
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TYPICAL APPLICATions 
SNEAK·A·BIT Code 

DOUT from LTC1290 in MC68HC05C4 RAM 

Sign 
Location$77 IB12 B11 B10 B9 B8 B7 B6 B51 

LSB 
Location $87 1 B4 B3 B2 B1 BO filled with Os 1 

DIN words for LTC1290 
MUXAddr. 

(ODDISIGN) 

DIN 1 0 0 

DIN2 0 

DIN3 0 0 

Sneak·A·Bit Code for the LTC1290 Using the MC68HC05C4 

MNEMONIC DESCRIPTION 
lDA #$50 Configuration data for SPCR 
STA $OA load configuration data into $OA 
lDA #$FF Configuration data for port C DDR 
STA $06 load confi~ation data into port C DDR 
BSET 0,$02 Make sure is high 
JSR READ-I+ Dummy read configures lTCI290 for next 

read 
JSR READ+I- Read CH6 with respect to CH7 
JSR READ-I+ Read CH7 with respect to CH6 
JSR CHKSIGN Determines which reading has valid data, 

converts to 2's complement and stores in 
RAM 
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Sneak·A·Bit Code for the LTC1290 Using the MC68HC05C4 

MNEMONIC DESCRIPTION 
READ -I +: lOA #$3F load DIN word for lTCI290 Into ACC 

JSR TRANSFER Read lTCI290 routine 
lOA $60 load MSBs from lTCI290 into ACC 
STA $71 Store MSBs in $71 
lOA $61 load lSBs from lTCI290 into ACC 
STA $72 Store lSBs in $72 
RTS Return 

READ +1-:lOA #$7F load DIN word for lTCI290 into ACC 
JSR TRANSFER Read lTCI290 routine 
lOA $60 load MSBs from lTCI290 into ACC 
STA $73 Store MSBs in $73 
lOA $61 load lSBs from lTC1290 into ACC 
STA $74 Store lSBs in $74 
RTS Return 

TRANSFER: BClR 0, $02 CSgoes low 
STA $OC load DIN into SPI. Start transfer 

lOOP1: TST $OB Test status of SPIF 
BPl lOOP 1 loop to previous instruction if not done 
LDA SOC load contents of SPI data reg into ACC 
STA $DC Start next cycle 
STA $60 Store MSBs in $60 

lOOP 2: TST $OB Test status of SPIF 
BPl lOOP 2 loop to previous instruction if not done 
BSET 0,$02 CSgoeshigh 
lOA SOC load contents of SPI data reg into ACC 
STA $61 Store lSBs in $61 
RTS Return 

CHK SIGN: lOA $73 load MSBs of + 1- read into ACC 
ORA $74 Or ACC (MSBs) with lSBs of + 1- read 
BEQ MINUS If result is 0 goto minus 
ClC Clear carry 
ROR $73 Rotate right $73 through carry 
ROR $74 Rotate right $74 through carry 
lDA $73 load MSBs of + 1- read Into ACC 
STA $77 Store MSBs in RAM location $77 
LDA $74 load lSBs of + 1- read into ACC 
STA $67 Store lSBs in RAM location $87 
BRA END Goto end of routine 

MINUS: ClC Clear carry 
ROR $71 Shift MSBs of -I + read right 
ROR $72 Shift lSBs of -I + read right 
COM $71 l's complement of MSBs 
COM $72 l's complement of lSBs 
lDA $72 load lSBs into ACC 
ADD #$01 Add 1 tolSBs 
STA $72 Store ACC in $72 
ClRA ClearACC 
ADC $71 Add with carry to MSBs. Result in ACC 
STA $71 Store ACC in $71 
STA $77 Store MSBs in RAM location $77 
lOA $72 load lSBs in ACC 
STA $87 Store lSBs in RAM location $87 

END: RTS Return 
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Power Shutdown 

For battery powered applications it is desirable to keep 
power dissipation at a minimum. The LTC1290 can be pow· 
ered down when not in use reducing the supply current 
from a nominal value of SmA to typically Sp.A (with ACLK 
turned off). See the curve for Supply Current (Power Shut
down) vs ACLK if ACLK cannot be turned off when the 
LTC1290 is powered down. In this case the supply current 
is proportional to the ACLK frequency and is independent 
of temperature until it reaches the magnitude of the sup
ply current attained with ACLK turned off. 

As an example of how to use this feature let's add this to 
the previous application, SNEAK-A-BIT. After the CHK 
SIGN subroutine call insert the following: 

• 
• 

JSR CHK SIGN Determines which reading has valid 
data, converts to 2's complement 
and stores in RAM 

JSR SHUTDOWN LTC1290 power shutdown routine 

The actual subroutine is: 

SHUTDOWN: LOA #$30 

JSR TRANSFER 
RTS 

Load DIN word for 
LTC1290 into ACC 
Read LTC1290 routine 
Return 
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To place the device in power shutdown the word length 
bits are set to WL1 = 0 and WLO = 1. The LTC1290 is pow
ered up on the next request for a conversion and it's ready 
to digitize an input signal immediately. 

Power Shutdown Timing Considerations 

After power shutdown has been requested, the LTC1290 
is powered up on the next request for a conversion. This 
request can be initiated either by bring CS low or by 
starting the next cycle of SCLKs if CS is kept low (see 
Figures 3 and 4). When the SCLK frequency is much 
slower than the ACLK frequency a situation can arise 
where the L TC1290 could power down and then prema
turely power back up. Power shutdown begins at the 
negative going edge of the 10th SCLK once it has been 
requested. A dummy conversion is executed and the 
LTC1290 waits for the next request for conversion. If the 
SCLKs have not finished once the L TC1290 has finished 
its dummy conversion it will recognize the next remaining 
SCLKs as a request to start a conversion and power up the III 
LTC1290 (see Figure 23). To prevent this bring either CS 
high at the 10th SCLK (Figure 24) or clock out only 10 
SCLKs (Figure 2S) when power shutdown is requested. 

~~~ ________________ ~r---
SCLK __ ....J 

POWER SHUTDOWN STARTS:::::::"'" / " 
DUMMY CONVERSION FINISHES AFTER 52 ACLK PERIODS· POWER UP "c'",.,"'" 

Figure 23. Power Shutdown Timing Problem 

Il~ 
POWER UP 

~~~---------------------' 
SCLK __ --' 

POWER SHUTDOWN STARTS:::::::"'" 
DUMMY CONVERSION FINISHES AFTER 52 ACLK PERIODS 

Figure 24. Power Shutdown Timing 

~~~--------------------------~ 
SCLK __ --' 

POWER SHUTDOWN STARTS:::::::"'" / 
DUMMY CONVERSION FINISHES AFTER 52 ACLK PERIODS 

Figure 25. Power Shutdown Timing 

6-93 



L7~JD~~fY'~-----Si-ng-l-e-C-h-~~-~-~--:-~ 
Data Acquisition System 

FEATURES DESCRIPTion 
• Built-In Sample and Hold 
• Single Supply 5V Operation 
• Direct 3-Wire Interface to Most MPU Serial Ports and 

All MPU Parallel Ports 

The LTC1292 is a 12-bit data acquisition system that 
contains a 12-bit, switched capacitor successive approxi
mation AID, a differential input, sample and hold onthe (+) 
input, and serial 110. All these features are packaged in an 
a-pin DIP. The LTC1292 is capable of digitizing signals at 
a 60kHz rate and with the device's excellent AC character
istics, it can be used for DSP applications. The serial 110 is 
designed to communicate without external hardware to 
most MPU serial ports and all MPU parallel I/O ports 
allowing data to be transmitted over three wires. Given the 
accuracy, ease of use and small package size these de
vices are well suited for digitizing analog signals in remote 
applications where minimum number of interconnects 
and power consumption are important. 

• 60kHz Maximum Throughput Rate 
• Analog Inputs Common Mode to Supply Rails 

KEY SPECIFICATiOnS 

• Resolution ...................................................... 12 Bits 
• Fast Conversion Time .............. 12~ Max Over Temp 
• Low Supply Current ....................................... 6.0mA 

TYPICAL APPLICATiOn 
12·Bit DiHerentiallnput Data Acquisition System 

22~F 
TANTALUM 

q 
DO 

DIFFERENTIAL INPUTS + --- --+------------l SCK MC68HC11 

COMMON MODE RANGE 
OVT05V' - - ___ _ --+------------l MISO 

I--+-- 8V TO 40V 

'FOR OVERVOLTAGE PROTECTION LlMITTHE INPUT CURRENTTO 15mA 
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PER PIN OR CLAMP THE INPUTS TO Vee AND GND WITH 1 N4148 DIODES. 
CONVERSION RESULTS ARE NOT VALID WHEN THE SELECTED CHANNEL OR 
THE OTHER CHANNEL IS OVERVOLTAGED (VIN < GND OR VIN > Vee). SEE 
SECTION ON OVERVOLTAGE PROTECTION IN THE APPLICATIONS INFORMATION. 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage (Vee) to GND or V- ......................... 12V ORDER PART 
Voltage NUMBER 

Analog and Reference 
Inputs ..................................... -O.3V to Vee + O.3V 

Digital Inputs ........................................ -O.3V to 12V 
Digital Outputs ........................... -O.3V to Vee + O.3V 

Power Dissipation .............................................. 500mW 
Operating Temperature Range 

LTC1292BC, LTC1292CC, 

TOP VIEW L TC1292BMJ8 

~O'· 
L TC1292CMJ8 
LTC1292DMJ8 

+IN 2 7 ClK LTC1292BIJ8 
-IN 3 6 Dour LTC1292CIJ8 

GND 4 5 VREF LTC1292DIJ8 
J8 PACKAGE LTC1292BIN8 

L TC1292DC ............................................ O°C to 70°C HEAD CERAMIC DIP LTC1292CIN8 
LTC1292BI, LTC1292CI, 
LTC1292DI ......................................... -40°C to 85°C 

N8 PACKAGE LTC1292DIN8 
HEAD PLASTIC DIP LTC1292BCJ8 

L TC1292BM, L TC1292CM, 
LTC1292DM .. .................................. -55°C to 125°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

LTC1292CCJ8 
L TC1292DCJ8 
LTC1292BCN8 
LTC1292CCN8 
LTC1292DCN8 

conVERTER AnD mULTIPLEXER CHARACTERISTICS (Note3) • LTC1292B LTC1292C LTC1292D 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Offset Error (Note 4) • ±3.0 ±3.0 ±3.0 lSB 
Linearity Error (INl) (Note 4 & S) • ±O.S ±D.S ±O.7S lSB 
Gain Error (Note 4) • +O.S ±1.0 +4.0 lSB 
Minimum Resolution for which No 12 12 12 Bits 
Missing Codes are Guaranteed 
Analog and REF Input Range (Notel) • (V-)-o.OSV to Vcc + O.OSV V 
On Channel leakage Current On Channel = SV • ±1 ±1 ±1 IlA 

(Note 8) Off Channel = OV 
On Channel = OV • ±1 ±1 ±1 IlA 
Off Channel = 5V 

Off Channel lekage Current On Channel = SV • ±1 ±1 ±1 IlA 
(Note 8) Off Channel = OV 

On Channel = OV • ±1 ±1 ±1 IlA 
Off Channel = 5V 

AC CHARACTERISTICS (Nole 3) 

LTC1292BIl TC1292CIl TC1292D 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
fClK Clock Frequency Vcc = SV (Note 6) 0.1 1.0 MHz 
tSMPL Analog Input Sample Time See Operating Sequence l.S ClK 

Cycles 
tcONV Conversion Time See Operating Sequence 12 ClK 

Cycles 
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AC CHARACTERISTICS (Note 3) 

l TC1292B/L TC1292C/LTC12920 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
teye Total Cycle Time See Operating Sequence (Note 6) 14ClK Cycles 

2.5~s 

teloo Delay Time, ClKl to DOUT Data Valid See Test Circuits • 160 300 ns 

tdls Delay Time, CS t to DOUT Hi-Z See Test Circuits • 80 150 ns 

ten Delay Time, ClKl to DOUT Enabled See Test Circuits • 80 200 ns 

thOO Time Output Data Remains Valid after ClKl 130 ns 

tf DOUT Fall Time See Test Circuits • 65 130 ns 

tr DouT Rise Time See Test Circuits • 25 50 ns 

twHClK ClK High Time Vee = 5V (Note 6) 300 ns 

twlelK ClK low Time Vec = 5V (Note 6) 400 ns 

!sues Set-up Time, CSl before ClKt Vee = 5V (Note 6) 50 ns 

twHCS CS High Time between Data Transfer Cycles Vee = 5V (Note 6) 2.5 ~s 

twlCS CS low Time During Data Transfer Vee = 5V (Note 6) 14 ClK 
Cycles 

GIN Input Capacitance Analog Inputs On Channel 100 pF 
Analog Inputs Off Channel 5 pF 
Digital Inputs 5 pF 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS (Note 3) 

l TC1292B/L TC1292C/L TC12920 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
VIH High level Input Voltage Vee = 5.25V • 2.0 V 
Vil low level Input Voltage Vee = 4.75V • 0.8 V 
ilH High level Input Current VIN = Vee • 2.5 ~ 
ill low level Input Current VIN = OV • -2.5 ~ 
VOH High level Output Voltage Vee = 4.75V, 10 =-10~ 4.7 V 

lo=360~ • 2.4 4.0 V 
Val low level Output Voltage Vee = 4.75V, 10 = 1.6mA • 0.4 V 
loz High Z Output leakage VOUT = Vee,J;,S High • 3 ~ 

VOUT = OV, CS High • -3 ~ 
IsouReE Output Source Current VOUT = OV -20 mA 
ISINK Output Sink Current VOUT = Vec 20 mA 
Icc Positive Supply Current CS High • 6.0 12 mA 
IREF Reference Current CS High • 10 50 ~ 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 
Note 2: All voltage values are with respect to ground (unless otherwise 
noted). 
Note 3: Vee = 5V, VREF+ = 5V, ClK = 1.0MHz unless otherwise 
specified.The • denotes specifications which apply over the operating 
temperature range; all other limits and typicals TA = 25°C. 
Note 4: One lSB is equal to VREF divided by 4096. For example, when 
VREF = 5V, 1 lSB = 5V/4096 = 1.22mV. 
Note 5: Lineaiity error is specified between the actual and paints of the 
AID transfer curve. The deviation is measured from the center of the 
quantization band. 

Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below GND or one diode drop above Vee. Be careful during testing at low 
Vee levels (4.5V), as high level reference or analog inputs (5V) can cause 
this input diode to conduct, especially at elevated temperatures, and 
cause errors for inputs near full scale. This spec allows 50mV forward 
bias of either diode. This means that as long as the reference or analog 
input does not exceed the supply voltage by more than 50mV, the output 
code will be correct. To achieve an absolute OV to 5V input voltage range 
will therefore require a minimum supply voltage of 4.950V over initial 
tolerance, temperature variations and loading. 
Note B: Channel leakage current is measured after the channel selection. 

Note 6: Recommended operating conditions. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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• MAXIMUM CLK FREQUENCY REPRESENTS THE CLK FREQUENCY AT WHICH A 0.1 LSB SHIFT "MAXIMUM R'lllfR REPRESENTS THE FILTER RESISTOR VALUE AT WHICH A 0.1 LSB 
IN THE ERROR AT ANY CODE TRANSITION FROM ITS 1MHz VALUE IS FIRST DETECTED. CHANGE IN FULL SCALE ERROR FROM ITS VALUE AT R'lllfR = 00 IS FIRST DETECTED. 

Pin FunCTions 
1# PIN FUNCTION DESCRIPTION 

1 CS Chip Select Input A logic low on this input enables the l TC1292. 
2,3 +IN,-IN Analog Inputs These inputs must be free of noise with respect to GND. 
4 GND Analog Ground GND should be tied directly to an analog ground plane. 
5 VREF Reference Input The reference input defines the span of the AID converter and must be kept free of noise with respect to GND. 
6 DOUT Digital Data Output The AID conversion result is shifted out of this output. 
7 ClK Shift Clock This clock synchronizes the serial data transfer. 
S Vee Positive Supply This supply must be kept free of noise and ripple by bypassing directly to the analog ground plane. 
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(SEE NOTE 1) 

DOUT 
WAVEFORM 2 
(SEE NOTE 2) 

If 

Vollage Waveforms for Idis 

NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THATTHE OUTPUT IS HIGH UNLESS DISABLED BYTHE OUTPUT CONTROL. 
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THATTHE OUTPUT IS LOW UNLESS DISABLED BYTHE OUTPUT CONTROL. 
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TEST CIRCUITS 
Voltage Waveforms for len 

\~------------------
ClK 

DOUl ~n\~.8V ____ -,/ B11 
LTC1292TC07 

APPLICATions InFoRmATion 

The LTC1292 is a data acquisition component which Table 1. Microprocessor with Hardware Serial Interlaces 
contains the following functional blocks: Compatible with the LTC1292** 
1. 12-bit succesive approximation capacitive AID 

converter 
2. Analog multiplexer (MUX) 
3. Sample and hold (S/H) 
4. Synchronous, half duplex serial interface 
5. Control and timing logic 

DIGITAL CONSIDERATIONS 
Serial Interface 
The l TC1292 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
three wire serial interface (see Operating Sequence). The 
clock (ClK) synchronizes the data transfer with each bit 
being transmitted on the falling ClK edge. The lTC1292 
does not require a configuration input word and has no DIN 
pin. It is permanently configured to have a single differen
tial input and to operate in unipolar mode. A falling CS 
initiates data transfer. The first ClK pulse enables DOUT. 
After one null bit, the AID conversion result is output on the 
DOUTline with a MSB first sequence followed bya lSB first 
sequence. With the half duplex serial interface the DOUT 
data is from the current conversion. This provides easy 
interface to MSB or lSB first serial ports. Bringing CS high 
resets the lTC1292 for the next data exchange. 
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PART NUMBER TYPE OF INTERFACE 
Motorola 

MC6805S2, S3 SPI 
MC68HC11 SPI 
MC68HC05 SPI 

RCA 
CDP68HC05 SPI 

Hitachi 
HD6305 SCI Synchronous 
HD6301 SCI Synchronous 
HD63701 SCI Synchronous 
HD6303 SCI Synchronous 
HD64180 SCI Synchronous 

National Semiconductor 
COP400 Family MICROWIREt 
COP800 Family MCROWIRElPLUSt 
NS8050U MICROWIRE/PLUS 
HPC16000 Family MICROWIRE/PLUS 

Texas Instruments 
TMS7002 Serial Port 
TMS7042 Serial Port 
TMS70C02 Serial Port 
TMS70C42 Serial Port 
TMS32011* Serial Port 
TMS32020* Serial Port 
TMS370C050 SPI 

* Requires external hardware 
** Contact factory for interface information for processors not on this list 
t MICROWIRE and MICROWIREIPLUS are trademarks of National 

Semiconductor Corp. 
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APPLICATions InFoRmATion 
L TC1292 Operating Sequence 

f41·-------------tCyC-----------------1 

csi 

°OUT ----";...:, 

IsMPL -·~I·----- tCONV -------+ 

Microprocessor Interfaces 
The LTC1292 can interface directly (without external hard
ware) to most popular microprocessors(MPU} synchro
nous serial formats (see Table 1). If an MPU without a 
dedicated serial port is used, then three of the MPU's 
parallel port lines can be programmed to form the serial 
link to the L TC1292. I ncluded here are one serial interface 
example and one example showing a parallel port pro
grammed to form the serial interface. 

:--------------------------------------~ 

j..-tSMPL 

Motorola SPI (MC68HC11) 
The MC68HC11 has been chosen as an example of an MPU 
with a dedicated serial port. This MPU transfers data MSB 
first and in 8-bit increments. Adummy DIN word senttothe 
data registerstarts the SPI process. With two 8-bittransfers, 
the AID result is read into the MPU. The first 8-bit transfer 
clocks B11 through B8 of the AID conversion result into 
the processor. The second 8-bit transfer clocks the 
remaining bits B7 through BO into the MPU. The data is 

cs ~~ ______________________________ ~;---

ClK 

DOUT -------, 

MPU 
RECEIVED WORD 

BYTE 1 

1 ? 1 ? 1 ? 1 0 1 Bll 1 Bl0 1 B91 BS 1 

I. 1 STTRANSfER ·1 

BYTE 2 

I~IMI~IMIMI~I ~I ~I 
I. 2ND TRANSfER -I 

Figure 1a. Data Exchange Between LTC1292 and MC68HC11 

ANALOG [ 
INPUTS 

MC6SHCll 
DO 

MISO 

DOUT fROM lTC1292 STORED ON MC68HC11 RAM 
MSB 

lOCATION #61 I 0 I 0 I 0 I 0 I Bll I Bl0 I B91 Bsl BYTE 1 

lOCATION#62 I B71 B61 B51 B41 B31 B21 Bl I BO I BYTE2 
LTC1292FHI 

Figure 1b. Hardware and Software Interface to Motorola MC68HC11 Microcontroller 
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APPLICATions InFoRmATion 
MC68HC11 CODE 

LABEL MNEMONIC OPERAND COMMENTS 
LDM #$50 CONFIGURATION DATA FOR SPCR 
STM $1028 LOAD DATA INTO SPCR ($1028) 
LDM #$lB CONFIG. DATA FOR PORT DOOR 
STM $1009 LOAD DATA INTO PORT DOOR 
LDM #$00 LOAD DUMMY DIN WORD INTO 

ACCA 
STM $50 LOAD DUMMY DIN DATA INTO $50 

LOOP LOX #$1000 LOAD INDEX REGISTER X WITH 
$1000 

LDAB #$00 LOAD ACC B WITH $00 
LDM $50 LOAD DUMMY DIN INTO ACC A 

FROM $50 
STM $102A LOAD DUMMY DIN INTO SPI, 

START SCK 
NOP DELAY CS FALL TIME TO RIGHT 

JUSTIFY DATA 

right justified in the two memory locations. This was made 
possible by delaying the falling edge of CS till after the 
second ClK. ANDing the first byte with ODHEX clears the 
four most significant bits. This operation was not included 
in the code. It can be inserted in the data gathering loop or 
outside the loop when the data is processed. 

Interfacing to the Parallel Port of the Intel 8051 Family 
The Intel 8051 has been chosen to show the interface 

ANALOG [ 
INPUTS 

LABEL MNEMONIC OPERAND COMMENTS 
STAB $08, X DO GOES LOW (CS GOES LOW) 

NOP 6 NOPS FOR TIMING 

LDM $1029 CHECK SPI STATUS REG 
LDM $102A LOAD LTC1292 MSBs INTO ACC A 
STM $61 STORE MSBs IN $61 
STAA $102A LOAD DUMMY DIN INTO SPI, 

START SCK 

NOPS 6 NOPS FOR TIMING 

BSET $08,X,$01 DO GOES HIGH (CS GOES HIGH) 
LDM $1029 CHECK SPI STATUS REGISTER 
LDM $102A LOAD LTC1292 LSBs IN ACC 
STM $62 STORE LSBs IN $62 

JMP LOOP START NEXT CONVERSION 

between the l TC1292 and parallel port microprocessors. 
The signals CS and ClK are generated on two port lines 
and the DOUT signal is read on a third port line. After a 
falling ClK edge each data bit is loaded into the carry bit 
and then rotated into the accumulator. Once the first 8 
MSBs have been shifted into the accumulator they are 
loaded into register R2. The last four bits are shifted in the 
same way and loaded into register R3. The output data is 
left justified in registers R2 and R3. 

Dour FROM lTC1292 STORED IN 8051 RAM 

MSB 

R2 \ Bll\ Bl0 \ B9\ B8\ B7\ B6\ B5\ B4\ 

R3 \ B3 \ B2\ Bl \ BO I 0 \ 0 \ 0 \ 0 \ 

~~~------------------------~;--
ClK 

Dour 

Figure 2. Hardware and Software Interface to Intel 8051 Processor 
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APPLICATions InFoRmATion 
8D51 CODE 

lABEl MNEMONIC OPERAND COMMENTS 
MOV P1,#02h BIT 1 PORT 1 SET AS INPUT 
ClR P1.3 ClK GOES lOW 
SETB P1.4 CS GOES HIGH 

CONT CLR P1.4 CS GOES lO 
SETB P1.3 ClK GOES HIGH 
ClR P1.3 ClK GOES lOW 
SETB P1.3 ClK GOES HIGH 
ClR P1.3 ClK GOES lOW 
MOV R4,#08H lOAD COUNTER 

lOOP MOV C,P1.1 READ DATA BIT INTO CARRY 
RlC A ROTATE DATA BIT INTO ACC 
SETB P1.3 ClK GOES HIGH 
ClR P1.3 ClKGOES lOW 
DJNZ R4,lOOP NEXT BIT 
MOV R2,A STORE MSBs IN R2 
MOV C,P1.1 READ DATA BIT INTO CARRY 
CLR A CLEAR ACC 
RlC A ROTATE DATA BIT (83) INTO ACC 

Sharing the Serial Interface 
The LTC1292 can share the same two-wire serial interface 
with other peripheral components or other LTC1292s 
(Figure 3). In this case, the CS signals decide which 
LTC1292 is being addressed by the MPU. 

ANALOG CONSIDERATIONS 
Grounding 
The L TC1292 should be used with an analog ground plane 
and single point grounding techniques. Do not use wire 
wrapping techniques to breadboard and evaluate the device. 
To achieve the optimum performance use a PC board. The 

2 1 0 
'----v---' 

OUTPUT PORT 

LTC1292 

lABEL MNEMONIC OPERAND COMMENTS 
SETB P1.3 ClK GOES HIGH 
ClR P1.3 ClK GOES lOW 
MOV C,P1.1 READ DATA BIT INTO CARRY 
RLC A ROTATE DATA BIT (B2) INTO ACC 
SETB P1.3 ClK GOES HIGH 
ClR P1.3 ClK GOES lOW 
MOV C,P1.1 READ DATA BIT INTO CARRY 
RlC A ROTATE DATA BIT (B1) INTO ACC 
SETB P1.3 ClK GOES HIGH 
ClR P1.3 ClK GOES LOW 
MOV C,P1.1 READ DATA BIT INTO CARRY 
SETB P1.4 CS GOES HIGH 
RRC A ROTATE DATA BIT (BO) INTO ACC 
RRC A ROTATE RIGHT INTO ACC 
RRC A ROTATE RIGHT INTO ACC 
RRC A ROTATE RIGHT INTO ACC 
MOV R3,A STORE lSBs IN R3 
AJMP CONT START NEXT CONVERSION 

ground pin (Pin 4) should be tied directly to the ground 
plane with minimum lead length (a low profile socket is .. 
fine). Pin 7 (Vce) should be bypassed to the ground plane ~ 
with a 22/-1F (minimum value) tantalum with leads as short 
as possible and as close as possible to the pin. A 0.1 ~ 
ceramic disk also should be placed in parallel with the 
22/-1F and again with leads as short as possible and as close 
to Vcc as possible. Figure 4 shows an example of an ideal 
LTC1292 ground plane design for a two sided board. Of 
course this much ground plane will not always be possible, 
but users should strive to get as close to this ideal as 
possible. 

2-WIRE SERIAL 
SERIAL DATIII-+ ........ -+--t-----if-......... -+--+ 

MPU 

2 CHANNELS 2 CHANNELS 

INTERFACE TO OTHER 
PERIPHERALS OR LTC1292s 

Figure 3. Several LTC1292s Sharing One 2-Wire Serial Interface Figure 4. Example Ground Plane for the L TC1292 
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APPLICATions InFoRmATion 

Bypassing 
For good performance, Vcc must be free of noise and 
ripple. Any changes in the Vcc voltage with respect to 
ground during a conversion cycle can induce errors or 
noise in the output code. Vcc noise and ripple can be kept 
below 0.5mV by bypassing the Vcc pin directly to the 
analog plane with a minimum of 22~ tantalum capacitor 
and with leads as short as possible. The lead from the 
device to the Vcc supply also should be keptto a minimum 
and the Vcc supply should have a low output impedance 
such as obtained from a voltage regulator (e.g., lT323A). 
For high frequency bypassing a 0.11lF ceramic disk placed 
in parallel with the 221lF is recommended. Again the leads 
should be kept to a minimum. Figures 5 and 6 show the 
effects of good and poor Vcc bypassing. 

Analog Inputs 
Because of the capacitive redistribution ND conversion 
techniques used, the analog inputs of the lTC1292 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. If large 
source resistances are used or if slow settling op amps 
drive the inputs, take care to insure the transients caused 
by the current spikes settle completely before the 
conversion begins. 
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Figure 6. Good Vee Bypassing Keeps 
Noise and Ripple on Vee Below 1 mV 

Source Resistance 

The analog inputs of the l TC1292 look like a 100pF 
capacitor (CIN) in series with a 500a resistor (RON)' CIN 
gets switched between (+) and (-) inputs once during each 
conversion cycle. large external source resistors and 
capacitances will slow the settling of the inputs. It is 
important that the overall RC time constant is short 
enough to allow the analog inputs to settle completely 
within the allowed time. 

"+" 

Figure 7. Analog Input Equivalent Circuit 

"+" Input Settling 
The input capacitor is switched onto the "+" input during 
the sample phase (tSMPL, see Figures 8a, 8b and 8c). The 
sample period can be as short as tWHCS + 1/2 ClK cycle or 
as long as tWHCS + 11/2 ClK cycles before a conversion 
starts. This variability depends on where CS falls relative 
to ClK. The voltage on the "+" input must settle completely 
within the sample period. Minimizing RSOURCE+ and C1 
will improve the settling time. If large "+" input source 
resistance must be used, the sample time can be increased 
by using a slower ClK frequency. With the minimum 
possible sample time of 3.0/lS, RSOURCE+ < 2.0kQ and C1 
< 20pF will provide adequate settle time. 

"-" Input Settling 
Atthe end ofthe sample phase the inputcapacitorswitches 
to the "-" input and the conversion starts (see Figures 8a, 
8b and 8c). During the conversion, the "+" input voltage is 
effectively "held" by the sample and hold and will not affect 
the conversion result. It is critical that the "-" input voltage 
be free of noise and settle completely during the first ClK 
cycle of the conversion. Minimizing RSOURCE- and C2 will 
improve settling time. If large "-" input source resistance 
must be used the time can be extended by using a slower 

..L7lJ!J~ 
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"+" and "-" Input Settling Windows 

1---- tWHCS ------.. 

CLK 

DOUT 

(+)INPUT r 1ST BIT TEST H INPUT MUST 
SETTLE OURING THIS TIME 

H~ L 
------------------------~I~_--------------------

LTC1292Fl!a 

Figure 8a. Setup Time (tsucs) is Met 

~I·--- tWHCS -------..-1 
GS ~ \'--____ _ 

CLK 

DOUT 

1ST BIT TEST H INPUT MUST 
SETILE OURING THIS TIME 

(+)INPUT Y 
(-) INPUT _______________ ----'~ __________ __ 

Figure 8b. Setup Time (tsucs) is Met 

ClK frequency. At the maximum ClK frequency of 1 MHz, 
RSQURCE- < 250Q and C2 < 20pF will provide adequate 
settling. 

Input Op Amps 
When driving the analog inputs with an op amp it is 
important that the op amp settles within the allowed time 
(see Figures 8a, 8b and 8c). Again the U+" and U_" input 

sampling times can be extended as described above to 
accommodate slower op amps. Most op amps including 
the l T1 006 and l T1 013 single supply op amps can be 
made to settle well even with the minimum settling windows 
of 3.0/lS ("+" input) and 1/lS (U_" input) that occurs at the 
maximum clock rate of 1 MHz. Figures 9 and 1 0 show 
examples adequate and poor op amp settling. 
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I" tWHCS 'I 

eLK 

DOUT 
HI-Z 

1ST BITTEST (-) INPUT MUST 
SETTLE DURING THIS TIME 

(+)INPUT r 
HINPUT ________________ ---'l ______ _ 

Figure Be_ Selup Time (Isucs) is Nol Mel 

HORIZONTAL: 500ns/DIV 

Figure 9. Adequale Settling of Op Amp Driving Analog Inpul 

HORIZONTAL: 20flS/DIV 

Figure 1 D. Poor Up Amp Settling Can Cause AID Errors 

AC Input filtering 
It is possible to filter the inputs with an RC network as 
shown in Figure 11. For large values of CF (e.g., 1~) the 
capacitive input switching currents are averaged into a net 
DC current. A filter should be chosen with a small resistor 
and large capacitorto prevent DC drops across the resistor. 
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The magnitude of the DC current is approximately IDC = 
1 OOpF x VIN/tCYC and is roughly proportional to VIN. When 
running at the minimum cycle time of 16.5f-1S, the input 
current equals 301JA at VIN = 5V. Here a filter resistor of 40 
will cause 0.1 LSB of full-scale error. If a large filter resistor 
must be used, errors can be reduced by increasing the 
cycle time as shown in the typical performance 
characteristics curve Maximum Filter Resistor vs Cycle 
Time. 

Figure 11. RC Inpul Filtering 

Input leakage Current 
Input leakage currents also can create errors if the source 
resistance gets too large. Forexample, the maximum input 
leakage specification of 11JA (at 125°C) flowing through a 
source resistance of 1 kO will cause a voltage drop of 1 mV 
or 0.8LSB. This error will be much reduced at lower 
temperatures because leakage drops rapidly (see typical 
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performance characteristics curve Input Channel leakage 
Current vs Temperature). 

SAMPLE AND HOLD 
Single Ended Input 
The lTC1292 provides a built-in sample and hold (S&H) 
function on the tiN input for signals acquired in the single 
ended mode (-IN pin grounded). The sample and hold 
allows the lTC1292 to convert rapidly varying signals (see 
typical performance characteristics curve of S&H 
Acquisition Time vs Source Resistance). The input voltage 
is sampled during the tSMPL time as shown in Figure 8. The 
sampling interval beginsat rising edge ofCS and continues 
until the falling edge of the ClK before the conversion 
begins. On this falling edge the S&H goes into the hold 
mode and the conversion begins. 

Differential Input 
With a differential inputthe AID no longer converts a single 
voltage but converts the difference between two voltages. 
The voltage on the tiN pin is sampled and held and can be 
rapidly time varying. The voltage on the -IN pin must 
remain constant and be free of noise and ripple throughout 
the conversion time. Otherwise the differencing operation 
will not be done accurately. The conversion time is 12 ClK 
cycles. Therefore a change in the -IN input voltage during 
this interval can cause conversion errors. For a sinusoidal 
voltage on the -IN input this error would be: 

VERROR(MAX) = (21tf(_J~ VPEAK )[ f~~K ) 
Where f(-JN) is the frequency of the -IN input voltage, 
VPEAK is its peak amplitude and fCLK is the frequency ofthe 
ClK. Usually VERROR will not be significant. For a 60Hz 
signal on the -IN input to generate a O.25lSB error 
(3001lV) with the converter running at ClK = 1 MHz, its 
peak value would have to be 66mV. Rearranging the above 
equation the maximum sinusoidal signal that can be 
digitized to a given accuracy is given as: 

f - ( VERROR(MAX))( fCLK ) 
(-IN)MAX - 21tVpEAK 12 

LTC1292 

For O.25lSB error (3001lV) the maximum input sinusoid 
with a 5V peak amplitude that can be digitized is O.8Hz. 

Reference Input 
The voltage on the reference input of the lTC1292 
determines the voltage span ofthe AID converter. The 
reference input has transient capacitive switching cur
rents due to the switched capacitor conversion tech
nique (see Figure 12). During each bit test of the 
conversion (every ClK cycle) a capacitive current spike 
will be generated on the reference pin by the AID. These 
current spikes settle quickly and do not cause a prob
lem. If slow settling circuitry is used to drive the 
reference input, take care to insure that transients 
caused by these cu rrent spikes settle completely during 
each bit test of the conversion. 

Figure 12. Reference Input Equivalent Circuit 

HORIZONTAL: lM51DIV 

Figure 13. Adequate Reference Sellling (LT1027) 

HORIZONTAL: 10",/OIV 

Figure 14. Poor Reference Settling Can Cause AID Errors 
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Figures 13 and 14 show examples of both adequate and 
poor settling. Using a slower CLK will allow more time 
for the reference to settle. Even at the maximum CLK 
rate of 1 MHz most references and op amps can be 
made to settle within the 11ls bit time. For example the 
L T1 027 will settle adequately or with a 10llF bypass 
capacitor at VREF the LT1021 also can be used. 

Reduced Reference Operation 
The effective resolution of the LTC1292 can be in
creased by reducing the input span of the converter. 
The LTC1292 exhibits good linearity over a range of 
reference voltages (see typical performance character
istics curves of Change in Linearity vs Reference Volt
age). Care must be taken when operating at low values 
of VREF because of the reduced LSB step size and the 
resulting higher accuracy requirement placed on the 
converter. Offset and Noise are factors that must be 
considered when operating at low VREF values. The 
internal reference forVREF has been tied to the GND pin. 
Any voltage drop from the GND pin to the ground plane 
will cause a gain error. 

Offset with Reduced VREF 

The offset of the L TC1292 has a larger effect on the 
output code when the AID is operated with a reduced 
reference voltage. The offset (which is typically a fixed 
voltage) becomes a larger·fraction of an LSB as the size 
of the LSB is reduced. The typical performance charac
teristics curve of Unadjusted Offset Error vs Reference 
Voltage shows how offset in LSBs is related to refer
ence voltage for a typical value of Vas. For example a 
Vas of 0.1mV, which is 0.1LSB with a 5V.referen~e 
becomes O.4LSB with a 1.25 reference. Ifthls offset IS 
unacceptable, it can be corrected digitally by the receiv
ing system or by offsetting the -I N inputto the L TC1292. 

Noise with Reduced VREF 

The total input referred noise of the LTC1292 can be 
reduced to approximately 200llV peak-to-peak using a 
ground plane, good bypassing, good layouttechniques 
and minimizing noise on the reference inputs. This 
noise is insignificant with a 5V reference input but will 
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become a larger fraction of an LSB as the size ofthe LSB 
is reduced. The typical performance characteristics 
curve of Noise Error vs Reference Voltage shows the 
LSB contribution of this 200llV of noise. 
For operation with a 5V reference, the 200llV noise is 
only 0.16LSB peak-to-peak. Here the LTC1292 noise 
will contribute virtually no uncertainty to the output 
code. For reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable 
jitter in the output code. For example, with a 1.25V 
reference, this 200llV noise is 0.64LSB peak-to-peak. 
This will reduce the range of input voltages over which 
a stable output code can be achieved by 0.64LSB. Now 
averaging readings may be necessary. 
This noise data was taken in a very clean test fixture. 
Any setup induced noise (noise or ripple on Vee, VREF 
or VIN) will add to the internal noise. The lower the 
reference voltage used, the more critical it becomes to 
have a noise-free setup. 

Gain Error due to Reduced VREF 

The gain error of the L TC1292 is very good over a wide 
range of reference voltages. The error component that 
is seen in the typical performance characteristics curve 
Change in Gain Error vs Reference Voltage is due to the 
voltage drop on the GND pin from the device to the 
ground plane. To minimize this error the LTC1292 
should be soldered directly onto the PC board. The 
internal reference point for VREF is tied to GND. Any 
voltage drop in the GND pin will make the reference 
voltage, internal to the device, less than what is applied 
externally (Figure 15). This drop is typically 420llV due 
to the product of the pin resistance (RpIN) and the 

REFERENCE 
VOLTAGE 

Figure 15. Parasitic Resistance in GND Pin 



APPLICATions InFoRmATion 

LTC1292 supply current. For example, with VREF = 
1.25V this will result in a gain error change of -1.0LSB 
from the gain error measured with VREF = 5V. 

LTC1292 AC Characteristics 
Two commonly used figures of merit for specifying the 
dynamic performance of the AIDs in digital signal 
processing applications are the Signal-to-Noise Ratio 
(SNR) and the "effective number of bits (ENOB)." SNR 
is the ratio of the RMS magnitude of the fundamental to 
the RMS magnitude of all the non-fundamental signals 
up to the Nyquist frequency (half the sampling fre
quency). The theoretical maximum SNR for a sine wave 
input is given by: 

SNR = (6.02N + 1. 76dB) 
where N is the number of bits. Thus the SNR depends 
on the resolution of the AID. For an ideal 12-bit AID the 
SNR is equal to 74dB. A Fast Fourier Transform (FFT) 
plot of the output spectrum of the LTC1292 is shown in 
Figures 16a and 16b. The input (fiN) frequencies are 
1 kHz and 28kHz with the sampling frequency (f5) at 
58.8 kHz. The SNR obtained from the plot are 73.0dB 
and 61.5dB. 
Rewriting the SNR expression it is possible to obtain the 
equivalent resolution based on the SNR measurement. 

N = ( SNR -1.76dB) 
6.02 

This is the so-called effective number of bits (ENOB). 
Forthe example shown in Figures 16a and 16b, N = 11.8 
bits and 9.9 bits, respectively. Figure 17 shows a plot of 
ENOB as a function of input frequency. The 2nd har
monic distortion term accounts for the degradation of 
the ENOB as fiN approaches f5/2. 

Figure 18 shows a FFT plot of the output spectrum for 
two tones applied to the input of the AID. Nonlinearities 
in the AID will cause distortion products at the sum and 
difference frequencies of the fundamentals and prod
ucts of the fundamentals. This is classically referred to 
as intermodulation distortion (IMD). 

LTC1292 
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Figure 16a. liN = 1kHz, Is = 58.8kHz, SNR = 73.0dB 
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Figure 16b. liN = 28kHz, 's = 58.8kHz, SNR = 61.5dB 
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Figure 17. LTC1292 ENOB vs Input Frequency 
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LTCt292f18 

Figure 18. "N1 = 5.1kHz, "N2 = 5.6kHz, Is = 58. 8kHz 

Overvoltage Protection 
Applying signals to the lTC1292's analog inputs that 
exceed the positive supply or that go below ground will 
degrade the accuracy of the NO and possibly damage 
the device. For example this condition would occur if a 
signal is applied to the analog inputs before power is 
applied to the lTC1292. Another example is the input 
source is operating from different supplies of larger 
value than the lTC1292. These conditions should be 
prevented either with proper supply sequencing or by 
use of external circuitry to clamp or current limit the 
input source. There are two ways to protect the inputs. 
In Figure 19 diode clamps from the inputs to Vcc and 
GNO are used. The second method is to put resistors in 
series with the analog inputs for current limiting. Limit 
the current to 15mA per channel. The +IN input can 
accept a resistor value of 1 kQ but the -IN input cannot 
accept more than 250Q when clocked at its maximum 
clock frequency of 1 MHz. If the lTC1292 is clocked at 
the maximum clock frequency and 250Q is not enough 
to current limitthe input source then the clamp diodes 
are recommended (Figures 20a and 20b). The reason 
for the limit on the resistor value is the MSB bit test is 
affected by the value of the resistor placed at the -IN 
input (see discussion on Analog Inputs and the typical 
performance characteristics Maximum ClK Frequency 
vs Source Resistance). 
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If Vcc and VREF are not tied together, then Vce should 
be turned on first, then VREF.lfthis sequence cannot be 
met, connecting a diode from VREF to Vee is recom
mended (see Figure 21). 
Because a unique input protection structure is used on 
the digital input pins, the signal levels on these pins can 
exceed the device Vee without damaging the device. 

1N4148 DIODES 

.5V 

Figure 19. Overvoltage Protection lor Inputs 

.5V 

LTCl292F2Oa 

Figure 20a. Overvoltage Protection lor Inputs 

.5V 

Figure 20b. Overvoltage Protection lor Inpuls 
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VIN -+---

--.-- +5V 

1N4148 

---+-- +5V 

Figure 21 

TO OSCillOSCOPE 

A "Quick Look" Circuitfor the LTC1292 
Users can get a quick look at the function and timing of 
the LTC1292 by using the following simple circuit 
(Figure 22). VREF is tied to Vcc. VIN is applied to the +IN 
input and the -IN input is tied to the ground plane. CS 
is driven at 1/32 the clock rate by the CD4520 and DOUT 
outputs the data. The output data from the DOUT pin can 
be viewed on an oscilloscope that is set up to trigger on 
the falling edge of CS (Figure 23). Note the LSB data is 
partially clocked out before CS goes high. 

fl32 

CLOCK IN 
1MHz 

ClK 

EN 

01 

02 

03 
CD4520 

04 

RESET 

Vss 

+5V 

Voo 
0.1~F 

RESET 

04 

03 

02 

01 

EN 

ClK 

Figure 22. "Quicklook" Circuitfor the LTC1292 

NUll MSB lSB lSB DATA 
BIT (B11) (BO) (81) 

VERTICAL: 5V/DIV 
HORIZONTAL: 2~s/DIV 

Figure 23. Scope Trace the LTC1292 "Quick Look" Circuit 
Showing AID Output 101010101010 (AAAHEX) 
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Opto-Isolated Temperature Monitor 
Amplification of sensor outputs is often required to 
generate a signal large enough that can be properly 
digitized. For example, a J type thermocouple provides 
only 52,N/oC. The 51lV offset of the l TC1 050 chopper 
op amp generates less than 0.1°C error. Cold junction 
compensation is provided by the lT1025A. (For more 
detail see LTC Design Note 5). 

ISOLATED 

2k 3.4k 17Bk 

O'C - 500'C TEMPERATURE RANGE 

In the opto-isolated interface two signals are generated 
from one. This allows a two-wire interface to the 
l TC1292. A long high signal (> 1 ms) on the ClK IN input 
allows the 0.11lF capacitor to discharge taking CS high. 
This resets the AID for the next conversion. When ClK 
IN starts toggling, CS goes low and stays there until the 
next extended ClK IN high time. See Figure 25. 

'==---l.~:::f-AMr-CLK IN 

Figure 24. Oplo-Isolaled Temperalure Monilor 
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SV/OIV 

elKIN 

DATA OUT 

20IJS/DIV 

Figure 25. Oplo-Isolaled Temperalure 
Monilor Olgllal Waveforms 
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Data Acquisition System 

FEATURES 
• Software Programmable Features 

Unipolar/Bipolar Conversion 
Differential/Single Ended Inputs 
MSB-First or MSB/LSB Data Sequence 
Power Shutdown 

• Built-In Sample and Hold 
• Single Supply 5V or ±5V Operation 
• Direct 4-Wire Interface to Most MPU Serial 

Ports and All MPU Parallel Ports 
• 46.5kHz Maximum Throughput Rate 
• System Shutdown Output (LTC1296) 

KEY SPECIFICATiOnS 
• Resolution ...................................................... 12 Bits 
• Fast Conversion Time ............. 12/ls Max Over Temp. 
• Low Supply Current ........................................ 6.0mA 

TYPICAL APPLICATiOn 

DESCRIPTion 
The L TC1293/4/6 is a family of data acquisition systems 
which contain a serial I/O successive approximation AID 
converter. It uses LTCMOS™ switched capacitor technol
ogy to perform either 12-bit unipolar, or 11-bit plus sign 
bipolar AID conversions. The input multiplexer can be 
configured for either single ended or differential inputs (or 
combinations thereof). An on-chip sample and hold is 
included for all single ended input channels. When the 
LTC1293/4/6 is idle it can be powered down in applica
tions where low power consumption is desired. The 
LTC1296 includes a System Shutdown Output pin which 
can be used to power down external circuitry, such as 
signal conditioning circuitry prior to the input mux. 

The serial I/O is designed to communicate without external 
hardware to most MPU serial ports and all MPU parallel 
I/O ports allowing up to eight channels o(data to be 
transmitted over as few as three wires. 

LTCMOsm is a trademark of Linear Technology Corporation 

12-Bit Data Acquisition System with Power Shutdown 

THREE ADDITIONAL STRAIN GAUGE INPUTS 
CAN BE ACCOMMODATED USING THE OTHER 
AMPLIFIERS IN THE LTt014 

lN4148 
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ABSOLUTE mAXimum RATinGS (Note 1 and 2) 

Supply Voltage (V cd to G N D or V- ......................... 12V 
Negative Supply Voltage (Vl ..................... -6V to GND 
Voltage 

Analog and Reference 
Inputs ............................. (V-) -O.3V to V cc + O.3V 

Digital Inputs ......................................... -O.3V to 12V 
Digital Outputs ........................... -O.3V to Vcc + O.3V 

Power Dissipation ............................................. 500mW 

PACKAGEIORDER InFORmATiOn 
ORDER PART 

NUMBER 

LTC1293BCS 
LTC1293CCS 
LTC1293DCS 

Operating Temperature Range 
LTC1293/4/6BC, LTC1293/4/6CC, 
LTC1293/4/6DC ....................................... O°C to 70°C 
LTC1293/4/6BI, LTC1293/4/6CI, 
LTC1293/4/6DI .................................... -40°C to 85°C 
LTC1293/4/6BM, LTC1293/4/6CM, 
LTC1293/4/6DM ............................... -55°C to 125°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

ORDER PART 
NUMBER 

J PACKAGE N PACKAGE 

LTC1293BMJ 
LTC1293CMJ 
LTC1293DMJ 
LTC1293BIJ 
LTC1293CIJ 
LTC1293DIJ 

LTC1293BIN 
LTC1293CIN 
LTC1293DIN 
LTC1293BCN 
LTC1293CCN 
LTC1293DCN 

5 PACKAGE 
20·LEAD PLASTIC 50 

5 PACKAGE 
2O·LEAD PLASTIC so 
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LTC1294BCS 
LTC1294CCS 
LTC1294DCS 

LTC1296BCS 
LTC1296CCS 
LTC1296DCS 

1HEAO CERAMIC OIP IHEAD PLASTIC DIP 

J PACKAGE N PACKAGE 
21HEAO CERAMIC OIP 21HEAO PLASTIC OIP 

J PACKAGE N PACKAGE 
20'LEAO CERAMIC DIP 2O-LEAO PLASTIC DIP 

LTC1294BMJ 
LTC1294CMJ 
LTC1294DMJ 
LTC1294BIJ 
LTC1294CIJ 
LTC1294DIJ 

LTC1296BMJ 
LTC1296CMJ 
LTC1296DMJ 
LTC1296BIJ 
LTC1296CIJ 
LTC1296DIJ 

LTC1294BIN 
LTC1294CIN 
LTC1294DIN 
LTC1294BCN 
LTC1294CCN 
LTC1294DCN 

LTC1296BIN 
LTC1296CIN 
LTC1296DIN 
LTC1296BCN 
LTC1296CCN 
LTC1296DCN 
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conVERTER AnD mULTIPLEXER CHARACTERISTICS (Note 3) 

L TC1293/4/6B L TC1293/4/6C LTC1293/4/6D 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Offset Error (Note 4) • ±3.0 ±3.0 ±3.0 lSB 

Linearity Error (INl) (Notes 4,5) • ±0.5 ±0.5 ±0.75 lSB 

Gain Error (Note 4) • ±0.5 ±1.0 ±4.0 lSB 

Minimum Resolution for which No • 12 12 12 Bits 
Missing Codes are Guaranteed 

Analog and REF Input Range (Note 7) {V-)-0.05V to Vcc + O.05V V 

On Channel leakage Current (Note 8) On Channel = 5V • ±1 ±1 ±1 ,.,A. 
Off Channel = OV 

On Channel = OV • ±1 ±1 ±1 ,.,A. 
Off Channel = 5V 

Off Channel lekage Current (Note 8) On Channel = 5V • ±1 ±1 ±1 ,.,A. 
Off Channel = OV 

On Channel = OV • ±1 ±1 ±1 ,.,A. 
Off Channel = 5V 

AC CHARACTERISTICS (Note 3) 

L TC1293/4!6B 
L TC1293/4!6C 
L TC1293/4!6D 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

fCLK Clock Frequency Vcc = 5V (Note 6) 0.1 1.0 MHz 

tSMPL Analog Input Sample Time See Operating Sequence 2.5 CLK Cycles 

tCONV Conversion Time See Operating Sequence 12 CLK Cycles 

tCYC Total Cycle TIme See Operating Sequence (Note 6) 21 CLK Cycles 
+500ns 

tdDO Oelay Time, ClK! to Dour Data Valid See Test Circuits • 160 300 ns 

idis Delay Time, CSt to Dour Hi-Z See Test Circuits • 80 150 ns 

ten Delay Time, CLK! to Dour Enabled See Test Circuits • 80 200 ns 

thDI Hold Time, DIN after CLK! Vce = 5V (Note 6) 50 ns 

thDO Time Output Data Remains Valid After ClK! 130 ns 

tf Dour Fall Time See Test Circuits • 65 130 ns 

tr Dour Rise Time See Test Circuits • 25 50 ns 

tWHClK ClK High Time Vee = 5V (Note 6) 300 ns 

tWlelK ClK low Time Vce = 5V (Note 6) 400 ns 

tsuDI Set-up Time, DIN Stable Before ClK! Vee = 5V (Note 6) 50 ns 

isucs Set-up Time, CS! before ClK! Vee = 5V (Note 6) 50 ns 

twHCS CS High Time During Conversion Vee = 5V (Note 6) 500 ns 

twlCS CS Low Time During Data Transfer Vee = 5V (Note 6) 21 CLK Cycles 

tenSSO Delay Time, CLK! to SSO! See Test Circuits • 750 1500 ns 

tdisSSO Delay Time, GS! to SSO! See Test Circuits • 250 500 ns 

GIN Input Capacitance Analog Inputs On Channel 100 pF 
Analog Inputs Off Channel 5 
Digital Inputs 5 
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DIGITAL AnD DC ELECTRICAL CHARACTERISTICS (Note 3) 

LTC1293/4/6B 
LTC1293/4/6C 
LTC1293/4/6D 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High Level Input Voltage Vee = 5.25V • 2.0 V 

VIL Low Level Input Voltage Vee = 4.7SV • 0.8 V 

IIH High Level Input Current VIN = Vee • 2.S IlA 

IlL Low Level Input Current VIN = OV • -2.5 IlA 

VOH High Level Output Voltage Vee = 4.7SV, 10 = -10mA 4.7 V 
10 = 360llA • 2.4 4.0 

VOL Low Level Output Voltage Vee = 4.7SV, 10 = 1.6mA • 0.4 V 

loz High Z Output Leakage VOUT = Vee, g; High • 3 IlA 
VOUT = OV, CS High • -3 

IsouReE Output Source Current VOUT= OV -20 mA 

ISINK Output Sink Current VOUT= Vee 20 mA 

Icc Positive Supply Current CS High • 6 12 mA 

Icc Positive Supply Current CS High, LTC1294BC, LTC1294CC, • 5 10 IlA 
Power LTC12940C, LTC1294BI, 
Shutdown LTC1294CI, LTC129401, 

CLK Off LTC1294BM, LTC1294CM, • 5 15 IlA 
LTC1294DM 

IREF Reference Current CS High 
1- Negative Supply Current CS High 

IsouReEs SSO Source Current Vsso = OV 

ISINKs SSO Sink Current Vsso = Vee 

Nole 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 
Nole 2: All voltage values are with respect to OGND, AGND and REF
wired together (unless otherwise noted). 
Nole 3: Vee = SV, VREF+ = 5V, VREF- = OV, V- = OV for unipolar mode and 
-5V for bipolar mode, CLK = 1.0MHz unless otherwise specified. The. 
denotes specifications which apply over the full operating temperature 
range; all other limits and typicals T A = 2Soc. 
Nole 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2VREF) divided by 4096. 
For example, when VREF = 5V, 1 LSB (bipolar) = 2 (5V)/4096 = 2.44mV. 
Nole 5: Linearity error is specified between the actual end paints of the 
AID transfer curve. The deviation is measured from the center of the 
quantization band. 
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• 10 50 IlA 

• 1 50 IlA 

• 0.8 I.S mA 

• O.S 1.0 mA 

Note 6: Recommended operating conditions. 
Nole 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V- or one diode drop above Vee. Be careful during testing at low 
Vee levels (4.5V), as high level reference or analog inputs (5V) can cause 
this input diode to conduct, especially at elevated temperatures, and 
cause errors for inputs near full scale. This spec allows 50mV forward 
bias of either diode. This means that as long as the reference or analog 
input does not exceed the supply voltage by more than 50mV, the output 
code will be correct. To achieve an absolute OV to 5V input voltage range 
will therefore require a minimum supply voltage of 4.950V over initial 
tolerance, temperature variations and loading. 
Note 8: Channel leakage current is measured after the channel selection. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

10 

o 

15 1.25 

~ 
x 
~ 1.00 

~ 
" ~ 0.75 

~ 
~ 0.50 
z 
::J 
z 
;;:; 0.25 

'" ~ 
(j 0 

0.5 
<Xi' 
~ 
w 0.4 '" z 
:2 
(j 

~ 0.3 a: 
<li z 
::J 0.2 
~ 

'" w 

'" i= 0.1 Z 

'" « ::;; 

o 

Supply Current vs Supply Voltage 

ClK = 1MHz 
TA = 25°C ./ VV 
./ 

/ 
V 

4 

SUPPLY VOLTAGE (V) 

Change in Linearity vs Reference 
Voltage 

I\. 
............ r--

o 
REFERENCE VOLTAGE (V) 

Change in Linearity vs 
Temperature 

Vee = 5V 
VREF = 5V 
ClK = 1MHz 

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

AMBIENT TEMPERATURE (OC) 

Supply Current vs Temperature 
10 

ClK = 1MHz 
Vee = 5V 

..... 

"" 
""" ..... 

3 
-SO -30 -10 10 30 50 70 90 110 130 

u: 
~-{).2 
x 
~ 
~ -0.4 

" '" 2. -0.6 
z .. 
~ -O.B 
w 

'" ~ -1.0 
:I: 
u 

<Xi' 
~ 
w 

'" z « 
:I: 
(j 

z .. 
'" ~ 
w 

'" ::> 
!:: z 

'" « ::;; 

-1.2 

0.5 

0.4 

0.3 

0.2 

0.1 

o 

AMBIENT TEMPERATURE (OC) 

Change in Gain vs Reference 
Voltage 

Vee = 5, ~ 
'?' 

....-

-lrcl~ 
i-"'" / 

/ 

V 
/ 

/ 
lT293 

o 1 2 3 4 
REFERENCE VOLTAGE (V) 

Change in Gain vs Temperature 

Vee = 5V 
VREF = 5V 
ClK=1MHz 

............. V 
..-

I'...... /" 

\ / 
-50 -25 0 25 SO 75 100 125 

AMBIENT TEMPERATURE (OC) 

0.9 

0.8 

~ 0.7 > 
x 

~ 0.6 

~ 
O.S " 

~ 0.4 
tu 
~ 0.3 

'" 0.2 

0.1 

0.5 

'" ~ 0.4 w 

'" z « 
:I: 
(j 

0.3 tu 
~ 
'" ~ 0.2 
'" w 

'" ::> 
>-
Z 0.1 
'" « ::;; 

o 

Unadjusted Onset Voltage vs 
Reference Voltage 

Vee = 5V 

\ 
\ 
\ 

"-
\ .......... ...:!.as = 0.250mV 

" ............ N-l 
Vas = 0.125mV ........ N-L 

1 

REFERENCE VOLTAGE (V) 

Change in Onset vs Temperature 

Vee = 5V 
VREF = 5V 
ClK = 1MHz 

"" ./ 

\ V 
\ ./ ,/ 

-50 -25 25 50 75 100 125 

~ 0.25 

>-a5 0.20 
::> 

~ 0.15 

:'J 
~ 0.10 
::> 
::;; 

~ 0.05 

AMBIENT TEMPERATURE (OC) 

Minimum Clock Rate for 0.1 LSB 
Error . 

Vee = 5V 

V 
.... V 

-50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (OC) 
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THE FREQUENCY AT WHICH A 0.1 lSB SHIFT IN ANY CODE TRANSITION FROM ITS 1 MHz VALUE IS FIRST DETECTED. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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MAXIMUM CLK FREQUENCY REPRESENTS THE CLK 
FREQUENCY AT WHICH A O.lLSB SHIFT IN THE ERROR 
AT ANY CODE TRANSITION FROM ITS 1 MHz VALUE IS 
FIRST DETECTED. 

•• MAXIMUM RFilTER REPRESENTS THE FILTER RESISTOR 
VALUE AT WHICH A 0.1 LSB CHANGE IN FULL SCALE ERROR 
FROM ITS VALUE AT RFIlTER = 00 IS FIRST DETECTED. 
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Pin FunCTions 
LTC1293 

It PIN FUNCTION DESCRIPTION 

1-6 CHO - CH5 Analog Inputs The analog inputs must be free of noise with respect to AGND. 
7 COM Common The common pin defines the zero reference point for all single ended inputs. It must be free of noise and is 

usually tied to the analog ground plane. 
8 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane. 
9 V- Negative Supply Tie V- to most negative potential in the circuit (Ground in Single supply applications). 
10 AGND Analog Ground AGND should be tied directly to the analog ground plane. 
11 VREF Ref. Input The reference inputs must be kept free of noise with respect to AGND. 
12 DIN Data Input The AID configuration word is shifted into this input. 
13 Dour Digital Data Output The AID conversion result is shifted out of this output. 
14 CS Chip Select Input A logic low on this input enables data transfer. 
15 CLK Clock This clock synchronizes the serial data transfer and controls AID conversion rate. 
16 Vee Positive supply This supply must be kept free of noise and ripple by bypassing directly to the analog ground plane. 

LTC1294 

It PIN FUNCTION DESCRIPTION 

1-8 CHO- CH7 Analog Inputs The analog inputs must be free of noise with respect to AGND. 
9 COM Common The common pin defines the zero reference pOint for all single ended inputs. It must be free of noise and is 

usually tied to the analog ground plane. 
10 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane. 
11 V- Negative Supply Tie V- to most negative potential in the circuit (Ground in single supply applications). 
12 AGND Analog Ground AGND should be tied directly to the analog ground plane. 
13,14 REF-, REF+ Ref. Inputs The reference inputs must be kept free of nOise with respect to AGND. The AID sees a reference voltage equal 

to the difference between REF+ and REF-. 
15 DIN Data Input The AID configuration word is shifted into this input. 
16 Dour Digital Data Output The AID conversion result is shifted out of this output. 
17 CS Chip Select Input A logic low on this input enables data transfer. 
18 CLK Clock This clock synchronizes the serial data transfer and controls AID converion rate. 
19,20 AVcc, DVcc Positive Supplies These supplies must be kept free of noise and ripple by bypassing directly to the analog ground plane. AVec 

and DVcc must be tied together. 

LTC1296 

It PIN FUNCTION DESCRIPTION 

1-8 CHO- CH7 Analog Inputs The analog inputs must be free of noise with respect to AGND. 
9 COM Common The common pin defines the zero reference point for all single ended inputs. It must be free of noise and is 

usually tied to the analog ground plane. 
10 DGND Digital Ground This is the ground for the internal logic. Tie to the ground plane. 
11 V- Negative Supply Tie V- to most negative potential in the circuit (Ground in single supply applications). 
12 AGND Analog Ground AGND should be tied directly to the analog ground plane. 
13,14 REF-, REF+ Ref. Inputs The reference inputs must be kept free of noise with respect to AGND. The AID sees a reference voltage equal 

to the difference between REF+ and REF-. 
15 DIN Data Input The AID configuration word is shifted into this input. 
16 Dour Digital Data Output The AID conversion result is shifted out of this output. 
17 CS Chip Select Input A logic low on this input enables data transfer. 
18 CLK Clock This clock synchronizes the serial data transfer and controls AID conversion rate. 
19 SSO System Shutdown System Shutdown Output pin will go low when power shutdown is requested. 

Output 
20 Vec Positive Supply This supply must be kept free of noise and ripple by bypassing directly to the analog ground plane. 
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BLOCK DIAGRAm (Pin numbers refer 10 LTC1294) 

CHO 

CHI 

CH2 

CH3 ANALOG 
CH4 5 INPUT MUX 

CH5 

CH6 

CH7 

COM 

110 
DGND 

TEST CIRCUITS 

Load Circuil for IdDO, Ir and If 

1.4V 

3kn 

DOUT 1---+--- TEST POINT 

- ..... 100pF -:;r 

Load Circuil for Idis and len 

TEST POINT 

112 
AGND 

3k 5V tdis WAVEFORM 2, ten 

DOUTt-..... M.-()'~ 

L..-_---' -:;r 100pF 
~tdis WAVEFORM 1 
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12-BIT 
CAPACITIVE 

DAC 

5V 

12-BIT 
SAR 

Load Circuil lor lenssO and IdisSSO 

I.4V 

3kn 

---t---- TEST POINT 

-:;r 100pF 

On and Off Channel Leakage Currenl 

J---f ON CHANNEL 

I : ) g~~NNELS 
I • 
I • 
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TEST CIRCUITS 
Voltage Waveforms for len 

~ ~~----------------------------------------
D,N ~~ __________________________ _ 

ClK 

DOUT 

Voltage Waveform for IdisSSO 

CS 

SSO 2.4V 

Voltage Waveform for for lensso 

ClK 

SSO 
O.BV 

Voltage Waveform for Dour Delay Time, IdOO 

ClK~1 
---.1I~O~:~~-~--.--------

DOUT -

---~ ----------------

2.4V 

O.4V 

~~ ten 1---- LTC1293TC07 

Voltage Waveform for Dour Rise and Fall Times, Ir, If 

DOUT f( ] ---------- 2.4V 

_____ - .-------- O.4V 

tr -----.. ........- tf 

Vollage Waveform for Idis 

DOUT -------------t-, 
WAVEFORM 1 
(SEE NOTE 1) 

DOUT 
WAVEFORM 2 
(SEE NOTE 2) ---------------' 

NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 
NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH 
THAT THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 

LTC1293TC06 
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APPLICATions InFoRmATion 
The LTC 1293/4/6 is a data acquisition component which 
contains the following functional blocks: 

1. 12-bit successive approximation capacitive AID 
converter 

2. Analog multiplexer (MUX) 
3. Sample and hold (S/H) 
4. Synchronous, half duplex serial interface 
5. Control and timing logic 

DIGITAL CONSIDERATIONS 

Serial Interface 
The lTC1293/4/6 communicates with microprocessors 
and other external circuitry via a synchronous, half duplex, 
four-wire serial interface (see Operating Sequence). The 
clock (ClK) synchronizes the data transfer with each bit 
being transmitted on the falling ClK edge and captured on 
the rising ClK edge in both transmitting and receiving 
systems. The input data is first received and then the AID 
conversion result is transmitted (half duplex). Because of 

INPUT DATA WORD 

The l TC1293/4/6 seven-bit data word is clocked into the 
DIN input on the rising edge of the clock after chip select 
goes low and the start bit has been recognized. Further 
inputs on the DIN pin are then ignored until the next CS 
cycle. The input word is defined as follows: 

MUXADDRESS 

Start Bit 

UNIPOLAR! POWER 
BIPOLAR SHUTDDWN 

MSB FIRSTI 
LSB FIRST 

The first "logical one" clocked into the DIN input after CS 
goes low is the start bit. The start bit initiates the data 
transfer and all leading zeroes which precede this logical 
one will be ignored. After the start bit is received the 
remaining bits ofthe input word will be clocked in. Further 
inputs on the DIN pin are then ignored until the next CS 
cycle. 

~~~ ______________ ~!l~ ________________ ~ 

~ 

1 .. 1. .: L..--. -----:;.DOU~T 1 ----1.1 
SHIFT MUX 1 NULL SHIFT AID CONVERSION 
ADDRESS IN BIT RESULT OUT 

the half duplex operation DIN and Dour may be tied 
together allowing transmission over just 3 wired: CS, ClK 
and DATA (DIN/Dour). Data transfer is initiated by a falling 
chip select (CS) signal. After CS falls the L TC1293/4/6 
looks for a start bit. After the start bit is received a 7 -bit 
input word is shifted into the DIN input which configures 
the lTC1293/4/6 and starts the conversion. After one null 
bit, the result of the conversion is output on the Dour line. 
With the half duplex serial interface the Dour data is from 
the current conversion. After the end ofthe data exchange 
CS should be brought high. This resets the LTC1293/4/6 
in preparation for the next data exchange. 
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DOUT2 

MUXAddress 
The four bits of the input word following the START BIT 
assign the MUX configuration for the requested conver
sion. For a given channel selection, the converter will 
measure the voltage between the two channels indicated 
by the + and - signs in the selected row of the following 
table. Note that in differential mode (SGUDIFF = 0) mea
surements are limited to four adjacent input pairs with 
either polarity. In single ended mode, all input channels 
are measured with respect to COM. Only the +inputs have 
sample and holds. Signals applied at the -inputs must not 
change more than the required accuracy during the con
version. 
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APPLICATions InFoRmATion 

Table 1a. LTC1294/6 Multiplexer Channel Seleclion 

MUXADDRESS DIFFERENTIAL CHANNEL SELECTION MUXADDRESS SINGlE·ENDED CHANNEl SELECTION 
SGl/ ODD SELECT 0 1 2 3 4 5 6 7 SGl/ ODD SELECT 0 1 2 3 4 5 6 7 COM DIFF SIGN 1 0 DlFF SIGN 1 0 

0 0 0 0 + - 1 0 0 0 + -
0 0 0 1 + - 1 0 0 1 + -
0 0 1 0 + - 1 0 1 0 + -
0 0 1 1 + - 1 0 1 1 + -
0 1 0 0 - + 1 1 0 0 + -
0 1 0 1 - + 1 1 0 1 + -
0 1 1 0 - + 1 1 1 0 + -
0 1 1 1 - + 1 1 1 1 + -

Table 1b. LTC1293 Channel Selection 

MUXADDRESS DIFFERENTIAL CHANNEL SELECTION MUXADDRESS SINGlE·ENDED CHANNEL SElECTION 
SGl/ ODD SELECT 0 1 2 3 4 5 SGll ODD SELECT 

0 1 2 3 4 5 COM DIFF SIGN 1 0 DlFF SIGN 1 0 
0 0 0 0 + - 1 0 0 0 + -
0 0 0 1 + - 1 0 0 1 + -
0 0 1 0 + - 1 0 1 0 + -
0 0 1 1 Not Used 1 0 1 1 Not Used 
0 1 0 0 - + I 1 1 0 0 + I I I -
0 1 0 1 - + I 1 1 0 1 I + I I -
0 1 1 0 - I + 1 1 1 0- I I + -
0 1 1 1 Not Used 1 1 1 1 Not Used 

Unipolar/Bipolar (UNI) 
The UNI bit determines whether the conversion will be 
unipolar or bipolar. When UNI is a logical one, a unipolar 
conversion will be performed on the selected input volt-

age. When UNI is a logical zero, a bipolar conversion will 
result. The input span and code assignment for each 
conversion type are shown in the figures below: 

Unipolar Transfer Curve (UNI = 1) 

INPUT VOLTAGE 
OUTPUT CODE INPUT VOLTAGE (VREF= 5V) 

111111111111 VREf- 1LSB 4.9988V 
111111111110 VREF -2LSB 4.9976V . . . . 
000000000001 lLSB 0.0012V 
000000000000 OV OV 

111111111111 

111111111110 

Unipolar Output Code (UNI = 1) 

000000000001 ~N 

000000000000 +-..I.-f--+--.l\r---l--+--+-_ 
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APPLICATions InFoRmATion 
Bipolar Transfer Curve (UNI = 0) 

INPUT VOLTAGE INPUT VOLTAGE 
OUTPUT CODE INPUTVOLTAGE (VREF·5VI OUTPUT CODE INPUT VOLTAGE (VREF = 5V) 

011111111111 VREF-1LSB 4.9976V 111111111111 -1LSB -o.0024V 
011111111110 VREF-2LSB 4.9851V 111111111110 -2LSB -o.0048V 

· · · · · . · · · · . · · · 000000000001 1LSB o.o024V 100000000001 -(VREF) + 1LSB -4.9976V 
000000000000 OV OV 100000000000 - (VREF) -5.00000V 

LTC1293All)4a 

Bipolar Output Code (UNI = 0) 

011111111111 

011111111110 

.!: 
i!! 
+ 

.!: fj; i!! '" 

1. 
fj; 
'" 

The following discussion will demonstrate how the two 
reference pins are to be used in conjunction with the 
analog input multiplexer. In unipolar mode the input span 
ofthe AID is set by the difference in voltage on the REF+ pin 
and the REF- pin. In the bipolar mode the input span is 
twice the difference in voltage on the REF+ pin and the 
REF- pin. In the unipolar mode the lower value ofthe input 
span is set by the voltage on the COM pin for single-ended 
inputs and by the voltage on the minus input pin for 
differential inputs. For the bipolar mode of operation the 
voltage on the COM pin or the minus input pin set the 
center of the input span. 

The upper and lower value of the input span can now be 
summarized in the following table: 
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~ 
'" 

VIN 

1 ;;:. 
111111111110 '1 

!ii fj; 
'" 

100000000001 LTCl293A104b 

100000000000 

INPUT 
CONFIGURATION UNIPOLAR MOOE BIPOLAR MOOE 
Single-Ended Lower Value COM -(REF+ - REF ) + COM 

Upper Value (REF+ - REF-) + COM (REF+ - REF-) + COM 

Differential Lower Value IN- -(REF+ - REF-) + IN 
Upper Value (REF+ - REF-) + IN- (REF+ - RW) + IN-

The reference voltages REF+ and REF- can fall between 
Vee and V-, butthe difference (REP -REF-) must be less 
than or equal to Vee. The input voltages must be less than 
or equal to Vee and greater than or equal to V-. For the 
L TC1293 REF- = av. 
The following examples are for a single-ended input con
figuration. 

Example 1: Let Vee = 5V, V- = av, REF+ = 4V, REF- = 1V 
and COM = av. Unipolar mode of operation. The resulting 
input span is av ~ IW ~ 3V. 

L7lJ!l~ 



APPLICATions InFoRmATion 
Example 2: The same conditions as Example 1 except 
COM = 1 V. The resulting input span is 1 V ~ IW ~ 4V. Note 
if IW ~ 4V the resulting DOUT word is all 1 'so If IW ~ 1V 
then the resulting DOUT word is all a's. 

Example 3: Let Vee = 5V, V- =-5V, REF+ = 4V, REF- = 1V 
and COM = 1V. Bipolar mode of operation. The resulting 
input span is -2V ~ IN+ ~ 4V. 

For differential input configurations with the same condi
tions as in the above three examples the resulting input 
spans are as follows: 

Example 1 (Oiff.): IN- ~ IW ~ IN- + 3V. 
Example 2 (Oiff.): IN- ~ IW ~ IN- + 3V. 
Example 3 (Oiff.): IN- - 3V ~ IW ~ IN- + 3V. 

LTC1293/LTC1294/LTC1296 

MSB-First/LSB-First (MSBF) 
The output data of the LTC1293/4/6 is programmed for 
MSB-first or LSB-first sequence using the MSB bit. When 
the MSBF bit is a logical one, data will appear on the DOUT 
line in MSB-first format. Logical zeroes will be filled in 
indefinitely following the last data bit to accommodate 
longer word lengths required by some microprocessors. 
When the MSBF bit is a logical zero, LSB first data will 
follow the normal MSB first data on the DOUT line. In the 
bipolar mode the sign bit will fill in after the MSB bit for 
MSBF = a (see Operating Sequence). 

Power Shutdowns (PS) 
The power shutdown feature of the LTC1293/4/6 is acti
vated by making the PS bita logical zero.lfCS remains low 
after the PS bit has been received, a 12-bit DOUT word with 

Operating Sequence 
Example: Dillerentiallnpuls (CH4+, CH5-), Unipolar Mode 

MSB·FIRST DATA (MSBF = 1) 

~I'--------------'CYC--------------'I 
~ l~ ______________________________________ ~~ 

eLK 

DOUT 

MSB-FIRST DATA (MSBF = 0) 

1~·--------------tCYC --------------1-1 
~ l~ _________________________________________ ~ 

tSMPl ........ 
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APPLICATions InFoRmATion 
Power Shutdown Operatiilg Sequence 

Example: Dillerenliallnputs (CH4+, CHs-), Unipolar Mode and MS8-First Data 

cs 1L. ________ R_EO_UE_ST_P_OW_ER_S_HU_TO_O_WN ______ --Irs:;D~ NEW CONVERSION BEGINS 

CLK 

START SEL1 UNI PS· START SEL1 UNI PS 

DIN ~ ~o?{~~~E?@~ rLJlJ MSBF ~ 
SEL11 0001 SELD MSBF SEL110DDI SELD 
DlFF SIGN B11 • • • • • • • • • • BD FILLED DIFF SIGN 

O HI-Z J ~s HI-Z J OUT ZEROES 

'STOPPING THE CLOCK WILL HELP REDUCE POWER CONSUMPTION. 
CS CAN BE BROUGHT HIGH ONCE THE DIN WORD HAS BEEN CLOCKED IN. 

all logical ones will be shifted out followed by logical 
zeroes till CS goes high. Then the DOUT line will go into its 
high impedance state. The LTC 1293/4/6 will remain in the 
shutdown mode till the next CS cycle. There is no warm
up or wait period required after coming out of the power 
shutdown cycle so a conversion can commence after CS 
goes low (see Power Shutdown Operating Sequence). The 
LTC1296 has a System Shutdown Output pin (SSO) which 
will go low when power shutdown is activated. The pin will 
stay low till next CS cycle. 

Microprocessor Interfaces 
The LTC1293/4/6 can interface directly (without external 
hardware) to most popular microprocessors (MPU) syn
chronous serial formats (see Table 1). If an MPU without 
a dedicated serial port is used, then three of the MPU's 
parallel port lines can be programmed to form the serial 
link to the LTC1293/4/6. Included here are one serial 
interface example and one example showing a parallel 
port programmed to form the serial interface. 

Microprocessor Interfaces 
The LTC1293/4/6 can interface directly (without external 
hardware) to most popular microprocessors (MPU) syn
chronous serial formats (see Table 1). If an MPU without 
a dedicated serial port is used, then three of the MPU's 
parallel port lines can be programmed to form the serial 
link to the L TC1293/4/6. 
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Table 1. Microprocessor with Hardware Serial Interfaces Compat
ible with the LTC1293/4/6** 

PART NUMBER TYPE OF INTERFACE 
Motorola 

MC6805S2, S3 SPI 
MC68HC11 SPI 
MC68HC05 SPI 

RCA 
CDP68HC05 SPI 

Hitachi 
HD6305 SCI Synchronous 
HD6301 SCI Synchronous 
HD63701 SCI Synchronous 
HD6303 SCI Synchronous 
HD64180 SCI Synchronous 

National Semiconductor 
COP400 Family MICROWIREt 
COP800 Family MCROWIRElPLUSt 
NS8050U MICROWIREIPLUS 
HPC16000 Family MICROWIRE/PLUS 

Texas Instruments 
TMS7002 Serial Port 
TMS7042 Serial Port 
TMS70C02 Serial Port 
TMS70C42 Serial Port 
TMS32011' Serial Port 
TMS32020' Serial Port 
TMS370C050 SPI 

• Requires external hardware 
•• Contact factory for interface information for processors not on this list 
t MICROWIRE and MICROWIREIPLUS are trademarks of National 

Semiconductor Corp. 
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Motorola SPI (MC68HC11) 
The MC68HC11 has been chosen as an example of an MPU 
with a dedicated serial port. This MPU transfers data MSB
first and in 8-bit increments. The DIN word sent to the data 
register starts the SPI process. With three 8-bit transfers, 
the AID result is read into the MPU. The second 8-bit 
transfer clocks B11 through B8 of the AID conversion 
result into the processor. The third 8-bit transfer clocks 
the remaining bits B7 through BO into the MPU. The data 
is right justified in the two memory locations. ANDing the 
second byte with ODHEX clears the four most significant 
bits. This operation was not included in the code. It can 
be inserted in the data gathering loop or outside the loop 
when the data is processed. 

LTC 1 293/LTCl 294/LTC1296 

Interfacing to the Parallel Port of the Intel 8051 Family 
The Intel 8051 has been chosen to show the interface 
between the lTC1293/4/6 and parallel port microproces
sors. Usually the signals CS, DIN and ClK are generated 
on three port lines and the Dour signal is read on a fourth 
port line. This works very well. One can save a line bytying 
the DIN and Dour lines together. The 8051 first sends the 
start bit and DIN to the l TC1294 over the line connected to 
P1.2. Then P1.2 is reconfigured as an input and the 8051 
reads back the 12-bit AID result over the same data line. 

Data Exchange Between LTC1294 and MC68HC11 

~\~----------------------------------~I 
elK 

DIN ____ ....L---t 

DOUT ----------------. 

MPU 
TRANSMIT 

WORD 

START 

t 
I 0 I 0 I 0 I 1 I SGl I ODD I Sfl I S~l I 

8YTEl 

BYTE 1 

I UNI I MSBFI PS I x I x I x I x I x I 
BYTE 2 

I ? I ? I ? I 0 I B11 I B10 I B91 B81 
8YTE2 

BYTE 3 (DUMMY) 

lui 001 OOIMI~I~I~IMI 
8YTE3 

Hardware and Software Interlace to Motorola MC68HC11 

DOUT FROM LTC1294 STORED ON MC68HC11 RAM 
MSB 

#62 I 0 I 0 I 0 I 0 I B11 I B10 I B91 B81 BYTE 1 

LSB 

#63 I B7 I B6 I B5 I B4 I B3 I B2 I B1 I BO I BYTE 2 

ANALOG [ 
INPUTS 

+----1 DO 

+----1 SCK 
MC68HC11 

+----1 MOSI 

--+lMISO 
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MC68HC11 CODE 

LABEL MNEMONIC OPERAND COMMENTS LABEL MNEMONIC OPERAND COMMENTS 
LDAA #$50 CONFIGURATION DATA FOR SPCR STAA $102A LOAD DIN INTO SPI, START SCK 
STAA $1028 LOAD DATA INTO SPCR ($1028) WAIT2 LDAA $1029 .. CHECK SPI STATUS REG 
LDAA #$1B CONFIG. DATA FOR PORT DOOR BPL WAIT2 CHECK IF TRANSFER IS DONE 
STAA $1009 LOAD DATA INTO PORT DOOR LDAA $102A LOAD L TC1294 MSBs INTO ACC A 
LDAA #$10 LOAD DIN WORD INTO ACC A STAA $62 STORE MSBs IN $62 
STAA $50 LOAD DIN DATA INTO $50 LDAA $52 LOAD DUMMY DIN INTO ACC A FROM 
LDAA #$EO LOAD DIN WORD INTO ACC A $52 
STAA $51 LOAD DIN DATA INTO $51 STAA $102A LOAD DUMMY DIN INTO SPI, START 
LDAA #$00 LOAD DUMMY DIN WORD INTO ACC A SCK 

STAA $52 LOAD DUMMY DIN DATA INTO $52 WAIT3 LDAA $1029 CHECK SPI STATUS REG 

LOX #$1000 LOAD INDEX REGISTER X WITH $1000 BPL WAIT3 CHECK IFTRANSFER IS DONE 

LOOP BCLR $08,X,$Ot DO GOES LOW (CS GOES LOW) BSET $08,X,$01 DO GOES HIGH (CS GOES HIGH) 

LDAA $50 LOAD DIN INTO ACC A FROM $50 LDAA $102A LOAD LTC1294 LSBs IN ACC 

STAA $102A LOAD DIN INTO SPI, START SCK STAA $63 STORE LSBs IN $63 

LDAA $1029 CHECK SPI STATUS REG 
WAin BPL WAIT1 CHECK IF TRANSFER IS DONE JMP LOOP START NEXT CONVERSION 

LDAA $51 LOAD DIN INTO ACC A FROM $51 

Hardware and Software Interface to Intel 8051 

PS BIT LATCHED 
INTO lTC1294 

~~~ ________________ ~ ______________ ~r--
ClK 

DATA 
(DIN/DoUT) 

R2 

R3 
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0001 SEl SEl 
SIGN 10 PSI 

I 

'-----~ --------': 
8051 P1.2 OUTPUT DATA I 

TO lTC1294 : 

8051 P1.2 RECONFIGURED ------{ 
AS INPUT AFTER THE 8TH RISING 

ClK BEFORE THE 8TH FALLING ClK 

I 
I''-----~-----~ 
I 
I lTC1294 SEND NO RESULT 
I BACK TO 8051 P1.2 
I 

:- tr~J ~9N4 ;tJ~~lC8~J~~k OF DATA 

Hardware and Software Interlace to Intel 8051 

DOUT FROM lTC1294 STORED IN 8051 RAM 
MSB 

I,B11 I B10 I B9 I B8 I B7 I B61 B51 B41 .~oo { lSB INPUTS 

I B31 B2 I 81 I BO I o I o I o I o I 

----\P1.4 

-----\P1.3 

- ..... ---\P1.2 

-NO RESULT 

LTC1293TD02 

8051 
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8051 CODE 

LABEL MNEMONIC OPERAND 
SETB P1.4 

CO NT MOV A,#B7H 
ClR P1.4 
MOV R4,#OBH 

lOOP1 RlC A 
ClR P1.3 
MOV P1.2,C 
SETB P1.3 
DJNZ R4,lOOP1 
MOV P1,#04H 
ClR P1.3 
MOV R4,#09H 

lOOP MOV C,P1.2 
RlC A 
SETS P1.3 
ClR P1.3 
DJNZ R4,lOOP 
MOV R2,A 
MOV C,P1.2 
SETB P1.3 

COMMENTS 
CS GOES HIGH 
DIN WORD FOR lTC1294 
GSGOES lOW 
lOAD COUNTER 
ROTATE DIN BIT INTO CARRY 
ClKGOES lOW 
OUTPUT DIN BITTO l TC1294 
ClK GOES HIGH 
NEXT DIN BIT 
P1.2 BECOMES AN INPUT 
ClKGOES lOW 
lOAD COUNTER 
READ DATA BIT INTO CARRY 
ROTATE DATA BIT (B3) INTO ACC 
ClK GOES HIGH 
ClKGOES lOW 
NEXT DOUT BIT 
STORE MSBs IN R2 
READ DATA BIT INTO CARRY 
ClK GOES HIGH 

2 1 0 
'---v----' 

OUTPUT PORT 

SERIAL 

MPU 

LABEL 
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MNEMONIC 
ClR 
ClR 
RlC 
MOV 
RlC 
SETB 
ClR 
MOV 
RlC 
SETB 
ClR 
MOV 
SETB 
RRC 
RRC 
RRC 
RRC 
MOV 
AJMP 

OPERAND COMMENTS 
P1.3 ClKGOES LOW 
A CLEAR ACC 
A ROTATE DATA BIT (B3) INTO ACC 
C,P1.2 READ DATA BIT INTO CARRY 
A ROTATE DATA BIT (B2) INTO ACC 
P1.3 ClK GOES HIGH 
P1.3 ClKGOES lOW 
C,P1.2 READ DATA BIT INTO CARRY 
A ROTATE DATA BIT (B1) INTO ACC 
P1.3 ClK GOES HIGH 
P1.3 ClKGOES lOW 
C,P1.2 READ DATA BIT INTO CARRY 
P1.4 GS GOES HIGH 
A ROTATE DAn. SIT (BO) INTO ACC 
A ROTATE RIGHT INTO ACC 
A ROTATE RIGHT INTO ACC 
A ROTATE RIGHT INTO ACC 
R3,A STO RE lSBs IN R3 
CONT START NEXT CONVERSION 

3-WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR LTC1293/4/6s 

8 CHANNELS 8 CHANNELS 8 CHANNELS 

Figure 3. Several LTC1294 Sharing One 3·Wire Seriallnlerface 

Sharing the Serial Interface 
The LTC1293/4/6 can share the same 3-wire serial inter
face with other peripheral components or other LTC12931 
4/6's (Figure 3). Now, the CS signals decide which LTC12931 
4/6 is being addressed by the MPU. 

ANALOG CONSIDERATIONS 

Grounding 
The LTC1293/4/6 should be used with an analog ground 
plane and single point grounding techniques. Do not use 
wire wrapping techniques to breadboard and evaluate the 

device. To achieve the optimum performance use a PC 
board_ The analog ground pin (AGND) should be tied 
directly to the ground plane with minimum lead length (a 
low profile socket is fine). The digital ground pin (DGND) 
also can be tied directly to this ground pin because 
minimal digital noise is generated within the chip itself. 
Vee should be bypassed to the ground plane with a 221lF 
(minimum value) tantalum with leads as short as possible 
and as close as possible to the pin. A O.1IlF ceramic disk 
also should be placed in parallel with the 221lF and again 
with leads as short as possible and as close to Vee as 
possible. AVee and DVee should be tied together on the 
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LTC1294. Figure 4 shows an example of an ideal LTC12931 
4/6 ground plane design for a two sided board. Of course 
this much ground plane will not always be possible, but 
users should strive to get as close to this ideal as possible. 

Figure 4. Ground Plane lor the LTC1293/4/6 

Bypassing 
For good performance, Vee must be free of noise and 
ripple. Any changes in the Vee voltage with respect to 
ground during a conversion cycle can induce errors or 
noise in the output code. Vee noise and ripple can be kept 
below O.5mV by bypassing the Vee pin directly to the 
analog ground plane with a minimum of 221lF tantalum 
capacitor and with leads as short as possible. The lead 
from the device to the Vee supply also should be kept to a 
minimum and the Vee supply should have a low output 
impedance such as obtained from a voltage regulator 
(e.g., LT323A). For high frequency bypassing a O.1IlF 
ceramic disk placed in parallel with the 221lF is recom
mended. Again the leads should be kept to a minimum. 
Figure 5 and 6 show the effects of good and poor Vee 
bypassing. 
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HORIZONTAL: 10~slDIV 

Figure 5. Poor Vee Bypassing. 
Noise and Ripple Can Cause AID Errors. 

> 
is 
:> cs 
.\j 
0; 

-'-' 
<3 Vee >= 
~ 

HORIZONTAL: 10~s/0IV 

Figure 6. Good Vee Bypassing Keeps Noise 
and Ripple on Vee Below 1mV 

Analog Inputs 
Because of the capacitive redistribution AID conversion 
techniques used, the analog inputs of the LTC1293/4/6 
have capacitive switching input current spikes. These 
current spikes settle quickly and do not cause a problem. 
If large source resistances are used or if slow settling op 
amps drive the inputs, take care to insure the transients 
caused by the current spikes seUle completely before the 
conversion begins. 

"+" 

Figure 7. Analog Input Equivalent Circuit 
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Source Resistance 
The analog inputs of the lTG1293/4/6 look like a 100pF 
capacitor (GIN) in series with a 500n resistor (RON)' GIN 
gets switched between (t) and (-) inputs once during each 
conversion cycle. large external source resistors and 
capacitances will slow the settling of the inputs. It is 
important that the overall RG time constant is short 
enough to allow the analog inputs to settle completely 
within the allowed time. 

II +" Input Settling 
The input capacitor is switched onto the u t " input during 
the sample phase (tSMPL, see Figure 8). The sample period 
2112 GlK cycles before a conversion starts. The voltage on 
the ut " input must settle completely within the sample 
period. Minimizing RSOURCEt and C1 will improve the 
settling time. If large "t" input source resistance must be 
used, the sample time can be increased by using a slower 
GlK frequency. With the minimum possible sample time 
of 2.5/Js RSOURCE+ < 1.5kQ and C1 < 20pF will provide 
adequate settling time. 

LTC 1 293/LTCl 294/LTC1296 

"_" Input SeHling 
Atthe end ofthe sample phase the input capaCitor switches 
to the "-" input and the conversion starts (see Figure 8). 
During the conversion, the" t" input voltage is effectively 
"held" by the sample and hold and will not affect the 
conversion result. It is critical that the "-" input voltage be 
free of noise and settle completely during the first GlK 
cycle of the conversion. Minimizing RSOURCE- and G2 will 
improve settling time. If large "-" input source resistance 
must be used the time can be extended by using a slower 
GlK frequency. At the maximum GlK frequency of 1 MHz, 
RSOURCE- < 250n and C2 < 20pF will provide adequate 
seHling. 

Input Op Amps 
When driving the analog inputs with an op amp it is 
important that the op amp settles within the allowed time 
(see Figure 8). Again the "t" and "-" input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the LT1 006 and 
lT1013 single supply op amps can be made to settle 

\ SAMPLE HOLD 

~ \~------------------~--------------~~----------
elK 

DOUT 

(t) INPUT y 
(-) INPUT ~ ____________________ ~\~----------------------I"---

lTClmFll6 

Figure 8. "t" and "-" Input Settling Windows 
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within the minimum settling windows of 2.5/-1s ("+" input) 
and 1 /-Is("-" input) that occurs at the maximum clock rate 
of 1MHz. Figures 9 and 10 show examples of adequate 
and poor op amp settling. 

HORIZONTAL: 500nslDIV 

Figure 9. Adequate Settling of Op Amp Driving Analog Input 

HORIZONTAL: 20~s/DIV 

Figure 10. Poor Op Amp Settling Can Cause AID Errors 

RC Input Filtering 
It is possible to filter the inputs with an RC network as 
shown in Figure 11. For large values of Cde.g., 1 /-IF) the 
capacitive input switching currents are averaged into a net 
DC current. A filter should be chosen with a small resistor 
and large capacitor to prevent DC drops across the resis
tor. The magnitude of the DC current is approximately loc 
= 100pF x VIN/tCYC and is roughly proportional to VIN. 
When running at the minimum cycle time of 21.5/-1s, the 
input current equals 23/-1A atVIN = 5V. Here a filter resistor 
of 50 will cause 0.1 lSB offull-scale error. If a larger filter 
resistor must be used, errors can be reduced by increasing 

LTC1293Fll 

Figure 11. RC Input Filtering 
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the cycle time as shown in the typical performance char
acteristic curve Maximum Filter Resistor vs Cycle Time. 

Input Leakage Current 
Input leakage currents also can create errors if the source 
resistance gets too large. Forexample, the maximum input 
leakage specification of 1 /-IA (at 125°C) flowing through a 
source resistance of 1 kO will cause a voltage drop of 1 mV 
or 0.8lSB. This error will be much reduced at lower 
temperatures because leakage drops rapidly (see typical 
performance characteristic curve Input Channel leakage 
Current vs Temperature). 

SAMPLE AND HOLD 

Single-Ended Input 
The lTC1293/4/6 provides a built-in sample and hold 
(S&H) function for all signals acquired in the single-ended 
mode (COM pin grounded). The sample and hold allows 
the lTC1293/4/6 to convert rapidly varying signals (see 
typical performance characteristic curve of S&H Acquisi
tion Time vs Source Resistance). The input voltage is 
sampled during the tSMPL time as shown in Figure 8. The 
sampling interval begins as the bit preceding the MSBF bit 
is shifted in and continues until the falling edge of the PS 
bit is received. On this falling edge the S&H goes into the 
hold mode and the conversion begins. 

Differential Input 
With a differential input the AID no longer converts a 
single voltage but converts the difference between two 
voltages. The voltage on the selected "+" input is sampled 
and held and can be rapidly time varying. The voltage on 
the "-" pin must remain constant and be free of noise and 
ripple throughout the conversion time. Otherwise the 
differencing operation will not be done accurately. The 
conversion time is 12 ClK cycles. Therefore a change in 
the -IN input voltage during this interval can cause con
version errors. For a sinusoidal voltage on the -IN input 
this error would be: 

VERROR (MAX) = (21tfHVPEAK)[ f!~K J 

Where f(_) is the frequency of the "-" input voltage, VPEAK 
is its peak amplitude and fCLK is the frequency of the ClK. 
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Usually VERROR will not be significant. For a 60Hz signal 
on the "-" input to generate a 0.25lSB error (300/lV) with 
the converter running at ClK = 1 MHz, its peak value would 
have to be 66mV. Rearranging the above equation the 
maximum sinusoidal signal that can be digitized to a given 
accuracy is given as: 

f MAX = [ VERROR (MAX)) ( fCLK) 
(-) 2n:VPEAK 12 

For 0.25lSB error (300/lV) the maximum input sinusoid 
with a 5V peak amplitude that can be digitized is 0.8Hz. 
Unused inputs should be tied to the ground plane. 

Reference Input 
The voltage on the reference input of the l TC1293/4/6 
determines the voltage span of the AID converter. The 
reference input has transient capacitive switching cur
rents due to the switched capacitor conversion technique 
(see Figure 12). During each bit test of the conversion 
(every ClK cycle) a capacitive current spike will be gener
ated on the reference pin by the AID. These current spikes 
settle quickly and do not cause a problem. If slow settling 
circuitry is used to drive the reference input, take care to 
insure that transients caused by these current spikes settle 
completely during each bit test of the conversion. 

REF. 

III ~_~::~ i ~-":,', .*', - .' 

,';-",,- : 0- ; r - j , 

~1L:~': l_'i ~ _ _ 

R m ~" ,f: ';-" : ~; ~ : 

Figure 12. Reference Input Equivalent Circuit 

Figure 13 and 14 show examples of both adequate and 
poor settling. Using a slower ClK will allow more time for 
the reference to settle. Even at the maximum ClK rate of 
1 MHz most references and op amps can be made to settle 
within the 1 /lS bit time. For example the lT1 027 will settle 
adequately or with a 10/lF bypass capacitor at VREF the 
lT1021 also can be used. 

LTC 1 293/LTCl 294/LTC1296 

HORIZONTAL: l~S/DIV 

Figure 13. Adequate Reference Settling (LT1027) 

HORIZONTAL: 1 ~s/DIV 

Figure 14. Poor Reference Settling Can Cause AID Errors 

Reduced Reference Operation 
The effective resolution of the l TC1293/4/6 can be in-
creased by reducing the input span of the converter. The • 
lTC1293/4/6 exhibits good linearity over a range of refer-
ence voltages (see typical performance characteristics 
curves of Change in Linearity vs Reference Voltage and 
Change in Gain Errorvs Reference Voltage). Care must be 
taken when operating at low values of VREF because ofthe 
reduced lSB step size and the resulting higher accuracy 
requirement placed on the converter. Offset and Noise are 
factors that must be considered when operating at low 
VREF values. For the lTC1293 REF- has been tied to the 
AGND pin. Any voltage drop from the AGND pin to the 
ground plane will cause a gain error. . 

Offset with Reduced VREF 
The offset of the l TC1293/4/6 has a larger effect on the 
output code when the AID is operated with a reduced 
reference voltage. The offset (which is typically a fixed 
voltage) becomes a larger fraction of an lSB as the size of 
the lSB is reduced. The typical performance characteris
tic curve of Unadjusted Offset Error vs Reference Voltage 
shows how offset in lSB's is related to reference voltage 
for a typical value of Vos. For example a Vos of 0.1mV, 
which is 0.1 lSB with a 5V reference becomes O.4lSB with 
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a 1.25 reference. If this offset is unacceptable, it can be 
corrected digitally by the receiving system or by offsetting 
the "-" input to the LTC1293/4/6. 

Noise with Reduced VREF 
The total input referred noise of the L TC1293/4/6 can be 
reduced to approximately 200/1V peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 5V reference input but will become 
a larger fraction of an LSB as the size ofthe LSB is reduced. 
The typical performance characteristic curve of Noise 
Error vs Reference Voltage shows the LSB contribution of 
this 200/1 V of noise. 
For operation with a 5V reference, the 200/1 V noise is only 
0.16LSB peak-to-peak. Here the L TC1293/4/6 noise will 
contribute virtually no uncertainty to the output code. For 
reduced references, the noise may become a significant 
fraction of an LSB and cause undesirable jitter in the 
output code. For example, with a 1.25V reference, this 
200/1V noise is 0.64LSB peak-to-peak. This will reduce 
the range of input voltages over which a stable output code 
can be achieved by 0.64LSB. Now averaging readings may 
be necessary. 

This noise data was taken in a very clean test fixture. Any 
setup induced noise (noise or ripple on Vce, VREF or VIN) 
will add to the internal noise. The lower the reference 
voltage used, the more critical it becomes to have a noise
free setup. 

Gain Error due to Reduced VREF 

The gain error of the L TC1294/6 is very good over a wide 
range of reference voltages. The error component that is 
seen in the typical performance characteristics curve 
Change in Gain Errorvs Reference Voltage forthe LTC1293 
is due the voltage drop on the AGND pin from the device 
to the ground plane. To minimize this errorthe LTC1293 
should be soldered directly onto the PC board. The internal 
reference point for VREF is tied to AGND. Any voltage drop 
in the AGND pin will make the reference voltage, internal 
to the device, less than what is applied externally (Figure 
15). This drop is typically 400/1V due to the product of the 
pin resistance (RpIN) and the LTC1293 supply current. For 
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example, with VREF = 1.25V this will result in a gain error 
change of -1.0LSB from the gain error measured with 
VREF= 5V. 

REFERENCE 
VOLTAGE 

Figure 15. Parasitic Pin Resistance (RpIN) 

LTC1293/4/6 AC Characteristics 
Two commonly used figures of merit for specifying the 
dynamic performance oftheAlDs in digital signal process
ing applications are the Signal-to-Noise Ratio (SNR) and 
the "effective number of bits"(ENOB). SNR is the ratio of 
the RMS magnitude of the fundamental to the RMS 
magnitude of all the non-fundamental Signals up to the 
Nyquist frequency (half the sampling frequency). The 
theoretical maximum SNR for a sine wave input is given 
by: 

SNR = (6.02N + 1.76dB) 

where N is the number of bits. Thus the SNR depends on 
the resolution of the AID. For an ideal 12-bit AID the SNR 
is equal to 74dB. A Fast FourierTransform (FFT) plot ofthe 
output spectrum of the LTC1294 is shown in Figures 16a 
and 16b. The input (fiN) frequencies are 1 kHz and 22kHz 
with the sampling frequency (fs) at 45.4kHz. The SNR 
obtained from the plot are 72.7dB and 72.5dB. 

Rewriting the SNR expression it is possible to obtain the 
equivalent resolution based on the SNR measurement. 

N = (SNR -1.76dB) 
6.02 

This is the so-called effective number of bits (ENOB). For 
the example shown in Figures 16a and 16b, N = 11.8 bits. 
Figure 17 shows a plot of EN DB as a function of input 
frequency. The top curve shows the AID's ENOB remains 
at 11.8 for input frequencies up to fs/2 with ±5V supplies. 
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Figure 168. LTC1294 FFT Plot 
'IN = 1kHz, 's = 45.4kHz, 
SNR = 72.7dB with ±5V Supplies 
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Figure 16b. LTC1294 FFT Plot 
'IN = 22kHz, 's = 45.4kHz, 
SNR = 72.5dB with ±5V Supplies 
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Figure 17. LTC1294 ENOB vs Input Frequency 
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Figure 18. LTC1294 FFT Plot 
'IN1 = 5.1kHz, '1N2 = 5.6kHz, 's = 45.4kHz 
with ±5V Supplies 

For +5V supplies the ENOB decreases more rapidly. This 
is due predominantly to the 2nd harmonic distortion term. 

Figure 18 shows a FFT plot ofthe output spectrum for two 
tones applied to the input of the NO. Nonlinearities in the 
NO will cause distortion products at the sum and differ
ence frequencies ofthe fundamentals and products of the 
fundamentals. This is classically referred to as 
intermodulation distortion (IMO). 

Overvoltage Protection 
Applying signals to the L TC1293/4/6's analog inputs that 
exceed the positive supply or that go below V- will 
degrade the accuracy of the NO and possibly damage the 
device. For example this condition would occur if a signal 
is applied to the analog inputs before power is applied to 
the LTC1293/4/6. Another example is the input source is 
operating from different supplies of larger value than the 
LTC1293/4/6. These conditions should be prevented ei
ther with proper supply sequencing or by use of external 
circuitry to clamp or current limit the input source. There 
are two ways to protect the inputs. In Figure 19 diode 
clamps from the inputs to Vee and V- are used. The 
second method is to put resistors in series with the analog 
inputs for current limiting. As shown in Figure 20a, a 1 kQ 
resistor is enough to stand off ±15V (15mA for only one 
channel). If more than one channel exceeds the supplies 
than the following guidelines can be used. Limit the 
current to 7mA per channel and 28mA for all channels. 
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APPLICATions InFoRmATion 
This means four channels can handle 7mA of input current 
each. Reducing ClK frequency from a maximum of 1 MHz 
(See typical performance characteristics curves Maxi
mum ClK Frequency vs Source Resistance and Sample 
and Hold Acquisition Time vs Source Resistance) allows 
the use of larger current limiting resistors. The" +" input 
can accept a resistor value of 1 kO but the "-" input cannot 
accept more than 2500 when the maximum clock fre
quency of 1 MHz is used. If the LTC1293/4/6 is clocked at 
the maximum clock frequency and 2500 is not enough to 
current limit the "-" input source then the clamp diodes 
are recommended (Figures 20a and 20b). The reason for 
the limit on the resistor value is the MSB bit test is affected 
by the value of the resistor placed at the "-" input (see 
discussion on Analog Inputs and the typical performance 
characteristics curve Maximum ClK Frequencyvs Source 
Resistance). 

If Vee and VREF are not tied together, then Vee should be 
turned on first, then VREF. If this sequence cannot be met 
connecting a diode from VREFto Vee is recommended (see 
Figure 21). 

For dual supplies (bipolar mode) placing two Schottky 
diodes from Vee and V-to ground (Figure 22) will prevent 

+5V 

-5V 

Figure 19. Overvoltage Protection for Inputs 

+5V 

-5V 

Figure 20a. Overvoltage Protection for Inputs 
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Figure 20b. Overvoltage Protection for Inputs 

powersupply reversal from occuring when an input source 
is applied to the analog MUX before power is applied to the 
device. Power supply reversal occurs, for example, if the 
input is pulled below V-. Vee will then pull a diode drop 
below ground which could cause the device not to power 
up properly. Likewise, if the input is pulled above Vee, V
will be pulled a diode drop above ground. If no inputs are 
present on the MUX, the Schottky diodes are not required 
if V- is applied first then Vee. 

Because a unique input protection structure is used on the 
digital input pins, the signal levels on these pins can 
exceed the device Vee without damaging the device. 

1--........ - +5V 

1N4148 

1---- +5V 

LTC129H21 

Figure 21 

--:1- +5V 

1N5817 

-+---.--5V 

1N5817 

LTC129SF22 

Figure 22. Power Supply Reversal 



APPLICATions InFoRmATion 

A "Quick Look" Circuit for the LTC1294/6 
Users can get a quick lookatthe function and timing ofthe 
LTC1294/6 by using the following simple circuit (Figure 
23). VREF is tied to Vce. DIN is tied high which means VIN 
should be applied to the CH7 with respect to COM. A 

LTC1293/LTC1294/LTC1296 

Unipolar conversion is requested and the data is output 
MSB first. CS is driven at 1/64 the clock rate by the CD4520 
and DOUT outputs the data. The output data from the DOUT 
pin can be viewed on an oscilloscope that is set up to 
trigger on the falling edge of CS (Figure 24). 

+5V 

CLK 

~---;----~----~~EN 
VDD 

RESET 

TO 
OSCILLOSCOPE 

CLOCK IN 
1MHz MAX 

01 04 
02 03 
03 CD4520 02 

04 01 
RESET EN 
Vss CLK 

Figure 23. "Quick Look" Circuit for the LTC1294{6 

TYPICAL APPLICATiOnS 

lTGI:KIarn 

Digitally linearized Platinum RTD Signal Conditioner 

+15V 

1k' 

• TRW-IRC MAR-6 RESISTOR - 0.1 % 
•• 1% FILM RESISTOR 

Rplal. = 1 kn AT O'C - ROSEMOUNT #118MF 

NULL MSB LSB FILLS 
BIT (B11) (BO) ZEROES 

VERTICAL: 5V/DIV 
HORIZONTAL: 2~s/DIV 

Figure 24. Scope Trace of the 
LTC1294/6 "Quick Look" Circuit 
Showing AID Output 
101010101010 (AAAHEX) 

22~F 
~ TANTALUM 

I TOIFROM 
68HC11 
PROCESSOR 
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TYPICAL APPLICATions 

8 
ANALOG 
INPUTS 

1l-5V RANGE 

lT1027 

Micropower, 5DDDV Opto-Isolated, Multichannel,12-Bit Data 
Acquisition System is Accessed Once Every Two Seconds 

4N28s 

C1 

SCK 

co 

MOSI 

1-+-..... --- MISO 

4N28 

nr==I.-« 
£3 lT1292TM2 
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VOLTAGE REFERENCES 
Listed by Temperature Drift (T.C.) and Initial Accuracy 

1.25V Output 

T.C. 
*LT10348-1.2 
* L T1 034-1.2 
*LT1004-1.2 
* LM3858-1.2 
*LM385-1.2 

ACCURACY 
*LT1004-1.2 
*LT10348-1.2 
*LT1034-1.2 
* LM3858-1.2 
*LM385-1.2 

2.5V Output 

T.C. 
L T1019C-2.5 
LT1009C-2.5 
LT580M 
L Tl0348-2.5 
LT580L 

* L Tl004C-2.5 
LT1034-2.5 
LT580K 

* LM3858-2.5 
LM3368-2.5 

*LM385-2.5 
LM336-2.5 

ACCURACY 
LT580M 
LT1019C-2.5 
LT1009-2.5 
LT580L 
LT1034-2.5 
LT580K 

* L Tl004C-2.5 
* LM3858-2.5 
*LM385-2.5 
LT580J 
LM3368-2.5 
LM336-2.5 

4.5VOutput 

T.C. 

LT1019C-4.5 

5.0V Output 

T.C. 

LT1027C-5 
LT1027D-5 
LT1027E-5 
LT1021C-5 
LT1019-5 
LT1029A 
REF-02E 
REF-02H 
LT10218-5 
LT1021D-5 
LT1029 
REF-02C 
REF-02D 

ACCURACY 

LT1027C-5 
LT10218-5 
LT1027D-5 
LT1027E-5 
REF-02E 
LT1019-5 
LTl 021 C-5 
LTl 021 D-5 
LT1029A 
REF-02H 
LT1029 
REF-02C 
REF-02D 

6.9V to 6.95V Output 

T.C. 

LTZ1000 
LM399A 
LM399 
LM329A 
LM3298 
LM329C 

ACCURACY 

LM329A 
LTZ1000 
LM3298 
LM329C 
LM329D 
LM399A 

lVOutput 

T.C. 

LT10218-7 
LT1021D-7 
LT1034 

ACCURACY 

LT10218-7 
LT1021D-7 
LT1034 

lOV Output 

T.C. 

LT1021C-10 
LT1031C 
LT581K 
LT1019-10 
LT1031D 
LT581J 
REF-OlE 
LT10218-10 
LT1021D-l0 
LT10318 
REF-01H 
REF-01C 

ACCURACY 

LT10218-10 
LT10318-10 
REF-OlE 
LT1031C 
LT581K 
LT1019-10 
LT1021C-10 
LT1021D-l0 
LT1031D 
REF-01H 
LT581J 
REF-01C 

* Micropower 

• 
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VOLTAGE REFERENCE SELECTION GUIDE 

miLITARY 
VOLTAGE 

VOLTAGE TOLERANCE OPERATING 
Vz MAXIMUM TEMPERATURE DRIFT, CURRENT RANGE PACKAGE 
(V) TA=25°C PART NUMBER ppmf'C OR mV CHANGE (OR SUPPLY CURRENT) TYPE IMPORTANT FEATURES 

1.23S ±O.32% L T1004M-l.2 20ppm (typ) 1 OIlA 10 20mA H Micropower 
±1% LM18S-1.2 20ppm (typ) 1 OIlA 10 20mA H Micropower 
±1% L Tl034BM-1.2 20ppm (max) 201lA 10 20mA H Low TC Micropower wHh 

7V Aux Reference 
±1% LT1034M-1.2 40ppm (max) 201lA 10 20mA H Low TC Micropower wilh 

7V Aux Reference 

2.S ±O.S% LT1004M-2.S 20ppm (typ) 201lA 10 20mA H Micropower 
±0.2% LT1009M 18mV (max) 4001lA 10 10mA H Precision 
±O.OS% LT1019AM-2.S 10ppm (max) 1.0mA H Precision Bandgap 
±0.2% LT1019M-2.S 2Sppm (max) 1.2mA H Precision Bandgap 
±1% LT1034BM-2.5 20ppm (max) 201lA 10 20mA H Low TC Micropower wilh 

7V Aux Reference 
±1% LT1034M-2.5 40ppm (max) 201lA 10 20mA H Low TC Micropower wilh 

7V Aux Reference 
±2% LM13S-2.5 18mV (max) 400fJ,A1010mA H General Purpose 
±1% LM13SA-2.S 18mV (max) 400fJ,Alo 10mA H General Purpose 
±1.S% LMI85-2.5 20ppm (typ) 20fJ,A1020mA H Micropower 
±1% LTS80S S5ppm (max) 1.SmA H 3 Terminal Low Drift 
±0.4% LT580T 25ppm (max) 1.5mA H 3 Terminal Low Drift 
±0.4% LT580U 10ppm (max) I.SmA H 3 Terminal Low Drift 

4.S ±O.OS% L T1 019AM-4.S 10ppm (max) 1.0mA H Precision Bandgap 
±0.2% LT1019M-4.5 25ppm (max) 1.2mA H Precision Bandgap 

S.O ±O.OS% LT1019AM-5 10ppm (max) 1.0mA H Precision Bandgap 
±0.2% LT1019M-5 2Sppm (max) 1.2mA H Precision Bandgap 
±1% LT1 021 BM-S 5ppm (max) 1.2mA H Very Low Drift 
±0.05% LT1021CM-S 20ppm (max) 1.2mA H Very Tighllnitial Tolerance 
±1% LT1 021 DM-5 20ppm (max) 1.2mA H Low Cosl, High Performance 
±0.2% LT1029AM 20ppm (max) 700fJ,Alo 10mA H Precision Bandgap 
±1% LT1029M 40ppm (max) 700I'A 10 lOrnA H Precision Bandgap 
±0.3% REF02A 8.Sppm (max) l.4mA H.J Precision Bandgap 
±O.S% REF02 25ppm (max) 1.4mA H,J Precision Bandgap 

S.9 ±3% LM129A 10ppm (max) SOOfJ,A1015mA H Low Drift 
±3% LM129B 20ppm (max) SOOI'A 10 15mA H Low Drift 
±3% LM129C SOppm (max) SOOI'A 10 1SmA H Low Cost 

S.9S ±2% LM199A O.Sppm (max) -5SoC 10 +85°C SOOI'A 10 lOrnA H Ullra Low Drill 
10ppm (max) -85°C 10 + 12SoC 

±2% LM199 1 ppm (max) -55°C 10 +85°C SOOI'A 10 lOrnA H Ullra Low Drill 
ISppm (max) +8SoC 10 +12SoC 

7.0 ±0.7% LT1021BM-7 Sppm (max) 1.0mA H Low Drift/Noise, Exc Stability 
±0.7% LT1021DM-7 20ppm (max) 1.0mA H Low Cosl, High Performance 

10.0 ±O.OS% LT1019AM-10 10ppm (max) 1.0mA H Precision Bandgap 
±0.2% LT1019M-10 25ppm (max) 1.2mA H Precision Bandgap 
±O.S% LT1021BM-l0 Sppm (max) 1.7mA H Very Low Drift 
±O.OS% LT1 021 CM-1 0 20ppm (max) l.7mA H Very Tighllnilial Tolerance 
±O.S% LT1021DM-10 20ppm (max) 1.7mA H Low Cosl, High Performance 
±0.05% LT1031BM 5ppm (max) l.7mA H Very Low Drift 
±0.1% LT1031CM ISppm (max) 1.7mA H Very TIghllnilial Tolerance 
±0.2% LT1031DM 2Sppm (max) 1.7mA H Low Cosl, High Performance 
±0.3% LTS81J 30ppm (max) 1.0mA H 3 Terminal Low Drift 
±0.1% LT58n ISppm (max) 1.0mA H 3 Terminal Low Drift 
±O.OS% LH0070-2 S.7ppm (max) 5.0mA H Low Drift 
±0.1% LH0070-1 17ppm (max) S.OmA H Good Inilial Tolerance 
±0.1% LHOO70-o 33ppm (max) S.OmA H Low Cosl, High Performance 
±0.3% REF01A 8.5ppm (max) 1.4mA H, J Precision Bandgap 
±O.S% REFOI 2Sppm (max) 1.4mA H, J Precision Bandgap 
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VOLTAGE REFERENCE SELECTION GUIDE 

commERCIAL 
D'Clo+ 7D'C 

VOLTAGE 
VOLTAGE TOLERANCE OPERATING 

Vz MAXIMUM TEMPERATURE DRIFT, CURRENT RANGE PACKAGE 
(V) TA=25'C PART NUMBER ppmf'C OR mV CHANGE (OR SUPPLY CURRENT) TYPE IMPORTANT FEATURES 

1.235 ±0.32% L T1 004C-l.2 20ppm (typ) 101lA 10 20mA H, S, Z Micropower 
±1% L T1 034BC-1.2 20ppm (max) 201lA to 20mA H, S,Z Low TC Micropower with 

7V Aux Reference 
±1% L T1 034C-l.2 40ppm (max) 201lA to 20mA H, S, Z Low TC Micropower with 

7V Aux Reference 
±2% LM385-1.2 20ppm (typ) 151lA to 20mA H,Z Micropower 
±1% LM385B-l.2 20ppm (typ) ISIlA to 20mA H, Z Micropower 

2.5 ±0.8% L T1 004C-2.5 20ppm (typ) 201lA to 20mA H, S, Z Micropower 
±0.2% LT1009C 6mV(max) 4001lA to 10mA H,Z Precision 
±0.4% LT1009S8 2Sppm (max) 4001lA to 20mA S Precision 
±O.OS% L T1 019AC-2.5 Sppm (max) 1.0mA H, N Precision Bandgap 
±0.2% LT1019C-2.5 20ppm (max) 1.2mA H. N.S Precision Bandgap 
±1% L T1 034BC-2.5 20ppm (max) 201lA to 20mA H, S, Z Low TC Micropower with 

7V Aux Reference 
±1% L T1 034C-2.S 40ppm (max) 201lA to 20mA H, S, Z Low TC Micropower wtth 

7V Aux Reference 
±4% LM336-2.5 6mV(max) 4001lA to 10mA H,Z General Purpose 
±2% LM336B-2.5 6mV (max) 400"A to 1 OmA H,Z General Purpose 
±3% LM38S-2.5 20ppm (typ) 201lA to 20mA H,Z Micropower 
±1.5% LM38SB-2.5 20ppm (typ) 201lA to 20mA H,Z Micropower 
±3% LT580J 8Sppm (max) I.SmA H 3 Terminal Low Drift 
±1% LT580K 40ppm (max) 1.5mA H 3 Terminal Low Drift 
±O.4% LT580L 2Sppm (max) I.SmA H 3 Terminal Low Drift 
±0.4% LT580M 10ppm (max) 1.5mA H 3 Terminal Low Drift 

4.S ±O.OS% LT1 019AC-4.S 5ppm (max) 1.2mA H, N Precision Bandgap 
±0.2% LT1019C-4.S 20ppm (max) 1.2mA H, N, S Precision Bandgap 

S.O ±O.OS% LT1019AC-5 Sppm (max) 1.2mA H, N Precision Bandgap 
±O.2% LTlOI9C-5 20ppm (max) 1.2mA H, N, S Precision Bandgap 
±1% LT1021 BC-5 Sppm (max) 1.2mA H, N Very Low Drift 
±O.OS% LTI 021 CC-5 20ppm (max) 1.2mA H,N Very Tight Initial Tolerance 
±1% LT1021 DC-5 20ppm (max) 1.2mA H,J, N,S Low Cost, High Performance 
±O.OS% LT1027C 3ppm(max) 2mA N,H Precision, Dynamics 
± 0.05% LT1027D 5ppm(max) 2mA N,H Precision, Dynamics 
±0.1% LTl027E 7.Sppm (max) 2mA N, H PreCision, Dynamics 
±0.2% LTl029AC 20ppm (max) 700"A to 1 OmA H,Z Precision Bandgap 
±1% LT1029C 34ppm (max) 7001lA to 10mA H,Z Precision Bandgap • ±1% REF02C 65ppm (max) 1.6mA H, J, N Precision Bandgap 
±2% REF02D 250ppm (max) 2.0mA H,J, N Bandgap 
±0.3% REF02E 8.Sppm (max) l.4mA H, J, N Precision Bandgap 
±0.5% REF02H 25ppm (max) l.4mA H,J, N Precision Bandgap 

6.9 ±3% LM329A 10ppm (max) 6001lA to 15mA H, Z Low Drift 
±S% LM329B 20ppm (max) 600"A to 15mA H,Z Low Drift 
±5% LM329C SOppm (max) 6001lA to 15mA H, Z General Purpose 
±5% LM329D 100ppm (max) 600"A to 15mA H,Z General Purpose 
±4% LTZ1000 O.lppm 4mA H Ultra Low Drift, 

2ppm Long Term Stability" 

6.95 ±5% LM399 2ppm (max) 5001lA to 10mA H Ultra Low Drift 
±5% LM399A lppm (max) 500"A to 1 OmA H Ultra Low Drift 

7.0 ±0.7% LT1021 BC-7 5ppm (max) 1.0mA H, N Low Drift/Noise, Exc Stability 
±0.7% LT1 021 DC-7 20ppm (max) 1.0mA H, N, S Low Cost, High Performance 

10.0 ±0.O5% LT1019AC-10 5ppm (max) 1.2mA H, N Precision Bandgap 
±O.2% LT1019C-10 20ppm (max) 1.2mA H,N,S Precision Bandgap 
±O.5% LT1021 BC-10 5ppm (max) 1.7mA H, N Very Low Drift 
±0.05% LTI 021 CC-10 20ppm (max) l.7mA H, N Very Tight Initial Tolerance 
±O.S% LT1 021OC-l 0 20ppm (max) 1.7mA H, N, S Low Cost, High Performance 
±0.05% LTl031BC 5ppm (max) l.7mA H Very Low Drift 
±0.1% LT1031CC 15ppm (max) l.7mA H Very Tight Initial Tolerance 
±0.2% LTl031DC 25ppm (max) 1.7mA H Low Cost, High Performance 
±0.3% LT581J 30ppm (max) 1.0mA H 3 Terminal Low Drift 
±0.1% LT581K 15ppm (max) 1.0mA H 3 Terminal Low Drift 
±1% REF01C 65ppm (max) 1.6mA H, J, N Precision Bandgap 
±0.3% REF01E 8.Sppm (max) l.4mA H,J, N Precision Bandgap 
±0.5% REF01H 25ppm (max) l.4mA H, J, N Precision Bandgap 

"L TZI 000 requires extemal control and biasing circutts. 
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L7~JfJ~~f{~--------p-re-~-Ti-:~-~-~ 
FEATURES 
• Very Low Drift - 2ppm/oC Max TC 
• Pin Compatible with LT1021-5, REF-02 
• Output Sources 15mA, Sinks 10mA 
• Excellent Transient Response Suitable for A-to-D 

Reference Inputs 
• Noise Reduction Pin 
• Excellent Long-Term Stability 
• Less Than 1 ppm p-p Noise (0.1 Hz to 10Hz) 

APPLICATions 
• A-to-D and D-to-A Converters 
• Digital Voltmeters 
• Reference Standard 
• Precision Current Source 

TYPICAL APPLICATiOn 

5V Reference 

DESCRIPTion 
The L T1 027 is a precision reference with extra-low drift, 
superior accuracy, excellent line and load regulation and 
low output impedance at high frequency. This device is 
intended for use in 12- to 16-bit A-to-D and D-to-A 
systems where demanding accuracy requirements must 
be met without the use of power-hungry heated-substrate 
references. The fast-settling output recovers quickly from 
load transients such as those presented by A-to-D converter 
reference inputs. The LT1027 brings together both 
outstanding accuracy and temperature coefficient 
specifications. 

The L T1 027 reference is based on LTC's proprietary 
advanced sub-surface zener bipolar process which 
eliminates noise and stability problems associated with 
surface-breakdown devices. 

Supplying VREF and Vee to the LTC129D 12-bit ADC Output Voltage 

5.006 

CHO Vcc SCLK 

}TO~C 
5.004 

CHl "eLK 
CH2 DOUT ~ 5.002 -~{ CH3 DIN 

INPUTS CH4 '" 
CH5 

CS ; 
8V-40V CH6 g 5.000 

CH7 
LTC1290 ':; 

COM "-
':; 4.998 .... " 
0 

4.996 

4.994 

10k 
-50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

7-6 



LT1027 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Supply Voltage (VIN) ................................................ 40V 
Input-Output Voltage Differential ............................. 35V 
Output to Ground Voltage .......................................... 7V 
VTRIM to Ground Voltage 

Positive ............................................................... 5V 
Negative ......................................................... -o.3V 

Output Short Circuit Duration 
VIN> 20V ..................................................... 10 sec. 
VIN ~ 20V ................................................. Indefinite 

TOP VIEW ORDER PART 
NC' NUMBER 8 

NC' 1 7 NC' LT1027ACH 

V,N ~ P VOUT 
LT1027BCH 
LT1027CCH 

NR~VTRIM LT1027DCH 
LT1027ECH GND 
LT1027DMH H PACKAGE 

B-LEAD TO-5 METAL CAN LT1027EMH 

Operating Temperature Range 
L T1 027M ........................................ -55°C to 125°C 
L T1 027e .............................................. ooe to 70°C 

Storage Temperature Range 
All Devices ...................................... -65°C to 150°C 

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

TOP VIEW 
LT1027BCN8 "-0"- LT1027CCN8 

V,N 2 7 NC' LT1027DCN8 
NR 3 6 VOUT LT1027ECN8 

GND 4 5 VTRIM 

NB PACKAGE 
B-LEAD PLASTIC DIP 

TOP VIEW 

~o'" 
LT1027ECS8 

GND 2·· 7 NC' 

VTRIM 3 : 6 NC' 

VOUT 4 .: 5 NC' 
LT10271191 

S8 PACKAGE 
B-LEAD PLASTIC SOIC 

• CONNECTED INTERNALLY. DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS. • 
ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 1DV, I LOAD = 0, unless otherwise specified_ 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOUT Output Voltage (Note 1) LT1027A 4.9990 5.000 5.0010 V 
L T1027B, C, D 4.9975 5.000 5.0025 V 
LT1027E 4.9950 5.000 5.0050 V 

TCVOUT Output Voltage Temperature Coefficient LT1027A, B • 1 2 ppml"C 
(Note 2) LT1027C • 2 3 ppm/oC 

LT1027D • 2 5 ppm/oC 
LT1027E • 3 7.5 pprnl"C 

Line Regulation (Note 3) BV:;;VIN:;;10V 6 12 pprnN 

• 25 ppmN 

10V:;; VIN:;; 40V 3 6 pprnN 

• 8 pprnN 

Load Regulation (Note 3) Sourcing Current 3 6 ppm/rnA 
0:;; lOUT:;; 15rnA • 8 ppm/rnA 

Sinking Current 30 50 ppm/rnA 
0;<: lOUT ;<:-10rnA • 100 ppm/rnA 
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LT1027 

ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 1DV, I LOAD = 0, unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Current 1.8 2.4 mA 

• 2.8 mA 

VTRIM Adjust Range • ±30 ±50 mV 

en Output Noise (Note 4) 0.1Hz!> f!> 10Hz 3 IIVP-P 

10Hz!>f!> 1kHz 2.0 4.0 IIVRMS 

Temperature Hysteresis H package; d T = 25°C 10 ppm 

Long Term Stability H package 

The. denotes specifications which apply over the operating temperature 
range. 
Note1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 
Note 2: Temperature coefficient is determined by the "box" method in 
which the maximum dVOUT over the temperature range is divided by dT. 
Note 3: Line and load regulation measurements are done on a pulse basis. 
Output voltage changes due to die temperature change must be taken into 
account separately. Package thermal resistance is 150°CIW for TO-5 (H), 
130°CIW for plastic DIP (N8), and 180°CIW for plastic SOIC (S8). 

20 ppm/month 

Note 4: RMS noise is measured with an 8-pole bandpass filter with a 
center frequency of 30Hz and a a of 1.5. The filter output is then rectified 
and integrated for a fixed time period, resulting in an average, as opposed 
to RMS voltage. A correction factor is used to convert average to RMS. 
This value is then used to obtain RMS noise voltage in the 10Hz to 
1000Hz frequency band. This test also screens for low-frequency 
"popcorn" noise within the bandwidth of the filter. Consult factory for 
100% 0.1Hz to 10Hz noise testing. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Ripple Rejection 
100 

120 

110 

~100 
z 
0 
>= 
[;l 
Ul 
0: 

90 

80 

70 

60 

50 
10 

7-8 

VIN = 10V 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 

Effect of Reference Drift on System Accuracy 
A large portion of the temperature drift error budget in 
many systems is the system reference voltage. This graph 
in~icates the maximum temperature coefficient allowable 
ifthe reference is to contribute no more than 1/2LSB error 
tothe overall system performance. The example shown is 
a 12-bit system designed to operate over a temperature 
range from 25°C to 65°C. Assuming the system calibra
tion is performed at 25°C, the temperature span is 40°C. It 
can be seen from the graph that the temperature coeffi
cient of the reference must be no worse than 3ppm/oC if 
it is to contribute less than 1/2LSB error. For this reason, 
the LT1027 has been optimized for low drift. 

Maximum Allowable Reference 
Drift 

" 
~81T 

--r-
\ ~ -.....,10.81+ 

12-81T 

N4-81T ........ r-.. 

~ -I--
10 20 30 40 50 60 70 80 90 100 

TEMPERATURE SPAN (oG) 

Trimming Output Voltage 
The LT1027 has an adjustment pin for trimming output 
voltage. The impedance of the V ADJ pin is about 20kQ with 
an open circuit voltage of 2.5V. A ±30mV guaranteed trim 
range is achievable by tying the V ADJ pin to the wiper of a 
10k potentiometer connecting between the output and 
ground. Trimming output voltage does not affectthe TC of 
the device. 

Noise Reduction 
The positive input of the internal scaling amplifier is 
brought out as the Noise Reduction (NR) pin. Connecting 
a 1 ",F Mylar capacitor between this pin and ground will 
reduce the wideband noise of the L T1 027 from 2.0",VRMS 

7-10 

to approximately 1.2/NRMS in a 10Hz to 1 kHz bandwidth. 
Transient response is not affected by this capacitor. Start
up settling time will increase to several milliseconds due 
to the 7kQ impedance looking into the NR pin. The 
capacitor must be a low-leakage type. Electrolytics are not 
suitable for this application. Just 100nA leakage current 
will result in a 150ppm error in output voltage. This pin is 
the most sensitive pin on the device. For maximum protec
tion a guard ring is recommended. The ring should be 
driven from a resistive divider from VOUT set to 4.4V (the 
open circuit voltage on the NR pin). 

Transient Response 
The L T1 027 has been optimized for transient response. 
Settling Time is under2f..lS when an AC-coupled 1 OmA load 
transient is applied to the output. The L T1 027 achieves 
fast settling by using a class B NPN/PNP output stage. 
When sinking current, the device may oscillate with ca
pacitive loads greater than 100pF. The L T1 027 is stable 
with all capacitive loads when at no DC load or when 
sourcing current, although for best settling time either no 
output bypass capactor or a 4.7 ",F tantalum unit is recom
mended. An 0.1 ",F ceramic output capacitor will maximize 
output ringing and is not recommended. 

Kelvin Connections 
Although the L T1 027 does not have true force-sense 
capability, proper hook-up can improve line loss and 
ground loop problems significantly. Since the ground pin 
of the LT1 027 carries only 2mA, it can be used as a low
side sense line, greatly reducing ground loop problems on 
the low side ofthe reference. The VOUT pin should be close 
to the load or connected via a heavy trace as the resistance 
ofthis trace directly affects load regulation. It is important 
to remember that a 1.22mV drop dueto trace resistance is 
equivalent to a 1 LSB error in a 5VFS, 12-bit system. 
The circuits in Figures 1 and 2 illustrate proper hook-up to 
minimize errors due to ground loops and line losses. 
Losses in the output lead can be further reduced by adding 
a PNP boost transistor if load current is 5mAor higher. R2 
can be added to further reduce current in the output sense 
load. 
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APPLICATions InFoRmATion 

KEEP THIS LINE RESISTANCE LOW 
INPUT 

~~~~~~ -----------~ 
lTlD27FOl 

Figure 1. Standard Hook-Up 

·OPTIONAL-REDUCES CURRENT IN OUTPUT SENSE LEAD 

Figure 2. Driving Higher Load Currents 

APPLICATion CIRCUITS 

1DV Reference 

5k 

5k" 

5k" 

"0.1% METAL FILM 

10.00V 
OUTPUT 

Operating 5V Reference from 5V Supply 

1DV Reference 

,-----...... ------------ ~~~ICSUPPLY 

·FOR HIGHER FREQUENCIES Cl AND C2 MAY BE DECREASED. 
""PARALLEL GATES FOR HIGHER REFERENCE CURRENT LOADING. 

+5V 
REFERENCE 

O.Ol~F 
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EQUIVALEnT SCHEmATIC 

GND 
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OUTPUT CURRENT LIMIT AND 
BIAS CIRCUITS NOT SHOWN. 

VOUT 

lT1027ESOl 
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FEATURES 
• GuaranteedO.4% Initial Voltage Tolerance 
• 0.10 Typical Dynamic Output Impedance 
• Fast Turn-On 
• Sink Current Capability, 1mA to 100mA 
• low Ref Pin Current 

APPLICATions 
• linear Regulators 
• Adjustable Power Supplies 
• SWitching Power Supplies 

TYPICAL APPLICATiOn 

DESCRIPTion 
The l T1431 is an adjustable shunt voltage regulator with 
100mA sink capability, 0.4% initial reference voltage 
tolerance, and 0.3% typical temperature stability. On-chip 
divider resistors allow the l T1431 to be configured as a 
5V shunt regulator, with 1 % initial voltage tolerance and 
requiring no additional external components. By adding 
two external resistors, the output voltage may be set to 
any value between 2.5V and 36V. The nominal internal 
current limit of 1 OOmA may be decreased by including one 
external resistor. 

A simplified three pin version, the l T1431 CZlIZ, is avail
able for applications as an adjustable reference and is pin 
compatible with the Tl431. 

Isolated 5V Regulator 

+--...---, r-~~~---------~---~~5V 

SWITCHING 
REGULATOR 

7-13 



LT1431 

ABSOLUTE mAXimum RATinGS 
V+, VCOLLECTOR ........................................................................ 36V Junction Temperature Range 
VCOMP, RTOP, RMID, VREF ....................................................... 6V LT1431 M ......................................... -55°C to 150°C 
GND-Fto GND-S ...................................................... 0.lV LT1431I .......................................... - 40°C to 100°C 
Ambient Temperature Range LT1431C .............................................. O°C to 100°C 

LT1431M ......................................... -55°Cto 125°C Storage Temperature Range .................. -65°C to 150°C 
L T1431 I ............................................. -40°C to 85°C Lead Temperature (Soldering, 10 sec.) ................. 300°C 
L T1431 C ................................................ O°C to lO°C 

PACKAGE/ORDER InFORmATiOn 

ORDER PART ORDER PART ORDER PART 
TOP VIEW NUMBER NUMBER TOPVIEW NUMBER ='0'" BOnOM VIEW ~O~ COMP 2 7 RMID LT1431MJ8 ,,,weATHODE LT1431CZ 

COMP 2 7 RMID 

LT1431CS8 ·v+ 3 6 GNo-F v+ 3 6 GND-F 

RTOP 4 5 GND-S LT1431CN8 ANODE LT14311Z ATop 4 5 GND-S LT14311S8 
J8 PACKAGE LT14311N8 

S8 PACKAGE Z PACKAGE 8·LEAD CERAMIC DIP HEAD TO-92 PLASTIC 8·LEAD PLASTIC SDIC 
N8 PACKAGE 

8·LEAD PLASTIC DIP 

ELECTRICAL CHARACTERISTICS TA = 2SOC, IK = 10mA, unless otherwise specified (Note 1~ 

LT1431M/I LT1431C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
VREF Reference Voltage V KA = 5V, IK = 2mA, (Note 2) 2490 2500 2510 2490 2500 2510 mV 

• 2465 2535 2480 2520 mV 
AVREPAT Reference Drift VKA = 5V, IK=2mA • 50 30 ppm/oC 

AVREF Voltage Ratio, Reference to IK = 2mA, VKA = 3V to 36V • 0.2 0.5 0.2 0.5 mVN 

AVKA Cathode (Open Lciop Gain) 

IIREFI Reference Input Current VKA = 5V, TA = 25°C 0.2 1 0.2 1 pA 

• 1.5 1.2 pA 

IMIN Minimum Operating Current VKA = VREF to 36V 0.6 1 0.6 1 mA 

IloFFI Off·State Cathode Current VKA=36V, VREF=OV 1 1 pA 

• 15 2 pA 

IILEAKI Off-8tate Collector Leakage Current VCOLL =36V, V+ =5V, VREF=2.4V 1 1 pA 

• 5 2 pA 

IZKAI Dynamic Impedance VKA=VREF, IK= lmA to 100mA, f"lkHz 0.2 0.2 II 

ILiM Collector Current Limit VKA = VREF + 50mV • 80 360 100 260 mA 
5V Reference Output Internal Divider Used, IK = 2mA 4950 5000 5050 4950 5000 5050 mV 

The. denotes specifications which apply over the full operating tempera
ture range. 
Note 1: VKA is the cathode voltage of the L T1431 CZlIZ and corresponds to 
V+ olthe LT1431CNB/IN8/MJ8.IK is the cathode current of the LT1431CZI 
IZ and corresponds to I(Vt) + ICOLLECTOR of the L T1431 CN8/MJ8/INB. 

Note 2: The LT1431 has bias current cancellation which is effective only 
for VKA ?3V. A slight (~2mV) shift in reference voltage occurs when VKA 
drops below 3V. For this reason, these tests are not performed at 
VKA = VREF. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Pin Functions 

Pin 1 COll: Open collector of the output transistor. The 
maximum pin voltage is 36V. The saturation voltage at 
100mA is approximately 1V. 

Pin 2 COMP: Base of the driver for the output transistor. 
This pin allows additional compensation for complex feed· 
back systems and shutdown of the regulator. It must be 
left open if unused. 

Pin 3 V+: Bias voltage for the entire shunt regulator. The 
maximum input voltage is 36V and the minimum to oper· 
ate is equal to VREF (2.SV). The quiescent current is typo 
ically O.6mA. 

Pin 4 RTOP: Top of the on·chip Sk-Sk resistive divider that 
guarantees 1 % acc,uracy of operation as a SV shunt 
regulator with no external trim. The pin is tied to COll for 
self-contained SV operation. It may be left open if unused. 
See note on parasitic diodes below. 

Pin 5 GND-S: Ground reference for the on-chip resistive di
vider and shunt regulator circuitry except for the output 
transistor. This pin allows external current limit of the out
put transistor with one resistor between GND-F (force) and 
GND-S (sense). 

Pin 6 GND-F: Emitter of the output transistor and sub
strate connection for the die. 

Pin 7 RMID: Middle of the on-chip resistive divider string 
between RTOP and GND-S. The pin is tied to REF for self
contained SV operation. It may be left open if unused. 

Pin 8 REF: Control pin of the shunt regulator with a 2.SV 
threshold. If V + > 3V, input bias current cancellation re
duces Ib to O.2pA typical. 

COMP, RTOP, RMID, and REF have static discharge protec
tion circuits that must not be activated on a continuous 
basis. Therefore, the absolute maximum DC voltage on 
these pins is 6V, well beyond the normal operating 
conditions. 

LTl431 

As with all bipolar ICs, the lT1431 contains parasitic 
diodes which must not be forward biased or else anoma
lous behavior will result. Pin conditions to be avoided are 
RTOP below RMID in voltage and any pin below GND-F in 
voltage (except for GND-S). 

The following pin definitions apply to the Z package. 

Pin 1 CATHODE: Corresponds to COlland V+ tied together. 

Pin 2 ANODE: Corresponds to GND-S and GND-F tied 
together. 

Pin 3 REF: Corresponds to REF. 

Frequency Compensation 

As a shunt regulator, the l T1431 is stable for all capacitive 
loads on the COll pin. Capacitive loading between O.01/LF 
and 18/LF causes reduced phase margin with some ringing 
under transient conditions. Output capacitors should not 
be used arbitrarily because output noise is not necessarily 
reduced. 

Excess capacitance on the REF pin can introduce enough 
phase shift to induce oscillation when configured as a 
reference >2.SV. This can be compensated with ca
pacitance between COll and REF (phase lead). More com
plicated feedback loops may require shaping of the 
frequency response of the lT1431 with dominant pole or 
pole-zero compensation. This can be accomplished with a 
capacitor or series resistor and capacitor between COll 
andCOMP. 

The compensation schemes mentioned above use voltage 
feedback to stabilize the circuits. There must be voltage 
gain at the COll pin for them to be effective, so the COll 
pin must see a reasonable AC impedance. Capacitive 
loading of the COll pin reduces the AC impedance, volt
age gain, and frequency response, thereby decreasing the 
effectiveness of the compensation schemes, but also de
creasing their necessity. 
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TYPICAL APPLICATions 

2.SV Reference 
a·Pin Package 

2.SV Reference 
a·Pin Package SV Reference 

VIN--_'oIIr-.., 

7-18 

Increasing SV Reference 

...---_---+----5VH 

4 = R x (O.5mA) ± 25% PROCESS TOLERANCE 
.1s5OOmV 

...---+--......... 2.5V 

Programmable Reference with Adjustable Current Limit 

VIN--_'oIIr-.., 

...---+--..-... VOUT= (1+ ~n VREF 

R1 

R2 



TYPICAL APPLICATions 

Measured Dropout Voltages 

2A 
1A 

O.5A 

MTP50N05EL 
47mV 
22mV 

11.5mV 

PNP Low Dropout 5V Regulator' 

VIN - ...... - ...... -----------t---, 
O.lPFT 

lk 

~---------------~-+~ 
MEASURED DROPOUT VOLTAGE 

420mV@4A 
19OmV@2A 
9SmV@lA 
6OmV@O.SA 

'NO SHORT CIRCUIT PROTECTION 
"MAY BE INCREASED AT LOWER WATIAGE 

FOR LOWER OUTPUT CURRENTS 

T330pF 

FET Low Dropout 5V Regulator with Current Limit 

VIN~S.2V - ..... ~-----":"1 

MTM25N05L 
145mV 
73mV 
37mV '1.S'I/23SOLIDCOPPERWIRE 

-O.OO2D-3ALIMIT 

+12V 

0.0020' 

LT1431 
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TYPICAL APPLICATions 

12V to 5V Buck Converter with Foldback Current Limit" 

LT1OB9 
HI SIDESWITCH 

PULSE ENGINEERING 
#PE·51515 

~----------------------------~ .. ~,7A 

'CONTACT LTC FOR HIGH EFFICIENCY 
SWITCHING REGULATORS 

Isolated 5V to ± 15V Flyback Converter 

COILTRONICS 
SM·16·1Q().2 

4.5V -5.5V _t-__ '""1p-____ ..... __ 6;:.;, 7 

i-~--""'--""""".-15V, 70rnA 

15k 

+ 

5O'F'J 
VIN Vsw 

LTl172 
OR 

LTlO72 15V,70mA 

GND Vc 

MEASURED EFFICIENCY 
LT1172 67.8%@2.2WoUT 
LT1072 68.6%@2.2WOUT 
LTl071 61.1%@4.4WouT 
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Buck Converter Efficiency 

BO - ~~9V V" ...... 
/ VIN=12V 

/ ./ -- T 

70 

~ V VIN=15V 

/ 

( 

40 

30 
o 3 4 5 

IlOAO(A) 

Fully Loaded Output Ripple vs Filtering 

c· LT1172 LT1072 

T T21O'F 
30mVp·p 4OmVp·p 

L' 

r'T T 100,F T 100,F 
6mVp·p 8mVp-p 

L' BELL INDUSTRIESJ.W. MILLER 
DIVISION 9310-361OpH, 450m~ 



TYPICAL APPLICATions 
5V Power Supply Monitor with ± 500mV 

Window and SOmV Hysteresis 
VIN_ ..... ___ .... __ t-__ ..... ___ .... _-., 
(5V) 

"HIGH"' FOR +----1-. OVER VOLTAGE OR 
UNDER VOLTAGE 

10" 'DETERMINES WINDOW SIZE 
V = (R - 5k)(0.5mA) 

"SETS HYSTERESIS 

High Efficiency Buck Converter E = 85 - 89% 

VIN .... - ... --.... -----------_ 
01 
BAT85 

C2 

R1 
470k 

4.7~F 35V 
TANTALUM 

D4 
BAT85 D3 

MBR330 

LT1431 

Transfer Function 

/ 

1/ 

/ 
/ 

/ 
o / 
o 

BOLD LINE INDICATES HIGH CURRENT PATHS 
, = 1 % FILM RESISTDRS 

C1 = NICHICON-UPL1V221MPH 
C6 = NICHICDN-UPL1C471MPH6 

D1, D2 = PHILlPS-BAT85 
D3 = MOTORALA-MBR330 
L1 = CDiLTRONICS CTX50-3-MP 

C3, C4, C5 = WIMA-MKS-2 

~+---~-----~----rvy~----.. -_P-_"'_ +5V 
2.5A 

RUN = 0 
1 SHUTDOWN> 3V 

OFF~----~------~ 

RTN 

R3 
10k 

NOTES: UNLESS OTHERWISE SPECIFIED 
1. ALL RESISTANCES ARE IN n, 1/4W, 5% 
2. ALL CAPACITANCES ARE IN ~F, 50V, 10% 

R4 
100 

R5 
680 

3. SHUTDOWN LDGIC STATE MUST BE DEFINED BY A LOGIC GATE OR BY TYING TO GND 
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SCHEmATIC 
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SWITCHED CAPACITOR FILTERS 

User Configured 
Universal Filters 

Very High Speed 

LTC1264 (200kHz, 4 Section) 

High Speed/low Noise 

LTC 1 064 (140kHz, 4 Section) 

Medium Speed 

LTC1059 (40kHz, 1 Section) 
LTC1060 (20kHz, 2 Section) 
LTC1061 (35kHz, 3 Section) 

low Power/low Noise 

LTC1164 (20kHz, 4 Section) 

Semi-Custom/low Noise 

LTC1064-XX (4 Section) 
LTC1064-XX (4 Section) 

Lowpass Filters 

DC Accurate 

L TC1 062 (20kHz, 5th Order) 
L TC1 063 (20kHz, 5th Order) 

8th Order 
Cauer/low Noise 

LTC1064-1 (50kHz) 
LTC1064-4 (100kHz) 
L TC1164-6 (20kHz; Low Power) 

8th Order 
Butterworth/low Noise 
LTC 1 064-2 (Up to 140kHz) 

8th Order Linear Phase 
Bessel/low Noise 

LTC1064-3 (Up to 100kHz) 

8th Order Selectable 
Btrwth/Linear Phase 

LTC1164-5 (Up to 20kHz, Low Noise) 

8th Order Linear Phase 
and Fast Rolloff 

LTC1264-7 (Up to 250kHz, High Speed) 
LTC1164-7 (Up to 20kHz, Low Power) 
LTC1064-7 (Up to 100kHz, Low Noise) 
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FILTER SELECTION GUIDE 

IIITRODUCTIOn 
The LTC family of switched capacitor filters offers the system designer cost effective and space saving alternatives to filter designs 
implemented with op amps. A single IC filter can be used to replace multiple amplifiers and external capacitors. 

Since their center frequencies are set by a stable external clock, switched capacitor filters virtually eliminate the temperature drift problems 
associated with active RC filter designs. This clock tuning also allows the adjustment of corner frequency over a wide range (greater than 
106:1 for the LTC1064 family), permitting one filter to do the job of multiple active RC filters. 

LTC's filter offerings include single, dual, triple, and quad block products and range in performance from improved replacements for the 
industry standard MF5 and MF10, to state-of-the-art products such as the L TCI 064/1164/1264 families. The LTCI 064/1164/1264 "Dash 
Series" products are one chip solutions requiring no external components. Our semi-custom programs offer an ASIC solution to high 
performance or higher volume system needs. 

FEATURES 
• Clock Tunable Center Frequencies 
• Stable, Selectable Clock to Center Frequency Ratios 
• Center Frequencies to 300kHz 
• Noise Performance As Low As 80IlV, Wideband 
• Available with Zero DC Offset 
• Filter CAD Program Available for Low-Effort Design 
• Available as Universal Filter Blocks, Dedicated Filters, 

or Semi-Custom Fixed Filters 
• Improved Replacements for Industry Standard MF5 

and MF10 
• Available in Surface Mount Packages 

PART 
NUMBER • SECTIONS I. MAX lofIcLK TCI. 

LTC1059 1 40kHz 100,50:1 5ppm/oC 
LTC1060 2 20kHz 100,50:1 10ppm/°C 
LTC 1 061 3 35kHz 100,50:1 lppm/°C 
LTC1062 2 20kHz 100:1 10ppm/oC 
LTC1064 4 140kHz 100,50:1 lppm/°C 
LTC1064·1 4 50kHz 100:1 lppm/oC 
LTC1064·2 4 140kHz 100,50:1 lppm/oC 
LTC1064·3 4 100kHz 150,75:1 lppm/oC 
LTC1064·4 4 100kHz 100,50:1 lppm/oC 
LTC1064·7 4 100kHz 100,50:1 lppm/oC 
LTC1064·XX 4 to 140kHz 100,50:1 lppm/°C 
LTCI164 4 20kHz 100,50:1 lppm/oC 

LTC1164·5 4 20kHz 100,50:1 lppm/oC 

LTCII64·7 4 20kHz 100,50:1 lppm/°C 
LTCI164·XX 4 to 20kHz 100,50:1 lppm/oC 
LTC1264 4 300kHz 20:1 lppm/°C 
LTCI264·7 4 250kHz 50,25:1 lppm/oC 
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APPLICATions 
• Antialiasing Filters 
• Telecom Filters 
• Spectral Analysis 
• DSP 
• Loop Filters 
• Audio 

SO PIN 
PKG COUNT FEATURES 
Y 14 Low Noise, Low Crosstalk, Universal Filter Block 
Y 20 Improved MF5 Replacement 
Y 20 Improved MF10 Replacement 
Y 8 Fifth Order Low Pass Filter, No DC Offset 
Y 24 Universal, Low Noise, Fast Quad Filter 
Y 14 Low Noise, Cauer Lowpass FiRer 
Y 14 Low Noise, High Frequency Butterworth Lowpass Filter 
Y 14 Low NOise, Linear Phase Bessel Lowpass Filter 
Y 14 Low Noise, High Speed Cauer Lowpass Filter 
Y 14 Constant Group Delay, Lowpass Filter 
Y 14 Semi·Custom Low Noise, High Speed Filter 
Y 24 Universal, Low Noise, Low Power, Wide Dynamic Range Finer 
Y 14 Low Power, Butterworth/Bessel Lowpass FiRer 
Y 14 Constant Group Delay, Low Power, Lowpass Filter 
Y 14 Semi-Custom Low Noise, Low Power Filter 
Y 24 Very High Speed Universal Quad Riter 
Y 14 Constant Group Delay, High Speed, Lowpass Filter 



'~Lln~ LTC1064-2 
~~ TECHNOLOGY~---L-o-w-N-o-is-e-,-H-ig-h-F-re-q-u-e-n-cy.-, 

8th Order Butterworth Lowpass Filter 

FEATURES 
• 8th Order Filter in a 14-Pin Package 
• 140kHz Maximum Corner Frequency 
• No External'Components 
• 50:1 and 100:1 Clock to Cutoff Frequency Ratio 
• 80l'VRMS Total Wideband Noise 
• 0.03% THO or Better 
• Operates from ± 2.37V to ± 8V Power Suppl ies 

APPLICATions 
• Antialiasing Filters 
• Smoothing Filters 
• Tracking High Frequency Lowpass Filters 

TYPICAL APPLICATiOn 

8th Order Clock Sweepable 
Lowpass Butterworth Filter 

OUT(C) 

':::"'--+-NC 

':':"'--+--8V 

.:.:...--+- CLOCK =5MHz 

""---t- V + 

::"'--+-VOUT 

NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A O.l.F 
CAPACITOR CLOSE TO THE PACKAGE. THE NC PINS 1, 6, 8, AND 
13 SHOULD BE PREFERABLY GROUNDED. 

DESCRIPTion 
The LTC1064-2 is a monolithic 8th order lowpass Butter
worth filter, which provides a maximally flat passband. 
The attenuation slope is - 48dB/octave and the maximum 
attenuation is in excess of 80dB. An external TIL or CMOS 
clock programs the filter's cutoff frequency. The clock to 
cutoff frequency ratio is 100:1 (pin 10 at negative supply) 
or 50:1 (pin 10 at V+). The maximum cutoff frequency is 
140kHz. No external components are needed. 

The LTC1064-2 features low wideband noise and low har
monic distortion even for input voltages up to 3VRMS. In 
fact the LTC1064-2 overall performance competes with 
equivalent multi-op amp RC active realizations. The 
LTC1064-2 is available in a 14-pin DIP or 16-pin surface 
mounted SOL package. The LTC1064-2 is fabricated using 
LTC's enhanced analog CMOS Si·gate process. 

The LTC1064-2 is pin compatible with the LTC1064-1. 

OdB 

-l5dB 

-30d8 

~-45dB 

,;' -60dB 

-75dB 

-9OdB 

-105dB 

Measured Frequency Response 

V~= ±i.5V 

\ 
\ 

\ 
\ 
1\ 

r\.. ./ 
,.. 

o 100 200 300 400 500 600 700 
FREQUENCY (kHz) 
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LTC1064-2 

ABSOLUTE mAXimum RATinGS 
Total Supply Voltage (V + to V -) ................... 16.5V 
Power Dissipation .............................. .400mW 
Storage Temperature Range ... " ........ - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW ORDER PART 
NUMBER 

LTC1064·2MJ 
LTC1064·2CJ 
LTC1064·2CN 

J PACKAGE N PACKAGE 
14-lEADCERAMICDIP 14-LEAOPLASTICOIP 

ELECTRICAL CHARACTERISTICS 

Operating Temperature Range 
LTC1064·2M .......................... - 55°C to 125°C 
LTC1064·2C ........................... - 40°C to 85°C 

TOP VIEW ORDER PART 
NUMBER 

LTC1064·2CS 

Vs = ± 7.5V, 100:1, fClK = 2M Hz, R1 = 10kll, TA = 25°, TILclock input level, unless otherwise specified. 
PARAMETER CONDITIONS 
Passband Gain (Note 1) Referenced to OdB, 1 Hz to 1 kHz 
Gain TempCo 
- 3dB Frequency 100:1 

50:1 
Gain at - 3dB Frequency Referenced to OdB, fiN = 20kHz 
Stopband Attenuation At 1.5f _ 3dB, 50:1, fiN = 60kHz 
Stopband Attenuation At2L3dB,I00:I,fIN=40kHz 
Stopband Attenuation At 3L3dB, 100:1, 'IN = 60kHz 
Stopband Attenuation At 4L3dB, 100:1, fiN = 80kHz 
Input Frequency Range 100:1 

50:1 
Output Voltage Swing and Vs= ±2.37V 
Operating Input Voltage Range Vs= ±5V 

Vs= ±7.5V 
Total Harmonic Distortion Vs= ±5V,lnput= tVRMSat 1kHz 

Vs= ± 7.5V,lnput=3VRMsat 1kHz 
Wldeband Noise Vs= ±5V,lnput=GND1Hz-1.99MHz 

Vs= ±7.5V,lnput=GND1Hz-1.99MHz 
Output DC Offset (Note 1) Vs= ±7.5V 
Output DC Offset TempCo Vs= ±5V 
Input Impedance 
Output Impedance 'our = 10kHz 
Output Short Circuit Current Source/Sink 
Clock Feedthrough 
Maximum Clock Frequency 50'10 Duty Cycle, Vs = ± 5V 

50'10 Duty Cycle, TA = 25°C, Vs= ± 7.5V 
PowerSupply Current Vs= ±2.37V,fclK=IMHz 

Vs= ±5V,fCl.K=IMHz 

Vs= ± 7.5V, fCLK= lMHz 

Power Supply Voltage Range 
.. .. 

The • denotes the specifications which apply over the full operating 
temperature range. 
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MIN TYP MAX UNITS 

• -0.5 0.15 dB 
0.0002 dBioC 
20 kHz 
40 kHz 

• -3 -2.75 dB 

• -24 -27 dB 
• -44 -47 dB 

-74 dB 
-90 dB 

0 <fCLKI2 kHz 
0 <fClK kHz 

• ±1.1 V 

• ±3.1 V 

• ±5.0 V 
0.015 '10 
0.03 '10 
BO ~VRMS 
90 ~VRMS 

±30 ±125 mV 
±90 ~V/oC 

10 20 kII 
2 0 

311 mA 
200 ~VRMS 

5 MHz 
7 MHz 

• 11 22 mA 
14 23 mA 

• 26 mA 
17 28 mA 

• 32 mA 

• ±2.37 ±8 V .. Note1: For tighter specificatIOns contact LTC Marketmg. 



TYPICAL PERFORmAnCE CHARACTERISTICS 

Graph 1. Amplitude Response 
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Graph 7. Harmonic Distortion vs 
Frequency 
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Graph 2. Phase Response 
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Graph 3. Group Delay vs 
Frequency 
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Graph 6. Noise Spectral Density 
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Graph 9. Power Supply vs Current 
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LTC1064-2 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Table 1. Gain/Delay, '- 3dB = 1 kHz, 

-15 

<D -30 
~ 
z 
:> -45 
'5 
~ -60 

-75 

-90 

-105 

LTC1064·2 Typical Response Vs = ± 5V, TA = 25°C 
fClK = 50kHz, Ratio = Pin 10 at V+ (fltr50:1) 

FREQUENCY GAIN 
O.200kHz -O.247dB 
O.300kHz -O.270dB 
O.400kHz -O.290dB 
O.500kHz -O.300dB 
O.600kHz -O.320dB 
O.700kHz -O.370dB 
O.800kHz -O.520dB 
O.900kHz -1.200dB 
1.000kHz -3.3BOdB 
1.l00kHz -7.530dB 
1.200kHz -12.670dB 

Table 3. GainIDelay, f _ 3dB = 1 kHz, 
LTC1064·2 Typical Response Vs = ± 5V, TA = 25°C 
fClK = 100kHz, Ratio = Pin 10 at V- (fltr 100:1) 

FREQUENCY GAIN 
O.200kHz -O.2l3dB 
O.300kHz -O.240dB 
O.400kHz -O.260dB 
O.500kHz -O.280dB 
O.600kHz -O.3l0dB 
O.700kHz -O.370dB 
O.800kHz -O.530dB 
O.900kHz -1.200dB 
1.000kHz -3.370dB 
1.l00kHz -7.500dB 
1.200kHz "'-12.640dB 

8-8 

Graph 10. Amplitude Response 
with Pin 10 at Ground 

1 

DELAY 
O.857ms 
O.872ms 
O.893ms 
O.929ms 
O.983ms 
1.07lms 
1.2l0ms 
1.364ms 
1.38lms 
1.192ms 
O.935ms 

DELAY 
O.82lms 
O.837ms 
O.858ms 
O.893ms 
O.947ms 
1.034ms 
1.172ms 
1.325ms 
1.346ms 
1.l58ms 
O.899ms 

PIN 10 AT GROUNO 
\'CLK=1MHZ 

\ 
\ 

10 100 
fiN (kHz) 

Table 2. Gain, '- 3dB = 1 kHz, 
LTC1064·2 Typical Response Vs = ± 5V, TA = 25°C 
fClK = 50kHz, Ratio = Pin 10 at V + (fltr 50:1) 

FREQUENCY GAIN 
O.500kHz -O.298dB 
1.000kHz -3.380dB 
1.500kHz -27.50OdB 
2.000kHz -47.200dB 
2.500kHz -63.300dB 
3.000kHz -75.l90dB 
3.500kHz -86.l00dB 
4.000kHz -95.3l0dB 
4.500kHz -104.240dB 
5.000kHz -109.650dB 
5.500kHz -121.930dB 
6.000kHz -123.920dB 
6.500kHz -114.l50dB 
·7.000kHz -116.990dB 
7.500kHz -120.070dB 

8.000kHz -113.470dB 
8.500kHz -l30.090dB 
9.000kHz -114.770dB 
9.500kHz -l17.760dB 



LTC1064-2 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Table 4. Gain, L 3dB = 1 kHz, 
LTC1064·2 Typical Response Vs = ± 5V, TA = 25°C 
fClK = 100kHz, Ratio = Pin 10 at V- (fltr100:1) 

FREQUENCY GAIN 
O.500kHz -O.279dB 
1.000kHz -3.370dB 
1.500kHz -27.500dB 
2.000kHz -47.200dB 
2.500kHz -62.300dB 
3.000kHz -75.130dB 
3.500kHz -86.090dB 
4.000kHz -95.210dB 
4.500kHz -103.030dB 
5.000kHz -108.690dB 
5.500kHz -114.830dB 
6.000kHz -120.540dB 
6.500kHz -114.750dB 
7.000kHz -116.430dB 
7.500kHz -120.790dB 
8.000kHz -121.290dB 
8.500kHz -119.970dB 
9.000kHz -120.020dB 
9.500kHz -12S.170dB 

Table 5. Gain, L 3dB = 20kHz, 
LTC1064-2 Typical Response Vs = ± 7.5V, T A = 25°C 
fClK = 1MHz, Ratio = Pin 10 at V+ (fltr50:1) 

FREQUENCY GAIN 
10.000kHz -O.308dB 
2O.000kHz -3.35OdB 
30.000kHz -27.400dB 
40.000kHz -47.100dB 
SO.OOOkHz -62.300dB 
60.000kHz -74.890dB 
70.000kHz -85.43OdB 
OO.OOOkHz -95.07OdB 
90.000kHz -103.150dB 

100.000kHz -108.700dB 
110.000kHz -107.S20dB 
120.000kHz -108.030dB 
130.000kHz -104.990dB 
140.000kHz -108.090dB 
15O.000kHz -105.320dB 

Table6. Gain, L3dB = 140kHz, 
LTC1064-2 Typical Response Vs = ± 7.5V, TA = 25°C 
fClK =7MHz, Ratio = Pin 10at V+ (fltr50:1) 

FREQUENCY GAIN 
5O.000kHz -O.238dB 
6O.000kHz -O.140dB 
70.000kHz O.05OdB 
OO.OOOkHz O.35OdB 
9O.000kHz O.810dB 

100.000kHz 1.450dB 
110.000kHz 2.110dB 
120.000kHz 1.830dB 
130.000kHz -O.700dB 
140.000kHz -4.840dB 
15O.000kHz -9.35OdB 
160.000kHz -13.690dB 
170.000kHz -17.76OdB 
100.000kHz -21.600dB 
190.000kHz -25.200dB 
200.000kHz -28.500dB 
210.000kHz -31.000dB 
220.000kHz -34.000dB 
230.000kHz -37.700dB 
240.000kHz -40.500dB 
250.000kHz -43.200dB 
260.000kHz -45.700dB 
270.000kHz -48.200dB 
280.000kHz -SO.500dB 
290.000kHz -S2.700dB 
300.000kHz -54.900dB 
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LTC1064-2 

TYPICAL PERFORmAnCE CHARACTERISTICS 

Table 7. Gain for Non·Butterworth Response (Pin 1010 GND) 
LTC1064·2Typical Response Vs = ± 5V, TA = 25°C 
fClK = 100kHz 

FREQUENCY 
O.500kHz 

1.000kHz 
1.500kHz 

2.000kHz 

2.500kHz 
3.000kHz 
3.500kHz 
4.QOOkHz 

4.500kHz 
5.000kHz 

5.500kHz 
6.000kHz 

6.500kHz 
7.000kHz 

7.500kHz 
8.000kHz 

8.500kHz 
9.000kHz 
9.500kHz 

Pin DESCRIPTion 
Power Supply Pins (4,12) 

The V + (pin 4) and V - (pin 12) should be bypassed with a 
0.11lF capacitor to an adequate analog ground. Low noise, 
non-switching power supplies are recommended. To avoid 
latch up when the power supplies exhibit high turn-on 
transients, a 1 N5817 schottky diode should be added from 
the V + and V - pins to ground, Figures 1,2 and 3. 

Clock Pin (11) 

For ± 5V supplies the logic threshold level is 1.4V. For 
± 8V and OV to 5V supplies the logic threshold levels are 
2.2V and 3V respectively. The logic threshold levels vary 
± 100mV over the full military temperature range. The 
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GAIN 
-O.012dB 

1.240dB 
-14.690dB 

-28.600dB 
-41.100dB 

-52.500dB 
-62.800dB 
- 71.500dB 

- 79.370dB 

-86.730dB 
-93.340dB 
-99.350dB 

-105.270dB 

-113.270dB 
-114.600dB 

-114.010dB 
-122.810dB 
-122.980dB 
-119.450dB 

recommended duty cycle of the input clock is 50% al
though for clock frequencies below 500kHz the clock "on" 
time can be as low as 200ns. The maximum clock fre
quency for ± 5V supplies is 4MHz. For ± 7V supplies and 
above, the maximum clock frequency is 7MHz. Do not al
low the clock levels to exceed the power supplies. For sin
gle supply operation "i?6V use level shifting at pin 11 with 
T2L levels, see Figure 4. 

Analog Ground Pins (3, 5) 

For dual supply operation these pins should be connected 
to a ground plane. For single supply operation both pins 
should be tied to one half supply, Figure 3. 



Pin DESCRIPTion 
Connection Pins (7, 14) 

A very short connection between pins 14 and 7 is recom· 
mended. This connection should be preferably done under 
the IC package. In a breadboard, use a one inch, or less, 
shielded coaxial cable; the shield should be grounded. In a 
PC board, use a one inch trace or less; surround the trace 
by a ground plane. 

Input, Output Pins (2, 9) 

The input pin 2 is connected to an 18kll resistor tied to the 
inverting input of an op amp. Pin 2 is protected against 
static discharge. The device's output, pin 9, is the output 
of an op amp which can typically source/sink 3/1mA. AI· 
though the internal op amps are unity gain stable, driving 
long coax cables is not recommended. 

When testing the device for noise and distortion, the out· 
put, pin 9, should be buffered, Figure 1. The op amp power 
supply wire (or trace) should be connected directly to the 

VOUT 

RECOMMENDED OP AMPS: 
LT1022, LT31S, LT1056 

Figure 1. Buffering the Filter Output. The Buffer Op Amp Should 
Not Share the LTC1064·2 Power Lines. 

LTC1064-2 

power source. To eliminate switching transients from filter 
output, buffer filter output with a third order lowpass, see 
FigureS. 

NC Pins (1, 6, 8, 13) 

The "no connection" pins should be preferably grounded. 
These pins are not internally connected. 

Ratio Pin (10) 

The DC level at this pin determines the ratio of clock fre· 
quency to the - 3dB frequency of the filter. The ratio is 
50:1 when pin 10 is at V+ and 100:1 when pin 10 is at V-. 
This pin should be bypassed with a 0.1/LF capaCitor to ana· 
log ground when it's connected to V- or V+, Figure 1. See 
Tables 1 through 7 for typical gain and delay responses for 
the two ratios. 

Figure 2. Using Schottky Diodes to Protect the IC 
from Transient Supply Reversal. 

Figure 3. Single Supply Operation. If Fast Power Up or Down 
Transients are Expected, Use a 1 N5817 Schottky Diode 
Between Pins 4 and S. For Y+ = SY, Derive the Mid·Supply 
Yoltage with a 7.Sk Resistor and an LT1004 2.SY Reference. 
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LTC1064-2 

Pin DESCRIPTion 

Figure 4. Level Shifting the Input rzL Clock 
for Single Supply Operation ~6V. 

8-12 

Figure 5. Adding an Output Buffer·Filter to Eliminate Any Clock Feedthrough. 
Passband ±O.1dBtoSOkHz, -3dB at 94kHz. 



''''''''''-unlt\l2 LTC1064-3 
~, TECHNOLOGY~--L-O-W-N-O-i-se-,-H-ig-h-F-re-q-u-e-n-c-y, 

8th Order Linear Phase Lowpass Filter 

FEATURES 
• 8th Order Filter in a 14·Pin Package 
• 95kHz Maximum Corner Frequency 
• No External Components 
• 75:1,150:1, and 120:1 Clock to Cutoff Frequency Ratio 
• 60l'VRMS Total Wideband Noise 
• 0.03% THD or Better 
• Operates from ± 2.37V to ± 8V Power Supplies 
• Low Total Output DC Offset 

APPLICATions 
• Antialiasing Filters 
• Smoothing Filters 
• Tracking High Frequency Lowpass Filters 

TYPICAL APPLICATiOn 

V'N 
ANALOG 

GNO 

ANALOG 
GND 

8th Order Clock Sweepable 
Lowpass Bessel Filter 

OUT(C) 

':::-+-NC 

""-+--BV 

':":""-+-CLOCK=7MHz 

NDTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0.1,.F 
OR LARGER CAPACITOR CLOSE TO THE PACKAGE. THE 
CONNECTION BETWEEN PINS 7 AND 14 SHOULD BE MADE UNDER 
THE I.C. PACKAGE. 

DESCRIPTion 
The LTC1064·3 is a monolithic 8th order low pass Bessel fiI· 
ter, which provides a linear phase response over its entire 
passband. An external TTL or CMOS clock programs the 
filter's cutoff frequency. The clock to cutoff frequency ra· 
tio is 75:1 (pin 10 at V+) or 150:1 (pin 10 at V-) or 120:1 
(pin 10 at GND). The maximum cutoff frequency is 95kHz. 
No external components are needed. 

The LTC1064·3 features low wideband noise and low har· 
monic distortion even for input voltages up to 3VRMS. In 
fact the LTC1064·3 overall performance competes with 
equivalent multiple op amp RC active realizations. The 
LTC1064-3 is available in a 14·pin DIP or 16-pin surface 
mounted SOL package. The LTC1064-3 is fabricated using 
LTC's enhanced analog CMOS Si·gate process. 

The LTC1064·3 is pin compatible with the LTC1064·1, ·2, 
and -4. 

Measured Frequency Response 

OdB 

-15dB 

-30dB 

"-45dB 

~ 
,;'-60dB 

-75dB 

-90dB 

-105dB 
10 

I'-. 
\ 

100 
FREQUENCY (kHz) 

1\ 

Vs= "" 7.5V, fCLK=7MHz, PIN 10 TD V+, 
f _3ds=95kHz, GROUP DELAY =6,.. 
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LTC1064-3 
ABSOLUTE mAXimum RATinGS 
Total Supply Voltage 01 + to V -) ................... 16.5V 
Power Dissipation ............................... 400mW 
Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

J PACKAGE N PACKAGE 
14-LEAD CERAMIC DIP 14-LEAO PLASTIC DIP 

ORDER PART 
NUMBER 

LTC1064-3MJ 
LTC1064-3CJ 
LTC1064-3CN 

ELECTRICAL CHARACTERISTICS 

Operating Temperature Range 
LTC1064-3M .......................... - 55°C to 125°C 
LTC1064-3C ........................... - 40°C to 85°C 

Input Voltage .................. (V + + 0.3V) to 01- - 0.3V) 
Burn-In Voltage ..................................... 15V 

ORDER PART 
NUMBER 

LTC1064-3CS 

Vs = ± 7.5V, 75:1, felK = 2M Hz, RI = 10k!!, TA = 25°, TTL or CMOS clock input level unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
Passband Gain Referenced to OdB, 1 Hz to 1 kHz • -0.5 0.15 dB 
Gain TempCo 0.0002 dB/oC 
- 3dB Frequency 50:1 (fCLKIf_3dB = 75) 26.67 kHz 

100:1 (fcLK/L3dB= 150) 13.34 kHz 
Gain at - 3dB Frequency Ref. to OdB, fiN = 26.67/13.34kHz • -3.8 -2.75 dB 
Stopband Attenuation At3L3dB • -25 -29 dB 
Stopband Attenuation At5L3dB • -56 -60 dB 
Stopband Attenuation At7L3dB -84 dB 
Input Frequency Range 100:1 0 <fCLK/2 kHz 

50:1 0 <fCLK kHz 
Output Voltage Swing and Vs= ±2.37V • 1.1 V 
Operating Input Voltage Range Vs= ±5V • 3.1 V 

Vs=±7.5V • 5.1 V 
Total Harmonic Distortion Vs = ± 5V, Input = iVRMS at 1 kHz 0.Q15 % 

Vs= ± 7.5V, Input = 3VRMS at 1kHz 0.03 % 
Wideband Noise Vs= ±5V,lnput=GND1Hz-1.99MHz 55 ~VRMS 

Vs= ± 7.5V, Input=GND 1 Hz-1.99MHz 60 ~VRMS 
Output DC Offset Vs= ±7.5V ±30 ±150 mV 
Output DC Offset TempCo Vs= ±5V ±20 ~V/oC 

Vs= ±7.5V ±50 ~V/oC 

Input Impedance 14 22 kO 
Output Impedance fOUT= 10kHz 2 0 
Output Short Circuit Current Source/Sink 3/1 rnA 
Clock Feedthrough 200 ~VRMS 
Maximum Clock Frequency Vs> ± 7V 50% Duty Cycle 5 MHz 

Vs> ± 7V 50% Duty Cycle, TA<55°C 7 MHz 
Power Supply Current Vs= ±2.37V, fCLK=IMHz • 10 18 rnA 

Vs= ±5V, fCLK= lMHz 12 20 rnA 

• 24 rnA 
Vs= ± 7.5V, fCLK= lMHz 16 24 rnA 

• 32 rnA 
Power Supply Voltage Range • ±2.37 ±8 V 
The • denotes the specifications which apply over the full operating temperature range. 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

2.0 

1.8 
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Graph 1. Gain vs Frequency 
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Graph 4. Phase Matching 
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Graph 7. Transient Response 
Input10Vp·p Square Wave 
Vs= :!:7.5V,Pin10toV+, 
'elK = 105M Hz 
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Graph 2. Phase vs Frequency 
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Graph 5. Total Harmonic 
Distortion 

f:= fCLK 1.5MHz, 75:1 
r- f 3dB 20kHz 
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z Vs= ±2.37V 
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Table 1. Wideband Noise I/LVRMS} 

Vs= :!:2.37V 
NOISE 

PIN 10TO ICLK/L 3dB ~VRMS 
v+ 75/1 50 
V 150/1 52 
GND 120/1 45 

LTC1064-3 

Graph 3. Group Delay 
,J I 1. 
Vs= ±7.5V_ -

I I TA=25°C 

I I J .! .1 I J. I - -A. fCLK=750kHz, f _3dB=10kHz 
B. fCLK=2MHz, f _3dB=26.67kH~ _ - -C. fCLK=5MHz, f _3dB=66.67kHz 

A -
B 

C 

o 2 4 6 8 10 12 14 16 18 20 22 
FREQUENCY (kHz) 

Graph 6. Power Supply Current vs 
Power Supply Voltage 

f--r'CLK~lJHz 

1\ ,/ -55°C 
r--

I. \ f"'" ~ 
25°C-

,/ 125°C r--
I/§ ::::: ~ f-'" 

o 2 4 6 8 10 12 14 16 18 20 22 24 
TOTAL POWER SUPPLY VOLTAGE (V) 

vs= :!:5V vs= :!:7.5V 
NOISE NOISE 
~VRMS ~VRMS 

55 60 
58 62 
50 54 
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LTC1064-3 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Table 2. Gain/Phase, '-3dB = 1kHz, 
LTC1064·3Typical Response Vs = :!: SV, T A = 2SoC 
fCLK = 75kHz, Pin 10 at V+ (fltr7S:1) 

FREQUENCY GAIN PHASE 
O.500kHz -O.858dB -90.430deg 
1.000kHz -2.99OdB 179.200deg 
1.5OOkHz -6.84OdB 89.600deg 
2.0ookHz -12.780dB 3.800deg 
2.5OOkHz -2O.800dB -71,OOOdeg 
3.0ookHz -29.900dB -129.600 deg 
3.5OOkHz -38.800dB -173.700deg 
4.000kHz -47.100dB 152.600deg 
4.500kHz -54.700dB 128.000deg 
5.000kHz -61,600dB l03.300deg 
5.500kHz -68.000dB 85.190deg 
6.0ookHz -73.840dB 69.060deg 
6.5OOkHz -79.25OdB 54.780deg 
7.000kHz -84.23OdB 42.440deg 
7.5OOkHz -88.940dB 3O.060deg 
8.000kHz -93.360dB 21,300deg 
8.5OOkHz -97.510dB 10.000deg 
9.000kHz -l00.880dB 1,52Odeg 
9.5OOkHz -l05.780dB -7.820deg 

Table 4. Gain/Phase, f _ 3dB = 1kHz, 
LTC1064-3 Typical Response Vs = :!: 5V, TA = 2SoC 
fCLK = 150kHz, Pin 10 at V- (fllr 150:1) 

FREQUENCY GAIN PHASE 
O.500kHz -O.955dB -88.1oodeg 
1,OOOkHz -3.380dB -175.300 deg 
1,500kHz -7.570dB 99.700deg 
2.000kHz -13.770dB 20.100deg 
2.500kHz -21,800dB -48.000deg 
3.oo0kHz -3O.700dB -100.700 deg 
3.500kHz -39.4OOdB -139.900 deg 
4.000kHz -47.6OOdB -169.200 deg 
4.5OOkHz -55.10OdB 168.300deg 
5.000kHz -61,900dB 15O.300deg 
5.500kHz -68.260dB 135.830deg 
6.000kHz -74.05OdB 123.660deg 
6.500kHz -79.45OdB 113.44Odeg 
7.000kHz -84.33OdB 104.44Odeg 
7.500kHz -89.01OdB 97.670deg 
8.0ookHz -93.250dB 91,580deg 
8.500kHz -97.340dB 84.670deg 
9.000kHz -101,390dB 74.600deg 
9.500kHz -l04.980dB 75.990deg 
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Table 3. Gain/Delay, f _ 3dB = 1 kHz, 
LTC1Q64.3Typical Response Vs = :!: 5V, TA = 25°C 
fCLK= 75kHz, Pin 10 at V+ (fllr7S:1) 

FREQUENCY GAIN 
O.200kHz -O.2BldB 
O.300kHz -O.42OdB 
O.4OOkHz -O.610dB 
O.5OOkHz -0.860dB 
O.600kHz -1.160dB 
O.700kHz -1,53OdB 
O.800kHz -1,95OdB 
O.900kHz -2.43OdB 
1,OOOkHz -2.990dB 
1.100kHz -3.61OdB 
1,200kHz -4.300dB 
1,300kHz -5.06OdB 
1,400kHz -5.920dB 
1,500kHz -6.830dB 
1.600kHz -7.840dB 
1.700kHz -8.930dB 
1,800kHz -10.13OdB 
1,900kHz -11.410dB 
2.000kHz -12.78OdB 

Table S. Gain/Delay, '- 3dB = 1 kHz, 
LTC1064·3 Typical Response Vs = :!: 5V, TA = 25°C 
fCLK = 150kHz, Pin 10 al V- (fltr 150:1) 

FREQUENCY GAIN 
O.200kHz -0.284dB 
O.300kHz -O.45OdB 
0.400kHz -0.670dB 
O.500kHz -O.96OdB 
O.600kHz -1,31OdB 
O.700kHz -1.73OdB 
O.800kHz -2.210dB 
O.900kHz -2.75OdB 
1,OOOkHz -3.380dB 
1,lookHz -4.070dB 
1,200kHz -4.82OdB 
1,300kHz -5.66OdB 
l.400kHz -6.58OdB 
1,5OOkHz -7.570dB 
1,600kHz -8.64OdB 
1,700kHz -9.79OdB 
1.800kHz -l1,05OdB 
1.900kHz -12.360dB 
2.000kHz -13.770dB 

DELAY 
O.502ms 
O.503ms 
O.503ms 
O.502ms 
O.502ms 
O.502ms 
O.503ms 
O.503ms 
O.500ms 
O.500ms 
O.500ms 
0.498ms 
O.495ms 
O.491ms 
O.489ms 
0.481ms 
O.473ms 
O.485ms 
O.454ms 

DELAY 
O.490ms 
O.489ms 
O.489ms 
0.487ms 
O.487ms 
O.485ms 
O.484ms 
0.482ms 
O.478ms 
O.478ms 
O.475ms 
O.470ms 
O.467ms 
O.463ms 
O.458ms 
O.448ms 
O.438ms 
O.42Bms 
0.417ms 



LTC1064-3 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Table 7. Gain/Delay, L 3dB = 1 kHz, Table 6. Gain/Phase, f _ 3dB = 1 kHz, 

LTC1064·3Typical Response Vs = ± 5V, TA = 25°C 
fClK = 120kHz, Pin 10 at GND(fltr 120:1) 

LTC1064-3 Typical Response Vs = ± 5V, T A = 25°C 
'ClK = 120kHz, Pin 10 at GND (fltr 120:1) 

FREQUENCY GAIN 
0.500kHz -O.994dB 
1.000kHz -3.050dB 
1.500kHz -6.520dB 
2.000kHz -12.18OdB 
2.5OOkHz -19.460dB 
3.000kHz -27.200dB 
3.5OOkHz -34.700dB 
4.000kHz -41.900dB 

4.5OOkHz -48.700dB 
5.000kHz -55.100dB 
5.5OOkHz -60.9OOdB 

6.000kHz -66.5OOdB 
6.500kHz -71.66OdB 
7.000kHz -76.39OdB 

7.5OOkHz -80.910dB 
8.oo0kHz -84.900dB 
8.5OOkHz -88.750dB 
9.000kHz -92.410dB 

9.500kHz -98.290dB 

FREQUENCY GAIN 
10.000kHz -0.912dB 
20.000kHz -3.09OdB 
3O.oo0kHz -6.91OdB 
4O.000kHz -12.710dB 
5O.000kHz -20.500dB 
60.000kHz -29.4OOdB 

70.000kHz· -38.3OOdB 
8O.000kHz -46.500dB 
9O.000kHz -54.000dB 

l00.000kHz -61.000dB 
110.000kHz -67.31OdB 
120.000kHz -73.170dB 

13O.000kHz -78.600dB 
14O.000kHz -83.76OdB 
150.000kHz -88.63OdB 

PHASE FREQUENCY 
-82.210deg O.200kHz 

-162.800 deg O.300kHz 
116.700deg O.400kHz 
4O.200deg O.5OOkHz 

-23.600deg O.600kHz 
-74.000deg O.700kHz 

-114.200deg O.800kHz 
-146.800 deg O.9OOkHz 
-173.300 deg 1.0ookHz 

164.7oodeg 1.100kHz 
145.800deg 1.200kHz 
13O.610deg 1.300kHz 
117.13Odeg 1.400kHz 
105.880deg 1.500kHz 
96.140deg 1.600kHz 
87.510deg l.700kHz 
81.380deg 1.800kHz 
78.190deg 1.9OOkHz 
52.860deg 2.000kHz 

Table 8. Gain/Phase,' _ 3dB = 20kHz, 
LTC1064-3 Typical Response Vs = ± 7.5V, 
fClK = 105M Hz, Pin 10 at V+ (fltr 75:1) 

TA= 125°C 

PHASE FREQUENCY 
-92.270deg 10.000kHz 
176.000deg 2O.000kHz 
85.5OOdeg 3O.000kHz 
-1.200deg 4O.oo0kHz 

-77.800deg 5O.000kHz 
-138.700 deg SO.OOOkHz 

174.600deg 70.000kHz 
138.300deg 80.000kHz 
109.100deg 90.000kHz 
84.800deg loo.000kHz 
64.040deg 110.000kHz 
46.280deg 120.000kHz 
31.120deg 13O.000kHz 
18.050deg 14O.000kHz 
7.770deg 150.0ookHz 

GAIN DELAY 
-O.354dB 0.458ms 
-O.52OdB O.456ms 
-O.73OdB O.454ms 
-1.000dB O.452ms 
-1.320dB O.449ms 
-1.67OdB O.448ms 
-2.090dB O.446ms 
-2.540dB O.446ms 
-3.050dB O.445ms 
-3.600dB O.446ms 
-4.220dB O.449ms 
-4.900dB O.448ms 
-5.670dB O.447ms 
-6.520dB O.446ms 
-7.470dB 0.441ms 
-8.50OdB 0.432ms 
-9.65OdB 0.422ms 

-10.87OdB 0.409ms 
-12.180dB 0.395ms 

GAIN PHASE 
-O.944dB -92.880deg 
-3.170dB 175.500deg 
-6.91OdB 85.7oodeg 

-12.45OdB -O.SOOdeg 
-19.92OdB -78.000deg 
-28.500dB -14O.700deg 
-37.200dB 170.500deg 
-45.300dB 132.200deg 
-52.7oodB loo.900deg 
-59.600dB 74.900deg 
-65.900dB 52.600deg 
- 71.750dB 32.850deg 
-77.170dB 15.840deg 
-52.37OdB 1.13Odeg 
-87.4OOdB -11.380deg 
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LTC1064-3 

Pin DESCRIPTion 
Power Supply Pins (4, 12) 

The V+ (pin 4) and V- (pin 12) should be bypassed with a 
0~1"F capacitor to an adequate analog ground. Low noise, 
non·switching power supplies are recommended. To avoid 
latch up when the power supplies exhibit high turn·on 
transients, a 1 N5817 schottky diode should be added from 
the V + and V - pins to ground, Figures 1, 2 and 3. 

Clock Pin (11) 

For ± 5V supplies the logic threshold level is 1.4V. For 
± 8V and OV to 5V supplies the logic threshold levels are 
2.2V and 3V respectively. The logic threshold levels vary 
± 100mV over the full military temperature range. The 
recommended duty cycle of the input clock is 50% al· 
though for clock frequencies below 500kHz the clock "on" 
time can be as low as 200ns. The maximum clock fre· 
quency for ± 5V supplies is 4MHz. For ± 7V supplies and 
above, the maximum clock frequency is 7MHz. Do not al· 
low the clock levels to exceed the power supplies. For sin· 
gle supply operation ~6V use level shifting at pin 11 with 
T2L levels, see Figure 4. 

Analog Ground Pins (3, 5) 

For dual supply operation these pins should be connected 
to a ground plane. For Single supply operation both pins 
should be tied to one half supply, Figure 3. 

Connection Pins (7, 14) 

A very short connection between pins 14 and 7 is recom· 
mended. This connection should be preferably done under 
the IC package. In a breadboard, use a one inch, or less, 
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shielded coaxial cable; the shield should be grounded. In a 
PC board, use a one inch trace or less; surround the trace 
by a ground plane. 

Input, Output Pins (2, 9) 

The input pin 2 is connected to an 18kO resistor tied to the 
inverting input of an op amp. Pin 2 is protected against 
static discharge. The device's output, pin 9, is the output 
of an op amp which can typically source/sink 3/1mA. AI· 
though the internal op amps are unity gain stable, driving 
long coax cables is not recommended. 

When testing the device for noise and distortion, the out· 
put, pin 9, should be buffered, Figure 1. The op amp power 
supply wire (or trace) should be connected directly to the 
power source. To eliminate switching transients from filter 
output, buffer filter output with a third order lowpass, see 
FigureS. 

NC Pins (1, 6, 8, 13) 

The "no connection" pins should be preferably grounded. 
These pins are not internally connected. 

Ratio Pin (10) 

The DC level at this pin determines the ratio of clock fre· 
quency to the - 3dB frequency of the filter. The ratio is 
75:1 when pin 10 is at V+, 120:1 when pin 10 is at GND and 
150:1 when pin 10 is at V-. This pin should be bypassed 
with a 0.1"F capacitor to analog ground when it's con· 
nected to V- or V+, Figure 1. See Tables 2 through 8 for 
typical gain, phase and delay responses for the three 
ratios. 



LTC1064-3 

Pin DESCRIPTiOn 

O. 

VOUT 

RECOMMENDED DP AMPS: 
LT1D22. LT31B. LTlD56 

Figure 1. Buffering the Filter Output. The Buffer Op Amp Should Not Share the LTC1064-3 Power Lines. 

Figure 2. Using Schottky Diodes to Protect the IC 
from Transient Supply Reversal. 

Figure 3. Single Supply Operation. If Fast Power Up or Down 
Transients are Expected, Use a 1 N5817 Schottky Diode 
Between Pins 4 and 5. 

Figure 4. Level Shifting the Input foiL Clock for Single Supply Operation ~ 6V. 

Figure 5. Adding an Output Buffer·Filterto Eliminate Any Clock Feedthrough. 
Passband :t O.1dB to 50kHz, - 3dBat 94kHz. 
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LTC1064-3 

TYPICAL APPLICATion 

v+ 

f -3dB= 1ill.. 
55 

Amplitude Response 

Figure 6. Dual41h Order Bessel Fillers. Vs = ± 7.5V, 'elK = 1 MHz, Pin 10 10 GND. , _ 3dB = 9kHz and 18kHz. 
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~"""'-Llnet\Q LTC1064-4 
~, TECHNOLOGY!""'---Lo-w-N-O-is-e-, 8-t-h-O-r-de-r.-, C-Io-c-k 

FEATURES 
• 8th Order Filter in a 14·Pin Package 
• 80dB or More Stopband Attenuation at 2 x fCUTOFF 
• 50:1 fCLOCK to fCUTOFF Ratio (Cauer) 

100:1 fCLOCK to f -3dB Ratio (Transitional) 
• 135/LVRMS Total Wide band Noise 
• 0.03% THO or Better 
• 100kHz Maximum fCUTOFF Frequency 
• Operates up to ± 8V Power Supplies 
• Input Frequency Range up to 50 Times the Filter 

Cutoff Frequency 

APPLICATions 
• Antialiasing Filters 
• Telecom Filters 
• Sinewave Generators 

TYPICAL APPLICATiOn 
8th Order Clock Sweepable 

Lowpass Elliptic Filler 

R(h,l) 

.:.::....-t--COMP2· 

~-+--8V 

.:.:.....-t--CLOCK (TTL, s5MHz) 

.:.::....-t--v+ OR V

'::"'--+-VOUT 

·FOR FREQUENCIES ABOVE 20kHz AND MINIMUM PASSBAND RIPPLE REFER 
TO THE PIN DESCRIPTION SECTION FOR COMPENSATION GUIDELINES. 
NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0.1,.F 
CAPACITOR CLOSE TO THE PACKAGE. 
BYPASSING PIN 10 WITH O.I~F CAPACITOR REDUCES CLOCK FEEDTHROUGH. 
THE CONNECTION BETWEEN PINS 7 AND 14 SHOULD'BE PHYSICALLY 
DONE UNDER THE PACKAGE. 

Sweepable Cauer Lowpass Filter 

DESCRIPTion 
The LTC1064·4 is an 8th order, clock sweepable Cauer low· 
pass switched capacitor filter. An external TTL or CMOS 
clock programs the value of the filter's cutoff frequency. 
With pin 10 at V+, the fCLOCK to fCUTOFF ratio is 50:1; the 
filter has a Cauer response and with compensation the 
passband ripple is ±0.1dB. The stopband attenuation is 
BOdB at 2 x fCUTOFF. Cutoff frequencies up to 100kHz can 
be achieved. With pin 10 at V-, the fCLOCK to f -3dB ratio is 
100:1, the filter has a transitional Butterworth·Cauer reo 
sponse with lower noise and lower delay nonlinearity than 
the Cauer response. The stopband attenuation at 
2.5 x f -3dB is 92dB. Cutoff frequencies up to 50kHz can be 
achieved. 

The LTC1064·4 features low noise and low harmonic dis· 
tortion even when input voltages up to 3VRMS are applied. 
The LTC1064·4 overall performance competes with equiva· 
lent multi·op amp active realizations. The LTC1064-4 is pin 
compatible with the LTC1064·1, LTC1064·2, and LTC1064-3. 

The LTC1064·4 is manufactured using Linear Technology's 
enhanced LTCMOSTM silicon gate process . 

20dB 

OdB 

-2OdB 

z 
:> 
t::.--4Od8 
is 

> 

-6OdB 

-BOdB 

-lOOdB 

Frequency Response 

\-A~~JJC 

A B C 

" ~ ./ 
lk 10k lOOk 1M 

FREQUENCY (Hz) 

CURVE A: fCLK=IMHz. 100:1 
CURVE B: fCLK=2MHz, 50:1 
CURVE C: fCLK=5MHz, 50:1 

CCOMPI =30pF 
CCOMP2 = lBpF 
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LTC1064-4 

ABSOLUTE mAXimum RATinGS 
Total Supply Voltage (V + to V -) ................... 16.5V 
Input Voltage at Any Pin"" "V- -0.3V :;:;VIN:;:;V+ + 0.3V 
Power Dissipation ............................... 400mW 
Storage Temperature Range ........... " - WC to 150°C 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW ORDER PART 

NUMBER 

LTC1064·4MJ 
L TC1064·4CJ 
LTC1064·4CN 

J PACKAGE N PACKAGE 
14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 

ELECTRICAL CHARACTERISTICS 

Lead Temperature (Soldering, 10 sec.) .............. 3000C 
Operating Temperature Range 

LTC1064-4M .......................... - 55°C to 125°C 
LTC1 064·4C ........................... - 40°C to 85°C 

TOP VIEW 

S PACKAGE 
16-LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

LTC1064·4CS 

Vs = ± 7.5V, 50:1, fClK = 1 MHz, fc = 20kHz, RI = 10k!!, T A = 25°, TTL clock input level unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Passband Gain Referenced to OdB, 1 Hz - 0.05fcUTOFF • -0.5 0.1 dB 
Gain TempCo 0.0002 dB/oC 
Passband Edge Frequency, fc 20±1% kHz 
Gainatfc Referenced to Passband Gain, fc= 20kHz • -0.4 0.7 dB 
- 3dB Frequency 50:1 (Cauer Response) 21.5 kHz 

100:1 (Transitional Response) 10 kHz 
Passband Ripple (Note 1) 0.1 fc to 0.95fc Referenced to Passband Gain • 0 0.75 dB 
Stopband Attenuation At 1.1fCUTOFF 
Stopband Attenuation At 2fcUTOFF 
Input Frequency Range 50:1,Pln10atV+ 

100:1, Pin 10 at V-
Output Voltage Swing and Vs= ±2.37V 
Operating Input Voltage Range Vs= ±5V 

Vs=±7.5V 
Total Harmonic Distortion Vs= ±5V, Input= 1VRMs at1kHz 

Vs= ± 7.5V, Input = 3VRMS at 1kHz 
Wideband Noise Vs= ± 5V, Input=GND 1Hz-999kHz 

Vs= ± 7.5V, Input=GND 1Hz-999kHZ 
Output DC Offset Vs=±7.5V 
Output DC Offset TempCo Vs= ±5V 

Vs=±7.5V 
Input Impedance 
Output Impedance fOUT= 10kHz 
Output Short Circuit Current Source/Sink 
Clock Feedthrough Input=GND 
Maximum Clock Frequency 50% Duty Cycle, Vs= ± 7.5V (Note 2) 
Power Supply Current Vs= ±2.37V, fClK=1MHz 

Vs= ±5V, fClK= 1MHz 

Vs= ± 7.5V, fClK = 1MHz 

Power Supply Voltage Range 

The. denotes the specifications which apply over the full operating 
temperature range. 
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• -56 -60 dB 
-80 dB 

0 fClK kHz 
0 fClK/2 kHz 

• ±1.1 V 

• ±3.1 V 

• ±5.0 V 
0.015 % 
0.03 % 
120 ~VRMS 
135 ~VRMS 

±50 ±160 mV 
-100 ~V/oC 

-200 ~V/oC 

9 13 klJ 
2 n 
3/1 mA 
200 ~VRMS 

5 MHz 

• 11 18 mA 
14 20 mA 

• 24 mA 
17 24 mA 

• 32 mA 

• ±2.37 ±8 V 

Note 1: For tighter passband ripple specifications please consult with 
LTC's marketing. 
Note 2: Not tested, guaranteed by design. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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Graph 2. Passband Phase Shift vs 
Frequency 
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Graph 3. Passband Group Delay 

VS= ~7.5V 
fClK=lMHz, 50:1 
fc=20kHz 
TA=25'C 
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Graph 6. Total Harmonic 
Distortion 
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Graph 7. Power Supply Current vs 
Power Supply Voltage 
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LTC1064-4 

TYPICAL PERFORmAnCE CHARAaERlsncs 

Table 1. Wideband Noise (,IVRMs).lnput Grounded, IClK = 1MHz. 

Vs= ±2.37V vs= ±5V vs= ±7.5V 
NOISE NOISE NOISE 

PIN10TO 'CLKlfcUTOFF ",VRlIsI ",VRMsI ",VRMsI 
v+ 50:1 120 135 145 
v- 100:1 100 120 130 

Table 3. Gain/Delay, Pin 10 at V +. Typical Response. 
ICUTOFF= 1kHz, Vs= :!:5V, TA = 25°C IClK = 50kHz Ratio =50:1 

FREQUENCY GAIN DELAY 
0.2OOkHz -0.074dB O.844ms 
0.3OOkHz -0.07OdB 0.867ms 
0.400kHz -O.05OdB 0.899ms 
O.500kHz -0.02O<lB 0.949ms 
0.6ookHz 0.02OdB 1.021ms 
0.7ookHz O.05OdB 1.122ms 
O.800kHz O.OSOdB 1.275ms 
0.9OOkHz 0.120dB 1.592ms 
1.0ookHz O.09OdB 2.160ms 
1.1ookHz -5.02OdB 2.070ms 
1.2ookHz -15.650dB 1.288ms 

Table S. Gain/Delay, Pin 10 at V -. Typical Response. 
'-3dB = 1kHz, Vs = :!: 5V, T A = 25°C IClK = 100kHz Ratio = 100:1 

FREQUENCY GAIN DELAY 
0.2ookHz -O.174dB 0.842ms 
0.3OOkHz -0.300dB 0.861ms 
O.400kHz -0.440dB 0.888ms 
0.500kHz -0.610dB 0.933ms 
O.800kHz -0.810dB 0.999ms 
O.7ookHz -1.09OdB 1.095ms 
0.8OOkHz -1.48OdB 1.242ms 
0.9OOkHz -2.060dB 1.503ms 
1.oo0kHz -3.500dB 1.832ms 
1.1ookHz -8.72OdB 1.724ms 
1.200kHz -17.720dB 1.183ms 
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Table 2. Gain/Phase, Pin 10 at V +. Typical Response. 
ICUTOFF = 1kHz, Vs = :!: 5V, TA = 25°C IClK = 50kHz Ratlo = 50:1 

FREQUENCY GAIN PHASE 
0.2ookHz -0.075dB -59.990deg 
0.4ookHz -O.050dB -122.400 deg 
0.6ookHz 0.02OdB 169.300deg 
0.8OOkHz O.060dB 88.500deg 
1.0ookHz O.09OdB -26.1oodeg 
1.200kHz -15.640dB -175.100 deg 
1.400kHz -34.7oodB 126.500deg 
1.600kHz -51.7oodB 87.600deg 
1.800kHz -68.6oodB 38.4OOdeg 
2.oo0kHz -84.11OdB -47.880deg 

Table 4. Gain/Phase, Pin 10 at V -. Typical Response. 
'-3dB= 1kHz, Vs= :!: SV, TA = 25°C IClK = 100kHz Ratio = 100:1 

FREQUENCY GAIN 
0.200kHz -0.179dB 
O.4ookHz -O.44OdB 
0.600kHz -0.81OdB 
O.800kHz -1.480dB 
1.000kHz -3.5OOdB 
1.2ookHz -17.720dB 
1.400kHz -35.7oodB 
1.600kHz -52.70OdB 
1.800kHz -71.9OOdB 
2.oo0kHz -96.16OdB 

Table 6. Gain/Phase, Pin 10 at GND. 
Vs= :!:5V, TA=25°c 

FREQUENCY GAIN 
0.2OOkHz -O.383dB 
0.4OOkHz -1.000dB 
0.6ookHz -1.3OOdB 
0.8OOkHz -O.280dB 
1.000kHz 2.670dB 
1.200kHz -3.5OOdB 
1.4ookHz -12.51OdB 
1.600kHz -20.oo0dB 
1.8OOkHz -27.300dB 
2.oo0kHz -35.000dB 

PHASE 
-60.090deg 

-122.000 deg 
170.800deg 
91.9OOdeg 

-16.3OOdeg 
-140.500 deg 

164.800deg 
135.oo0deg 
114.000deg 

-49.670deg 

PHASE 
-47.140deg 
-92.0oodeg 

-134.300 deg 
-178.800 deg 

109.2OOdeg 
6.000deg 

-47.400deg 
-88.800deg 

-127.8oodeg 
-164.200 deg 



LTC1064-4 

TYPICAL PERFORmAnCE CHARACTERISTICS 
Table 7. Gain/Phase for Figure 6. 
Typical Response, Pin 10 at V + , fCUTOFF = 40kHz 
Vs= :!:7.5V, fClK=2MHz, Ratio = 50:1 

FREQUENCY GAIN PHASE 
10.000kHz -O.094dB -75.900deg 
12.000kHz -O.loodB -91.400deg 
14.000kHz -D.OoodB -107.200 deg 
16.000kHz -O.08OdB -123.300 deg 
18.000kHz -D.OoodB -139.600 deg 
2O.000kHz -O.04OdB -158.500 deg 
22.000kHz -O.02OdB -173.800 deg 
24.000kHz O.OOOdB 168.2oodeg 
26.000kHz O.02OdB 149.400deg 
28.000kHz O.03OdB 13O.000deg 
3O.000kHz O.02OdB l09.400deg 
32.000kHz O.OlOdB 87.7oodeg 
34.000kHz -O.02OdB 64.800deg 
36.000kHz -O.03OdB 39.500deg 
36.oo0kHz -O.OlOdB l1.400deg 
4O.oo0kHz -0.070dB -22.000deg 
42.000kHz -0.92OdB -64.100deg 
44.000kHz -4.000dB -110.100deg 
46.oo0kHz -8.970dB -147.000 deg 
48.000kHz -14.32OdB -173.500 deg 
50.000kHz -19.460dB 166.800deg 

Table 9. Gain/Phase for Figure 7. 
Typical ResP9f:lse, Pin 10 at V + , fCUTOFF = 100kHz 
Vs = :!: 7.5V, fClK = 5MHz Ratio = 50:1 

FREQUENCY GAIN PHASE 
10.000kHz -0.071dB -33.8oodeg 
2O.000kHz -O.04OdB -67.800deg 
30.000kHz O.05OdB -102.500 deg 
4O.000kHz O.l9OdB -138.300 deg 
5O.000kHz 0.41OdB -176.1oodeg 
6O.oo0kHz 0.67OdB 143.1oodeg 
70.oo0kHz 0.92OdB 98.400deg 
8O.oo0kHz 1.150dB 48.200deg 
9O.oo0kHz 1.53OdB -10.900deg 

100.oo0kHz 1.11OdB -96.500deg 

Table 8. Gain/Phase for Figure 7. 
Typical Res~n Pin 10atV+, fCUTOFF=100kHz 
Vs= :!:7.5V, fClK=5MHzRatio=50:1 

FREQUENCY GAIN PHASE 
10.0ookHz -O.096dB -32.390deg 
2O.000kHz -O.l00dB -64.900deg 
3O.000kHz -O.OBOdB -98.100deg 
4O.000kHz -O.04OdB -132.300 deg 
5O.000kHz 0.02OdB -168.200 deg 
oo.ooOkHz 0.070dB 153.600deg 
70.oo0kHz O.040dB 112.1oodeg 
8O.000kHz -0.12OdB 66.400deg 
oo.OOOkHz -O.460dB 14.600deg 

loo.000kHz -1.310dB -49.3OOdeg 
110.000kHz -5.640dB -l29.000deg 
12O.000kHz -14.53OdB 167.800deg 
130.000kHz -23.8OOdB 126.700deg 
140.000kHz -32.8OOdB 96.2OOdeg 
150.000kHz -41.000dB 71.300deg 
160.000kHz -49.200dB 49.2OOdeg 
170.000kHz -57.5OOdB 29.000deg 
180.000kHz -66.500dB 9.800deg 
190.000kHz -77.77OdB -2.32Odeg 
2OO.000kHz -92.050dB 76.740deg 

FREQUENCY GAIN PHASE 
110.000kHz - 7.420dB 172.1oodeg 
12O.000kHz -18.240dB 119.400deg 
13O.000kHz -28.000dB 83.3OOdeg 
140.000kHz -37.000dB 54.000deg 
150.000kHz -45.700dB -27.600deg 
160.oo0kHz -54.300dB 2.100deg 
170.oo0kHz -63.3OOdB -24.oo0deg 
180.000kHz -73.61OdB -60.210deg 
190.000kHz -85.3OOdB -138.990 deg 
2OO.000kHz -83.39OdB 129.560deg 
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LTC1064-4 

Pin DESCRIPTion 

Power Supply Pins (4, 12) 

The V+ (pin 4) and V- (pin 12) should be bypassed with a 
0.1fLF capacitor to an adequate analog ground. Low noise, 
non-switching power supplies are recommended. To avoid 
latch up when the power supplies exhibit high turn·on 
transients, a 1 N5817 Schottky diode should be added from 
the V + and V - pins to ground, Figures 1 and 2. 

Clock Pin (11) 

For ± 5V supplies the logic threshold level is 1.4V. For 
±8V and OV to 5V supplies the logic threshold levels are 
2.4V and 3V respectively. The logic threshold levels vary 
± 100mV over the full military temperature range. The 
recommended duty cycle of the input clock is 50% al
though for clock frequencies below 500kHz the clock "on" 
time can be as low as 200ns. The maximum clock fre
quency for ± 5V supplies is 4MHz. For ± 7V supplies and 
above, the maximum clock frequency is 5MHz. Do not al
low the clock levels to exceed the power supplies. For sin
gle supply operation and for Vs~6V, T2L clock signals can 
be accommodated through level shifting, Figure 3. 

Analog Ground Pins (3, 5) 

For dual supply operation these pins should be connected 
to a ground plane. For single supply operation both pins 
should be tied to one half supply, Figure 2. 

Connection Pins (7, 14) 

A very short connection between pins 14 and 7 is recom
mended. This connection should be preferably done under 
the IC package. In a breadboard, use a one inch, or less, 
shielded coaxial cable; the shield should be grounded. In a 
PC board, use a one inch trace or less; surround the trace 
by a ground plane. 

NCPin(8) 

Pin 8 is not internally connected, it should be preferably 
grounded. 
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Input, Output Pins (2, 9) 

The input pin 2 is connected to a 12kO resistor tied to the 
inverting input of an op amp. Pin 2 is protected against 
static discharge. The device's output, pin 9, is the output 
of an op amp which can typically source/sink 3/1mA. AI· 
though the internal op amps are unity gain stable, driving 
long coax cables is not recommended. 

When testing the device for noise and distortion, the out
put, pin 9, should be buffered, Figure 4. The op amp power 
supply wire (or trace) should be connected directly to the 
power source. To eliminate any output clock feedthrough, 
pin 9 should be buffered with a simple R, C lowpass filter, 
Figure 5. The cutoff frequency of the output filter should 
be felK/3. 

501100 Ratio Pin (10) 

For an felK/fe ratio of 50:1, pin 10 should be tied to V +. For 
an felKIf -3dB ratio of 100:1, pin 10 should be tied to V-. 
When pin 10 is at mid-supplies (Le. ground), the filter re
sponse is neither Cauer nor transitional. Table 6 illustrates 
this response. Bypassing pin 10 with a 0.1fLF capacitor re
duces the, already small, clock feedthrough. 

Compensation Pins (6, 7 and 1, 13) 

To obtain a Cauer response with minimum passband rip
ple and cutoff frequencies above 20kHz, compensating 
components are required. Figure 6 uses ± 7.5V power sup· 
plies and compensation components to achieve up to 
40kHz sweepable cutoff frequencies and ± 0.1dB pass· 
band ripple. Table 7 lists the typical amplitude response of 
Figure 6. Figure 7 illustrates the compensation scheme re
quired to obtain a 100kHz cutoff frequency; Graph 4 and 
Tables 8 and 91ist the typical response of Figure 7 for 25°C 
and 125°C ambient temperature. As shown the ripple in
creases at high temperatures but still a ± 0.25dB figure 
can be obtained for ambient temperatures below 70°C. 



Pin DESCRIPTion 

Figure 1. Using Schottky Diodes to Protect the IC 
from Power Supply Spikes. 

Figure 3. Level Shifting the Input f2L Clock 
for Single Supply Operation ~6V. 

v + ---1'-_+_---.:. 

LTC1064-4 

Figure 2. Single Supply Operation. If Fast Power Up or Down 
Transients are Expected, Use a 1 N5817 Schottky Diode 
Between Pins 4 and 5. 

RECOMMENDED OP AMPS: 
lT1022, lT318, lT1056 

Figure 4. Buffering the Filter Output. The Buffer Op Amp 
Should Not Share the LTC1Q64.4 Power Lines. 

>-..... .,.,.,-+-VOUT 

'J'0,027"F 

Figure 5. Adding an Output Buffer·Filter to Eliminate Any Clock Feedthrough. 
Passband Error of Output Buffer is ± 0.1 dB to 50kHz, - 3dBat 94kHz. 
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LTC1064-4 

Pin DESCRIPTion 

.::.----.---7.5V 

7.5V -....-+-'-

Figure 6. Compensating LTC11J64.4 for Passband Ripple of 
:!: O.1dB and 'CUTOFF Sweeps to 40kHz. 
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JOpF 

.::.-----t'--7.5V 

7.5V-"'-~ 

figure 7. Compensating LTC11J64.4 for fCUTOFF = 100kHz, 
Gain atiCUTOFF= -1.3dB, Table 8. 



'~LTEClnHNO~LJOO-~~~--------_L_TC_ll_64 ......a.., If Low Power, Low Noise, Quad 

FEATURES 
• LowPower 
• 4 Filters in a 0.3" Wide Package 
• 1/2 the Noise of the LTC1059, 60, 61 Devices 
• Wide Output Swing 
• Clock to Center Frequency Ratios of 50:1 and 100:1 
• Operates from ± 2.37V to ± 8V Power Supplies 
• Customized Version with Internal Resistors Available 
• Ratio of 50:1 and 100:1 Simultaneously Available 

APPliCATions 
• Antialiasing Filters 
• Telecom Filters 
• Spectral Analysis 
• Loop Filters 
• For Fixed Lowpass Filter Requirements use the 

L TC1164-XX Series 

TYPICAL APPLICATiOn 
Dual 5th Order Linear Phase 
Filter with Stopband Notch 

Universal Filter Building Block 

DESCRIPTion 
The LTC1164 consists of four low power, low noise 2nd or
der switched capacitor filter building blocks. Each build
ing block typically consumes 850~ supply current. Low 
power is achieved without sacrificing noise and distortion. 
Each building block, together with 3 to 5 resistors, can pro
vide 2nd order functions like lowpass, highpass, bandpass, 
and notch. The center frequency of each 2nd order section 
can be tuned with an external clock, or a clock and resistor 
ratio. For Q <5, the center frequency range is from 0.1 Hz to 
20kHz. Up to 8th order filters can be realized by cascading 
all four 2nd order sections. Any classical filter realization 
(such as Butterworth, Cauer, Bessel, and Chebyshev) can 
be formed. 

A customized monolithic version of the LTC1164 including 
internal thin film resistors can be obtained. Consult LTC 
Marketing for details. 

The LTC1164 is manufactured using Linear Technology's 
enhanced LTCMOSTM silicon gate process. 

SUPPLY 
VOLTAGE 

±2.5V 
:i:5.0V 
±7.5V 

10.0 

O. 

-10.0 

-20.0 

0 

0 

0 

0 

Dual 5th Order Linear Phase 
Filter with Stopband Notch, 
'elK = 500kHz 

ot--iii' ~30.0 

;- -.40.0 

~ -50.00 

t- VOUT2 ~T1 
0 

-60.0 0 

-70.0 0 

-80.0 0 

0 -90.0 'k 

VIN 

1VRMS 
2VRMS 
4VRMS 

1\ \ 

10k 
FREQUENCY (Hz) 

TOTAL 
HARMONIC DISTORTION 

0.015% ( - 76dB) 
0.025% ( - 72dB) 
0.04 % (- 68dB) 

lOOk 

SIGNAUNOISE 
86dB 
92dB 
98dB 
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LTC 1 164 

ABSOLUTE mAXimum RATinGS 
TotaISupplyVoltage(V+ toV-) .................... 16.5V 
Power Dissipation ............................... 500mW 
Operating Temperature Range 

LTC1164AM, LTC1164M ............... - 55°C to 125°C 
LTC1164AC, LTC1164C ................. - 40°C to 85°C 

PACKAGE/ORDER InFORmATiOn 

J PACKAGE N PACKAGE 
24-LEAD CERAMIC DIP 24-LEAD PLASTIC DIP 

ORDER PART 
NUMBER 

LTC1164AMJ 
LTC1164MJ 
LTC1164ACJ 
LTC1164CJ 
LTC1164ACN 
LTC1164CN 

ELECTRICAL CHARACTERISTICS 

Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 

TOP VIEW 

SO PACKAGE 
24-LEAD PLASTIC SOIC 

ORDER PART 
NUMBER 

LTC1164CS 
LTC1164ACS 

(Internal Op Amps) Vs = ± SV, T A = 25°C, RL = SkU unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Voltage Range ±2.37 ±B V 
Voltage Swings Vs= ±2.5V ±!.6 V 

Vs= ±5.0V • ±3.B ±4.2 V 
Vs= ± 7.5V ±6.! V 

Output Short Circuit Current (Source/Sink) Vs= ±5.0V ! rnA 
DC Open loop Gain Vs= ±5.0V BO dB 
GBWProduct Vs= ±5.0V 2 MHz 
Slew Rate Vs= ±5.0V 1.6 VIpS 
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ELECTRICAL CHARACTERISTICS 
(Complete Filter) Vs = ± SV, T A = 25°C, TTL Clock Input L~vel, unless otherwise specified. 

PARAMETER CONDITIONS 
Center Frequency Range 
Input Frequency Range (Note 1) 50:1 

100:1 
Clock to Center Frequency Ratio, ICLKlfo Sides A, B, C: Mode 1, Rl = R3 = 5OkO, 

R2=5kO, 
Side D: Mode 3, Rl = R3 = 5OkO, 
R2= R4=5kO 
10=5kHz,Q=10 

LTC1164A 50:1,lcLK=250kHz 
LTC1164 50:1, ICLK = 250kHz 
LTCII64A l00:I,lcLK =500kHz 
LTC1164 100:1, ICLK = 500kHz 

Clock to Center Frequency Ratio, Sides A, B, C, Mode 1, 10= 5kHz, Q= 10 
Side to Side Matching Side D Mode3, 10= 5kHz, Q= 10 

LTCI164A 50:1, ICLK = 250kHz 
LTC1164 50:1, ICLK = 250kHz 

QAccuracy Sides A, B, C, Mode 1, 10 = 5kHz, Q= 10 
50:1, ICLK = 250kHz 
100:1, ICLK = 500kHz 
Side D Mode 3,10 = 5kHz, Q = 10 
50:1, ICLK = 250kHz 
100:1,lcLK =500kHz 

10 Temperature Coefficient ICLK:s500kHz 
Q Temperature Coefficient ICLK:s250kHz 
Maximum Clock Frequency Mode 1, Q<2.5 

Vs?: ± 7.0V, 50:1 or 100:1 
Mode 3, Q < 5.0 
Vs?: ±5.0V, 50:1 orl00:l 
Mode 3, Q < 5.0 
Vs= ±2.5V, 50:1 or 100:1 

leLK Feedthrough ICLK:s500kHz, Vs= ±5V 
DC Offset Voltages VOSl 
(See Figure 1 and Table 1) VOS2 

Voss 
Power Supply Current Vs= ±2.5V 

Vs= ±5.0V, Temp?: + 25°C 
Vs= ±5.0V 
Vs = ± 7.5V, Temp?: + 25°C 
Vs= ±7.5V 

The. denotes the specilications which apply over the full operating 
temperature range. 

Note 1: Guaranteed by design. Not tested. 

• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

• • • 

• 
• 

LTC 1 164 

MIN TVP MAX UNITS 
0.1-20k Hz 

<fCLK Hz 
<ICLK/2 Hz 

50±0.5 % 
50±0.9 % 
l00±0.5 % 
l00±0.9 % 

0.5 % 
1.0 % 

±2 ±5 % 
±2 ±5 % 

±3 ±6 % 
±6 ±12 % 
±1 ppm/DC 

±5 ppm/DC 

1.5 MHz 

1.0 MHz 

500 kHz 
200 ~VRMS 
2 20 mV 
3 45 mV 
3 45 mV 
4.0 mA 
3.6 5.0 mA 
5.6 8 mA 
6.0 8 mA 
9.0 11.0 mA 
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LTC1164 

111,14,23) 110,15,22) 19,16,21) 

Figure 1. Equivalenllnpul Offsets of 1/4 LTC1164 Filler Building Block 

Table 1. Output DC Offsets One 2nd Order Section 

VOSN VOSBP VOSlP 
MODE PIN 2, 11, 14, 23 PIN 3, 10, 15, 22 PIN 4, 9,16,21 

1 Vos1[(lIQ) + 1 + IHolPi] - VOS3/Q V0S3 VOSN-V0S2 

1b V osl[(lIQ) + 1 + R2IR1] - VOS3/Q VOS3 - (V OSN - V 0S2l (1 + R5IR6) 

2 [V 051(1 + R2IR1 + R21R3 + R2IR4) - V 0S3(R2IR3)J X VOS3 VOSN- VOS2 
[R4I(R2 + R4)J + VoS2[R2/(R2 + R4)J 

3 V0S2 V0S3 [ R4 R4 R4] (R4) VOS1 1+-+-+- -VOS2 -
R1 R2 R3 R2 

-V0S3(~) 
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BLOCK DIAGRAm 

HPA/NA(ll) BPA(10) lPA(9) 

INV A(12) 

AGND(6) 

INVB(l) 

INV C(24) 

INV 0(13) 

LTC 1 164 

0 V+(7) 

0 50/100(17) 

0 ClK(18) 

0 V-(19) 

BYTYING PIN 17TOV+ AllSECTIONS 
OPERATE WITH (fCLKJI,) ~ 150:1) 

BY TYING PIN 17TOV- AllSECTIONS 
OPERATE WITH (fClKJI,) ~ (100:1) 

BYTYING PIN 17TO AGND SECTIONS A & D 
OPERATE WITH (fCLK/f,) ~ (100:1) AND 
SECTIONS B & C OPERATE AT 150:1) 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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Graph 1. Mode 1, (felK/fol = 50:1 

r-r--~ 

I TA=25'C 

vsl= ±'2.51Jvspf.5V 
0=7t I-

0=2.51' J' 
V J r , ::;.. Q=2.5J 

Vs= ±2.5V 

l-f-
- °V~=~0=71 
~~_,HV~=f7~V-

""" 
~~. O(jJ I 

o 5 • ffi 20 ~ W ~ ~ • M ~ M 
CENTER FREOUENCY, 101kHz) 

Graph 4. Mode 3, (fClK/fol = 100:1 
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Graph 2. Mode 1, (fClKffol= 100:1 
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Graph 3. Mode 3, (fClKffol = 50:1 
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"0=2.5, , Tlvs= ±7.5V-r--
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Graph 5. Mode 3 Q Error vs Ideal Q 

TA=~'C 50:1 lelK = 200kHz 
Vs= ±5V 100:1 feLK = 400kHz 
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Graph 6. Wideband Noise vs Q 

ONE SECOND ORDER SECTION 
LP OR BP OUTPUT 
MODE 1,2,OR3100:1 ORM:l 

±7.5V 

I:::; e:::: ±5.0V 
±2.5V 

~ ~ ..... 
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~ 
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Graph 7. Total Harmonic 
Distortion vs Output Amplitude 

Graph B. Power Supply 
Current vs Voltage 
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Pin DESCRIPTion 

Power Supplies (Pins 7, 19) 

They should be bypassed with 0.1 ~F ceramic disc. Low 
noise, non-switching, power supplies are recommended. 
The device operates with a single SV supply and with dual 
supplies. The absolute maximum operating power supply 
voltage is ±B.2SV. Supply reversal is not allowed and can 
cause latch up. When using dual supplies, loads between 
the positive and negative supply (even light loads) can 
cause momentary supply reversal during power-up. A 
clamp diode from each supply to ground will prevent 
reversal and latch problems. 

Clock (Pin 18) 

For ±5V supplies the logic threshold level is 1.8V. For 
± BV and 0 to 5V supplies the logic threshold level is 2.BV. 
The logic threshold levels vary ± 100mV over the full mil· 
itary temperature range. The recommended duty cycle of 
the input clock is 50%, although for clock frequencies be· 
low 500kHz the clock "on" time can be as low as 200ns. 
The maximum clock frequency for single 5V supply and Q 
values < 5 is 500kHz and for ± 5V supplies and above is 

LTC 1 164 

1MHz. The clock input can be applied before power is 
turned on as long as there is no chance the clock signal 
will go below the V - supply. 

AGND (Pin 6) 

When the LTC1164 operates with dual supplies, Pin 6 
should be tied to system ground. When the L TC1164 
operates with a single positive supply, the analog ground 
pin should be tied to 112 supply and it should be bypassed 
with a 4.7~F solid tantalum in parallel with a 0.1 ~F ce
ramic disc, Figure 2. The positive input of all the internal op 
amps, as well as the common reference of all the internal 
switches, are internally tied to the analog ground pin. 
Because of this, a very "clean" ground is recommended. 

50/100 (Pin 17) 

By tying Pin 17 to V +, all filter sections operate with a 
clock to center frequency ratio internally set at 50:1. When 
Pin 17 is at mid·supplies, sections Band C operate with 
(fCLK/fo) = 50:1 and sections A and D operate at (100:1). 
When Pin 17 is shorted to the negative supply pin, all filter 
sections operate with (fCLK/fo) = 100:1. 

NOTE: PIN 5, 8, 20, IF NOT USED, SHOULD BE CONNECTED TO PIN 6. 
'LT1004 CAN BE REPLACED WITH A 7.Sk RESISTOR FOR V + >6.SV. 

Figure 2, Single Supply Operation 
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APPLICATions InFoRmATion 
ANALOG CONSIDERATIONS 

1. Grounding and Bypassing 

The LTC1164 should be used with separated analog and 
digital ground planes and single point grounding 
techniques. 

Pin 6 (AGND) should be tied directly to the analog ground 
plane. 

Pin 7 (vt) should be bypassed to the ground plane with a 
0.1JLF ceramic disk with leads as short as possible. Pin 19 
(V-) should be bypassed with a 0.1JLF ceramic disk. For 
Single supply applications, V- can be tied to the analog 
ground plane. 

For good noise perforfT'ance, V+ and V- must be free of 
noise and ripple. 
All analog inputs should be referenced directly to the sin· 
gle point ground. The clock inputs should be shielded 
from and/or routed away from the analog circuitry and a 
separate digital ground plane used. 

Figure 3 shows an example of an ideal ground plane de
sign for a two sided board. Of course this much ground 
plane will not always be possible, but users should strive 
to get as close to this as possible. Proto boards are not 
recommended. 

2. Buffering the Filter Output 

When driving coaxial cables and 1 x scope probes, the fil
ter output should be buffered. This is important especially 
when high as are used to design a specific filter. Inade
quate buffering may cause errors in noise, distortion, 0, 
and gain measurements. When 10 x probes are used, 
buffering is usually not required. A buffer is recommended 
especially when THD tests are performed. As shown in 
Figure 4, the buffer should be adequately bypassed to 
minimize clock feedthrough. 

Figure 3. Example Ground Plane Breadboard Technique for LTC1164 
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APPLICATions InFoRmATion 
3. Offset Nulling 

Lowpass filters may have too much DC offset for some 
users. A servo circuit may be used to actively null the 
offsets of the LTC1164 or any LTC switched capacitor 
filter. The circuit shown in Figure 5 will null offsets to better 
than 300IiV. This circuit takes seconds to settle because 
of the integrator pole frequency. 

LTC 1 164 

4. Noise 

All the noise performance mentioned excludes the clock 
feedthrough. Noise measurements will degrade if, the 
already described grounding, bypassing, and buffering 
techniques are not practiced. Graph 6 is a very good repre· 
sentation of the noise performance of this device. 

fROM 
fiLTER 
OUTPUT 

r------------------~--, 
I I 
I Rl I 
I 1M I 
I I 
I TO fiLTER Cl : 
: FIRST NSOUO~MING R3 r 0.1"F I 
I lOOk .". I 
, I 
, I 

! O~: l 
,Cl=C2=LOW LEAKAGE fiLM (I E POLYPROPYLENE) .". I 
~1..:~:.ME:A..!:.f!.!;M..2~ _____________ ..I 

Figure 4. Buffering the Output of a 4th Order Bandpass Realization Figure 5. Servo Amplifier 

mODES OF OPERATion 
PRIMARY MODES 

Mode 1 

In Mode 1, the ratio of the external clock frequency to the 
center frequency of each 2nd order section is internally 
fixed at 50:1 or 100:1. Figure 6 illustrates Mode 1 provid
ing 2nd order notch, lowpass, and bandpass outputs. 
Mode 1 can be used to make high order Butterworth 
lowpass filters; it can also be used to make low Q notches 
and for cascading 2nd order bandpass functions tuned at 
the same center frequency with unity gain. Mode 1 is faster 
than Mode 3. Note that Mode 1 can only be implemented 
with 3 of the 4 L TC1164 sections because section D has no 

R3 

LP 

Figure 6. Mode 1: 2nd Order Filler Providing Notch, Bandpass, 
Lowpass 
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mODES OF OPERATion 

externally available summing node. Section D, however, 
can be internally connected in Mode 1 upon special 
request. 

Mode 3 

Mode 3 is the second ofthe primary modes. In Mode 3, the 
ratio of the external clock frequency to the center fre
quency of each 2nd order section can be adjusted above 
or below 50:1 or 100:1. Side D of the LTC1164 can only be 
connected in Mode 3. Figure 7 illustrates Mode 3, the 
classical state variable configuration, providing highpass, 
bandpass, and lowpass 2nd order filter functions. Mode 3 
is slower than Mode 1. Mode 3 can be used to make high 
order all-pole bandpass, lowpass, highpass and notch 
filters. 

MODE 3 (100:1): 

MODE 3 (50:1): 

Cc 

r--------j t-------, 
R4 

R3 

I IClK.!R2. Q R3. fR2. H R2/R1' 
0= 100 V R4' = R2 V R4' OHP= - , 

HOBP= -R3/R1; HOlP= -R4/R1 

IClK!R2. 1.005(~). 
10= 50 V R4' Q= (R2/R3)-(R2/16R4) ' 

LP 

HOHP= -R2IR1; HOBP= - 1-r:;/~~R4); HOlP= -R4/R1 

NOTE; THE 50:1 EQUATIONS FOR MOOE 3 ARE OIFFERENT FROM THE EQUATIONS 
FOR MOOE 3 OPERATION OF THE LTC1059, LTC1060 ANO LTC1061. START WITH 
10, CALCULATE R2IR4, SET R4: FROM THE Q VALUE, CALCULATE R3: 

R3=_~~R",,2 -----:::;--- : THEN CALCULATE R1 TO SET 
~ f]f +~ THE DESIRED GAIN. 

a V R4 16R4 

Figure 7. Mode 3: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass 
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When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dif
ferent from the 100:1 case. This was done to provide speed 
without penalizing the noise performance. 

SECONDARY MODES 

Mode 1b 

Mode 1b is derived from Mode 1. In Mode 1b, Figure 8, two 
additional resistors R5 and R6, are added to alternate the 
amount of voltage fed back from the low pass output into 
the input of the SA (or S8 or SC) switched capacitor sum-

. mer. This allows the filter clock to center frequency ratio 
to be adjusted beyond 50:1 or 100:1. Mode 1b maintains 
the speed advantages of Mode 1. 

Mode 2 

Mode 2 is a combination of Mode 1 and Mode 3, as shown 
in Figure 9. With Mode 2, the clock to center frequency 
ratio, fcu(ifo, is always less than 50:1 or 100:1. The advan
tage of Mode 2 is that it provides less sensitivity to resis
tor tolerances than does Mode 3. As in Mode 1, Mode 2 has 

R6 R5 

1- IClK ~·f_l·a_R3~. 
0- 100(50) V ll5+llO' n- 0, -ll2Vll5+llO' 

H (I-O)-H (f- fClK) - R2. H -R2/R1. 
ON1 - ON2 2 - -W' OlP=R6/(R5+R6)' 

HOBP= -M: (R5I1R6)<5kll 

LP 

Figure 8. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 



mODES OF OPERATion 

a notch output which depends on the clock frequency, and 
the notch frequency is therefore less than the center fre· 
quency, fo. 

When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dif· 
ferent from the 100:1 case. 

Mode3A 

This is an extension of Mode 3 where the highpass and 
lowpass output are summed through two external resis
tors Rh and RI to create a notch, This is shown in Figure 10, 
Mode 3A is more versatile than Mode 2 because the notch 
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frequency can be higher or lower than the center fre
quency of the 2nd order section, The external op amp of 
Figure 10 is not always required, When cascading the 
sections of the LTC1164, the highpass and lowpass out
puts can be summed directly into the inverting input of the 
next section, The topology of Mode 3A is useful for elliptic 
high pass and notch filters with clock to cutoff frequency 
ratios higher than 100:1. This is often required to extend 
the allowed input signal frequency range and to avoid 
premature aliasing, 

When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dif· 
ferent from the 100:1 case, 

R4 leLK r:-:R2, leLK, R3~. -R2IR1 
MODE 2 (100:1): 10=100 V 1 + M' 1'=50' Q= 112 V 1 + M' HOLP= 1 +(R2/R4) 

V,N 

V,. 

LP 

. -R2/R1. ~ leLK) 
HOBP= -R3/R1, HON1(1-0) = 1 + (R21R4) ,HON> \f- 2 = -R2/R1 

MODE 2 (50:1): I _1g15 J1 -Il£·f _!""". Q_ --.l2Q5(v'f+R27B&_ _ -R2/R1 
0- 50 + R4 ' ,- 50 ,- (R2IR3)-(R2/16R4) ,HOLP- 1 + (R2IR4) 

HOBP = - l-=iR:;/~~R4): HON1(f-D)= 1 ~(~;fR!4j 

HON2 ~_ I~K) = -R2/R1 

NOTE: THE 50:1 EQUATIONS FOR MODE 2 ARE DIFFERENT FROM THE EQUATIONS 
FOR MODE 2 OPERATION OF THE LTC1059, LTC1060 AND LTC1061. START WITH 
10, CALCULATE R2/R4, SET R4: FRQM THE Q VALUE, CALCULATE R3: 

R3= 1.005 R R2: THEN CALCULATE R1 TO SET THE DESIRED GAIN. 

-Q- 1 + R4 + 16R4-

Figure 9, Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

Ce feLK fR2. feLK fRh. ._ 

r-------~ f- ------, 
R4 

fo=15O V M' f'=150 V Ri' HOHP=-R2/R1, HOBP--R3/R1 

Rg R4 /, feLK) Rg R2 
HOLP=-R41R1: HON1(f-O)=Ri x Rf: HON2 \f- 1 =R;; x Rf 

MODE 3A (100:1): 

R3 

LP 

1/4LTC1164 

( Rg Rg \ R3 {R2 
HON(f=fo)=Q RiHOLP-R;;HoHPJ :Q=112 V M 

MODE 3A (50:1): I - feLK@_1= feLK fl§:. H (f- fCLK) = -R2/R1 
0- 50 VM" 50 VRi' OHP 2 

Rg 

- R3/R1. H f- _ R4 R . Q_ 1.005(v'R27R4) 
HOBP- - 1-(R3/16R4)' OL~ -0)- - I " - (R2/R3)-(R2116R4) 

NOTE: THE 50: 1 EQUATIONS FOR MODE 3A ARE DIFFERENT FROM THE EQUATIONS 
FOR MODE 3A OPERATION OF THE LTC1059, LTC1060 AND LTC1061. START WITH 
fo, CALCULATE R2/R4, SET R4: FROM THE Q VALUE, CALCULATE R3: 

R2 
R3 = 1.00."0"5 t!~R2'--+------OR7"2 - : THEN CALCULATE R1 TO SET 

THE DESIRED GAIN. 
NOTCH -Q- M 16R4 

EXTERNAL OP AMP OR 
INPUT OP AMP OF THE 
LTC1164, SIDE A, B, C, 0 

Figure 10, Mode 3A: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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APPLICATion CIRCUITS 

c;-
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-50.00 
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-70.00 

-80.00 

-90.00 
1k 

fClK 
t3dB= 50 fClK= 500kHz 

-15V 

Figure 11_ 81h Order Lowpass Butterworth, Passband Noise 90ILVRMS 
(Also Re!erlo Ihe LTC1164-5) 
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\ 

10k 
FREQUENCY (Hz) 

\ 

1\ 
1\ , 

50k 

0.1 
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J. 
o ~I 

1 0.00 
500 

I""-i' 

'\. 1I 

1k 
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Graph 10. LTC1164 81h Order Butterworth, 

10k 

Graph 9. LTC1164 81h Order Butterworth, 
fClK = 500kHz, !-ad8 = 10kHz fClK = 500kHz, f-ad8 = 10kHz ±BV, A. 2VRMS, B. 4VRMS 
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APPLICATion CIRCUITS 

10.00 

0.0 

'10.00 

'20.00 

'"' ·30.00 
;; ·40.00 

iii ·50.00 

Figure 12. 8th Order lowpass Single Supply Elliptic-Bessel Transitional Filter 
Total Supply Current = 4mA, Passband Noise 5DILVRMS 

1\ 
1\ O.5V/DIV 

\ 
IClK = 500kHz \ 

V tad. = 5kHz 100,s/DlV 

VOUT 

'60.00 

·70.00 

·80.00 

·90.00 IITII I INPUT 1kHz, 1VSQUAREWAVE 

500 lk 10k 
FREQUENCY (Hz) 

SDk 

Graph 11. l TC11648th Order lowpass, 
Elliptic-Bessel Transitional Filter Single 5V Supply 

LTC 1 164 

8-41 



LTC 1 164 

APPLICATion CIRCUITS 

® 

ALL RESISTORS MF 1 % 

®®®® 
Rl 48.7k 
RZ 46.4k 34.0k 31.6k 43.2k 
R3 31.6k 127k 39.2k 31.6k 
R4 40.2k 29.4k 30.1k 69.8k 

R I 309k 158k 210k 
R h 63.4k 28.0k 27.4k 

VOUT 

Figure 13. LTC1164 8th Order Lowpass Elliptic, fCUTOFF = 5kHz, fClK = 250kHz, -78dB at 10kHz, Passband Noise = 110/J.VRMS ±5V 
(Also Refer to the LTC1164-6) 
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-90.00 

IClK = 250kHz 
- Vs =±7.5V 

1\ 
Ie = 5kHz, 100:1 
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Figure 14. LTC1164 8th Order Lowpass Elliptic, 'CUTOFF = 5kHz 



APPLICATion CIRCUITS 
ALL RESISTORS MF 1 % 

0 ® ® ® 
Rl B2.5k 
R2 30.1 k 2B.7k 30.9k 38.3k 
R3 71.5k 301k 124k 57.6k 
R4 44.2k 2B.7k 31.1k llBk 

Rr 121k 124k 40.2k 24.3k 
Rh 75k 6B.lk 30.9k 30.1k 

Rg = BO.6k 
C = O.OOlpF 

Figure 15. LTC1164 9th Order Lowpass Elliptic, Fixed 'CUTOFF = 4kHz, 
'ClK = 400kHz, - 74dB at 5kHz, Passband Noise = 210lNRMS ± 5V 

LTC 1 164 

10.00 

0.0 

-10.00 fClK= 4oo1.Hz 
Vs= ± 7.5V 

-20.00 fc=4kHz 
100:1 

iD -30.00 
"'-

- 74dB AT1.25 fCUTOFF 
:z -40.00 :;;: 

'" -50.00 

-60.00 

-70.00 

-BO.oo .1 ,.... 
" I'" 

-90.00 
1k 10k 20k 

FREQUENCY (Hz) 

Figure 16. LTC1164 9th Order Lowpass Elliptic, 
'CUTOFF = 4kHz 
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MICROPROCESSOR SUPERVISORY CIRCUITS 
lK FAmilY OF SUPERVISORY CIRCUIT PRODUCTS 

FUNCTION lTC1235 LTC690 
Pushbutton Reset X 
Battery Backup Switching X X 
Cond~ional Battery Backup X 

RAM Write Protect X 
Watchdog Timer X X 
Power Fail Warning X X 
Power Up/Down Reset X X 
Reset Threshold (V) 4.65 4.65 
Reset Pulse Width (ms) 200 50 
Guaranteed Reset Level (Vce! 1.0 t.O 
Power Supply Current (JtA) 600 600 
Packages: Plastic 16 8 

Ceramic DIP 8 
SOIC 16' 8 

Temperature Ranges C C, I,M 

Notes: C = O°C to +70°C I = -40°C to +85°C M = -55°C to+ 125°C 

DEFIniTiOnS OF FunCTions 
pushbunon Reset: Provides a manual reset input, usually triggered by a 
pushbunon switch, which is debounced and will initiate the usual reset 
sequence. 

Banery Backup Switching: When Vce drops below the battery voltage, VOUT 
is connected to VBATI and the device is placed in standby mode to conserve 
power. This provides backup power to the CMOS RAM while consuming less 
than 1 JlA of supply current 

Conditional Banery Backup: Electrically disconnects the banery during 
shipment and storage to prevent unnecessary discharge. Disconnection is 
done by detecting the power down sequencing of the supply and battery 
inputs_ 

RAM Write Protect: The system RAM enable line is gated by the supervisory 
circuit When the supply voltage drops below the reset voltage threshold, the 
enable line is inhibited, preventing erroneous data from being written into the 

Pin COnFIGURATiOns 

lTC691 lTC694 lTC695 lTC699 LTC1232 
X 

X X X 

X X 
X X X X X 
X X X 
X X X X X 

4.65 4.65 4.65 4.65 4.62/4.37 
50 200 200 200 610 
1.0 1.0 1.0 1.0 1.0 

600 600 600 600 500 
16 8 16 8 8 
16 8 16 
16' 8 16' 8 8 

C, I,M C,I, M C, I,M C C, I 

'0.3 Inch Wide SOL Package 

RAM when Vec is at an invalid level. The maximum enable delay for LTC's 
supervisors is 45ns. 

Watchdog Timer: Monitors the activity olthe I1P, The processor must toggle 
this input line before the given timeout period expires, or a reset will be 
initiated. This function is intended to prevent I1P'S from becoming acciden
tally stalled in microcode loops indefin~ely. 

Power Fail Warning: Provides earlywarningtothel1P of an impending power 
failure by monitoring the unregulated power supply. This gives the processor 
time to perform shutdown activities before all regulated power is lost. 

Power Up/Down Reset: Resets the I1P when the power supply line drops 
below the preset threshold. LTC's supervisors will hold the reset line low 
down to supply voltages of 1.0V, providing a reliable reset through Vee 
voltages which may allow the processor to begin operation. 

TOP VIEW TOP VIEW 

vem RESET 

VOUT RESET 

Vee WOO 

CEIN 

CEOUT 

Pi'ii 

N PACKAGE 
l6-LEAD PLASTIC DIP 

WOI 

• ___ ....J,PFO 
J8 PACKAGE N8 PACKAGE 

8·LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 
S8 PACKAGE 

8-LEAD PLASTIC SDiC 

PRESET 

PRESET 

WOO 

CEIN 

CEOUT 

Pi'ii 

S PACKAGE 
l6-LEAO PLASTIC SOL 

NC "-1-__ "'-

J8 PACKAGE 
8-LEAD CERAMIC DIP 

NB PACKAGE 
a-LEAD PLASTIC DIP 

V,m RESET 

RESEt 
WOO 

CEIN 

CEOUT 

WOI 

pro 

J PACKAGE N PACKAGE 
1&lEAD CERAMIC DIP 16-lEAD PLASTIC DIP 

S PACKAGE 
16-lEAD PLASTIC SOL 

J8 PACKAGE 
8-LEAD CERAMIC DIP 

N8 PACKAGE 
8-LEAD PLASTIC DIP 
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~7LlnfJ\'" LTC690/LTC691 
~ LTC694/LTC695 

TECHNOLOG~~~-----------M-ic--ro-p-r-o-c-e-s-so-r 

FEATURES 
• Guaranteed Reset Assertion at Vee = 1V 
• 1.SmA Maximum Supply Current 
• Fast (3Sns Max.) Onboard Gating of RAM Chip 

Enable Signals 
• SO-8 and SO-16 Packaging 
• 4.6SV Precision Voltage Monitor 
• Power OK/Reset Time Delay: 

SOms, 200ms, or Adjustable 
• Minimum External Component Count 
• 1,.lA Maximum Standby Current 
• Voltage Monitor for Power Failor Low Battery 

Warning 
• Thermal Limiting 
• Performance Specified Over Temperature 
• Superior Upgrade for MAX690 Family 

APPLICATions 
• CritiealllP Power Monitoring 
• Intelligent Instruments 
• Battery-Powered Computers and Controllers 
• Automotive Systems 

TYPICAL APPLICATiOn 

51k 

10k 

Supervisory Circuits 

DESCRIPTion 
The LTC690 family provides complete power supply moni
toring and battery control functions for microprocessor 
reset, battery backup, CMOS RAM write protection, power 
failure warning and watchdog timing. A precise internal 
voltage reference and comparator circuit monitor the 
power supply line. When an out-of-tolerance condition 
occurs, the reset outputs are forced to active states and the 
Chip Enable output unconditionally write-protects exter
nal memory. In addition, the RESET output is guaranteed 
to remain logic low even with Vee as low as 1V. 

The L TC690 family powers the active CMOS RAMs with a 
charge pumped NMOS power switch to achieve low drop
out and low supply current. When primary power is lost, 
auxiliary power, connected to the battery input pin, powers 
the RAMs in standby through an efficient PMOS switch. 

For an early warning of impending power failure, the 
LTC690 family provides an internal comparator with a 
user-defined threshold. An internal watchdog timer is also 
available, which forces the reset pins to active states when 
the watchdog input is nottoggled priorto a presettime-out 
period. 

POWER TO ~P 
CMOS RAM POWER a 4 

w 

~P ~ 3 
SYSTEM g 

---I ~P RESET 

---I~PNMI 

---I I/O LINE 

~ 
5 2 o 

Ii 1 

o 

RESET Output Voltage vs 
Supply Voltage 

TA·2S'C 
EXTERNAL PULLUP .10~A 
VBATT= OV 

/\ 
o 

/ 

MICROPROCESSOR RESET, BATIERY BACKUP, POWER FAILURE WARNING AND 
WATCHDOG TIMING ARE ALL IN A SINGLE CHIP FOR MICROPROCESSOR SYSTEMS. 

SUPPLY VOLTAGE (V) 
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ABSOLUTE mAXimum RATinGS 
(Notes 1 and 2) 

Terminal Voltage 
Vcc .................................................... --{).3V to 6.0V 
VBATT ................................................. --{).3V to 6.0V 
All Other Inputs ................... --{).3V to (VOUT + 0.3V) 

Input Current 
Vcc .............................................................. 200mA 
VBATT ............................................................. 50 rnA 
GND ............................................................... 20mA 

PACKAGE/ORDER InFORmATiOn 
(Note 3) 

VBATT 

VOUT 

Vee 

15 RESET 

BAn ON 

LOW LINE 

OSC IN 7 

N PACKAGE 
16-LEAD PLASTIC DIP 

N8 PACKAGE 
8-LEAD PLASTIC DIP 

WOO 

CEIN 

ORDER PART 
NUMBER 

LTC691CN 
LTC691IN 
LTC695CN 
LTC6951N 

LTC690CN8 
LTC6901N8 
LTC694CN8 
LTC6941N8 

PRODUCT SELECTiOn GUIDE 

LTC690/LTC691 
LTC694/LTC695 

VOUT Output Current .................. Short Circuit Protected 
Power Dissipation ............................................. 500mW 
Operating Temperature Range 

LTC690/91/94/95C ............................... O°C to 70°C 
LTC690/91/94/951 ............................ -40°C to 85°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

S PACKAGE 
16-LEAD PLASTIC SOL 

S8 PACKAGE 
8-LEAD PLASTIC SOIC 

PFI 

S8 PART 
MARKING 

690 
6901 
694 
6941 

ORDER PART 
NUMBER 

LTC691CS 
LTC691IS 
LTC695CS 
LTC6951S 

LTC690CS8 
LTC690lS8 
LTC694CS8 
LTC6941S8 

CHIP ENABLE RESET ACTIVE WATCHDOG TIME-OUT BASE DRIVE FOR EXT. ADDITIONAL OUTPUTS 
PART NUMBER SIGNALS TTlME PERIOD PNP TRANSISTOR WDO, RESET, LOW LINE 

LTC690 No 50ms 1.6 sec No No 
LTC691 Yes 50ms or Adjustable 1.6 sec or Adjustable Yes Yes 
LTC694 No 200ms 1.6 sec No No 
LTC695 Yes 200ms or. Adjustable 1.6 sec or Adjustable Yes Yes 
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LTC690/LTC691 
LTC694/LTC695 

ELECTRICAL CHARACTERISTICS 
Vee = Full Operating Range, VBATT = 2.8V, TA = 25°C, unless otherwise noted. 

PARAMETER CONDITONS 

Battery Backup Switching 

Operating Voltage Range 
Vee 
VBATI 

VOUT Output Voltage lOUT = 1mA 

IOUT=50mA 

VOUT in Battery Backup Mode lOUT = 2501lA, Vee < VBATI 

Supply Current (exclude lOUT) IOUT:S;50mA 

Supply Current in Battery Backup Mode Vee = OV, VBATI = 2.SV 

Battery Standby Current 5.5> Vee> VBATI + 0.2V 
(+ = Discharge, - = Charge) 

Battery Sw[chover Threshold Power Up 
Vee-VBATI Power Down 

Battery Sw[chover Hysteresis 

BATT ON Output Voltage (Note 4) ISINK = 3.2mA 

BATT ON Output Short Circuit Current (Note 4) BATT ON = VOUT Sink Current 

BATT ON = OV Source Current 

Reset and Watchdog Timer 

Reset Voltage Threshold 

Reset Threshold Hysteresis 

Reset Active Time (LTCS90/91) OSC SEL HIGH, Vee = 5V 
(Note 5) 

Reset Active Time (LTCS94/95) OSC SEL HIGH, Vee = 5V 
(Note 5) 

Watchdog Timeout Period, Long Period, Vee = 5V 
Internal Oscillator 

Short Period, Vec = 5V 

Watchdog Time·out Period, External Clock Long Period 
(NoteS) Short Period 

Reset Active Time PSRR 

Watchdog Time·out Period PSRR, Internal OSC 

Minimum WDllnput Pulse Width VIL = 0.4V, VIH = 3.5V 

RESET Output Voltage At Vee = 1V ISINK = 101lA, Vce = 1V 

RESET and LOW LINE Output Voltage ISINK = 1.SmA, Vee = 4.25V 
(Note 4) IsouReE = 11lA, Vee = 5V 

RESET and WOO Output Voltage ISINK = 1.SmA, Vee = 5V 
(Note 4) SOURCE = 11lA, Vee = 4.25V 
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MIN 
? 

4.75 
2.0 

Vee -0.05 

• Vee - 0.1 

Vee- 0.5 

VBATI-0.1 

• 
• 

-0.1 

• -1.0 

0.5 

• 4.5 

40 

• 35 

160 

• 140 

1.2 

• 1.0 

SO 

• 70 

4032 
9S0 

• 200 

3.5 

3.5 

TYP MAX UNITS 

5.5 V 
4.25 

Vee- 0.005 V 
Vee- 0.005 

Vee - 0.25 

VBATI-0.02 V 

0.6 1.5 rnA 
O.S 2.5 

0.04 1 IlA 
0.04 5 

+0.02 IlA 
+0.1 

70 mV 
50 

20 mV 

0.4 V 

35 m 

1 25 IlA 

4.65 4.75 V 

40 mV 

50 SO ms 
50 70 

200 240 ms 
200 2S0 

1.S 2.0 sec 
1.S 2.25 

100 120 ms 
100 140 

4097 Clock 
1025 Cycles 

1 msN 

1 msN 

ns 

4 200 mV 

0.4 V 

0.4' V 



ELECTRICAL CHARACTERISTICS 

LTC690/LTC691 
LTC694/LTC695 

Vee = Full Operating Range, VBATT = 2.BV, TA = 25°C, unless otherwise noted. 

PARAMETER CONDITONS MIN TYP MAX UNITS 

RESET, RESET, WDO, LOW LINE Output Source Current 1 3 25 ~ 
Output Short Circuit Current (Note 4) Output Sink Current 25 rnA 

WDllnput Threshold Logic Low 0.8 V 
Logic High 2.0 

WDllnput Current WDI =Vour • 4 50 ~ 
WDI = OV • -50 -8 

Power Fall Deteclor 

PFllnput Threshold Vcc = 5V • 1.25 1.3 1.35 V 

PFllnput Threshold PSRR 0.3 mVN 

PFllnput Current :Iil.OI ±25 nA 

PFO Output Voltage (Note 4) ISINK = 3.2mA 0.4 V 
ISOURCE = 1~ 3.5 

PFO Short Circuit Source Current PFI = HIGH, PFO = OV 1 3 25 ~ 
(Note 4) PFI = LOW, PFO = Vour 25 rnA 

PFI Comparator Response Time (falling) aVIN = -20mV, Voo = 15mV 2 IJS 
PFI Comparator Response Time (rising) aVIN = 20mV, Voo = 15mV 40 IJS 

(Note 4) with 10kn Pullup 8 

Chip Enable Gallng 
C~ IN Threshold VIL 0.8 V 

VIH 2.0 

CE IN Pullup Current (Note 7) 3 ~ 
CE OUT Output Voltage Is INK = 3.2mA 0.4 V 

ISOURCE = 3.0mA Your -1.5 
ISOURCE = 1~, V cc = OV Vour-0.05 

CE Propagation Delay Vcc = 5V, CL = 20pF 20 35 ns 

• 20 45 

CE OUT Output Short Circuit Current Output Source Current 30 rnA 
Output Sink Current 35 

Oscillalor 

OSC IN Input Current (Note 7) ±2 ~ 
OSC SEL Input Pullup Current (Note 7) 5 ~ 
OSC I N Frequency Range OSC SEL = OV • a 250 kHz 

OSC IN Frequency with External Capacitor OSC SEL = OV, Cosc = 47pF 4 kHz 

The. denotes specifications which apply over the operating temperature 
range. 
NOle 1: Absolute maximum ratings are those values beyond which the life 
of device may be impaired. 
Nole 2: All voltage values are with respect to GND. 
Nole 3: For military temperature range parts or for the L TC692 and 
LTC693, consult the factory. 
Nole 4: The output pins of BATT ON, LOW LINE, PFO, WDO, RESET and 
RESET have weak internal pullups of typically 3~. However, external 
pullup resistors may be used when higher speed is required. 
Nole 5: The LTC690 and LTC691 have minimum reset active time of 35ms 
(50ms typically) while the LTC694 and LTC695 have longer minimum 

reset active time of 140ms (200ms typically). The reset active time of the 
LTC691 and LTC695 can be adjusted (see Table 2 in Applications 
Information Section). 
Nole 6: The external clock feeding into the circuit passes through the 
oscillator before clocking the watchdog timer (See BLOCK DIAGRAM). 
Variation in the time-out period is caused by phase errors which occur 
when the oscillator divides the external clock by 64. The resulting 
variation in the time-out period is 64 clocks plus one clock of jitter. 
Nole 7: The input pins of CE IN, OSC IN and OSC SEL have weak internal 
pullups which pull to the supply when the input pins are floating. 
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LTC690jLTC691 
LTC694jLTC695 

BLOCK DIAGRAm 
VBATT ----+-------. ....------+-----VOUT 

Vee -....--.---f-----t---, 

>--+--~--~ ")0--- BATTON 

CE IN 

PFI 

ose IN 

ose SEL 

WOI 

Pin FunCTions 
Vee: +5V supply input. The Vee pin should be bypassed 
with a 0.1 ~ capacitor. 

VOUT: Voltage output for backed up memory. Bypass with 
a capacitor of 0.1~ or greater. During normal operation, 
VOUT obtains power from Vee through an NMOS power 
switch, M1, which can deliver up to 50mA and has a typical 
on resistance of 5n. When Vee is lower than VBATI, VOUT 
is internally switched to VBATT. If VOUT and VBATI are not 
used, connect VOUT to Vee. 
VBATT: Backup battery input. When Vee falls below VBATI, 
auxiliary power, connected to VBATI, is delivered to VOUT 
through PMOS witch, M2. If backup battery or auxiliary 
power is not used, VBATI should be connected to GND. 

9-8 

>--- LOWLINE 

CE OUT 

jiFQ 

RESET 

RESET 

WOO 

LTC69080 

GND: Ground pin. 

BATI ON: Battery on logic output from comparator C2. 
BAn ON goes low when VOUT is internally connected to 
Vee. The output typically sinks 35mA and can provide base 
drive for an external PNP transistor to increase the output 
current above the 50mA rating of VOUT. BAn ON goes 
high when VOUT is internally switched to VBATI. 

PFI: Power Failure Input. PFI is the noninverting input to 
the Power Fail Comparator, C3. The inverting input is 
internally connected to a 1.3V reference. The Power Failure 
Output remains high when PFI is above 1.3V and goes low 
when PFI is below 1.3V. Connect PFI to GND or VOUT when 
C3 is not used. 



Pin FunCTions 
PFO: Power Failure Output from C3. PFO remains high 
when PFI is above 1.3V and goes low when PFI is below 
1.3V. When Vee is lower than VBATI, C3 is shut down and 
PFO is forced low. 

RESET: Logic output for J.lP reset control. Whenever Vee 
falls below either the reset voltage threshold (4.65V, 
typically) or VBATI, RESET goes active low. After Vee 
returns to 5V, reset pulse generator forces RESET to 
remain active low for a minimum of 35ms for the LTC690 
/1 (140ms for the LTC694/5). When the watchdog timer is 
enabled but not serviced prior to a preset time-out period, 
reset pulse generator also forces RESET to active low for 
a minimum of 35ms for the LTC690/1 (140ms for the 
LTC694/5) for every preset time-out period (see Figure 
10). The reset active time is adjustable on the LTC691/5. 

RESET: RESET is an active high logic ouput. It is the 
inverse of RESET. 

LOW LINE: Logic output from comparator C1. LOW LINE 
indicates a low line condition at the Vee input. When Vee 
falls below the reset voltage threshold (4.65V typically), 
LOW LINE goes low. As soon as Vee rises above the reset 
voltage threshold, LOW LINE returns high (see Figure 1). 
LOW LINE goes low when Vee drops below VBATI (see 
Table 1). 

WDI: Watchdog Input, WDI, is a three level input. Driving 
WDI either high or low for longer than the watchdog time
out period, forces both RESET and WOO low. Floating WDI 
disables the Watchdog Timer. The timer resets itself with 
each transition of the Watchdog Input (see Figure 10). 

WDO: Watchdog logic output. When the watchdog input 
remains either high or low for longer than the watchdog 

LTC690jLTC691 
LTC694jLTC695 

time-out period, WOO goes low. WOO is set high whenever 
there is a transition on the WDI pin, or LOW LINE goes low. 
The watchdog timer can be disabled by floating WDI (see 
Figure 10). 

CE IN: Logic input to the Chip Enable gating circuit. CE IN 
can be derived from microprocessor's address line and/or 
decoder output. See Applications Information Section and 
Figure 4 for additional information. 
CE OUT: Logic output on the ruChC"7ip-'E;O-:n-:-'ab7Ie gating circuit. 
When Vee is above the reset voltage threshold, CE OUT is 
a buffered replica of CE IN. When Vee is below the reset 
voltage threshold CE OUT is forced high (see Figure 4). 

OSC SEL: Oscillator Selection input. When OSC SEL is 
high or floating, the internal oscillator sets the reset active 
time and watchdog time-out period. Forcing OSC SEL low, 
allows OSC IN be driven from an external clock signal or 
external capacitor be connected between OSC IN and 
GND. 

OSC IN: Oscillator Input. OSC IN can be driven by an 
external clock signal or external capacitor can be connected 
between OSC IN and GND when OSC SEL is forced low. In 
this configuration the nominal reset active time and 
watchdog time-out period are determined by the number 
of clocks orset by the formula (see Applications Information 
Section). When OSC SEL is high or floating, the internal 
oscillator is enabled and the reset active time is fixed at 
50ms typical for the L TC691 and 200ms typical for the 
LTC695. OSC IN selects between the 1.6 seconds and 
100ms typical watchdog time-out periods. In both cases, 
the time-out period immediately after a reset is 1.6 seconds 
typical. 
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LTC690/LTC691 
LTC694/LTC695 

TYPICAL PERFORmAnCE CHARACTERISTICS 

5.00 

4.95 

~ 
~ 4.90 

~ 
§; 

~ 4.85 
~ 
o 

4.80 

4.75 

58 

56 

54 

52 

50 

48 

46 

VOUT vs lOUT 

'" Vee ~ 5V 
VBAn = 2.8V 

I'" 
TA = 25"C 

SLOPE = 50)/ 

'" I'" I'" o 10 20 30 40 
LOAD CURRENT (mA) 

Reset Active Time vs 
Temperature LTC69D-1 

Vee = 5V 

/ 
1/ 

V 
r-- ..,..., 

/ 

50 

V 

-;50 -25 0 25 50 75 100 125 

1.305V 

1.285V 

TEMPERATURE (Cl 

Power Fail Comparator 
Response Time 

\ 
Vee = 5V 
TA = 25"C 

V~lft -\ ffii 

\ 
1.3V - T 30pF-

VPF1 = 20mV STEP 

012345678 
TIME (~sl 

LTC690G7 

9-10 

2.80 

_2.78 
2:-
w 

'" ~ 
§; 2.76 

~ 

~ 
O 2.74 

2.72 

232 

224 

216 

208 

200 

192 

184 

VOUTVS lOUT 

"" 
Vee=OV 

~ 
VBAn=2.8V 
TA=25"C 

:; 

" SLOPE = 1250 

"-
~ 

o 100 200 300 400 
LOAD CURRENT (~A) 

Reset Active Time vs 
Temperature LTC694-5 

Vee=5V 

/ 
1/ 

/ 
/ 

- ..,..., 

500 

/ 

-;50 -25 0 25 50 75 100 125 

4 

3 

1.315V 

1.295V 

TEMPERATURE (Cl 

Power Fail Comparator 
Response Time 

Vee = 5y 
TA = 25 C / 

I VP"~ ffii 

/ 
1.3V - T 30pF 

VpFI = 20mV STEP 

o 20 40 60 80 100 120 140 160180 
TIME (~sl 

LTC690G8 

1.308 

1.306 

~ 
9 1.304 
o 

" 13 1.302 
0:: 

~ 1.300 
~ 
:z 
~ 1.298 

1.296 

1.294 

Power Failure Input Threshold 
VS Temperature 

Vee = 5V 

/ f".-
/ 

V 
I 

/ 

"' 

-;50 -25 0255075 
TEMPERATURE (C) 

100 125 

4.66 

~4.65 
9 
o 
&i 4.64 
~ 
F 
~ 4.63 

§; 4.62 

~ 
0:: 4.61 

4.60 

Reset Voltage Threshold 
vs Temperature 

/ 
V ['-., 

I 
1/ 

/ 

lTC690G3 

" 

-50 -25 0 25 50 75 100 125 

4 

3 

1.315V 

1.295V 

TEMPERATURE (Cl 

Power Fail Comparator Response 
Time with Pullup Resistor 

Vee = 5V 
TA = 25"C 

I 
I 
I 

+5V 

j VPF1Wk ffii 
1.3V - T 30pF 

I I I I I 
VPFI = 20mV STEP 

o 2 4 6 8 10 12 14 16 18 
TIME (~sl 



APPLICATions InFORmATion 
Microprocessor Reset 
The LTC690 family uses a bandgap voltage reference and 
a precision voltage comparator C1 to monitor the 5V 
supply input on Vee (see BLOCK DIAGRAM). When Vee 
falls below the reset voltage threshold, the RESET output 
is forced to active low state. The reset voltage threshold 
accounts for a 5% variation on Vee, so the RESET output 
becomes active low when Vee falls below 4.75V (4.65V 
typical). On power-up, the RESET signal is held active low 
for a minimum of 35ms for the LTC690/1 (140ms for the 
LTC694/5) after reset voltage threshold is reached to allow 
the power supply and microprocessor to stabilize. The 
reset active time is adjustable on the L TC691/5. On power
down, the RESET signal remains active low even with Vee 
as low as 1 V. This capability helps hold the microproces
sor in stable shutdown condition. Figure 1 shows the 
timing diagram of the RESET signal. 
The precision voltage comparator, C1, typically has 40mV 
of hysteresis which ensures that glitches at Vee pin do not 
activate the RESET output. Response time is typically 
1 OIJS. To help prevent mistriggering due to transient loads, 
Vee pin should be bypassed with a 0.1 J.IF capacitor with the 
leads trimmed as short as possible. 
The LTC691 and LTC695 have two additional outputs: 
RESET and LOW LINE. RESET is an active high output and 

Vee 

II 

LTC690/LTC691 
LTC694/LTC695 

is the inverse of RESET. LOW LINE is the output of the 
precision voltage comparator C1. When Vee falls below 
the reset voltage threshold, LOW LINE goes low. LOW 
LINE returns high as soon as Vee rises above the reset 
voltage threshold. 

Battery Switchover 
The battery switchover circuit compares Vee to the VBATI 
input, and connects VOUT to whichever is higher. When 
Vee is rising and is 70mV higher than VBATI, the battery 
switchovercomparator, C2, connects VOUTto Vee through 
a charge pumped NMOS power switch, M1. When Vee 
falls to 50mV greater than VBATI, C2 connects VOUT to 
VBATIthrough a PMOS switch, M2. C2 has typically 20mV 
of hysteresis to prevent spurious switching when Vee 
remains nearly equal to VBATI. The response time of C2 is 
approximately 20IJS. 
During normal operation, the L TC690 family uses a charge 
pumped NMOS power switch to achieve low dropout and 
low supply current. This power switch can deliver up to 
50mA to VOUT from Vee and has a typical on resistance of 
5Q. The VOUT pin should be bypassed with a capacitor of 
0.1 J.IF or greater to ensure stability. Use of a larger bypass 
capacitor is advantageous for supplying current to heavy 
transient loads. 

VI = RESET VOLTAGE THRESHOLD 
V2 = RESET VOLTAGE THRESHOLD + 

RESET THRESHOLD HYSTERESIS 

II 

II = RESET ACTIVE TIME 

Figure 1. Reset Active Time 
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APPLICATions InFoRmATion 
When operating currents larger than 50mA are required 
from VOUT, or a lower dropout (Vee - VOUT voltage differ
ential) is desired, the LTC691 and LTC695 should be used. 
These products provide BAn ON output to drive the base 
of external PNPtransistor (Figure 2). If higher currents are 
needed with the LTC690 and LTC694, a high current 
Schottky diode can be connected from the Vee pin to the 
VOUT pin to supply the extra current. 

ANY PNP POWER TRANSISTOR 

+5V --t----" 

Figure 2. Using BATT ON to Drive External PNP Transistor 

The LTC690 family is protected for safe area operation 
with short circuit limit. Output current is limited to ap
proximately 200mA. If the device is overloaded for long 
period of time, thermal shutdown turns the power switch 
off until the device cools down. The threshhold tempera
ture for thermal shutdown is approximately 155°C with 
about 10°C of hysteresis which prevents the device from 
oscillating in and out of shutdown. 
The PNP switch used in competitive devices was not 
chosen for the internal power switch because it injects 
unwanted current into the substrate. This current is col
lected by the VBATT pin in competitive devices and adds to 
the charging current of the battery which can damage 
lithium batteries. LTC690 family uses a charge pumped 
NMOS power switch to eliminate unwanted charging 
current while achieving low dropout and low supply cur
rent. Since no current goes to the substrate, the current 
collected by VBATT pin is strictly junction leakage. 

A 125Q PMOS switch connects the VBATT input to VOUT in 
battery backup mode. The switch is designed for very low 
dropout voltage (input-to-output differential). This feature 
is advantageous for low current applications such as 
battery backup in CMOS RAM and other low power CMOS 
circuitry. The supply current in battery backup mode is 
1 JJA maximum. 
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The operating voltage atthe VBATT pin ranges from 2.0Vto 
4.25V. High value capacitors, such as electrolytic orfarad
size double layer capacitors, can be used for short term 
memory backup instead of a battery. The charging resistor 
for both capacitors and rechargeable batteries should be 
connected to VOUT since this eliminates the discharge 
path that exists when the resistor is connected to Vee 
(Figure 3). 

Figure 3. Charging External BaUery Through Your 

Replacing the Backup Battery 

When changing the backup battery with system power on, 
spurious resets can occur while battery is removed due to 
battery standby current. Although battery standby current 
is only a tiny leakage current, itcan still charge up the stray 
capacitance on the VBATT pin; The oscillation cycle is as 
follows: When VBATT reaches within 50mV of Vee, the 
LTC690 switches to battery backup. VOUT pulls VBATT low 
and the device goes back to normal operation. The leakage 
currentthen charges up the VBATT pin again and the cycle 
repeats. 
If spurious resets during battery replacement pose no 
problems, then no action is required. Otherwise, two 
methods can be used to eliminate this problem. First, a 
capacitor from VBATT to GND will allow time for battery 
replacement by slowing the charge rate. For example, the 
battery standby current is 1 JJA maximum over tempera
ture and the external capacitor required to slow the charge 
rate is: 

CEXT~ TREQ'D( ~ 1~~ J 
cc - BATT 

where T REQ'D is the maximum time required to replace the 



APPLICATions InFoRmATion 

backup battery. With Vee = 4.5V, VBATT = 3V and T REQ'O = 
3 sec, the value for external capacitor is 2J,lf. Second, a 
resistor from VBATI to GND will hold the pin low while 
changing the battery. For example, the battery standby 
current is 1 f,lA maximum over temperature and the exter
nal resistor required to hold VBATT below Vee is: 

R~ Vec -50mV 
1/lA 

With Vee = 4.5V, a 4.3Mn resistor will work. With a 3V 
battery, this resistor will draw only 0.7f,lA from the battery, 
which is negligible in most cases. 

Table 1. Input and Output Status in Battery Backup Mode 
SIGNAL STATUS 
vcc C2 monitors Vcc for active switchover. 
VOUT VOUT is connected to VSAIT through an internal PMOS switch. 
VSAIT The supply current is 1!J11 maximum. 
BATT ON Logic high. The open circuit output voltage is equal to VOUT. 
PFI Power Failure Input is ignored. 
PFO Logic low 
RESET Logic low 
RESET Logic high. The open circuit output voltage is equal to VOUT. 
LOW LINE Logic low 
WDI Watchdog Input is ignored. 
WDO Logic high. The open circuit output voltage is equal to VOUT. 
CE IN Chip Enable Input is ignored. 
CE OUT Logic high. The open circuit output voltage is equal to VOUT. 
OSC IN OSC IN is ignored. 
OSC SEL ose SEL is ignored. 

Vee 

CE IN 

LTC690/LTC691 
LTC694/LTC695 

Table 1 shows the state of each pin during battery backup. 
When the battery switchover section is not used, connect 
VBATT to GND and VOUT to Vee. 

Memory Protection 
The L TC691 and L TC695 include memory protection 
circuitry which ensures the integrity of the data in memory 
by preventing write operations when Vee is at invalid level. 
Two additional pins, cr IN and CE OUT, control the Chip 
Enable or Write inputs of CMOS RAM. When Vee is +5V, 
CE OUT follows CE IN with a typical propagation delay of 
20ns. When Vee falls below the reset voltage threshold or 
VBATT, CE OUT is forced high, independent of CE IN. cr 
OUT is an alternative signal to drive the CE, CS, or Write 
input of battery-backed up CMOS RAM. CE OUT can also 
be used to drive the Store or Write input of an EEPROM, 
EAROM or NOVRAM to achieve similar protection. Figure 
4 shows the timing diagram of CE IN and CE OUT. 
CE IN can be derived from the microprocessor's address 
decoder output. Figure 5 shows a typical nonvolatile 
CMOS RAM application. 
Memory protection can also be achieved with the L TC690 
and LTC694 by using RESET as shown in Figure 6. 

V1 = RESET VOLTAGE THRESHOLD 
V2 = RESET VOLTAGE THRESHOLD + 

RESET THRESHOLD HYSTERESIS 

Figure 4. Timing Diagram lor CE IN and CE OUT 
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APPLICATions InFoRmATion 
_---...__--1 Vee 

62512 
RAM 

Figure 5. A Typical Nonvolatile CMOS RAM Application 

----...-----1 vee 
62128 
RAM 

-----ICS1 
----------1 CS2 

LTC690f6 

Figure 6. Write Protect for RAM with LTC690 or LTC694 

9-14 

Figure 7. Monitoring Unregulated DC Supply 
with the LTC690's Power Fail Comparator 

Figure 8. Monitoring Regulated DC Supply 
with the LTC690's Power Fail Comparator 

Power Fail Warning 
The LTC690 family generates a Power Failure Output 
(PFO) for early warning of failure in the microprocessor's 
power supply. This is accomplished by comparing the 
Power Failure Input (PFI) with an internal1.3V reference. 
PFO goes low when the voltage at PFI pin is less than 1.3V. 
Typically PFI is driven by an external voltage divider (R1 
and R2 in Figures 7 and 8) which senses either an 
unregulated DC input ora regulated 5Voutput. The voltage 
divider ratio can be chosen such that the voltage PFI pin 
falls below 1.3V several milliseconds before the +5V 
supply falls below the maximum reset voltage threshold 
4.75V. PFO is normally used to interruptthe micrQQ!.oces
sor to execute shut-down procedure between PFO and 
RESET or RESET. 
The power fail comparator, C3, does not have hysteresis. 
Hysteresis can be added however, by connecting a resis
tor between the PFO output and the non inverting PFI input 
pin as shown in Figures 7 and 8. The upper and lower trip 
pOints in the comparator are established as follows: 
When PFO output is low, R3 sinks current from the 
summing junction at the PFI pin. 

( R1 R1 ) 
VH = 1.3V 1 + R2 + R3 

When PFO output is high, the series combination of R3 and 
R4 source current into the PFI summing junction. 

v, = 1.3V( 1 + B..!. _ (5V -1.3V)R1 ) 
L R2 1.3V(R3 + R4) 

Assuming R4«R3, VHYSTERESIS = 5V ~~ 
Example 1: The circuit in Figure 7 demonstrates the use of 
the power fail comparator to monitor the unregulated 
power supply input. Assuming the the rate of decay of the 
supply inputVIN is 1 OOmVims and the total time to execute 
a shut-down procedure is 8ms. Also the noise of VIN is 
200mV. With these assumptions in mind, we can reason
ably set VL = 7.5V which 1.25V greater than the sum of 
maximum reset voltage threshold and the dropout voltage 
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of L T1 086-5 (4.75V + 1.5V) and VHYSTERESIS = 850mV. 

R1 
VHYSTERESIS = 5V R3 = 850V 

R3 '" 5.88 R1 

Choose R3 =300kQand R1 =51 kQ. Also select R4 = 10kQ 
which is much smaller than R3. 

7.5V =1. 3V( 1 + 51kQ - (5V -1.3V)51kQ J 
R2 1.3V(310kQ) 

R2 = 9.7kQ, Choose nearest 5% resistor 1 Ok and recalcu
late VL, 

V, = 1.3V( 1 + 51kQ _ (5V -1.3V)51kQJ = 7.32V 
L 10kQ 1.3V(310kQ) 

( 51kQ 51kQ J 
VH = 1.3V 1 + 10kQ + 300kQ = 8.151V 

(7.32V - 6. 25V) = 10. 7ms 
100mV/ms 

VHYSTERESIS = 8.151V -7.32V = 831mV 

The 10.7ms allows enough time to execute shut-down 
procedure for microprocessor and 831 mV of hysteresis 
would prevent PFO from going low dueto the noise OfVIN. 
Example 2: The circuit in Figure 8 can be used to measure 
the regulated 5V supply to provide early warning of power 
failure. Because of variations in the PFI threshold, this 
circuit requires adjustment to ensure the PFI comparator 
trips before the resetthreshold is reached. Adjust R5 such 
thatthe PFO output goes low when the Vee supply reaches 
the desired level (e.g., 4.85V). 

Monitoring the Status of the Battery 
C3 can also monitor the status of the memory backup 
battery (Figure 9). If desired, the CE OUT can be used to 
apply a test load to the battery. Since CE OUT is forced high 
in battery backup mode, the test load will not be applied to 
the battery while it is in use, even if the microprocessor is 
not powered. 

LTC690/LTC691 
LTC694/LTC695 

+5V 

- +3V 

J. 

: OPTIONAL TEST LOAD 

LOW BATTERY SIGNAL 
TO ~P 1/0 PIN 

1/0 PIN 

Figure 9. Backup Ballery Monitor with Optional Test Load 

Watchdog Timer 
The L TC690 family provides a watchdog timer function to 
monitor the activity of the microprocessor. If the micro
processor does not toggle the Watchdog Input (WOI) 
within a seleced time-out period, RESET is forced to active 
low for a minimum of 35ms for the LTC690/1 (140ms for 
the LTC694/5). The reset active time is adjustable on the 
L TC691 15. Since many systems can not service the watch
dog timer immediately after a reset, the LTC691 and 
LTC695 have longer time-out period (1.0 second mini
mum) right after a reset is issued. The normal time-out 
period (70ms minimum) becomes effective following the 
first transition of WOI after RESET is inactive. The watch- ... 
dog time-out period is fixed at 1.0 second minimum on the .. 
LTC690 and LTC694. Figure 10 shows the timing diagram 
of watchdog time-out period and reset active time. The 
watchdog time-out period is restarted as soon as RESET 
is inactive. When either a high-to-Iow or low-to-high 
transition occurs at the WOI pin prior to time-out, the 
watchdog time is reset and begins to time out again. To 
ensure the watchdog time does not time out, either a high-
to-low or low-to-high transition on the WOI pin must 
occur at or less than the minimum time-out period. If the 
input to the WOI pin remains either high or low, reset 
pulses will be issued every 1.6 seconds typically. The 
watchdog time can be deactivated by floating the WOI pin. 
The timer is also disabled when Vee falls below the reset 
voltage threshold or VBAn. 
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APPLICATions InFoRmATion 
The L TC691 and L TC695 provide an additional output 
(Watchdog Output, WOO) which goes low if the watchdog 
timer is allowed to time out and remains low until set high 
by the next transition onthe WOI pin. WOO is also set high 
when Vee falls below the reset voltage threshold or VBATI. 
The LTC691 and LTC695 have two additonal pins OSC SEL 
and OSC IN, which allow reset active time and watchdog 
time-out period to be adjusted per Table 2. Several con
figurations are shown in Figure 11. 
OSC IN can be driven by an external clock signal or an 
external capacitor can be connected between OSC IN and 

VCC=5V 

WDI -------, 

GNO when OSC SEL is forced low. In these configurations, 
the nominal reset active time and watchdog time-out 
period are determined by the number of clocks or set by 
the formula in Table 2. When OSC SEL is high or floating, 
the internal oscillator is enabled and the reset active time 
is fixed at 35ms minimum for the LTC691 and 140ms 
minimum for the LTC695. OSC IN selectes between the 1 
second and 70ms minimum normal watchdog time-out 
periods. In both cases, the time-out period immediately 
after a reset is at least 1 second. 

II = RESET ACTIVE TIME 

woo ---, 

RESET ---, 
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t2 = NORMAL WATCHDOG TlME·OUT PERIOD 
13 = WATCHDOG TIME-OUT PERIOD IMMEDIATELY 

AFTER A RESET 

11 

Figure 10. Watchdog Time-out Period and Reset Active Time 

EXTERNAL CLOCK 

INTERNAL OSCILLATOR 
1.6 SE.COND WATCHDOG 

FLOATING 
OR HIGH 

7 FLOATING 
OR HIGH 

EXTERNAL OSCILLATOR 

INTERNAL OSCILLATOR 
lOOms WATCHDOG 

Figure 11. Oscillator Configurations 
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Table 2. LTC691 and LTC695 Reset Active Time and Watchdog Time-out Selections 

WATCHDOG TIME·DUT PERIOD 

DSC SEL OSCIN NORMAL IMMEDIATELY 
AFTER RESET 

(Short Period) (Long Period) 

low External Clock Input 1024 clks 4096 clks 

Low External Capacitor· 400ms C 
47pF x 

1.6 sec C 
47pF x 

Floating or High Low lOOms 1.6 sec 
Floating or High Floating or High 1.6 sec 1.6 sec 

LTC690/LTC691 
LTC694/LTC695 

RESET ACTIVE TIME 

LTC691 LTC695 

512 clks 204B clks 

200ms C 
47pF x 

BOOms C 
47pF x 

50ms 200ms 
50ms 200ms 

·The nominal internal frequency is 1 O.24kHz. The nominal oscillator frequency with external capacitor is Fosc (Hz) = 1 ~~~~~O 

TYPICAL APPLICATiOnS 

R1 
10k 

R2 
30k 

Capacitor Backup with 74HC4D16 Switch 

+5V 

Write Protect for Additional RAMs 

-.---...-..... ~ Vee 
62512 
RAMA - _________ +--~cs 

css-t----I 

cse----I 
L..-___ ---I CS2 

OPTIONAL CONNECTION FOR 
ADDITIONAL RAMs 

L1tti9OTM 
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FEATURES 
• Guaranteed Reset Assertion at Vee = 1V 
• 1.5mA Maximum Supply Current 
• SO-8 Packaging 
• 4.65V Precision Voltage Monitor 
• Power OK/Reset Time Delay: 200ms 
• Minimum External Component Count 
• Performance Specified Over Temperature 
• Superior Upgrade for MAX699 

APPLICATions 
• Critical ~ Power Monitoring 
• Intelligent Instruments 
• Computers and Controllers 
• Automotive Systems 

TYPICAL APPLICATIOn 

.5V --<I~-----__ ------, 
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--4-_--1 ~P RESET 

~P 
SYSTEM 

--+---11/0 LINE 

MICROPROCESSOR RESET AND WATCHDOG TIMING IN 
A SINGLE CHIP FOR MICROPROCESSOR SYSTEMS. 

Supervisory Circuit 

DESCRIPTion 
The LTC699 provides power supply monitoring for 
microprocessor-based systems. The features include mi
croprocessor reset and watchdog timing. Precise internal 
voltage reference and comparator circuit monitor the 
power supply line. When an out-of-tolerance condition 
occurs, the RESET output is forced to active low. In 
addition, the RESET output is guaranteed to remain logic 
low even with Vee as low as 1V. 

An internal watchdog timer is also available, which forces 
the RESET output to active low when the watchdog input 
is not toggled prior to the time-out period of 1.6 seconds. 

The LTC699 is offered in DIP and surface mount packages. 

BLOCK DIAGRAm 

(" 
'::' GND 
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ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
(Notes 1 and 2) 

Terminal Voltage 
Vcc ................................................... -O.3V to 6.0V 
WDllnput ............................... -O.3V to Vcc + O.3V 

TOP VIEW ORDER PART 
NUMBER 

RESET Output ...................................... -O.3V to 6V 
Power Dissipation ............................................. 500mW 

LTC699CN8 
LTC6991N8 

Operating Temperature Range 
L TC699C ........................................ ...... O°C to lO°C N8 PACKAGE 

HEAD PLASTIC 01 P 
LTC699I ........................................... -40°C to 85°C 

Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

TOP VIEW LTC699CS8 
LTC6991S8 

Vee 

S8 PART MARKING 

699 
S8 PACKAGE 6991 8·LEAD PLASTIC SOIC 

ELECTRICAL CHARACTERISTICS Vee = +5V, TA = 25°C, unless otherwise noted. 

PARAMETER CONDITDNS MIN TYP 
Operating Voltage Range • 3.0 
Supply Current 0.6 

• 0.6 
Power Down Reset Assertion • 4.5 4.65 
Power Up Reset De-Assertion • 
Reset Threshold Hysteresis 40 
Reset Active Time 160 200 

• 140 200 
Watchdog Time-out Period 1.2 1.6 

• 1.0 1.6 
Reset Active Time PSRR 1 
Watchdog Time-out Period PSRR 8 
Minimum WDllnput Pulse Width VIL = 0.4, V VIH = 3.5V • 200 
RESET output Voltage at Vcc = IV (Note 3) ISINK = IOIlA, Vcc = IV 4 
RESET output Voltage ISINK = 1.6mA, Vcc = 4.25V 
RESET Output Short Circuit Current Output Sink Current 
WDllnput Threshold Logic Low 

Logic High 
WDllnput Current WDI = VOUT 

WDI = OV 

The. denotes specifications which apply over the operating temperature 
range. 
Nole t: Absolute maximum ratings are those values beyond which the life 
of device may be impaired. 

25 

2.0 

• 4 

• -50 -8 

Nole 2: All voltage values are with respect to GND. 
Note 3: RESET is active low, open drain output. 

MAX UNITS 
5.5 V 
1.5 mA 
2.5 

4.75 V 
4.75 V 

mV 
240 ms 
280 
2.0 sec 
2.25 

msN 
msN 

ns 
200 mV 
0.4 V 

mA 
0.8 V 

50 !!A 
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Pin FunCTions 
Vee: +5V supply input. The Vee pin should be bypassed 
with a 0.1 IJF capacitor. 

GND: Ground pin. 

RESET: Open drain output for IJP reset control. When Vee 
falls below the reset voltage threshold (4.65V typically), 
RESET goes active low. After Vee returns to 5V, the reset 
pulse generator forces RESET to remain active low for a 
minimum of 140ms . When the watchdog timer is enabled 

but not serviced prior to the time-out period, the reset 
pulse generator also forces RESET to active low fora mini
mum of 140ms for every time-out period (see Figure 2). 

WDI: Watchdog Input, WDI, is a three level input. Driving 
WDI either high or low for longer than the watchdog time
out period forces RESET low. Floating WDI disables the 
Watchdog Timer. The timer resets itself with each transition 
of the Watchdog Input (see Figure 2). 

TYPICRL PERFORmRnCE CHRRRCTERISTICS 

RESET Output Voltage vs 
Supply Voltage 

Reset Active Time vs 
Temperature 

Reset Voltage Threshold vs 
Temperature 

TA=25·C / 
EXTERNAL PULLUP = 10~A 

o l/\ 

232 

224 

! 216 
:a; 
i= 
g;! 208 

~ 
m 200 
a: 

192 

184 

VCC=5V 

1/ 
V 

r--V 

V 
/ 

1/ 

4.66 

~4.65 
9 
a ffi 4.64 
a: 
:r 

~ 4.63 

~ 
~ 4.62 
t;; 
ffl 
a: 4.61 

4.60 

v ,... I"-. 
"-

/ 
I 

/ 
o 2 .;5· . -50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 

SUPPLY VOLTAGE (V) TEMPERATURE (OC) TEMPERATURE (OC) 

RPPLICATlons InFORmRTlon 
Microprocessor Reset 
The LTC699 uses a bandgap voltage reference and a 
precision voltage comparator C1 to monitor the 5V supply 
input Vee (see BLOCK DIAGRAM). When Vee falls below 
the reset voltage threshold, the RESET output is forced to 
active low state. The reset voltage threshold accounts for 
a 5% variation on Vee, so the RESET output becomes 
active low when Vee falls below 4.65V typical. On power
up, the RESET signal is held active low for a minimum of 
140ms after reset voltage threshold is reached to allow the 
power supply and microprocessor to stabilize. On power-
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down, the RESET signal remains active low even with Vee 
as low as 1V. This capability helps hold the microproces
sor in stable shutdown condition. Figure 1 shows the 
timing diagram of the RESET signal. 
The precision voltage comparator, C1, typically has 40mV 
of hysteresis which ensures that glitches at Vce pin do not 
activate the RESET output. Response time is typically 
1 OIJS. To help prevent mistriggering due to transient loads, 
Vee pin should be bypassed with aO.1~capacitorwiththe 
leads trimmed as short as possible. 
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Vee 

RESET 

VI = RESET VOLTAGE THRESHOLD 
V2 = RESETVOLTAGETHRESHOLD + 

RESET THRESHOLD HYSTERESIS 

-II=:! 

LTC699 

11 = RESET ACTIVE TIME 

Figure 1. Reset Active Time 

Watchdog Timer 
The LTC699 provides a watchdog timer function to moni
tor the activity ofthe microprocessor. Ifthe microproces
sor does not toggle the Watchdog Input (WOI) within the 
time-out period, RESET is forced to active low for a 
minimum of 140ms. The watchdog time-out period is 
fixed at a 1.0 second minimum on the L TC699, which is 
adequate time for most systems to service the watchdog 
timer immediately after a reset. Figure 2 shows the timing 
diagram of watchdog time-out period and reset active 
time. The watchdog time-out period is restarted as soon 

as RESET is inactive. When either a high-to-Iow or low-to
high transition occurs at the WOI pin prior to time-out, the 
watchdog time is reset and begins to time out again. To 
ensure the watchdog time does not time out, either a high
to-low or low-to-high transition on the WOI pin must 
occur at or less than the minimum time-out period. If the 
input to the WOI pin remains either high or low, reset 
pulses will be issued every 1.6 seconds typically. The 
watchdog time can be deactivated by floating the WO I pin. 
The timer is also disabled when Vee falls below the reset 
voltage threshold. 

::=_5V _____ -., I 
~12-1 1-12 -1 

~ ~ ~ 
t1 = RESET ACTIVE TIME 
12 = WATCHDOG TIME-OUT PERIOD 

Figure 2. Watchdog Time-Out Period and Reset Active Time 
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FEATURES 
• Guaranteed Reset Assertion at Vcc = 1 V 
• 8-Pin SOIC Plastic Package 
• 2.0mA Maximum Supply Current 
• 4.62V/4.37V Precision Voltage Monitor 
• Power OK/Reset Time Delay: 600ms 
• Minimum External Component Count 
• Superior Upgrade for DS1232 

APPLICATions 
• CriticalllP Power Monitoring 
• Intelligent Instruments 
• Computers and Controllers 
• Automotive Systems 

TYPICAL APPLICATiOn 

+5VOC 

MPU 
(e.g. 6805) 

1+-4---1110 LINE 
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Supervisory Circuit 

DESCRIPTiOn 
The LTC1232 provides power supply monitoring, watch
dog timing and external reset for microprocessor sys
tems. A precise internal voltage reference and comparator 
circuit monitor the power supply line. When an out-of
tolerance condition occurs, the reset outputs are forced to 
active states. The RST output is guaranteed to remain logic 
low even with Vcc as low as 1V. 

The LTC1232 has an internal watchdog timer which forces 
the reset outputs to active states when the Strobe input is 
not forced low prior to a preset time-out period. The 
watchdog timing can be set to operate on time-out periods 
of typically 150ms, 600ms or 1.2 seconds. 

The L TC1232 performs push-button reset control. The 
LTC1232 debounces the push-button input and guaran
tees an active reset pulse width of 250ms minimum. 

o V\ 
o 

RST Ouput Voltage vs 
Supply Voltage 

SUPPLY VOLTAGE (V) 

I 
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ABSOLUTE mAXimum RATinGS PACKAGEIORDER InFORmATiOn 
(Notes 1 and 2) 

Terminal Voltage 
Vcc ...................................................... -o.3Vto 7.0V 
ST and RST ......................................... -o.3V to 7.0V 
All Other Inputs and Outputs ..... -O.3V to Vcc + O.3V 

Power Dissipation .............................................. 500mW 

mpVIEW ORDER PART 

M=O~ NUMBER 
m 2 7 ST 

Tal 3 6 RST LTC1232CN8 
GND 4 5 RST LTC12321N8 

Operating Temperature Range 
LTC1232C .............................................. O°C to 70°C 

N8 PACKAGE 
8-LEAD PLASTIC DIP 

LTCl232'POIOl 

LTC12321 ........................................... -40°C to 85°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

TOP VIEW LTC1232CS8 

M~D~ LTC12321S8 
m 2 7 ST 

TOl 3 6 RST S8 PART MARKING 
GND 4 5 RST 

S8 PACKAGE 1232 
HEAD PLASTIC SOIC 12321 

LTCl232-P0\02 

PRODUCT SELECTiOn GUIDE 

Power RAM Conditional 
Watchdog BaHery Fall Write Push-BuHon BaHery 

Pins Reset Timer Backup Warning Protect Reset Backup 

LTC1232 8 X X X 

LTC690 8 X X X X 

LTC691 16 X X X X X 

LTC694 8 X X X X 

LTC695 16 X X X X X 

LTC699 8 X X 

LTC1235 16 X X X X X X X 
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REcommEnDED OPERATinG conDITions Vee = Full Operating Range 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vee Supply Voltage • 4.5 5.0 5.5 V 

VIH ST and PB RST Input High Level • 2.0 Vee+ 0.3 V 

VIL ST and PB RST Input Low Level • -0.3 0.8 V 

DC ELECTRICAL CHARACTERISTICS Vee = Full Operating Range 

SYMBOL PARAMETER CONDITIONS 

IlL Input Leakage (Note 3) 

IOH Output Current at 2.4V (Note 5) 

IOL Output Current at O.4V (Note 5) 

lee Supply Current (Note 4) 

VeeTP Vee Trip Point TOL= GND 

VeCTP Vee Trip Point TOL = Vee 

VHYS Vee Trip Point Hysteresis 

VRST RST Output Voltage at Vee = 1V ISINK=10~ 

AC CHARACTERISTICS Vee = Full Operating Range 

SYMBOL PARAMETER CONOITIONS 

tpB PB RST = VIL 

tAST RESET Active Time 

tST ST Pulse Width 

tRPD Vee Detect to RST and RST 

tF Vee Slew Rate 4.75V-4.25V 

tAPU Vee Detect to RST and RST tR = 51!S 
(Reset Active Time) 

tR Vee Slew Rate 4.25V-4.75V 

tTD ST Pin Detect to RST and RST TO =GND 
(Watchdog Time-Out Period) TO = Floating 

TO = Vee 

CIN Input Capacitance 

COUT Output Capacitance 

The. indicates specifications which apply over the full operating 
temperature. 
Nole 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 
Nole 2: All voltage values are with respect to GND. 
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MIN TYP MAX UNITS 

• -1.0 1.0 ~ 

• -1.0 -13.0 mA 

• 2.0 6.0 mA 

• 0.5 2.0 mA 

• 4.50 4.62 4.74 V 

• 4.25 4.37 4.49 V 

40 mV 

4 200 mV 

MIN TYP MAX UNITS 

• 40 ms 

• 250 610 1000 ms 

• 20 ns 

• 100 ns 

• 300 I!S 

• 250 610 1000 ms 

• 0 ns 

• 60 150 250 ms 

• 250 610 1000 ms 

• 500 1200 2000 ms 

5 pF 

5 pF 

Note 3: The PB RST pin is internally pulled up to Vee with an internal 
impedance of 10k typical. The TO pin has internal bias current. 
Nole 4: Measured with outputs open. 
Nole 5: The RST pin is an open drain output. 



TiminG DIAGRAmS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

Vee Trip Point VI Temperature Vee Trip Point vs Temperature 
Reset Active Time vs 
Temperature 
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TEMPERATURE (OC) 

Pin FunCTions 
Vee: +5V supply input. The Vee pin should be bypassed 
with a 0.1~F capacitor. 

GNO: Ground pin. 

PB RST: Logie input to be directly connected to a push
button. The PB RST input requires an active low signal 
which is debounced and timed for a minimum of 40ms. 
When this condition is satisfied, the reset pulse generator 
forces the reset outputs to active states. The reset outputs 
remain in active states for a minimum of 250ms after 
PB RST is released from logic low level. 
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RST Output Voltage vs 
Supply Voltage 

5 
TA=25°C / 
EXTERNAL PULL-UP = 101lA 

o V\ 
o 

SUPPLY VOLTAGE (V) 
LTCI232·TPC05 

TOl: Input to select 5% or 10% variation on Vee. When 
TOl is connected to GND, the reset pulse generator forces 
the reset outputs to active states as Vee falls below 4.75V 
(4.62V typical). When TOl is connected to Vee, the reset 
pulse generator forces the reset outputs to active states as 
Vee falls below 4.5V (4.37V typical). 

TO: Time-out Delay, TO is a three level input to select three 
different time-out periods. The time-out period is set by the 
TO input to be 150ms with TO connected to GND, 600ms 
with TO left floating, and 1.2 seconds with TD connected 
to Vee. 



Pin FunCTions 

RST: Open drain logic output for J.1P reset control. The 
l TC1232 provides three ways to generate J.1P reset. First, 
when Vcefalls below Vee trip point (4.7SVwith TOl=GND 
and 4.SV with TOl = Vec), RST goes active low. After Vee 
returns to SV, the reset pulse generator forces RST to 
remain active low for a minimum of2S0ms. Second, when 
the watchdog timer is not serviced priorto a selected time
out period, the reset pulse generator also forces RST to 
active low for a minimum of 2S0ms and repeats for every 
time-out period. Third and the last, when the PB RST pin 
stays active low for a minimum of 40ms, RST becomes 
active low. The RST output will remain active low for a 

APPLICATions InFORmATion 

Power Monitoring 

The LTC1232 uses a bandgap voltage reference and a 
precision voltage comparator, C1, to monitor the SV 
supply input on Vee (see BLOCK DIAGRAM). When Vee 
falls below the Vee trip point (4.62V typical with TOl = 
GND and 4.37V typical with TOl = Vee), the reset outputs 
are forced to active states. The Vee trip point accounts for 
a S% or 10% variation on Vee, so the reset outputs 
become active when Vee falls below the Vee trip point. On 
power-up, the reset signals are held in active states for a 
minimum of 2S0ms after the Vee trip point is reached to 
allow the power supply and microprocessor to stabilize. 
On power-down, the RST signal remains active low even 
with Vee as low as 1V. This capability helps hold the 

LTC1232 

minimum of 2S0ms from the moment the push-button 
reset input is released from logic low level. 

RST: RST is an active high logic output. It is the inverse of 
RST. 

ST: logic input to reset the watchdog timer. Driving ST 
either high or low longer than the time-out period set by 
the TO input, forces the reset outputs to active states for 
a minimum of 2S0ms. The timer resets itself and begins to 
time-out again with each high to low transition on the ST 
input (see Figure 2). 

microprocessor in stable shutdown condition. Figure 1 
shows the timing diagram of the RST signal. 

The precision voltage comparator, C1 , typically has 40mV 
of hysteresis which ensures that glitches at Vee pin do not 
activate the reset outputs. Response time is typically 
1 OJ.1s. To help prevent mitriggering due to transient loads, 
Vee pin should be bypassed with a 0.1J.1F capaCitor with 
the leads trimmed as short as possible. 

Push-BuHon Reset 

The LTC1232 provides a logic input pin, PB RST, for direct 
connection to a push-button. This push-button reset input 
requires an active low signal. Internally, this input signal 
is debounced and timed for a minimum of 40ms. When 

Figure 1. Reset Active Time 
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APPLICATions InFoRmATion 
this condition is satisfied, the reset pulse generator forces 
the reset outputs to active states. The reset signals will 
remain active for a minimum of 250ms from the moment 
the push-button reset input is released from logic low level 
(see TIMING DIAGRAM). 

Watchdog Timer 

The L TC1232 provides a watchdog timer function to 
monitor the activity of the microprocessor. If the micro
processor does not stimulate the strobe input, ST, within 
a selected time-out period, the reset outputs are forced to 
active states for a minimum of 250ms. The time-out period 
is selected by the Time-out Delay input, TO, to be 150ms 
with TO connected to GND, 600ms with TO left floating, 
and 1.2 seconds with TO connected to Vee. The 1.2 second 
time-out period is adequate for many systems to serve the 
watchdog timer immediately after a reset. Figure 2 shows 
the timing diagram of watchdog time-out period and reset 
active time. The watchdog time-out period is restarted as 
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VCC=5V 

L 

11 = RESET ACTIVE TIME 
t2 = WATCHDOG TIME-OUT PERIOD 

Figure 2. Watchdog Time-Out Period and Reset Active Time 

soon as the reset outputs are inactive. When a high-to-Iow 
transition occurs at the ST pin prior to time-out, the 
watchdog time is reset and begins to time-out again. To 
ensure the watchdog time does not time-out, a high-to
low transition on the ST pin must occur at or less than the 
minimum time-out period. If the input to the ST pin 
remains either high or low, reset pulses will be issued for 
every time-out period selected by the TO pin. The watch
dog timer is disabled when Vee falls below the Vee trip 
point. 

.L7lJn~ 
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FEATURES 
• Guaranteed Reset Assertion at Vee = 1V 
• 1.5mA Maximum Supply Current 
• Fast (35ns Max.) Onboard Gating of RAM Chip 

Enable Signals 
• Conditional Battery Backup Extends Battery Life 
• 4.65V Precision Voltage Monitor 
• Power OK/Reset Time Delay: 200ms 
• External Reset Control 
• Minimum External Component Count 
• 1!-iA Maximum Standby Current 
• Voltage Monitor for Power Failor Low Battery 

Warning 
• Thermal Limiting 
• Performance Specified Over Temperature 
• All the LTC695 Features Plus Conditional Battery 

Backup and External Reset Control 

APPLICATions 
• CriticalllP Power Monitoring 
• Intelligent Instruments 
• Battery-Powered Computers and Controllers 
• Automotive Systems 

TYPICAL APPLICATiOn 

Supervisory Circuit 
DESCRIPTion 
The L TC1235 provides complete power supply monitoring 
and battery control functions for microprocessor reset, 
battery backup, RAM write protection, power failure warning 
and watchdog timing. The LTC1235 has all the LTC695 
features plus conditional battery backup and external reset 
control. When an out-of-tolerance power supply condition 
occurs, the reset outputs are forced to active states and the 
Chip Enable output write-protects external memory. The 
RESET output is guaranteed to remain logic low with Vee as 
low as 1 V. External reset control is provided by a debounced 
push-button reset input. 

The LTC1235 powers the active CMOS RAMs with a charge 
pumped NMOS power switch to achieve low dropout and 
low supply current. When primary power is lost, auxiliary 
power, connected to the battery input pin, provides backup 
power to the RAMs. The LTC1235 can be programmed by a 
IlP signal to either back up the RAMs or not. This extends the 
battery life in situations where RAM data need not always be 
saved when power goes down. 

Foran early warning of impending powerfailure, the LTC1235 
provides an internal comparator with a user-defined thresh
old. An internal watchdog timer is also available, which 
forces the reset pins to active states when the watchdog 
input is not toggled prior to the time-out period. 

o 

Battery lile vs 
Backup Duty Cycle 

\ I 
\LTC1235 

\ 
\ 

LTC695 -
\ b~~~g:!JNAL-'\. 

" 
BATIERY -
BACKUP) 

r-+-
ow. W 00 m 

THE LTC1235 EXTENDS BATIERY LIFE BY PROVIDING BATIERY POWER ONLY WHEN REQUIRED TO BACK UP RAM DATA. 
IT SAVES THE BATIERY WHEN NO DATA BACKUP IS NEEDED. THE ~P REQUESTS BACKUP WITH THE BACKUP PIN. 

BACKUP DUTY CYCLE (%) 
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ABSOLUTE mAXimum RATinGS (Notes 1 and 2) 

Terminal Voltage VOUT Output Current .................. Short Circuit Protected 
Vee .................................................... -0.3V to 6.0V Power Dissipation ............................................. 500mW 
VBATT ................................................. -0.3V to 6.0V Operating Temperature Range 
All Other Inputs ..................... -0.3V to (Vee + 0.3V) L TC1235C ............................................ O°C to 70°C 

Input Current Storage Temperature Range ................. -65°C to 150°C 
Vee .............................................................. 200mA Lead Temperature (Soldering, 10 sec.) ................ 300°C 
VBATT ............................................................. 50mA 

PACKAGE/ORDER InFORmATiOn (Note 3) 

VBATT 

Your 
Vee 

TOP VIEW 

LOW LINE 6 

PB RST 7 

N PACKAGE 
16-LEAD PLASTIC DIP 

ORDER PART 
NUMBER 

LTC1235CN 

PRODUCT SELECTiOn GUIDE 

WATCHOOG BATTERY 
PINS RESET TIMER BACKUP 

lTC1235 1& X X X 
LTC690 8 X X X 
LTC691 16 X X X 
lTC694 8 X X X 
lTC695 16 X X X 
lTC699 8 X X 
lTC1232 8 X X 
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BADON 

LOW LINE 

TOP VIEW 

S PACKAGE 
16-LEAD PLASTIC SOL 

POWER FAil RAM WRITE 
WARNING PROTECT 

X X 
X 
X X 
X 
X X 

PFO 

PFI 

ORDER PART 
NUMBER 

LTC1235CS 

CONOITIONAl 
PUSH-BUTTON BATTERY 

RESET BACKUP 
X X 

X 
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ELECTRICAL CHARACTERISTICS 
Vee = Full Operating Range, VBAIT = 2.BV, Backup = No Connection, fA = 25°C, unless otherwise noted. 

PARAMETER CONDITONS MIN TYP MAX UNITS 

Battery Backup Switching 

Operating Voltage Range 
Vee 4.75 5.50 V 
VBATI 2.00 4.25 

VOUT Output Voltage loup 1mA Vee -0.05 Vee- 0.005 V 

• Vee - 0.1 Vee - 0.005 

lOUT; 50mA Vee - 0.5 Vee- 0.25 

BACKUP Input Threshold Vee> Reset Voltage Threshold 
Logie Low 0.8 V 
Logie High 2.0 

BACKUP Pull up Current (Note 4) 3 I'A 

VOUT in Battery Backup Mode (Note 5) lOUT; 250"A, Vee < VBAn VBAn-0.1 VBATI-0.02 V 

VOUT in Battery Saving Mode (Note 5) Vee < VBATI 0 V 
1 MQ Pulldown on VOUT 

Vee Supply Current (excluding lOUT) 10UT:5 50mA 0.6 1.5 rnA 

• 0.6 2.S 

Battery Supply Current in Battery Backup Mode and Vee; OV, VBAn = 2.8V 0.04 1 "A 
Battery Saving Mode (Note 5) • 0.04 5 

Battery Standby Current 5.5> Vee> VBATI + 0.2V -0.1 +0.02 "A 
(+; Discharge, -; Charge) • -1.0 +0.10 

Battery Switch over Threshold Power Up 70 mV 
Vee-VBAn Power Down SO 

Battery Switchover Hysteresis 20 mV 

BAn ON Output Voltage (Note 6) ISINK = 3.2mA 0.4 V 

BAn ON Output Short Circuit Current (Note 6) BAn ON = VOUT Sink Current 35 rnA 
BAn ON = OV Source Current O.S 1 25 "A 

Push-Button Reset 

PB RST Input Threshold Logic Low 0.8 V 
Logie High 2.0 

PB RST Input Low Time (Notes 4, 7) • 40 ms 

Reset and Watchdog Timer 

Reset Voltage Threshold • 4.5 4.65 4.75 V 

Reset Threshold Hysteresis 40 mV 

Reset Active Time Vee = 5V 160 200 240 ms 

• 140 200 280 

Watchdog Time-out Period Vee = 5V 1.2 1.6 2.00 sec 

• 1.0 1.6 2.25 

Reset Active Time PSRR 1 msN 
Watchdog Time-out Period PSRR 8 msN 
Minimum WDllnput Pulse Width VIL ; O.4V, VIH ; 3.5V • 200 ns 

RESET Output Voltage At Vee; 1V ISINK; 10"A, Vcc = 1 V 4 200 mV 

RESET and LOW LINE Output Voltage ISINK ; 1.6mA, Vee = 4.2SV 0.4 V 
(Note 6) IsouReE = 1"A, Vee = 5V 3.S 
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ELECTRICAL CHARACTERISTICS 
Vee = Full Operating Range, VSATT = 2.BV, Backup = No Connection, TA = 25°C, unless otherwise notad. 

PARAMETER CONOITONS MIN TYP MAX UNITS 

RESET and WDO Output Voltage ISINK = 1.6mA, Vcc = 5V 0.4 V 
(Note 6) SOURCE = 1 !-lA, Vcc = 4.25V 3.5 

RESET, RESET, WDO, LOW LINE Output Source Current 1 3 25 !-IA 
Output Short Circuit Current (Note 6) Output Sink Current 25 rnA 

WDllnput Threshold Logic Low 0.8 V 
Logic High 2.0 

WDllnput Current WDI = VOUT • 4 50 !-IA 
WOI =OV • -50 -8 

Power Fail Detector 

PFllnput Threshold Vcc = 5V • 1.25 1.3 1.35 V 

PFllnput Threshold PSRR 0.3 mV/v 

PFllnput Current ±0.01 ±25 nA 

PFO Output Voltage (Note 6) Is INK = 3.2mA 0.4 V 
ISOURCE = 1!lA 3.5 

PFO Short Circuit Source Current PFI = HIGH, PFO = OV 1 3 25 !-IA 
(Note 6) PFI = LOW, PFO = VOUT 30 rnA 

PFI Comparator Response Time (falling) t.VIN = -20mV, Voo = 15mV 2 fJS 
PFI Comparator Response Time (rising) t.VIN = 20mV, Voo = 15mV 40 fJS 

(Note 6) with 10kQ Pullup 8 

Chip Enable Gating 

CE IN Threshold VIL 0.8 V 
VIH 2.0 

CE IN Pullup Current (Note 4) 3 !-IA 
CE OUT Output Voltage ISINK = 3.2mA 0.4 V 

ISOURCE = 3.0mA VouT-1.50 
ISOURCE = 1 !-lA, VCC = OV VouT-0.05 

CE Propagation Delay Vcc = 5V, CL = 20pF 

CE OUT Output Short Circuit Current Output Source Current 
Output Sink Current 

The. denotes specifications which apply over the operating temperature 
range. 
Note 1: Absolute maximum ratings are those values beyond which the life 
of device may be impaired. 
Note 2: All voltage values are with respect to GNO. 
Note 3: For military temperature range parts, consult the factory. 
Note 4: The input pins of PB RST, BACKUP and CE IN, have weak internal 
pullups which pull to the supply when the input pins are floating. 
Note 5: The LTC1235 can be programmed either to provide or not to 
provide battery backup power to the VOUT pin during power failure. The 
power down condition of VOUT is selected by the logic level of the 
BACKUP pin which is latched internally when Vcc falls through the reset 
voltage threshold. If the latched logic level of the BACKUP pin is high, 
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20 35 ns 

• 20 45 

30 rnA 
35 

VOUT will be in Battery Backup Mode and will be switched to VBATT when 
Vcc falls below VBATT. If the latched logic level of the BACKUP pin is low, 
VOUT will be in Battery Saving Mode when Vcc falls below VBATT. 
Note 6: The output pins of BAIT ON, LOW LINE, PFO, WOO, RESET and 
RESET have weak internal pullups of typically 3!-IA. However, external 
pullup resistors may be used when higher speed is required. 
Note 7: The push-button reset input requires an active low signal. 
Internally, this input signal is de bounced and timed for a minimum of 
40ms. When this condition is satisfied, the reset outputs go to the active 
states. The reset outputs will remain in active states for a minimum of 
140ms from the moment the push-button reset input is released from 
logic low level. 



TYPICAL PERFORmAnCE CHARACTERISTICS 
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Pin FunCTions 
Vee: +5V supply input. The Vee pin should be bypassed 
with a O.1lJF capacitor. 

Backup: Logic input to control the PMOS switch, M2, 
when Vee is lower than VBATI. While Vee is falling through 
the reset voltage threshold, the status of the BACKUP pin 
(logic low or logic high) is latched in Memory Logic and 
used to turn on or off M2 when Vee is below VBATI. If the 
latched status of the BACKUP pin is high, the Memory 
Logic turns on M2 when Vee falls to 50mV greater than 
VBATI. If the latched status of the BACKUP pin is low, the 
Memory Logic keeps M2 off even after Vee falls below 
VBAn.lfthe BACKUP pin is left floating it will be pulled high 
by an internal pullup and the LTC1235 will provide battery 
backup when Vee falls. 

VOUT: Voltage output for backed up memory. Bypass with 
a capacitor of O.1lJF or greater. During normal operation, 
VOUT obtains power from Vee through an NMOS power 
switch, M1 , which can deliver up to 50mA and has a typical 
on resistance of 5Q. When Vee is lower than VBATI, the 
status ofthe BACKUP pin stored in Memory Logic controls 
M2. If the status is high, the Memory Logic turns on M2 
and VOUT is internally switched to VBATIthrough M2.lfthe 
status is low, the Memory Logic keeps M2 off and VOUT is 
in Battery Saving Mode. If VOUT and VBm are not used, 
connect VOUT to Vee· 

VBATI: Backup battery input. When Vee falls below VBATT, 
the status of the BACKUP pin stored in the Memory Logic 
controls M2.lfthe status is high, auxiliary power, connected 
to VBATI is delivered to VOUT through M2. If the status is 
low, the Memory Logic keeps M2 off and VOUT is in Battery 
Saving Mode. If backup battery or auxiliary power is not 
used, VBm should be connected to GND. 

GND: Ground pin. 

BATT ON: Battery on logic output from comparator C2. 
BATT ON goes low when VOUT is internally connected to 
Vee. The output typically sinks 35mA and can provide base 
drive for an external PNP transistor to increase the output 
current above the 50mA rating of VOUT. BATT ON goes 
high when Vee falls below VBATI, if the status of the 
BACKUP pin stored in Memory Logic is high and VOUT is 
switched to VBATI. 
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PFI: Power Failure Input. PFI is the noninverting input to 
the Power Fail Comparator, C3. The inverting input is 
internally connected to a 1.3V reference. The Power Failure 
Output remains high when PFI is above 1.3V and goes low 
when PFI is below 1.3V. Connect PFI to GND or VOUT when 
C3 is not used. 

PFO: Power Failure Output from C3. PFO remains high 
when PFI is above 1.3V and goes low when PFI is below 
1.3V. When Vee is lower than VBATI, C3 is shut down and 
PFO is forced low. 

PB RST: Logic input for direct connection to a push
button. The push-button reset input requires an active low 
signal. Internally, this input Signal is debounced and timed 
for a minimum of 40ms. When this condition is satisfied, 
the reset pulse generator forces RESET to active low. The 
RESET signal will remain active low for a minimum of 
140ms from the moment the push-button reset input is 
released from logic low level. 

RESET: Logic output for lJP reset control. The L TC1235 
provides three ways to generate lJP reset. First, whenever 
Vee falls below either the reset voltage threshold (4.65V, 
typically) or VBATT, RESET goes active low. After Vee 
returns to 5V, the reset pulse generator forces RESET to 
remain active lowfora minimum of 140ms. Second, when 
the watchdog timer is enabled but not serviced prior to the 
time-out period, the reset pulse generator also forces 
RESET to active low for a minimum of 140ms for every 
time-out period (see Figure 11). Third, when the PB RST 
pin stays active low for a minimum of 40ms, RESET is 
forced low by reset pulse generator. The RESET signal will 
remain active low for a minimum of 140ms from the 
moment the push-button reset input is released from logic 
low level. 

RESET: RESET is an active high logiC output. It is the 
inverse of RESET. 

LOW LINE: Logic output from comparator C1. LOW LINE 
indicates a low line condition at the Vee input. When Vee 
falls below the reset voltage threshold (4.65V typically), 
LOW LINE goes low. As soon as Vee rises above the reset 
voltage threshold, LOW LINE returns high (see Figure 1). 
LOW LINE goes low when Vee drops below VBATI (see 
Table 1). 



Pin FunCTions 
WDI: Watchdog Input, WOI, is a three level input. Oriving 
WOI either high or low for longer than the watchdog time
out period, forces both RESET and WOO low. Floating WOI 
disables the Watchdog Timer. The timer resets itself with 
each transition of the Watchdog Input (see Figure 11). 

WDO: Watchdog logic output. When the watchdog input 
remains either high or low for longer than the watchdog 
time-out period, WOO goes low. WOO is set high whenever 
there is a transition on the WOI pin, or LOW LINE goes low. 
The watchdog timer can be disabled by floating WOI (see 
Figure 11). 

BLOCK DIAGRAm 

VBATT 

Vcc 
BACKUP 

.". GND 
CE IN 

PFI 

PB RST 

WDI 

LTC 1 235 

CE IN: Logic input to the Chip Enable gating circuit. CE IN 
can be derived from microprocessor's address line and/or 
decoder output. See Applications Information Section and 
Figure 6 for additional information. 
CE OUT: Logic output from theC ;<";h""'ip"'E'"="'na::Lb'i'::le gating circuit. 
When Vee is above the reset voltage threshold, CE OUT is 
a buffered replica of CE IN. When Vee is below the reset 
voltage threshold CE OUT is forced high (see Figure 6). 

VOUT 

BATT ON 

LOW LINE 

CE OUT 

ffil 

RESET 

RESET 

WOO 

LTC1235BD 
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APPLICATions InFoRmATion 
Power Monitoring 
The L TC1235 uses a bandgap voltage reference and a 
precision voltage comparator C1 to monitor the 5V supply 
input on Vce (see BLOCK DIAGRAM). When Vee falls 
below the reset voltage threshold, the reset outputs are 
forced to active states. The reset voltage threshold ac
counts for a 5% variation on Vee, so the reset outputs 
become active when Vee falls below4.75V (4.65Vtypical). 
On power-up, the reset signals are held active states for a 
minimum of 140ms after the reset voltage threshold is 
reached to allow the powersup~ microprocessor to 
stabilize. On power-down, the RESET signal remains ac
tive low even with Vee as low as 1V. This capability helps 
hold the microprocessor in stable shutdown condition. 
Figure 1 shows the timing diagram of the RESET signal. 
The precision voltage comparator, C1, typically has 40mV 
of hysteresis which ensures that glitches at Vee pin do not 
activate the reset outputs. Response time is typically 10f.lS. 

V2 
Vee 

11 

To help prevent mistriggering due to transient loads, Vee 
pin should be bypassed with a 0.1 J.f capacitor with the 
leads trimmed as short as possible. 
LOW LINE is the output of the precision voltage compara
tor C1. When Vee falls below the reset voltage threshold, 
LOW LINE goes low. LOW LINE returns high as soon as 
Vee rises above the reset voltage threshold. 

Push-Button Reset 
The LTC1235 provides an logic input pin for direct 
connection to a push-button. The push-button reset input, 
PB RST, requires an active low signal. Internally, this input 
signal is debounced and timed for a minimilm of 40ms. 
When this condition is satisfied, the reset pulse generator 
forces the reset outputs to active states. The reset signals 
will remain in active states for a minimum of 140ms from 
the moment the push-button reset input is released from 
logic low level (Figure 2). 

V1 = RESET VOLTAGE THRESHOLD 
V2 = RESET VOLTAGE THRESHOLD + 

RESET THRESHOLD HYSTERESIS 

-11 

11 = RESET ACTIVE TIME 

Figure 1. Reset Active Time 
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Vee = 5V __ -. 

PB RST 
11_ 

LOG!PJtLC HIGH 
~==---+-----. 12 __ 

RESET-------~ ~-~---L~OG~IC~HI~GH~ r--

LOGIC LOW RESET _______ ..J "-_~_----'--.;......Jl '----
11 = PUSH-BUTTON RESET LOW TIME 
12 = RESET ACTIVE TIME 

Figure 2. PUSh-Button Reset 



APPLICATions InFoRmATion 
Voltage Output 
During normal operation, the LTC1235 uses a charge 
pumped NMOS power switch to achieve low dropout and 
low supply current. This power switch can deliver up to 
50mA to VOUT from Vee and has a typical on resistance of 
5Q. The VOUT pin should be bypassed with a capacitor of 
0.1 ~F or greater to ensure stability. Use of a larger bypass 
capacitor is advantageous for supplying current to heavy 
transient loads. 
When operating currents larger than 50mA are required 
from VOUT, or a lower dropout (Vee - VOUT voltage differ
ential) is desired, the LTC1235 provides BATT ON output 
to drive the base of external PNP transistor (Figure 3). 
Another alternative to provide higher current is to connect 
a high current Schottky diode from the Vce pin to the VOUT 
pin to supply the extra current. 

ANY PNP POWER TRANSISTOR 
...------. 

+5V--+-

O.1~F* 

Figure 3. Using BATT ON to Drive External PNP Transistor 

The L TC1235 is protected for safe area operation with 
short circuit limit. Output current is limited to approxi
mately 200mA. Ifthe device is overloaded for a long period 
oftime, thermal shutdown turns the power switch off until 
the device cools down. The threshold temperature for 
thermal shutdown is approximately 155°C with about 
10°C of hysteresis which prevents the device from oscil
lating in and out of shutdown. 
The PNP switch was not chosen for the internal power 
switch because it injects unwanted current into the sub
strate. This current is collected by the VBATI pin in com
petitive devices and adds to the charging current of the 
battery which can damage lithium ·batteries. LTC1235 

LTC 1 235 

uses a charge pumped NMOS power switch to eliminate 
unwanted charging current while achieving low dropout 
and low supply current. Since no current goes to the 
substrate, the current collected by VBATI pin is strictly 
junction leakage. 

Conditional Battery Backup 
LTC1235 provides an unique feature to either allow VOUT 
to be switched to VBATI or to disable the CMOS RAM 
battery backup function when primary power is lost. 
Disabling the battery backup function is useful in conserv
ing the backup battery's life when the SRAM doesn't need 
battery backup during long term storage of a computer 
system, or delivery of the computer system to the end 
user. 
The BACKUP pin (Pin 8) is used to serve this feature on 
power-down. When Vce isfallingthrough the reset voltage 
threshold, the status ofthe BACKUP pin (logic low or logic 
high) is stored in the Memory Logic (see BLOCK DIA
GRAM). If the stored status is logic high and Vcc fall to 
50mV greater than VBATI, a 125Q PMOS switch, M2, 
connects the VBATI inputto VouTand the battery switch over 
comparator, C2, shuts off the NMOS power switch, M1. 
M2 is designed for very low dropout voltage (input-to
output differential). This feature is advantageous for low 
current applications such as battery backup in CMOS RAM 
and other low power CMOS circuitry. If the stored status 
is logic low and Vee falls to 50mV greater than VBATI, the ... 
Memory Logic keeps M2 off and C2 shuts off M1. VOUT is .. 
in Battery Saving Mode (see Figure 4). The supply current 
in both mode is 1/1A maximum. 
On power-ups, C2 keeps M1 off before Vee reaches 70mV 
higher than VBATI. On the first power-up after the battery 
is replaced (with power off), the status stored in the 
Memory Logic is undetermined. VOUT could be either in 
Battery Backup Mode or in Battery Saving Mode. When 
Vee is 70mV greaterthan VBATI, M1 connects VouTto Vee. 
C2 has typically 20mV of hysteresis to prevent spurious 
switching when Vee remains nearly equal to VBATI and the 
status stored in the Memory Logic is high. The response 
time of C2 is approximately 20/1s. 
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APPLICATions InFORmATion 

BACKUP 

Vee 

VOUT 

BACKUP 

Vee 

VOUT 

-

VOUT IN BATTERY SAVING MODE 

LOGIC LOW 

'\ RESET VOLTAGE THRESHOLD 

VBATT 1'---------

\ Hi-Z 

VOUT IN BATTERY BACKUP MODE 

LOGIC 
HIGH 

RESET VOLTAGE THRESHOLD 
VBATT 1'--______ _ 

'\~ ___ V~OU~T=_V~Bm~ __ __ 

Figure 4. Conditional Battery Backup Operation 

The operating voltage atthe VBATT pin ranges from 2.0Vto 
4.25V. High value capacitors, such as electrolytic or farad
size double layer capacitors, can be used for short term 
memory backup instead of a battery. For capacitor backup, 
see Typical Applications. The charging resistor for re
charging rechargeable batteries should be connected to 
VOUT through a diode since this eliminates the discharge 
path that exists when Vee collapses and RAM is not backed 
up (Figure 5). 

+5V-_+--

Figure 5. Charging External Battery Through VOUT 
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Replacing the Backup Battery with Power On 
When changing the backup battery with system power on, 
spurious resets can occur while battery is removed due to 
battery standby current. Although battery standby current 
is only a tiny leakage current, it can still charge up the stray 
capacitance on the VBATT pin. The oscillation cycle is as 
follows: When VBATT reaches within 50mV of Vee, the 
LTC1235 switches to battery backup or battery saving 
mode. In either case, the battery supply current pulls 
VBATT low and the device goes back to normal operation. 
The leakage current then charges up the VBATT pin again 
and the cycle repeats. 
If spurious resets during battery replacement pose no 
problems, then no action is required. Otherwise, two 
methods can be used to eliminate this problem. First, a 
capacitor from VBATT to GND will allow time for battery 
replacement by slowing the charge rate. For example, the 
battery standby current is 1 J,JA maximum over tempera
ture and the external capacitor required to slow the charge 
rate is: 

CEXT~ TREQ'D( 'i 1~~ J 
cc - BATT 

where T REQ'D is the maximum time required to replace the 
backup battery. With Vec = 4.5V, VBATT = 3V and T REQ'O = 
3 sec, the value for external capacitor is 2~F. Second, a 
resistor from VBATT to GND will hold the pin low while 
changing the battery. For example, the battery standby 
current is 1 J,JA maximum over temperature and the exter
nal resistor required to hold VBATT below Vee is: 

R < Vcc -50mV 
- 1~A 

With Vee = 4.5V, a 4.3MQ resistor will work. With a 3V 
battery, this resistor will draw only O. 7 ~ from the battery, 
which is negligible in most cases. 
If the battery connections are made with long wires or PC 
traces, inductive spikes can be generated during battery 
replacement. Even if a resistor is used to prevent spurious 
resets as described above, these spikes can take the VBATT 
pin below GND violating the LTC1235 absolute maximum 
ratings. A O.1~F capacitor from VBATT to GND is recom
mended to eliminate these potential spikes when battery 
replacement is made through long wires. 



APPLICATions InFoRmATion 
Table 1 shows the state of each pin during battery backup. 
If the backup battery is not used, connect VBATI to GND 
and VOUT to Vee· 

Table 1. Input and Output Status in Ballery Backup Mode 
SIGNAL STATUS 

vcc 
BACKUP 

VOUT 
VBATT 

BATION 
PFI 

C2 monitors Vcc for active switchover. 
BACKUP is ignored. 
VOUT is connected to VBATT through an internal PMOS switch. 
The supply current is 1 JJA maximum. 
Logic high. The open circuit output voltage is equal to VOUT. 
Power Failure Input is ignored. 
Logic low 
PB RST is ignored. 

RESET Logic low 
RESET Logic high. The open circuit output voltage is equal to VOUT. 
LOW LINE Logic low 
WDI Watchdog Input is ignored. 
WDO Logic high. The open circuit output voltage is equal to VOUT. 
CE IN Chip Enable Input is ignored. 
CE OUT Logic high. The open circuit output voltage is equal to VOUT. 

Memory Protection 
The LTC1235 includes memory protection circuitry which 
ensures the integrity of the data in memory by preventing 
write operations when Vee is at invalid level. Two pins, CE 

BACKUP = Vee 

CE IN 

LTC 1 235 

IN and CE OUT, control the Chip Enable or Write inputs of 
CMOS RAM. When Vec is +5V, CE OUT follows CE IN with 
a typical propagation delay of 20ns. When Vee falls below 
the reset voltage threshold or VBATI, CE OUT is forced 
high, independent of CE IN. CE OUT is an alternative signal 
to drive the CE, CS, or Write input of battery-backed up 
CMOS RAM. CE OUT can also be used to drive the Store 
or Write input of an EEPROM, EAROM or NOVRAM to 
achieve similar protection. Figure 6 shows the timing 
diagram of CE IN and CE OUT. 
CE IN can be derived from the microprocessor's address 
decoder output. Figure 7 shows a typical nonvolatile 
CMOS RAM application. 

-.:r----...... --I Vee 
62512 
RAM 

LTCI235f07 

Figure 7. A Typical Nonvolatile CMOS RAM Application 

V1 = RESETVOLTAGETHRESHOLO 
V2 = RESET VOLTAGE THRESHOLD + 

RESETTHRESHOLD HYSTERESIS 

Figure 6. Timing Diagram for CE IN and CE OUT 
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APPLICATions InFoRmATion 
Power Fail Warning 
The LTC1235 generates a Power Failure Output (PFO) for 
early warning of failure in the microprocessor's power 
supply. This is accomplished by comparing the Power 
Failure Input (PFI) with an internal 1.3V reference. PFO 
goes low when the voltage at PFI pin is less than 1.3V. 
Typically PFI is driven by an external voltage divider (R1 
and R2 in Figures 8 and 9) which senses either an 
unregulated DC input or a regulated 5Voutput. The voltage 
divider ratio can be chosen such that the voltage at PFI pin 
falls below 1.3V several milliseconds before the +5V 
supply falls below the maximum reset voltage threshold 
4.75V. PFO is normally used to interruptthe micr~oces
sor to execute shut-down procedure between PFO and 
RESET or RESET. 
The power fail comparator, C3, does not have hysteresis. 
Hysteresis can be added however, by connecting a resis
tor between the PFO output and the noninverting PFI input 
pin as shown in Figures 8 and 9. The upper and lower trip 
pOints in the comparator are established as follows: 
When PFO output is low, R3 sinks current from the 
summing junction at the PFI pin. 

~ = 1.3V( 1 + ~~ + ~~ ) 
When PFO output is high, the series combination ofR3 and 
R4 source current into the PFI summing junction. 

v. = 1.3V[ 1 + B1_ (5V -1.3V)R1 ) 
L R2 1.3V(R3 + R4) 

Assuming R4«R3, VHYSTERESIS = 5V ~~ 

Example 1: The circuit in Figure 8 demonstratesthe use of 
the power fail comparator to monitor the unregulated 
power supply input. Assuming the the rate of decay of the 
supply inputVIN is 1 OOmV/ms and the total time to execute 
a shut-down procedure is 8ms. Also the noise of VIN is 
200mV. With these assumptions in mind, we can reason
ably set VL = 7.5V which 1.25V greater than the sum of 
maximum reset voltage threshold and the dropout voltage 
of LT1086-5 (4. 75V + 1.5V) and VHYSTERESIS = 850mV. 
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R1 
VHYSTERESIS = 5V R3 = 850mV 

R3 '" 5.88 R1 

Choose R3 = 300kQ and R1 = 51 kQ. Also select R4 = 
10kQ which is much smaller than R3. 

7.5V=1.3V(1+ 51kQ_ (5V-1.3V)51kQ) 
R2 1. 3V(31(J(Q) 

R2 = 9.7kQ, Choose nearest 5% resistor 10k and recalcu
late VL, 

V. = 1.3V[ 1 + 51kQ _ (5V -1.3V)51kQ) = 732V 
L 10kQ 1.3V(310kQ) . 

VH = 1.3V( 1 + ~~: + 3~~:) = 8.151V 

(7.32V - 6. 25V) = 10 7 
100mVims . ms 

VHYSTERESIS = 8.151V - 7.32V = 831mV 

Figure 8. Monitoring Unregulated DC Supply with the 
LTC1235 Power Fail Comparator 

Figure 9. Monitoring Regulated DC Supply with the LTC1235 
Power Fail Comparator 



APPLICATions InFoRmATion 
The 10.7ms allows enough time to execute shut-down 
procedure for microprocessor and 831 mV of hysteresis 
would prevent PFO from going low due to the noise OfVIN. 
Example 2: The circuit in Figure 9 can be used to measure 
the regulated 5V supply to provide early warning of power 
failure. Because of variations in the PFI threshold, this 
circuit requires adjustment to ensure that the PFI com
parator trips before the reset threshold is reached. Adjust 
R5 such thatthe PFO output goes low when the Vee supply 
reaches the desired level (e.g., 4.85V). 

Monitoring the Status of the Battery 
C3 can also monitor the status of the memory backup 
battery (Figure 10). If desired, the CE OUT can be used to 
apply a test load to the battery. Since CE OUT is forced high 
in battery backup mode, the test load will not be applied to 
the battery while it is in use, even if the microprocessor is 
not powered. 

Watchdog Timer 
The L TC1235 provides a watchdog timer function to 
monitor the activity of the microprocessor. If the micro
processor does not toggle the Watchdog Input (WOI) 
within the time-out period, the reset outputs are forced to 
active states for a minimum of 140ms. The watchdog 
time-out period is fixed at 1.0 second minimum on the 
LTC1235. This time-out period provides adequate time for 
many systems to service the watchdog timer immediately 
after a reset. Figure 11 shows the timing diagram of 

Vee =5V 

WDI-----.., 

II 

LTC 1 235 

watchdog time-out period and reset active time. The 
watchdog time-out period is restarted as soon as the reset 
outputs are inactive. When either a high-to-Iow or low-to
high transition occurs atthe WOI pin priorto time-out, the 
watchdog time is reset and begins to time out again. To 
ensure the watchdog time does not time out, either a high
to-low or low-to-high transition on the WOI pin must 
occur at or less than the minimum time-out period. If the 
input to the WOI pin remains either high or low, reset 
pulses will be issued every 1.6 seconds typically. The 
watchdog timer can be deactivated by floating the WOI pin. 
The timer is also disabled when Vee falls below the reset 
voltage threshold or VBAIT. 
The Watchdog Output, WOO, goes low if the watchdog 
timer is allowed to time out and remains low until set high 
by the next transition onthe WOI pin. WOO is also set high 
when Vee falls below the reset voltage threshold or VBAIT. 

.5V 

- .3V 

-!-

: OPTIONAL TESTLOAD : 
I •••••••••••••••••••• ", 

LOW BATIERY SIGNAL 
TO ~P 110 PIN 

I TO ~P 110 PIN 

Figure 10. Backup Battery Monitor with Optional Test Load 

11 = RESET ACTIVETIME 
t2 = WATCHDOG TIME-OUT PERIOD 

Figure 11. Watchdog Time-out Period and Reset Active Time 
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TYPICAL APPLICATions 
Capacitor Backup with 74HC4D16 Switch 
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Write Protect for Additional RAMs 

~p 
SYSTEM 

: CS2 
1 
: OPTIONAL CONNECTION FOR 
1_ 'P~I!I~~~ !!A..M.:: ________ .J 
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mlUTARY 
RESPONSE 

TIME Vos la 
PART MAX MAX MAX 

NUMBER (ns) (mV) (oA) 
LTIOIIAM 250 0.5 25 
LTI 011 M 250 1.5 50 
LTIOl5M 16 20 30000 

LTIOl6M 12 ±2.5 10000 

LTI017M - I 15 

LT1018M - I 75 

LTl1lA 250 1.0 100 
LM111 - 3.0 100 
LT119A 80 (typ) 1.0 500 
LM119 80 (typ) 4.0 500 
LTCI040M 10llJ.ts 0.5 3 
LTCI041M lOOI1S 0.5 0.3 
LTCI042M 100l1S 1.0 3 
LT685M 6.5 ±2.0 10000 

commERCIAL 
RESPONSE 

TIME Vas la 
PART MAX MAX MAX 

NUMBER (ns) (mV) (nA) 

LTI 011 AC 250 0.5 25 
LTlOl1C 250 0.5 50 
LTIOl5C 14 20 30000 

LT1016C 12 ±2.5 10000 

LT1017C - I 15 
LTlOl8C - I 75 

LT311A 250 1.0 100 
LM311 - 7.5 250 
LT319A 80 (typ) 1.0 500 
LM319 80 (typ) 8.0 1000 
LTCI040C 100l1S 0.5 3 
LTCI04IC 100l1S 0.5 0.3 
LTCI042C 100l1S 1.0 3 
LT685C 6.5 ±2.0 10000 

LT1116 14 ±3.0 20000 

*1 Std. TTL Load . 
• * Supply Current Depends on Clock Rate. 
tGain Errors are Included in Vas Spec. 

DRIVE 
CAPABILITY 

(mA) 

50 
50 
4 

10 

30 
35 

50 

50 
25 
25 

· 
10 

· 
tt 

DRIVE 
CAPABILITY 

(mA) 
50 
50 
4 

10 

30 
35 

50 
50 
25 
25 

· 
10 

· 
tt 

10 

ttCan Drive Terminated 50n Transmission Lines. 

GAIN 
MIN 

(V(mV) 

200 
200 
I 

2 

1000 
1000 

200 

40 
20 
10 
t 

-
t 

1.6 (typ) 

GAIN 
MIN 

(V(mV) 

200 
200 
I 

1.4 

1000 
1000 

200 
40 
20 
8 
t 
-
t 

1.6 (typ) 

2.4 

COMPARATOR SELECTION GUIDE 

ISUPPLY ISUPPLY 
POSITIVE NEGATIVE PACKAGES 

(mA) (mA) AVAILABLE IMPORTANT FEATURES 

4.0 2.5 H,J8 Low Vos, Low IB, High Output Drive, 12-Bit Acc. 
4.0 2.5 H,J8 
70 - J8, N8 Dual, Ultra High Speed, Latched TTL Outputs, Stable in 

Active Region 
35 5 H,J8 Ultra High Speed, TTL Outputs, True Output Latch, 

Stable in Active Region, Pin/Pin Replacement for AM686 
0.060 - H,J8 L TI 017 has Lowest Supply Current, L TI 018 is Faster. 
0.250 - H,J8 Both are Dual Comparators with Same Pinout as 193 

Types. 

4.0 2.5 H,J8 Low Vos, High Gain 

6.0 5.0 H,J8 General Purpose 

11.5 4.5 H, J Dual, Low Vos, High CMRR 
11.5 4.5 H,J Dual, General Purpose 

300nA" InA J CMOS Sampling Comparator 

3 - J8, N8 CMOS Bang-Bang Controller 
300nA" InA J8 CMOS Window Comparator 

22 26 H,J Ultra High Speed, ECL Outputs, Output Latch, 
External Hysteresis Control 

ISUPPLY ISUPPLY 
POSITIVE NEGATIVE PACKAGES 

(mA) (mA) AVAILABLE IMPORTANT FEATURES 

4.0 2.5 H, J8, N8 Low Vos, Low IB' High Output Drive, 12-Bit Acc. 
4.0 2.5 H, J8, N8 
70 - J8, N8 Dual, Ultra High Speed, Latched TTL Outputs, Stable in 

Active Region 

35 5 H, J8, S8 Ultra High Speed, TTL Outputs, True Output Latch, 
Stable in Active Region, Pin/Pin Replacement for AM686, 
Single Supply Operation 

0.060 - H,S LTI017 has Lowest Supply Current, LT1018 is Faster. 

0.250 - H,S Both are Dual Comparators with Same Pinout as 193 
Types. 

4.0 2.5 H,J8 Low Vas, High Gain 
7.5 5.0 H,J8 General Purpose 
12.5 5.0 H,J, N Dual, Low Vas, High CMRR 
12.5 5.0 H,J, N Dual, General Purpose 

300nA" InA J, N, S CMOS Sampling Comparator 
3 - J8, N8 CMOS Bang-Bang Controller 

300nA" InA J, N8 CMOS Window Comparator 
22 26 H, J, N Ultra High Speed, ECL Outputs, Output Latch, 

External Hysteresis Control 
38 7 N8, S8 Ground Sense Capability, Ultra High Speed, TTL Outputs, 

True Output Latch, Stable in Active Region, Single Supply 
Operation, Pin/Pin Replacement for AM686 
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FEATURES 
• 10ns Response Time 
• 2ns Setup Time for Latch 
• Operates on Single 5V Supply 
• Dual Function in 8·Pin Package 
• No Input Slew Rate Requirement 
• Latch Function Included On Chip 
• True Differential Inputs 

APPLICATions 
• High Speed Differential Line Receiver 
• Pulse HeightlWidth Discriminator 
• Timing and Delay Generators 
• Analog to Digital Interface 

TYPICAL APPLICATiOn 

2 Channel20MHz Clocked Line Receiver 

...---.----5V 

A INPUT 

CHANNEL A 

t--- -lLICLOCK 

OATA LATCHEO 
ON POSITIVE EDGE 

CHANNEL B 
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DESCRIPTion 
The LT1015 is a dual high speed comparator intended for 
line receiver and other general purpose fast comparator 
functions. It has 10ns response time, true differential in· 
puts, TIL outputs, and operates from a single 5V supply. A 
unique output stage design virtually eliminates power 
supply glitching during transitions. This greatly reduces 
instability and crosstalk problems in multiple line applica· 
tions. No minimum input slew rate is required as in previ· 
ous TIL output comparators. 

The LT1015 has a true latch pin for retaining output data. 
Setup time is 2ns, allowing the comparators to capture 
data much faster than the actual flowthrough response 
time. 8·pin miniDIP and ceramic packages allow high 
packing density. 

BLOCK DIAGRAm 

A INPUT 

REFERENCE 
INPUT 

B INPUT 

A OUTPUT 

LATCH (BOTH SIDES) +--- DEVICE ACTIVE WITH 
LATCH LOW. "OPEN" 
GOES TO HIGH STATE. 

B OUTPUT 



LT1015 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATion 
Supply Voltage ...................................... 7V 
Difterentiallnput Voltage ............................. 5V 
Input Voltage Positive ..................... Supply + 0.5V 

Negative ............................. - 1V 
Input Current (Forced) Positive .................... 20mA 
Latch Pin Voltage ........................... Supply + 1V 
Output Current (Continuous) ..................... ± 20mA 

ORDER PART 
TOP VIEW NUMBER .M·O" REFERENCE 2 7 OUTPUT A LT1015MJ8 

INPUT B 3 6 GROUND LT1015CJ8 
LATCH 4 5 OUTPUT B LT1015CN8 

Operating Temperature Range J8 PACKAGE N8 PACKAGE 
8-LEAD CERAMIC DIP 8-LEAD PlASTIC DIP 

LT1015M ........................... -55°Cto 125°C' 
L T1 015C ................................. OOC to 70°C 

Storage Temperature Range ............. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) .............. 300°C 
* Air flow must be provided forTA> l00·C. 

ELECTRICAL CHARACTERISTICS 
V + = 4.6V to S.4V, VLATCH = OV, Common Mode Input Voltage = 2.SV, Tj = 2SoC, unless otherwise noted. 

PARAMETER CONDITIONS 
Input Offset Voltage (Note 1) V CM = 1.25V to IV + -1.5V) 
Input Bias Current .1 VIN = OV (Note 2) 
Reference Input Current .1VIN = OV (Note 2) 

Voltage Gain (Note 3) VOUT = 0.5V to 2.5V 
Load = 1 TIL Gate 

Common Mode Input Range (Note 5) Minimum Input 
Maximum Input 

Output High Voltage IOUT=4mA 
Output Low Voltage ISINK=4mA 
Supply Current V+ =5V 
Latch Pin High Input Voltage Device Latched 
Latch Pin Low Input Voltage Device Active 
Latch Pin Current 
Propagation Delay .1VIN ~2OmV (Note 4) 

0·CsTiSl00·C 
-55·CsTJsl50·C 

Latch Setup Time 

The. denotes the specifications which apply over the full operating 
temperature range. 
Note 1: Input offset voltage is the maximum required to drive the output 
to a low state of 0.5V and a high state of 2.5V. 
Note 2: Input currents are measured by applying a large positive 
differential input voltage. The resulting input current is divided by two 
to obtain input current at AVIN = OV. 
Note 3: Voltage gain is guaranteed by deSign, but not tested. 
Note 4: Propagation delay is sample tested in production with a large 
overdrive. The limit is guard banded to account for the slight increase 
(= 500ps) at 20mV overdrive. 

MIN TYP MAX UNITS 

• 1 20 mV 

• 15 30 ~ 

• 30 60 ~ 

• 1000 2500 VN 

• 1.0 1.25 V 

• V+ -1.5 V+ -1.0 V 

• 2.5 V 

• 0.3 0.5 V 

• 55 70 rnA 

• 2 V 

• 0.8 V 

• 1 rnA 

• 7 10 14 ns 

• 7 10 16 ns 
2 ns 

Note 5: Common mode input range is the voltage range over which the 
differential input offset voltage is less than 20mV. If both inputs remain 
inside this common mode range, propagation delay will be unaffected. It 
will also be normal if the signal input is below the 1.25V lower limit when 
the input transition begins. An increase in propagation delay of up to IOns 
may occur if the signal input is above the upper common mode limit when 
the transition begins. Sine wave inputs may not be affected when the peak 
exceeds the common mode range if the signal is inside the common 
mode range for IOns before threshold is reached. 
Note 6: For typical curves see the LT1 016 data sheet. 
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DESCRIPTion 
The L T1 017 and L T1 018 are general purpose micropower 
comparators. The LT1 017 is optimized for lowest operat
ing power while the L T1 018 operates at higher power and 
higher speed. Both devices can operate from a single 1.1V 
cell up to 40V. The output stage includes a class liB" pull
up current source, eliminating the need for an external 
resistive pull-up and saving power. The output stage is 
also designed to allow driving loads connected to a supply 
more positive than the device, as can comparators with 
open collector output stages. 

Input specifications are also excellent. On-Chip trimming 
minimizes offset voltage, while high gain and common
mode rejection ratio keep other input-referred errors low. 
Common-mode voltage range includes ground. Special 
circuitry prevents false output states even if the input is 
overdriven. 

APPLICATions 
• Power Supply Monitors 
• Relay Driving 
• Oscillators 

ELECTRICAL CHARACTERISTICS 

Comparator 

PACKAGEIORDER InFORmATiOn 

ORDER PART 
TOP VIEW NUMBER 

""'0""' V-2 lOUTA LT1017CS8 
+IN B 3 6 V+ LT1018CS8 
-IN B 4 5 OUT B 

PART MARKING 
S8 PACKAGE 

HEAD PLASTIC SO 1017 
(0.15" BODY WIDTH) 1018 

ABSOLUTE mAXimum RATinGS 
Operating Temperature Range 

LT1017CS8 ..................................... O°C:s:; TA:S:; 700e 
LT1018CS8 ..................................... O°C :s:; TA:S:; 70°C 

Electrical characteristics 01 the LT1017CS8 and LT1018CS8 are idential to Ihose ollhe standard dalasheel eleclrlcals lor Ihe 
L T1 071 CSJL T1 018CS and LT1 017CN8/l. T1 018CN8. Please refar 10 the standard datashaat lor O°C ~ T A ~ 70°C electricalli. 

Nole: The pin assignment ollha LT1017CS8JLT1018CS8 doas nol match the pin assignmenllorlhe LT1017CN8/LT1018CN8 plastiC 
dual-in-line package. 
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FEATURES 
• Ultra Fast (12ns Typ) 
• Operates off Single +5V Supply or ±5V 
• Input Common Mode Extends to Negative Supply 
• No Minimum Input Slew Rate Requirement 
• Complementary TTL Output 
• Inputs Can Exceed the Positive Supply Up to + 15V 

without Damaging the Comparator 
• Low Offset Voltage 
• Pin-Compatible with L T1 016 
• Output Latch Capability 

APPLICATions 
• High Speed AID Converters 
• Zero Crossing Detectors 
• Current Sense for Switching Regulators 
• Extended Range V to F Converters 
• Fast Pulse HeightlWidth Discriminators 
• High Speed Triggers 
• Line Receivers 
• High Speed Sampling Circuits 

TYPICAL APPLICATiOn 
Fast Current Comparator 'or 

Current Mode Switching Regulator 

LrBLANKING CONTROL INPUT 

Ground-Sensing Comparator 

DESCRIPTion 
The L T1116 is an ultra fast (12ns) comparator designed 
for sensing signals near the negative supply. The input 
common mode range extends from 2.5V below the posi
tive supply down to the negative supply rail. Like the 
LT1 016, this comparator is specifically designed to inter
face directly to TTL logic with complementary outputs. 
The comparator may operate from either a single +5V 
supply or dual ±5V supplies. Tight offset voltage specifi
cations and high gain allow the L T1116 to be used in 
precision applications. 

The LT1116 is designed for improved speed and stability 
for a wide range of operating conditions. The output stage 
provides active drive in both directions for maximum 
speed into TTL logic or passive loads, yet it has minimal 
cross-conduction current. Unlike other fast comparators, 
the LT1116 remains stable even for slow transitions 
through the active region, which eliminates the need to 
specify a minimum input slew rate. 

The LT1116 has an internal, TTL compatible latch for 
retaining data at the outputs. The latch holds data as long 
as the latch pin is held high. Device parameters such as 
gain, offset, and negative power supply current are not 
significantly affected by variations in negative supply 
voltage. 

Comparator Response Time 

J THRESHOLO-l-.... 

t 
~ 

12n~r ~ '\ 1->' 

\ " 
- l!i~ 

20 20 

TIME (ns) 

10-7 



LTll16 

ABSOLUTE mAXimum RATinGS 
(Note 1) 

Supply Voltage (Vt) to GND ....................................... 7V 
Negative Supply Voltage (V-) ....................... -7V to GND 
Voltage 

Differential Input Voltage ................................... ±15V 
Inputs Voltage (Either Input) .......... (V-) -0.3V to 15V 
Latch Pin Voltage ............................ Equal to Supplies 

Output Current (Continuous) .............................. ±20mA 
Operating Temperature Range 

LT1116C .................................................. O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

PACKAGE/ORDER InFORmATion 

N8 PACKAGE 
8-LEAD PLASTIC DIP 

LT1116'POIOI 

sa PACKAGE 
HEAD PLASTIC SOIC 

ORDER PART 
NUMBER 

LT1116CN8 

LT1116CS8 

S8 PART MARKINGS 

ELECTRICAL CHARACTERISTICS V+=5V, V-=-5V, VOUT(Q)=1.4V, LATCH=OV, TA=25°C. 
Specifications for Vos, la, CMRR, and Voltage Gain are valid for single supply operation, v+ = 5V, V- = OV, unless otherwise noted. 

LT1116 
SYMBOL PARAMETERS CONDITIONS MIN TYP MAX UNITS 

Vos Input Offset Voltage Rs s 1000 (Note 2) 1.0 ±3.0 mV 
• 3.5 mV 

AVos Input Offset Voltage Drift • 5 ltV 
AT ·C 

los Input Offset Current (Note 2) • 0.5 2 ItA 
10 Input Bias Current, Sourcing (Note 3) • 10 20 ItA 

Input Voltage Range Arbitrary Supply Range • If' (V+)-2.5 V 

Single +5V Supply • 0 2.5 V 

CMRR Common Mode Rejection Ratio -5V S VCM S 2.5V, Vs = ±5V • 75 90 dB 
OV s VCM S 2.5V • 65 90 dB 

PSRR Power Supply Rejection Ratio Positive Supply 4.6V s V+ s 5.4V • 60 75 dB 

Negative Supply -7V s If' s -2V • 80 100 dB 

Av Small Signal Vonage Gain lVsVours 2V 1400 3000 VN 

1+ +Supply Current • 27 38 rnA 

1- -Supply Current • 5 7 rnA 

VOH Output High Voltage ISOURCE = 1 rnA • 2.7 3.4 V 
ISOURCE = lOrnA • 2.4 3.0 V 

VOL Output Low Voltage ISINK =4mA • 0.3 0.5 V 
ISINK = lOrnA 0.4 V 
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LTll16 

ELECTRICAL CHARACTERISTICS v+ = 5V, v- = -5V, VDudQ) = 1.4V, LATCH = OV, TA = 25°C, unless 
otherwise noted. 

LT1116 
SYMBOL PARAMETERS CONDITIONS MIN TYP MAX UNITS 

VIH +Latch Threshold • 2.0 V 

VIL -Latch Threshold • 0.8 V 

IlL Latch Input Current VLATCH = OV • -20 -500 !LA 
tpo Propagation Delay ,WIN = 100mV, 00 = 5mV (Note 4) 12 16 ns 

• 18 ns 

tpo Propagation Delay AVIN = 100mV, 00 = 20mV (Note 4) 10 14 ns 

Atpo Differential Propagation Delay AVIN = 100mV, 00 = 5mV (Note 4) 

lsu Latch Set-Up Time (Note 5) 

tH Latch Hold Time (Note 5) 

The. denotes the specifications which apply over the full operating 
temperature range. 
Nole 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impared. 
Nole 2: Input offset voltage is defined as the average of two offset 
voltages measured by forcing first the a output to l.4V then forcing the Q 
output to l.4V. 
Nole 3: Input bias current is defined as the average of the two input 
currents. 

TiminG DIAGRAmS 

• 16 ns 

3 ns 

2 ns 

2 ns 

Note 4: tpo and Atpo cannot be measured in automatic handling 
equipment with low values of overdrive. The LTll16 is sample tested with 
a 1 V step and 500mV overdrive. Correlation tests have shown that !Po and 
Atpo can be guaranteed with this test if additional DC tests are performed 
to verify internal bias conditions are correct. For low overdrive conditions 
Vos is added to the measured overdrive. 
Note 5: Input latch set-up time, tsu, is the interval in which the input 
signal must be stable prior to asserting the latch signal. The hold time, IH, 
is the interval after the latch is asserted in which the input signal must be 
stable. 

LATCH =4 ENABLE _____ _ 

'. ----r~ - -"? _____ 
--1=~=t-

vour 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Common Mode Considerations 

The LT1116 is specified for a common mode range of OV 
to 2.5V with a single +5V supply, and -5V to 2.5V with ±5V 
supplies. The common mode range is defined as the DC 
input for which the output responds correctly to small 
changes in the input differential. Input signals can exceed 
the positive common mode limit up to the 15V absolute 
maximum rating without damaging the comparator. There 
will, however, be an increase in propagation delay of up to 
10ns when the input signal switches back into the com
mon mode range. When input signals fall below the 
negative common mode limit, the internal PN diode formed 
with the substrate can turn on resulting in significant 
charge flow throughout the die. A Schottky clamp diode 
between the input and the negative rail speeds up recovery 
from negative overdrive by preventing the substrate diode 
from turning on. The zero crossing detector in Figure 1 
demonstrates the use of a fast clamp diode. Recovery 
from 500mV overdrive below V- for this circuit is 
approximately 18ns. 

Input Characteristics 

Each input to the LT1116 is buffered with a fast PNP 
follower - input bias current therefore does not vary 
significantly throughout the common mode range. When 
either input exceeds the positive common mode limit, the 
bias current drops to zero. Inputs that fall more than one 
diode drop below V- will forward bias the substrate or 
clamp diode, and will cause large input current to flow. 

Fast Zero Crossing Detector 
+5V 

LT1116·TA03 

Figure 1. The zero crossing detector terminates the transmission 
line at ils 50n characteristic Impedance. Negative inpuls should 
notlall below -2V to keep the signal current within the clamp 
diode's maximum lorward rating. Positive inpuls should not 
exceed the devices absolute maximum ratings nor the power 
rating on the terminating resistor. 
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Single ended input resistance is about 5MQ, and remains 
roughly constant overthe input common mode range. The 
common mode resistance is about 2.5MQ with zero 
differential input voltage, and does not change signifi
cantly with the absolute value of differential input. 

Effective input capacitance, typically 5pF, is determined by 
measuring the resulting change in propagation delay for a 
1kQ change in source resistance. 

Latch Pin Dynamics 

The internal latch uses local regenerative feedback to 
shorten set-up and hold times. Driving the latch pin high 
retains the output state. The latch pin floats to a high state 
when disconnected, so it must be driven low for flow
through operation. The set-up time required to guarantee 
detecting a given transition of the inputs is 2ns. The inputs 
must also remain stable for a 2ns hold time after latch is 
asserted. New data will appear atthe output approximately 
10ns to 12ns after the latch goes low. The latch pin has no 
built-in hysteresis, and is designed to be driven from TTL 
or CMOS logic gates. 

Additional Information 

Linear Technology's Application Note 13 provides an 
extensive discussion of design techniques for high speed 
comparators. 

Single Supply Crystal Oscillator 10MHz-15MHz 

lkn 

10·15MHz 
ATeUT 

+5V ---'Wv----.----III1·---..., 

,""""="---1-- OUTPUT 

LT1116·TA04 

Figure 2. This Single supply crystal oscillator utilizes crystals 
Irom 10MHz to 15MHz without component changes. 



APPLICATions InFoRmATion 
High Speed Adaptive Trigger Circuit 

Line receivers often require an adaptive triggerto compen
sate for variations in signal amplitude and DC offsets. The 
circuit in Figure 3 triggers on 2mV to 200mV signals from 
100Hz to 1 OMHz from a single 5V rail. The trigger level is 
the average of the input signal's positive and negative 
peaks stored on 0.0051lF capacitors. Pairs of NPN and 
PNP transistors are used instead of diodes to temperature 
compensate the peak detector. 

LTll16 

To achieve single supply operation, the input signal must 
be shifted into the pre-amplifier's common mode range. 
The input amplifier A 1, adds a 1 V level shift, while A2 
provides a gain of 20 for high frequency signals. Capaci
tors C1 and C2 insure that low frequency signals see unity 
gain. Bandwidth limiting in A1 and A2 does not affect 
triggering because the adaptive trigger threshold varies 
ratiometrically to maintain circuit output. 

+5V ....... ---, 

NPN = 2N3904 
PNP= 2N3906 

R 
1000 

Cl C2 

11OO~F T 0.1111' 
0.1 .r 

~------------------------

Figure 3. Fast Single Supply Adaptive Trigger 

Q 
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AnALOG SWITCHES 

FAMILY FEATURES 
• Micropower: 40llA Max Supply Current 
• Single 5V or ±15V Operation 
• 8pC Charge Injection 
• Low ON Resistance 
• Low Leakage 
• Guaranteed Break Before Make 

PART NUMBER OF LATCHED MAXON 
NUMBER CHANNELS INPUTS RESISTANCE 

LTC201A 4 1250 

LTC202 4 1250 

LTC203 4 1250 

LTC221 4 X 900 

LTC222 4 X 900 

OTHEA PRODUaS 

PART NUMBER DESCRIPTION 

LFI98(A)JLF398(A) Sample and Hold Amplifier 

LM134JLM334 Adjustable Current Source 

LTt025 Thermocouple Cold Junction Compensator 

LT1OB8 RMS to DC Converter 

LTC1043 Precision Switched·Capacitor Building Block 

MAX INPUT 
AND OUTPUT 
OFF LEAKAGE 

5nA 

5nA 

5nA 

5nA 

5nA 

PACKAGE 
OPTIONS 

H,J8, N8, S 

H,Z,SB 

J8, N8 

D,N 

D, N,S 

LTKOOI Thermocouple Cold Junction Compensator with J,N 
Matched Amplifier 

SPECIAL FUNCTIONS 

MAX 
SUPPLY MAX 

CURRENT TONfTOFF FEATURES 

40~A 400ns/300ns Lower ON Resistance, Charge Injection, Supply Current 
Than DG201 A. Single 5V to ±15V Supply Operation 

40~A 400ns/300ns Lower ON Resistance, Charge Injection, Supply Current 
Than DG202. Single 5V to ±15V Supply Operation 

40~A 400ns/300ns Low ON Resistance, Charge Injection, Supply Current 

40~A 400ns/300ns Lower Charge Injection, Supply Current Than DG221 

40jlA 400ns/300ns Lower Charge Injection, Supply Current Than DG222 

FEATURES 

12-Bit Accurate (LF198A), 6J'S Acquisition Time, 0.005% Max Gain Error. 

lpA to 10mA Adjustment Range, Floating Current Source, 0.02%Nolt Regulation, Can Be 
Used as Temperature Sensor. 

Provides O°C Cold Junction Compensation ofTypes E, J, K, R, S, TThermocouples. Low 
Supply Current (80pA) and Operates with Single + 4V to + 36V DC Supply. 

Thermal RMS to DC Conversion Permits 1 % Accuracy to 50MHz, 2% to 100M Hz and 
Handles Crest Factors up to 50:1. 

120dB CMRR, when Used as Instrumentation Front End, Allows Switched·Capacitor 
Design Techniques at Board Level. 

LTt025 with Matched Amplifier (LTKAOO or LTKA01) Provides Lower Error Specs than 
using Worst-Case Errors of LT1025 and Standard Precision Op Amp. 
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1' ... ~.·· .. tlnLJ\D LTC20lA/LTC202/LTC203 
~, TECHNOLOGY Micropower, Low Charge 

Injection, Quad CMOS Analog Switches 

FEATURES 
• Micropower Operation 
• Single SVor ± 1SV Supply Operation 
• Low Charge Injection 
• Low RON 
• Low Leakage 
• Guaranteed Break Before Make 
• Latch Resistant Design 
• nUCMOS Compatible 
• Improved Second Source for DG201AlDG202 

KEY SPECIFICATiOnS 
• Supply Current 1+ = 40~, 1- = S/LA Max. 
• Charge Injection (± 1SV Supplies) ± 2SpC Max. 

• RON 
• Signal Range 

(Single SV Supply) 2pC Typ. 
6SIlTyp. 

±1SV 

TYPICAL APPLICATiOn 

DESCRIPTion 
The LTC201A, LTC202, and LTC203 are micropower, 
quad CMOS analog switches which typically dissipate only 
2S0l!W from ±1SV supplies and 40l!W from a single SV 
supply. The switches have 6S0 typical on resistance and 
a very high off resistance. A break before make charac
teristic, inherent in these switches, prevents the shorting 
oftwo channels. With a supply voltage of±1SV, the signal 
range is ±1SV. These switches have special charge com
pensation circuitry which greatly reduces charge injection 
to a maximum of ± 2SpC (±1SV supplies). 

The L TC201 A, LTC202, and L TC203 are designed for 
applications such as programmable gain amplifiers, analog 
multiplexers, sample and hold circuits, precision charge 
switching and remote switching. These three devices are 
differentiated by the type of switch action, as shown in the 
logic table. 

Micropower 100Hz to 1 MHz V·to·F Converter 
VIN 1.5M ,....---_-7VT010V 

OVT05V ....... ------w_--------------~-__. 

220k' 

50k 
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LlNEARllY IS 0.02% 
QUIESCENT CURRENT IS gOIlA 
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ABSOLUTE mAXimum RATinGS 
(Note 1) 

Voltages Referenced to v-
v+ ............................................................................. 44V 
GND .......................................................................... 25V 
Digital Inputs, S,D (Note 2) ................ -2V to (V++2V) or 

20mA, Whichever Occurs First 
Current 

Any Input Except S or D .................................. 30mA 
Continuous S or D ........................................... 20mA 
Peaks S or D (Pulsed at 1 ms, 
10% Duty Cycle Max) ..................................... 70mA 

ESD Susceptibility (Note 3) ..................................... .4kV 
Power Dissipation (Plastic) ................................ 500mW 
Power Dissipation (Ceramic) .............................. 900mW 
Operating Temperature Range 

LTC201 AC/L TC202C/L TC203C .............. O°C to 70°C 
LTC201 AM/LTC202M/LTC203M ..... -55°C to 125°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

LTC201 AjLTC202jLTC203 

PACKAGE/ORDER InFORmATiOn 

TOP VIEW 

J PACKAGE , N PACKAGE 
16-LEAO CERAMIC DIP 16-LEAO PLASTIC OIP 

so PACKAGE 
16-LEAD PLASTIC SOIC 

LOGIC TABLE 
lTC201A lTC202 

INx IN1-IN4 IN1-IN4 

0 ON OFF 

1 OFF ON 

ORDER PART 
NUMBER 

LTC201AMJ 
LTC201ACJ 
LTC201ACN 
LTC201ACS 
LTC202MJ 
LTC202CJ 
LTC202CN 
LTC202CS 
LTC203MJ 
LTC203CJ 
LTC203CN 
LTC203CS 

lTC203 
IN1,IN4 IN2,IN3 

OFF I ON 

ON I OFF 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS 
v+ = + 15V, v- = -15V, GND = OV unless otherwise noted. 

l TC201 AM/l TC202M}l TC2D3M l TC2D1AC/l TC2D2C/l TC203C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Analog Signal Range • ±15 ±15 V 

RON Vs=±10V TMIN 110 125 Q 

10= lmA 25°C 65 110 65 125 

TMAX 160 160 

ARoN vs Vs 20 20 % 

ARON vs Temperature 0,5 0_5 %/oC 

RON Match Vs = OV, los = lmA 5 5 % 

Off Input leakage I s(OFF) Vo = ±14V, Vs = =F 14V 0.01 ±1 0.D1 ±5 nA 

Switch Off • ±100 ±100 

Off Output leakage 10(OFF) Vo = ±14V, Vs = =F14V 0,01 ±1 0.D1 ±5 nA 

Switch Off • ±100 ±100 

On Channel leakage 10(ON) Vo = Vs = ±14V 0.02 ±1 0.02 ±5 nA 

Switch On • ±200 ±200 

Input High Voltage VINH • 2.4 2.4 V 

Input low Voltage VINL • 0.8 0.8 V 

Input High or low Current VIN = 15V, OV • ±1 ±1 !iA 
IINH and IINL 

11-5 



LTC201 A/LTC202/LTC203 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS 
V+=+15V, V-=-15V, GND=OVunlessotherwise noted. 

L TC201AM!1. TC202MJL TC203M L TC201AC!1. TC202C!1. TC203C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Cs(OFF) 5 5 pF 

Co(OFF) 12 12 pF 

Co, Cs(ON) 30 30 pF 

I' All Logic Inputs Tied Together 16 40 16 40 ItA 
VIN = OV or 4.0V • 60 60 

1- 0.1 5 0.1 5 

• 10 10 

AC ELECTRICAL CHARACTERISTICS v+ = + 15V, v- = -15V, GND = OV unless otherwise noted. 

LTC201 AM!1.TC2D2M/L TC203M L TC201 AC!1. TC202C!1. TC203C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TON Vs= 2V, RL = 1kQ, CL = 35pF 290 400 290 400 ns 

TOFF 210 300 210 300 

TOPEN 20 85 20 85 ns 

Off Isolation Vs= 2Vp-p, RL = 1kQ, f = 100kHz 75 75 dB 

Crosstalk 90 90 

Charge Injection QINJ Rs = 0'1, CL = 1 OOOpF, Vs = OV 5 ±25 8 ±25 pC 

Total Harmonic Distortion THO Vs = 2Vp-p, RL = 10kQ 0.Q1 0.Q1 % 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS 
v+ = + 5V, v- = GND = OV unless otherwise noted. 

L TC2D1 AM/L TC2D2M!1. TC203M L TC201AC/L TC202C/L TC203C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Analog Signal Range • 0 5 0 5 V 

RON Vs=+1.5V,+3V TMIN 450 520 Q 

10 = 0.25mA 25°C 280 450 280 525 

TMAX 650 650 

toRON vs Vs 20 20 % 

toRON vs Temperature 0.5 0.5 %IOC 

RON Match Vs = 2.5V, los = 0.25mA 5 5 % 

Off Input Leakage Is(OFF) Vo = 4V, 1V; Vs = 1V, 4V (Note 4) 0.01 ±1 0.Q1 ±5 nA 

Switch Off • ±100 ±100 

Off Output Leakage 10(OFF) Vo = 4V, 1V; Vs = 1V, 4V (Note 4) 0.Q1 ±1 0.01 ±S nA 

Switch Off • ±100 ±100 

On Channel Leakage lo(ON) Vo = Vs = 1V, 4V (Note 4) 0.Q1 ±1 0.01 ±5 nA 

Switch On • ±200 ±200 

Input High Voltage VINH • 2.4 2.4 V 

Input Low Voltage VINL • 0.8 0.8 V 

Input High or Low Current VIN = 5V, OV • ±1 ±1 ItA 
IINH and IINL 
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LTC201 AjLTC202jLTC203 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS 
v+ = +5V, v- = GND = DV unless otherwise noted. 

l TC201AM/L TC202M/L TC203M l TC201AC/L TC202C/L TC203C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Cs(OFF) 5 5 pF 

Co(OFF) 12 12 pF 

Co, Cs(ON) 30 30 pF 
1+ All Logic Inpuls Tied Together 8 20 8 20 ~A 

VIN = OV or 4.0V • 30 30 

AC ELECTRICAL CHARACTERISTICS Y+ = +5Y, Y- =GND=OYunlessotherwisenoted. 

LTC201AM/L TC202MJl TC203M l TC201AC/L TC202C/L TC203C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TON Vs = 2V, RL = lkO, CL = 35pF 450 600 450 600 ns 

TOFF 190 300 190 300 

TOPEN 100 250 100 250 ns 

Off Isolation Vs = 2Vp'p, RL = 1 kO, f = 100kHz 75 75 dB 

Crosstalk 90 90 

Charge Injection QINJ Rs = on, CL = 1000pF, Vs = 2.5V 2 2 pC 

Total Harmonic Distortion THD Vs = 2Vp'p, RL = 10kn 0.01 0.01 % 

The • denotes the specifications which apply over full operating 
temperature range. All other limits and typicals T A = 25°C. 

Nole 3: In·circuit ESD on the switch pins (S or D) exceeds 4kV (see test 
circuit). 

Nole 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 

Nole 4: Leakage current with a single 5V supply is guaranteed by 
correlation with the ±15V leakage current. 

Nole 2: Signals on S, D, or IN exceeding V+ or V- will be clamped by 
internal diodes. Limit forward diode current to maximum current rating. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

250 

200 

§: 150 
z 
o 

a: 

100 

50 

a 

RON vs Ys Over Supply Yoltage 

1A = 25°C VSUPPLY~~ 
-ID=lmA J' 

'-A±5V 

I 
~~"'Tsv~ _..!' ..... -~ 

±20V 

100 

80 

§: 60 
is 

a: 

40 

20 

o 

RON VS Ys Over Temperature 

I 
/' I\. 1 5° 

......... 
I'-.. / 

25° -~ -........ 1- V 
-55°C 

V+- +15V 
f-V-=-15V 

ID= lmA 

...... 

-

-20 -16-12 -8 -4 0 4 8 12 16 20 
Vs(V) 

-15 -12 -9 -6 -3 0 3 6 9 12 15 
Vs(V) 

500 

400 

§: 300 
is 

a: 

200 

100 

o 

RON vs Ys Over Temperature 

-VL5~ I 
V-=OV I -io=lmA 

125!C 
~ 

1/ r- 2S!C' 
/ /i.: " ,/ /r- I" 
,/ l,.-f- ..-.,.,.. 
..... i-"'" -55°C ....... 

J 
j 

o 2 3 
Vs(V) 

t-..... 
........ -
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LTC201 AjLTC202jLTC203 

TYPICAL PERFORmAnCE CHARACTERISTICS 

50 
QIN,J VS Vs Over Supply Voltage 

40 TA = 25·C 
Cl = l000pF 

30 

20 - V+= 5V -~~:~~- -V-=-fJV-

~ 
10 

~~ ./ 
::l 

0 -10 

-20 

-30 

-40 

/\ ~ ~ ........ 

l ..,.. i"" r \. 
V+= 15V \ 
V-=-15V-' 

I" 

-50 
-15 -10 -fJ 10 15 

Vs (V) 

300 

270 

240 

210 

1 180 
±.. 150 

120 

90 

60 

30 

o 

Positive Supply Current vs Logic 
Input Voltage 

f-- f--v+~ +1~V I I 
f--

V-=-15V 

~r25'C 
r-- LLLOGIC INPUTS 

TIED TOGETHER 

1\ 
\ 

I , 
I-' 

o 12 15 

300 

270 

240 

210 

1 180 
±.. 150 

120 

90 

60 

30 

o 

Supply Current vs Logic Input 
Voltage 

I--- V+= ~X 
r-v-= ov 

r--
r-It;: i~8lc INPUTS 

r-- r-TIED TOGETHER 

\. 
I '-

1/ 
I--~ ..... 
o 

APPLICATions InFORmATion 
Switching Time Test Circuit 

Switch output waveform shown for Vs = constant with 
logic input waveform as shown. Note that Vs may be + or 
- as per switching time test circuit. Va is the steady state 

output switch on. Feedthrough via gate capacitance may 
result in spikes at leading and trailing edge of output 
waveform. 

Switching Time Test Circuit 
LOGIC "1" = SW ON 

NO 3V 
LOGIC INPUT SWITCH SWITCH 

tf < 20ns 
OV INPUT 01 OUTPUT 

If < 20"8 SI 
Vs=+2V Vo 

NC 3V V -v _R_l_ 
LOGIC INPUT 0- S Rl HOS(ON) 

If < 20"8 
OV If < 20"8 

SWITCH 
Vs INPUT (REPEAT TEST FOR IN2, IN3 AND IN4) 

SWITCH OV LTC201A1202/203·TA03 
OUTPUT 

Charge Injection Test Circuit 
avo 

+ 

vo~ 
NC

3V ~ 
OVJ!!.....J ~ 

N03V~ ~ 
OV ~ 

avo IS THE MEASURED VOLTAGE ERROR DUE TO CHARGE INJECTION" 
THE ERROR VOLTAGE IN COULOMBS IS aO = Cl x avo· ".."""""",."" 
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LTC201 A/LTC202/LTC203 

APPLICATions InFoRmATion 
01 RR·Off Isolation Test Circuit 

C = 0.001~FIIO.1~F 
CHIP CAPACITORS 

3V 
OV 

NC 
NO 

-15V 

In·Circuil ESD Tesl Circuil 

ANY SOURCE OR DRAIN PIN 

PER MIL -STO-883C 
METHOD 3015.2 

lTC2C!1A!20212Q3·TA06 

CCRR·Channello Channel Crosstalk Test Circuit 

.". 

CHAN B 1-+ .... -f3--I-V::.:D2_ ....... -o-...:VS~21-_ NC 

C = O.001~F//o.1~F 
CHIP CAPACITORS CCRR=20LOGI~~~1 

3V 
OV 

NC 
NO 

Q 
C .". 

-15V 

Micropower, 4.5V-15V Input, Voltage Doubler Using the LTC203 

POWER APPLIED 
OR OPEN CIRCUIT 

VIN IQ VOUT, NO LOAD ROUT 

4.5V 201lA 8.988V(12mV Error) 1.2k 

15V 1301lA 29.96V(40mV Error} 600n 
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LTC201 A/LTC202/LTC203 
APPLICATions InFORmATion 

Micropower, ±4.5V - ±15V, Voltage Inverler Using the LTC203 

VIN ...... -------...... '"""i 

VIN 10 Vour. NO LOAD Rour 
L...-___ +' __ VcIUT = -VIN 

4.5V 15!lA -4.494V(SmV Error) 
15V 125!lA -14.975V(25mV Error) 

NC~ 

NO~ 
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1.lkn 
5200 

Quad 12·Bit Sample and Hold 

-5V 

Sample-to· 
Hold Offset 
Aperture Time 
Acquisition Time 
to 0.01 % (0 to 2V step) 
Slew Rate 
(0 to 5V step) 
Droop Rate 
Supply Current 

LT1014 LT1079 
O.SmV O.SmV 

300ns 300ns 

14~s 27~s 

0.4V/~ 0.07V/~ 

O.BmV/ms O.SmV/ms 
l.SmA lBO~ 



LTC201 A/LTC202/LTC203 

APPLICATions InFoRmATion 

INPUT -------, 

1 

NOISE 40nVp-p 0.1Hz-10Hz 
Vos 1~V 
DRIFT 0.05~V/'C 

GAIN ]lg+1 

AVOL ~108 
Ib 25nA 

Ultra Low Noise, Low Drift Chopper Amplifier 

10n 

Noise in a D.1-1DHz Bandwidth 

r- 10sec -I 

+15V 

T 1000pF 

OUTPUT 

R2 
10kn 

R1 
10n 

11-11 

• 



LTC201 A/LTC202/LTC203 

APPLICATions InFoRmATion 

Bipolar (AC) Input V -4 F Converter 

11-12 

• POLYSTYRENE 
50ppml"C DRIFT . 
0.04% LINEARITY 

•• TRW/IRC MTRl5I+120 

TO.33I1F 

1N4148 

OUTPUT 
OkHz-l0kHz 

+15V 

lkn 



LTC201 A/LTC202/LTC203 

APPLICATions InFORmATion 

MicropowerThennocouple Temperature to Frequency Converter 

l00·C 1.5kQ 
TRIM 

NOTES: 
• POLYSTYRENE 

•• IRCITRW-MTR-5J+ 120ppm 
360~A OPERATING CURRENT 
4.75V-l0V SUPPLY VOLTAGE 
FOR 4mV FULL SCALE "GENERAL PURPOSE" 
V .... F OELETE LT1025 ANO THERMOCOUPLE 
ANO DRIVE POINT "A" 

C2 
390pF-

NC 

OUTPUT 
O·C-l00·C 
O.C. -1kHz 
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LTC201 A/LTC202/LTC203 

APPLICATions InFoRmATion 

Precision Currenl Sensing in Supply Rails 

SHUNT CAN BE IN 
POSITIVE OR NEGATIVE 

SUPPLY LEAD 

Precision Vollage Divide by 2 Circuil 

V1N -p---..--t--, 
V1N = 4.5V-20V 
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''''''''-unt1\D LTC221jLTC222 
~~ TECHNOLOG~~~----M-ic-r-o-po-w--er-,-Lo-w--C-h-a-rg-e 

FEATURES 
• Micropower Operation 
• Single 5V or ±15V Supply Operation 
• Low Charge Injection 
• Low RON 
• Low Leakage 
• Guaranteed Break Before Make 
• Latch Resistant Design 
• nUCMOS Compatible 
• Improved Second Source for OG221/0G222 
• Microprocessor Bus Compatible 

KEY SPECIFICATiOnS 
• Supply Current 1+ = 40pA, 1- = 5pA Max 
• Charge Injection (±15V Supplies) ±25pC Max 

• RON 
• Signal Range 

(Single 5V Supply) 2pC Typ 
65.0 Typ 

±15V 

TYPICAL APPLICATiOn 

Injection, Quad CMOS Analog 
Switches with Data Latches 

DESCRIPTion 
The LTC221 and LTC222 are micropower, quad CMOS 
analog switches which typically dissipate only 250llW from 
± 15V supplies and 40llWfrom asingle 5V supply. Onboard 
latches allow the LTC221 and LTC222 to interface directly 
to most microprocessor buses. The switches have 65.0 
typical on resistance and a very high off resistance. A break 
before make characteristic is inherent in these switches to 
prevent the shorting of two channels. The signal range is 
±15V with a supply voltage of ±15V and OV-5V with a 
single 5V supply. The switches have special charge com
pensation circuitry which greatly reduces charge injection 
to a maximum of ±25pC (±15V supplies). 

The LTC221 and LTC222 are designed for applications 
such as microprocessor controlled programmable gain 
amplifiers, automatic test equipment, communication 
systems, and data acquisition systems. The LTC221 is 
normally closed and the LTC222 is normally open as 
shown in the Logic Table. 

Two-Channel, 12-Bit, Self Calibrating Data Acquisition System 

~-O-~-AB-US-BO--~B3====~-------1 
TO MICROPROCESSOR 

SERIAL PORT> 

J 
e.g. TMS320C25 

-15V 
t--......... -15V 
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LTC22 1 /LTC222 

ABSOLUTE mAXimum RATinGS 
(Note 1) 

Voltages Referenced to V -
v+ ............................................................................ 44V 
GND .......................................................................... 25V 
Digital Inputs, S, D (Note 2) ............ - 2V to (V+ + 2V) or 

20mA, Whichever Occurs First 
Current 

Any Input Except S or D ................................... 30mA 
Continuous S or D ............................................ 20mA 
Peak S or D 

(Pulsed at 1 ms, 10% Duty Cycle Max) .......... 70mA 
ESD Susceptibility (Note 3) ...................................... 4kV 
Power Dissipation (Plastic) ................................ 500mW 
Power Dissipation (Ceramic) .............................. 900mW 
Operating Temperature Range 

L TC221 C/l TC222C ................................. O°C to 70°C 
l TC221 Mil TC222M ........................ - 55°C to 125°C 

Storage Temperature Range ................. - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300°C 

PACKAGEIORDER InFORmATiOn 

IN1 

IN4 
--....:=---.,;=..-

J PACKAGE N PACKAGE 
16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 

SO PACKAGE 
16-LEAD PLASTIC SOIC 

LOGIC TAILE 
INx WR LTC221 

0 0 On 

1 0 Off 

x 1 Maintain Previous State 

ORDER PART 
NUMBER 

LTC221MJ 
LTC221CJ 
LTC221CN 
LTC221CS 
LTC222MJ 
LTC222CJ 
LTC222CN 
LTC222CS 

LTC222 

Off 

On 

Maintain Previous State 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS 
v + = + 15V, V - = -15V, GND = OV unless otherwise noted. 

L TC221 MIL TC222M LTC221 CIl TC222C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Analog Signal Range • ±15 +15 V 

RON Vs=±10V TMIN 90 90 n 
10= lmA 25°C 65 90 65 90 

TMAX 135 135 

Off Input Leakage Is (OFF) Vo=±14V, Vs=+14V 0.Q1 ±1 0.Q1 ±5 nA 

• ±100 ±100 

Off Output Leakage 10 (OFF) VIN = 2.4V, LTC221 0.01 ±1 0.01 ±5 

VIN = o.av, LTC222 • ±100 ±100 

On Channel Leakage 10 (ON) Vo = Vs = ± 14V, VIN = 2.4V, LTC222 0.02 ±1 0.Q2 ±5 nA 

VIN = o.av, LTC221 • ±200 ±200 

Input High Voltage VINH, ViVRH • 2.4 2.4 V 

Input Low Voltage VINL, VWRL • 0.8 0.8 V 

Input High or Low Current VIN = 15V, OV • ±1 ±1 IIA 
IINH, IINL, IWAH, IWAL VWR = 15V, ov 
Cs(OFF) 5 5 pF 

Co (OFF) 12 12 pF 

Co, Cs(ON) 30 30 pF 
1+ All Channels On or Off 16 40 16 40 IIA 

VIN = ViVR = OV or 4.0V • 60 60 
1- 0.1 5 0.1 5 

• 10 10 
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LTC221 jLTC222 

AC ELECTRICAL CHARACTERISTICS 
v+ = + 15V, V - = -15V, GND = DV unless otherwise noted. 

LTC221 M/l. TC222M LTC221 C/l. TC222C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TON Vs= 2V. RL = lkn. CL = 35pF 290 400 290 400 ns 

TOFF 210 300 210 300 

TOPfN 20 85 20 85 ns 

Off Isolation Vs = 2Vp-p. RL = 1 kn 75 75 dB 

Crosstalk f = 100kHz 90 90 

Charge Injection QINJ RGEN = OQ. CL = 10OOpF, VGEN = 0 5 ±25 8 ±25 pC 

Total Harmonic Oistortion THO Vs = 2Vp-p. RL= 10kn 0.01 0.01 % 

TON, WR Vs= 2V, RL = lkn, CL = 35pF 270 400 270 400 ns 

TOFF. WR 160 300 160 300 

DIGITAL AnD DC ELECTRICAL CHARACTERISTICS 
v+ = + 5V, V - = GND = DV unless otherwise noted. 

LTC221 MJL TC222M LTC221 C/l. TC222C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Analog Signal Range • 0 5 0 5 V 

RON Vs= +1.5V, +3V TMIN 450 520 Q 

10= 0.25mA 25°C 280 450 280 520 

TMAX 650 650 

Off Input Leakage Is (OFF) Vo = 4V. lV; Vs = lV. 4V 0.Q1 ±1 0.01 ±5 nA 

(Note 4) • ±100 ±100 

Off Output Leakage 10 (OFF) 0.01 ±1 0.01 +5 

• ±100 ±100 

On Channel Leakage 10 (ON) Vo = Vs = lV, 4V 0.01 ±1 0.01 ±5 nA 

(Note 4) • ±200 ±200 

Input High Voltage VINH, VWAH • 2.4 2.4 V 

Input Low Voltage VINL, VWAL • 0.8 0.8 V 

Input High or Low Current VIN =5V. OV • ±1 ±1 IlA 
IINH. IINl. IWAH, IWRl VWii = 5V. OV 

Cs(OFF) 5 5 pF 

Co (OFF) 12 12 pF 

Co. Cs (ON) 30 30 pF 

1+ All Channels On or Off 8 20 8 20 IlA iii 
VIN = VWA = OV or 4.0V • 30 30 
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LTC22 1 /LTC222 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

TON Vs = 2V, RL = lkn, CL = 35pF 

TOFF 

ToPEN 

Off Isolation Vs = 2Vp-p, RL = 1 kn 

Crosstalk f = 100kHz 

Charge Injection QINJ RGEN = on, CL = 1 OOOpF, VGEN = 2,5V 

Total Harmonic Distortion THO Vs = 2Vp-p, RL = 10kn 

TON, WR Vs = 2V, RL = 1 kn, CL = 35pF 

TOFF, WR 

The. denotes the specifications which apply over full operating 
temperature range. All other limits and typicals TA = 25°C. 
Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 
Note 2: Signals on S, D, or IN exceeding V+ or V- will be clamped by 
internal diodes. Limit forward diode current to maximum current rating. 

V+ = + 5V. V - = GND = ov unless otherwise noted, 

L TC221 MIL TC222M LTC221 Cil TC222C 
MIN TYP MAX MIN TYP MAX UNITS 

450 600 450 600 

190 300 190 300 

100 250 100 250 

75 75 

90 90 

2 2 

0.01 0.01 

430 600 430 600 

160 300 160 300 

Note 3: In-circuit ESD on the sWitch pinS (S or D) exceeds 4kV (see test 
circuit). 

ns 

ns 

dB 

pC 

% 

ns 

Note 4: Leakage current with a 5V supply is guaranteed by correlation with 
the ±15V leakage current. 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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Vs (V) 

Positive Supply Current vs 
logic Input Voltage 

c-~~LL LOGIC INPUTS_ V'= 15V 
.--rTIED TOGETHER V- = -15V 

TA = 25°C 

f- f-p~ i~€DT~g ri~g~~~ER f-- f-

\ 
f-J 
o 12 15 

Vs (V) 

250 

200 

150 

100 

50 

o 

Vs (V) 

Positive Supply Current vs 
logic Input Voltage 

V'= 5V _ JALL LOGIC INPUTS_ -
V- = OV TIED TOGETHER 
TA = 25"C 

\ Itt I 
ALL INX TIED TOGETHER 

~ WR TIED TO GROUND 

\ 
II! 1\\ 

~ 
l-t-" 

o 
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APPLICATions InFoRmATion 
Switching Time Test Circuit 

Switch output waveform shown for Vs = constant with 
logic input waveform as shown. Note that Vs may be (+) 
or (-) as per switching time test circuit. Vo is the steady 

LTC221 /LTC222 

state output switch on. Feedthrough via gate capacitance 
may result in spikes at leading and trailing edge of output 
waveform. 

Switching Time Test Circuit 
lTC222 

LOGIC INPUT 3V 
I, < 20"s SWITCH SWITCH 
If < 20"s OV INPUT 

S1 01 OUTPUT 

LTC221 
3V Vs = +2V Vo 

LOGIC INPUT 
tr < 20ns V -v _R_L_ 
If < 20"s OV 0- S RL+TOS(ON) 

SWITCH Vs "::" 

INPUT 0.9 
SWITCH OV (REPEAT TEST FOR IN2, IN3 AND IN4) 
OUTPUT 

Charge Injection Test Circuit 

RGEN Sx Ox 
........ WI.....-I--O'"1'o--+-_Vo 

C = O.001~F//O.1~F 
CHIP CAPACITORS 

"*CL=1000PF 

L...-_-+ __ ....I 

OIRR-Dff Isolation Test Circuit 

-15V 

3V.~ 
LTC221 INx ov....!3!V OFF ~ 

3V ON ON 

lTC2221Nx OV~ 

"Vo IS THE MEASURED VOLTAGE ERROR DUE TO CHARGE INJECTION. 
THE ERROR VOLTAGE IN COULOMBS IS ''0 = CL X "Vo. 

CCRR-Channel to Channel Crosstalk Test Circuit 

":" 

CHAN B 1-+ ..... ~B--+-V..::D:;..2 ---o-~I-- NC 

":" 
C = O.001~FII0.1~F I V I 
CHIP CAPACITORS CCRR = 20 LOG V~~ -15V 
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LTC221 jLTC222 

APPLICATions InFORmATion 
In-Circuit ESD Test Circuit 

ANY SOURCE OR DRAIN PIN 

PER MIL-STD-883C 
METHOD 3015.2 1 ___________ _ 

} 
POWER APPLIED 

O.IJlF . OR OPEN CIRCUIT 

WR Switching Time Test Circuit 

3V 
WR 

3V 
LTC221IN 

OV 

3V 
LTC222 IN 

OV 

Vs 
Va 

OV 

LOGIC INPUT 
Ir < 20"s 
If < 20"s 

LTC2211222·TA09 

WR Setup Conditions 

WR 

tww 

tow 
LTC221 IN 

OV 
two 

3V 
LTC222IN 

ov 
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V-V~ 
0- S RL HDS(ON) 

SWITCH 
01 OUTPUT 

Vo 

RL CL 

..,.lkll 135PF 

(REPEAT TEST FOR 
IN2, IN3, IN4) 

WRJlnput Minimum Timing Requirements 

PARAMETER MIN LIMIT UNITS 
Write Pulse Width 230 ns 

Data Valid to Write 180 

Data Valid After Write 30 



LTC221 jLTC222 

APPLICATions InFoRmATion 
AulD Ranging an a-Channel, 10-Bil AID Converter 

a-Channel, 14-Bil AID Converter 

V1N 
OV-5V 

I-?---;------ }< ,,"~"n > 
15V 

LTC:!211222·TA13 
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LINEAR TECHNOLOGY MILITARY PRODUCTS! 
PROGRAMS 

Linear Technology Corporation (LTC) offers a com
prehensive range of high performance analog/linear 
integrated circuits including; Data Converters, Interface 
devices, High Speed Amplifiers, Precision Operational 
Amplifiers, Comparators, Voltage References, DC-DC 
Converters, Switches, Voltage Regulators, Switching 
Regulators, PWMs, and other special function products 
serving the rigorous demands ofthe military marketplace. 

The Company's specification system, quality procedures 
and policies were set up from the beginning to meet the 
exacting demands of MIL-Q-9858 (Quality Program 
Requirements), MIL-I-45208 (Inspection System 
Requirements), MIL-M-38510 (General Specification for 
Microcircuits), MIL-STD-976 (Certification Requirements 
for Microcircuits), MIL -STD-883 (Test Methods and 
Procedures for Microelectronics) and more recently the 
ISO 9000 (Internal Standards for Quality Management). 

In addition, the Company has introduced a line of radiation 
tolerant devices which are offered with three different in
house levels of enhanced reliability processing to serve 
ground, air and/or space applications, including customer 
generated Source Controlled Drawings (SCDs) for a vari
ety of missions. 

LTC's military programs include: 

• JAN Class S 
• JAN Class B 
• Standard Military Drawings (SMDs) 

• 883 
• Hi-Rei (SCDs) 
• LTC "RH", Radiation hardened devices 

i7lJ~ 

LTC JAN 

At the end of 1969, the Solid State Applications Branch of 
the Rome Air Development Center (RADC) issued the first 
copy of MIL -M-3851 O. This general specification 
for microcircuits established the procedures that a 
manufacturer must follow to have products listed on the 
Qualified Parts List (QPL). 

One major problem faced by defense contractors using 
semiconductor devices was the inability to interchange 
devices caused by a proliferation of non-standard electrical 
speCifications. The 38510 (JAN) program addressed this 
problem by publishing detailed electrical specifications 
(slash sheets) for each componentto be listed on the QPL. 

JAN devices are completely processed in the United States 
or its territories and all wafer fabrication, wafer sort, 
assembly, testing, and conformance testing are performed 
onshore. 

In August 1984, LTC was visited by a team of Defense 
Electronics Supply Center (DESC) personnel. This team 
spent almost four days auditing LTC and at the end of the 
visit they awarded the Company "Class B Line Certifica
tion." This was a first for any company to receive this 
distinction on their first audit! 

In early 1985, LTC joined the ranks of the eighteen 
existing QPL suppliers. Of these eighteen, only a handful 
of suppliers participate in the linear military JAN market. 
LTC believes its analog design experience and manufac
turing strength has and will continue to make significant 
contributions to this market. 
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MILITARY PRODUCTS 

LTC's first QPL listing was achieved in February 1985, one 
year after the Company made JAN Class B a corporate 
goal. Other companies have typically taken 2 to 3 years to 
achieve this status. The line certification and QPL approv
als were awarded to MIL-M-38510 and MIL-STD-883 
Rev.C specifications. Since that time the Company has 
been re-audited to the latest revisions of these specifica
tions and has maintained an uninterrupted certification 
record for the manufacture of JAN QPL products. 

In November 1987, LTC was audited by a team from DESC, 
Naval Weapons Support Center and Aerospace Corpora
tion and was awarded "Class S Line Certification." 

LTC's policy of providing JAN linear components supports 
the United States Government's position ofstandardization 
to decrease the number of active part types maintained by 
DESC. This number is currently in excess of 85,000 for all 
types of components (contrasted to approximately 8,000 
industry standard components). Standardization will clearly 
decrease costs and assist in the maintenance of military 
weapons systems and equipment now in the field. 

LTC maintains an aggressive program to expand its JAN 
product offerings such that LTC now offers 45 products 
listed on the Class B Qualified Parts List (Part 1) and 40 
products on the Class S Qualified Parts List (Parts 1 and 
2). To receive an updated copy of LTC's current JAN QPL 
product offering, contact your local LTC sales office or LTC 
Military Marketing. 

For JAN Flows see Figure 1 and Figure 2. 

LTC Standard Military Drawings 

DESC drawings were initiated in 1976 to standardize the 
electrical requirements for full temperature-tested mili
tary components. These DESC drawings (or minispecs) 
were initially issued for low power Schottky devices (54LS) 
used by defense subcontractors on the Air Force's F16. 
The program accomplished standardization of testing, 
without the delays associated with the qualification pro
cess for JAN components. 

WAFER FABRICATION ANO 

I 
CONSTANT ACCELERATION 

I 
FINE LEAK TEST 

DEVICE ASSEMBLY MIL-STD-883, MIL-STD-883, 
METHOD 2001 (Y1 ONLY) METHOD 1014 
CONDITION E 100% CONDITION A 100% 

PRESEAL INTERNAL 
VISUAL MIL-STD-883. 

I 2S'C ELECTRICAL TEST I GROSS LEAK TEST METHOD 2010 
CONDITION B 100% 100% MIL-STD-883, 

METHOD 1014 
I CONDITION C 100% 

SEAL 100% 

I 
BURN-IN 

I I 
160 HOURS AT 12S'C GROUP A, ACCEPTANCE 

(OR EQUIVALENT) 100% MIL-STD-883, METHOD 
STABILIZATION BAKE SOOS TABLE 1, PER 

MIL -STD-883, METHOD APPLICABLE MIL-M-38S10 
1008 CONDITION C 

I 
ELECTRICAL TEST 

I 
SLASH SHEET 

100% 2S'C, 12S'C, -SS'C 
I 100% PER APPLICABLE 

TEMPERATURE CYCLING MIL -M-38S10 SLASH SHEET EXTERNAL VISUAL 

MIL -STD-883, METHOD I MIL-STD-883, 

1010 CONDITION C I I 
METHOD 2009 100% 

100% MARK 100% 

I LOT QUALIFICATION 

I SOLDER DIP IF APPLICABLE I 
(QCI) MIL-STD-883, 

METHOD SOOS 100% GROUP B,C, AND 0 
GROUP B PERFORMED ON EACH LOT 

I ELECTRICAL I 100% BOX STOCK 

Figure 1. Mll-M-38510 Class B Flow 
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WAFER FABRICATION AND PARTICLE IMP.ACT NOISE DETECTION MARK 100% 
DEVICE ASSEMBLY (PIND) MIL-STD-883, METHOD 2020 

WAFER LOT ACCEPTANCE CONDITION A 100% 
MIL-STD-883, 

SOLDERDIP IF APPLICABLE METHOD S007 
100% SERIALIZATION 100% 

NONDESTRUCTIVE BOND ELECTRICAL 3RD ROOM 
PULL MIL-STD-883, 2S"C ELECTRICAL TEST 2S"C 100% 

METHOD 2023 100% 100% 

PRESEAL INTERNAL BURN-IN 72 HOURS 
X-RAY MIL-STD-883, 

METHOD 2010 100% 
VISUAL MIL-STD-883, AT lS0"C STATIC 

METHOD 2010 PER APPLICABLE 
CONDITION A 100% MIL-M-38S10 SLASH GROUP A, ACCEPTANCE 

SHEET 100% MIL-STD-883, METHOD 

SEAL 100% 
SOOS TABLE 1, PER 

APPLICABLE MIL -M-38S1 0 
2S"C ELECTRICAL TEST SLASH SHEET 

100% 
STABILIZATION BAKE I 

MIL-STD-883, METHOD FINE LEAK TEST 
1008 CONDITION C BURN-IN DYNAMIC MIL-STD-883, 

100% 240 HOURS AT 12S"C (OR METHOD 1014 
EQUIVALENT) PER CONDITION A 100% 

TEMPERATURE CYCLING 
APPLICABLE MIL-M-38S10 I 

SLASH SHEET 
MIL-STD-883, METHOD GROSS LEAKTEST 

1010 CONDITION C MIL -STO-883, 
100% 2S"C ELECTRICAL TEST METHOD 1014 

READ AND RECORD PER CONDITION C 100% 

CONSTANT ACCELERATION APPLICABLE MIL-M-38S10 

MIL -STD-883, SLASH SHEET 100% EXTERNAL VISUAL 
METHOD 2001 (Yl ONLY) MIL-STD-883, 
CONDITION E 100% 12S"C, -SS"C AND AC METHOD 2009 100% 

TESTING PER APPLICABLE I 
MIL-M-38S10 SLASH SHEET 

100% LOT QUALIFICATION 
(QCI) MIL -STD-883, 

METHOD SOOS 
GROUP BAND 0 

BOX STOCK 

Figure 2. MIL-M-3851D Class S Flow 

The DESC drawing was viewed as a preliminary specifica
tion priorto JAN approval, and it ranks second in the order 
of purchasing hierarchy to JAN_ This order is defined in 
Requirement 64 of MIL -STD-454_lf aJAN part is available, 
it is still preferred, however, there are many types of 
devices where the volume is such thatthe cost of a full JAN 
qualification may not be justified, but where a need exists 
for electrical standardization_ 

acceptance of these parts was not achieved, Today with 
more emphasis being placed on standardization, the inter
est level in DESC drawings has accelerated_ This category 
of product can be built offshore with BB3-level processing ~ 
and the electrical parameters are tested specifically to the ... 
DESC drawing, 

CMOS and analog circuits were added to the DESC Draw
ing Program in 1977, 197B and 1979, but widespread 

To provide parts to a DESC drawing, a manufacturer has 
to have at least one part on the 3B51 0 QPL. He must also 
provide DESC with a certificate of compliance agreeing to 
the tests and conditions listed on the drawing_ 
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CONTRACTOR SUBMITS 5962 PART 
REQUESTTO DESC MPCAG 

CONTRACTOR/MANUFACTURER PREPARES 
PRELIMINARY DRAFT 

CONTRACTOR/MANUFACTURER SUBMITS 
PRELIMINARY DRAFT TO DESC 

DESC REVIEWS PRELIMINARY DRAFT 
AND PROVIDES RECOMMENDED CHANGES 

CONTRACTOR/MANUFACTURER,DESC 
RESOLVE COMMENTS 

CONTRACTOR DRAWING IN 
ACCORDANCE WITH CONTRACT 

CONTRACTOR INCORPORATES CHANGES 
AND SENOS ORAFT WITH C OF C TO 

OEVICE MANUFACTURERS 

CONTRACTOR RETURNS REVISED DRAFT 
PACKAGE TO DESC 

DEVICE MANUFACTURER SENDS COMMENTS 
REGARDING DRAFT TO CONTRACTOR 

AND COPIES TO DESC 

DEVICE, CONTRACTOR, AND DEVICE 
MANUFACTURERS RESOLVE COMMENTS 
AND SEND THE C OF C TO CONTRACTOR 

AND DESC' 

DESC PREPARES, APPROVES AND 
DATES FINAL MIL DRAWING 

ADVANCE COPIES SENT TO CONTRACTOR 
AND DEVICE MANUFACTURERS 

MIL DRAWING IS REPRODUCED AND 
DISTRIBUTED BY DESC 

'CONTRACTOR SHALL ALSO SUBMIT A LIST 
OF ALTERNATE SOURCES TO DESG-ECS 
AT TIME OF SUBMISSION OF C OF C 

Figure 3. SMD Preparation Flowchart 

In 1986 a new program named Standard Military Drawings 
(SMDs) was launched by DESC. This replaced the previ
ous DESC Drawing Program. This new program is aimed 
directly at standardizing electrical requirements with the 
objective to decrease the time required to issue a military 
drawing. To achieve this, we have set up a computer 
link-up with the DESC Standardized Mil Drawing Group. 
LTC is actively supporting this Standard Military Drawing 
program and we are working closely with DESC and OEMs 
to participate in this government plan toward a greater 
level of standardization in military specifications. 

LTC has over 134 devices listed on DESC and Mil draw
ings, and we are actively supporting these standardization 
programs by having parts available off the shelf from LTC 
and from distribution outlets. 

For SMD Flow see Figure 3. 

SMDs Get A New Part Numbering System 

A new numbering system has been introduced to stan
dardize the part numbering system for JAN 38510 and 
SMD (Standard Military Drawing) products. 

12-6 

Under the new system, the SMD number 5962-
XXXXXZZUVY will be used, with a minor change for the 
38510 qual'd devices. This will make one part have one 
part number with just the grade identification being 
different (M =SMD, B=JAN Band S=JAN S). An example 
of this follows: 

Old System 

LTC PART NUMBER "OLD" SMD NO. JAN PART NUMBER 

LT1 021 CMH-5/883 5962-8876202GA JM38510/12407BGA 

New System 

LTC PART NUMBER "NEW" SMD ONE PART NUMBER SYSTEM 

LT1021CMH-5/883 5962-8876202(M, B or S)GA 

This was implemented on January 1, 1990, for all SMDs 
and slash sheets created after this date. Devices listed or 
approved in the past will retain their respective existing 
part numbers, 



LTC MIL-STD-883 Product 

The semicondutcor industry 883 designation on military 
semiconductor components established a defacto stan
dard in response to a significant demand from the military 
defense contractors. The Government recognized the 
existence of 883 components in the recent revisions of 
MIL -STD-883 and MIL -M-3851 0, and the requirements 
for compliant 883 components are now defined very 
specifically in these documents. 

MIL -STD-883 is a test procedures and methods document 
which is revised periodically and defines the conditions 
for two categories of product, Class B and Class S. Class 
B is intended for applications where maintenance is difficult 
or expensive and where reliability is vital. Class S is 
intended for space and critical applications where 
replacement is extremely difficult or impossible and where 
reliability is imperative. 

On December 31, 1984, a key clause was added to MIL
STD-883 Rev. C, "paragraph 1.2.1." This states that if a 
manufacturer advertises, certifies, or marks parts as com
pliant with MIL-STD-883 those parts must meet all of the 
provisions of MIL-STD-883, a practice consistent with 
"Truth in Advertising." 

According to the Defense Electronics Supply Center (a 
branch of the Defense Department's Logistics Agency), 
the intent of paragraph 1.2.1 was to link MIL-STD-883 
with the controls and details contained in MIL-M-38510. 

LTC can state that all of its 883 products are in full 
compliance with the latest revision of MIL -STD-883. We 
have over 333 versions of our 883 products listed in our 
current catalog, including operational amplifiers, voltage 
regulators, voltage references, comparators, and our ad
vanced line of proprietary CMOS circuits. 

Table 1. LTC 883 Group A Sampling Plan 

883C 
TEST CONDITION SAMPLE SIZE LTPO 
DC Parametric TA = 25°C 116 2.0% 
DC Parametric TA = -55°C 116 2.0% 

+125°C 116 2.0% 
AC Parametric TA = 25°C 116 2.0% 

MILITARY PRODUCTS 

LTC Hi-Rei (SCDs) 

LTC recognizes the need for Source Controlled Drawings 
(SCDs) and the Company's DESC-certified line is well 
equipped to handle these requirements for space and 
hi-rei applications. The Company has a comprehensive 
specification review procedure and emphasis is placed on 
compliance to test methods and procedures. Over 8,000 
specifications have been reviewed to date with fast feedback 
to our customers. 

LTC has serviced SCD orders including "S" level specifica
tions with an emphasis on compliance with customer 
purchase order requirements and on-time delivery perfor
mance. A dedicated SL traveller is initiated to baseline 
the manufacturing and test flow requirements to service 
each order. 

LTC's Product Marketing Group can provide you with 
more details on a case-by-case basis. 

LTC's Radiation Hardness Program 

LTC has developed a proprietary design/wafer fabrication 
process for RAD HARD (RH prefix) products, comple
mented by a separate set of RH data sheets. Each RH data 
sheet specifies the end point electrical test requirements 
for Total Dose irradiation testing performed on a sample 
basis in accordance with MIL -STD-883 Method 1019. We 
offer in certain cases, the option of using the slash sheet 
electricals for the pre-radiation test limits instead of the 
LTC RH data sheet electricals. But in all cases the post
radiation electricals are per LTC's RH data sheets. 

Due to the unique wafer processing required to make RH 
products, the RH products are not totally compliant with 
all the Class S requirements of MIL-STD-883. Since MIL
STD-883 specifically prohibits the marking of non
compliant products with the 883C compliance indicator, 
LTC's RH products are marked with the LTC RH prefix part ~ 
number or with a special mark specified by the customer. ... 

Military Market Commitment 

LTC is a focused, dedicated company servicing the needs 
of the linear military marketplace. We are shipping to the 
top U.S. defense electronics contractors who have quali
fied and approved our products. LTC is committed to 
being the best and most proficient high quality supplier of 
analog military components. 
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883 CERTIFICATE OF CONFORMANCE - LEVEL B 

LTC Part Number QUALITY ASSURANCE INSPECTOR 

Lot Traceability No. DATE SIGNATURE 

Purchase Order No. 

Customer Name PIN Qty 

Date Code Shipper # Traveller Lot # 

Group A = Group B = Group C = Group D = 
Group B/3 Re-Inspection Date, If Applicable ___________________ _ 

LINEAR TECHNOLOGY CORPORATION HEREBY DECLARES THAT THE COMPONENTS SPECIFIED ON THE ABOVE 
PURCHASE ORDER COMPLY WITH YOUR SPECIFICATIONS AND REQUIREMENTS OF MIL-STD-883 REV C. ALL 
SUPPORTING DOCUMENTATION AND RECORDS ARE RETAINED ON FILE BY LTC AND ARE AVAILABLE FOR 
INSPECTION. THE MAJOR ELEMENTS OF THE 883C PROGRAM ARE SHOWN BELOW. 

Operation 

I nternal Visual 
Stabilization Bake 
Temperature Cycling 
Constant Acceleration 
Fine Leak 
Gross Leak 
Burn-in 
Final Electrical 

QA Acceptance 
Quality Conformance 

External Visual 

Screening Procedure MIL-STD-883C, Method 5004 

Method 2010, Condition B 
Method 1008, Condition C 
Method 1010, Condition C, 10 cycles -65°C to 150°C 
Method 2001, Condition E, 30k g Y1 axis (TO-3 PKG at 20k g) ~ 
Method 1014, Condition A ~ ~ 
Method 1014, Condition C ~~ Y 
Method 1015, 160 hrs at 125°C (or equivalent) ~'t'" 

+25°C DC (per LTC Data Sheet) PDA = 5~% ..... ~ 
+125°Cor 150°CDC ~ r 
-55°C DC 
+25°C AC 

Method 5005 Group A (sample/lot) 
Group B (samplellot) 

Method 2009 

Group C (sample every 3 months/Generic Group) 
Group D (sample every 6 months/Package Type) 

NOTE: Each operation is performed on a 100% basis unless otherwise stated. 

LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 
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LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 

MILITARY PRODUCTS 

GROUP A DATA 
Mil-Std-883, METHOD 5005 

LTC PIN: __________ _ LOT#: ________ _ 
GENERIC TYPE: _______ _ PKG: _______________ _ DATE CODE: ______ _ 
ASSEMBLY LOC: _______ _ 

ACC SIS # DATE OPER 
# FAILED TESTED NUMBER 

SUBGROUP 1 
Static tests at 25°C 0 116 

SUBGROUP 2 
Static tests at maximum rated operating 0 116 
temperature 

SUBGROUP 3 
Static tests at minimum rated operating 0 116 
temperature 

SUBGROUP 4 
Dynamic tests at 25°C 0 116 

SUBGROUPS 

~~ ~ Dynamic tests at maximum rated operating 0 116 
temperature ~ 

SUBGROUP 6 

.~~~ ~ ...... Dynamic tests at minimum rated operating 0 116 
temperature 

SUBGROUP 7 
116' 
~~ .. 

Functional tests at 25°C 0 

SUBGROUP 8 
Functional tests at maximum and minimum 0 116 
operating temperature 

SUBGROUP9 
Switching tests at 25°C 0 116 

SUBGROUP 10 
Switching tests at maximum rated operating 0 116 
temperature 

SUBGROUP 11 
Switching tests at minimum rated operating 0 116 
temperature 

QA APPROVAL: ____ __ DATE: _______ _ 

FORM No. 00-03-6037 
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MILITARY PRODUCTS 

LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 

GROUP 8 DATA (Class 8) 
Mil-Std-883, METHOD 5005 

LTC PIN: _________ _ LOT#: _______ _ 
GENERIC TYPE: _______ _ PKG: _______ __ 
ASSEMBLY LOC: _______ _ 

TEST METHOD 

SUBGROUP 2 
Resistance to Solvents 2015 

SUBGROUP 3 
Solderability 

SUBGROUP 5 
. Bond Strength 

2003 

2011 

LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 

CONDITION 

Soldering Temp. of 
245°C ±5°C 

CorD 

LTPD ACC 
# 

0 

10 0 

15 0 

QA APPROVAL: 

GROUP C DATA (Class 8) 
Mil-Std-883, METHOD 5005 

LTC PIN: _________ _ LOT#: _______ _ 

GENERIC TYPE: _______ _ PKG: _______ __ 

CT. GROUP: ________ _ 

TEST METHOD CONDITION LTPD ACC 
# 

5 0 
1005 TA= 125°C 

SUBGROUP 1 
Steady State 
Life Test (1000 Hours or Equiv.) 

Electrical Endpoints Test # 

12-10 

DATE CODE: ______ _ 

SIS # 
FAILED 

4 

DATE: 

FORM No. 00-03-6006 

DATE CODE: ______ _ 

SIS 

45 

DATE: ___ _ 

FORM No. 00-03-6007 



LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 

GROUP B DATA (Class S) 
Mil-Std-883, METHOD 5005 

MILITARY PRODUCTS 

LTC PIN: __________ _ LOT #: ________ _ 
GENERIC TYPE: _______ _ PKG: ________ _ DATE CODE: ______ _ 
ASSEMBLY LOC: _______ _ 

TEST METHOD CONDITION LTPD ACC SIS # DATE OPER 
# FAILED TESTED # 

SUBGROUP 1 0 3 
Physical Dimensions 2016 
Internal Water-Vapor 1018 5000 ppm Max 

Content 

SUBGROUP 2 
Resistance to Solvents 2015 0 4 
Internal Visual and 2013, Design and Construction 0 2 

Mechanical 2014 Requirements 
Bond Strength 2011 CorD 10 0 22 Wires 
Die Shear Test 2019 0 3 

SUBGROUP 3 
Solderability 2003 Soldering Temp. of 10 0 22 Leads 

~ or 2022 245°C±5°C ~ 
SUBGROUP 4 

~ ~\) 
~ Lead Integrity 2004 B2 (Lead Fatigue) 5 0 45 Leads 

Seal 1014 

~~, Fine 
Gross ( Lid Torque 2024 Glass Frit Seal Only 

SUBGROUPS -'1" 
Electrical End-Points Test # 5 0 45 
Steady State Life 1005 C, D,orE 
Electrical End-Points Test # 

SUBGROUP 6 
Electrical End-Points Test # 15 0 15 
Temperature Cycling 1010 C 100 Cycles 
Constant Acceleration 2001 E Y, Only 
Seal 1014 

Fine 
Gross 

Electrical End-Points Test # 

SUBGROUP 7 
ESD Classification 3015 Qual or Re-Design 15 NIA -

Only 

QA APPROVAL: ____ _ DATE: ____ _ 

12-11 



MILITARY PRODUCTS 

LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 

GROUP D DATA (Class B or S) 
Mil-Std-883; METHOD 5005 

LTC PIN: __________ _ LOT#: ________ _ 

GENERIC TYPE: _______ _ PKG: ________ _ 

ASSEMBLY LOC: _______ _ 

TEST METHOD CONDITION LTPD ACC 
# 

SUBGROUP 1 15 0 
Physical Dimensions 2016 

SUBGROUP 2 5 0 
Lead Integrity 2004 B2 (Lead Fatigue) 

Fine Leak 1014 
Gross Leak 1014 

SUBGROUP 3 15 0 
Thermal Shock 1011 B 15 Cycles 
Temperature Cycle 1010 C 100 Cycles 
Moisture Resistance 1004 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 10041 

1010 
Electrical End-Points Test # 

SUBGROUP 4 15 0 
Mechanical Shock 2002 B 

DATE CODE: ______ _ 

SIS # DATE OPER 
FAILED TESTED # 

15 

45 Leads 

15 

~-
15 

~~, ~ 
-.~ 

Vibration Variables- 2007 A 
Frequency 

1~ Constant Acceleration 2001 E Y10nly 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 10101 

1011 
Electrical End-Points Test # 

SUBGROUPS 15 0 15 
Salt Atmosphere 1009 A 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 1009 Visual Criteria 

SUBGROUP 6 0 3 
Internal Water-Vapor 1018 5000 ppm Max 

SUBGROUP? 15 0 15 
Adhesion of Lead Finish 2025 

SUBGROUPS 0 5 
Lid Torque 2024 Glass Frit Seal Only 

QA APPROVAL: ____ _ DATE: ____ _ 

FORM No. 00-03-6008 
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JANSQPL 

JAN B QPL 

DESC Drawings 

Standard Military 
Drawings (SMD) 

Radiation 
Hardened 

L7~J!lotOO 

JM3B510110103SGA (LM101AH) 
JM3B510110103SHA (LM101AW) 
JM3B510110103SPA (LM101AJB) 
JM3B510/10104SCA (LM10BAJ) 
JM3B510/10104SGA (LM10BAH) 
JM3B510110104SHA (LM10BAW) 
JM3B51 011 01 04SPA (LM10BAJB) 
JM3851 011 0304SGA (LMlll H) 

JM38510110103BCA (LM101AJ) 
JM3B510110103BGA (LM101AH) 
JM3B510/10103BHA (LM101AW) 
JM38510110103BPA (LM101AJ8) 
JM3B510110104BCA (LM108AJ) 
JM3B51 Oil 01 04BGA (LM108AH) 
JM3B510/10104BPA (LM108AJB) 
JM3851011 01 06BEA (LH21 OBAD) 
JM38510/10107BCA (LMll8J) 
JM38510/1 01 07BGA (LMll BH) 
JM38510110107BHA (LMllBW) 
JM3851011 01 07BPA (LMll8JB) 

7703401 XA (LMl17H) 
7703401YA (LM117K) 
7703402XA (LMl17HVH) 
7703402YA (LM117HVK) 
7703403XA (LM137H) 
7703403YA (LM137K) 
7703404XA (LM137HVH) 
7703404YA (LM137HVK) 

5962-B680601 EA (L T1B46J) 
5962-8880602EA (L T1B47J) 
5962-B684501IA (Ln016MH) 
5962-8684501 PA (LTl 016MJ8) 
5962-8686101 XA (L T5BOSH) 
5962-8686102XA (LT580TH) 
5962-8686103XA (L T580UH) 
5962-8888201 XA (LH0070·0H) 
5962·8688202XA (LH0070·1 H) 
5962-888B2D3XA (LHOO70-2H) 
5962·8688701CA (OP227AJ) 
5962·8757B01GA (LnOO7AMH) 
5962·8757801PA (Ln007AMJ8) 
5952-8759401 XA (LM185H-l.2) 
5962-8759402XA (LM1B5H-2.5) 
5962·8760401GA (LM10H) 
5962-8760401 PA (LMl OJ8) 
5962·8766601VA (LT1080MJ) 
5962-8766602EA (LT1081 MJ) 
5962·8767501XA (LM150K) 
5962·8767502XA (LT150AK) 
5962·8771501 CA (L n002AMJ) 
5962·8773801 GA (LT100l MH) 
5962-B773801 PA (L n 001 MJ8) 
5962·8774101XA (LT1033MK) 
5962·B777501YA (LM123K) 
5962·8B53701GA (OP37AH) 
5962-8853701PA (OP37AJ8) 
5962·8853702GA (OP37BH) 
5962-8B53702PA (OP37BJ8) 

RH07 
RH27C 
RH37C 
RH101A 
RH108A 

MILITARY PRODUCTS 

MILITARY PARTS LIST 

JM38510110306SCA (LMl19J) 
JM3B51 011 0306SIA (LMl19H) 
JM3851 011 0306SHA (LMl19W) 
JM3851 Oil 0307SCA (LMll9AJ) 
JM3B510/10307SIA (LM119AH) 
JM38510/10307SHA (LMl19AW) 
JM3B51 0111402SGA (LF156H) 
JM3B510111404SGA (LF155AH) 

JM3851011 0304BGA (LMlll H) 
JM3851 Oil 0306BIA (LMl19H) 
JM3B51 011 0306BCA (LMll9J) 
JM3851011D306BHA (LMl19W) 
JM3851011 0307BCA (LMl19AJ) 
JM3B51 0110307BIA (LMl19AH) 
JM3B51 Oil 0307BHA (LMl19AW) 
JM3B510111401BGA (LF155H) 
JM3851 0111401 BPA (LFl58J8) 
JM3B51 0I11402BGA (LF156H) 
JM38510111402BHA (LF156W) 
JM3B510/11402BPA (LF156J8) 

7703405XA (LT117AH) 
7703405YA (LTl17AK) 
7703406XA (LT137AH) 
7703406YA (LT137AK) 
7703407XA (LT117AHVH) 
7703407YA (LT117AHVK) 
77D3408XA (LT137AHVH) 
7703408YA (LT137AHVK) 

5962-BB53703GA (OP37CH) 
5962-BB53703PA (OP37CJB) 
5962-BB53801 GA (OP215AH) 
5962-8B53801 PA (OP215AJ8) 
5962-8853802GA (OP215BH) 
5962-8853802PA (OP215BJ8) 
5962-8856101 XA (LMl99AH) 
5962·8856102XA (LM199H) 
5962·8856201 XA (LT101 OMH) 
5962-B856201YA (LnOl0MK) 
5962-8856701GA (LT1037AMH) 
5962·BB56701 PA (LT1037AMJ8) 
5962·8859701XA (LT1004MH·1.2) 
5962·8859702XA (LT1004MH-2.5) 
5962-8880001 GA (LT1 021 BMH-lO) 
5962·8860002GA (L n 021 CMH·l0) 
5962-8B60003GA (LT1 021 DMH-l 0) 
5962·8862201 GA (L n028MH) 
5962-8B62201 PA (LTl 028MJ8) 
5962·8862202GA (LTl 02BAMH) 
5962·8B62202PA (LTl 028AMJ8) 
5962-8864101 RA (LTCl 060AMJ) 
5962·8864102RA (LTC1060MJ) 
5962-8864601XA (Ln085MK) 
5962·8864701GA (Ln021BMH-7) 
5962-8864702GA (Ln021 DMH-7) 
5962·B875101VA (L n039MJ) 
5962-8875102EA (LT1039MJ16) 
5962·8876001 GA (L n013AMH) 
5962·8876001 PA (L n013AMJ8) 

RHlll 
RHl17 
RHl18 
RH119 
RH129 

JM3B510111405SGA (LF156AH) 
JM3B510/11703SXA (LM117H) 
JM3B510111704SYA (LM117K) 
JM3B51 0111 B03SXA (LM137H) 
JM3B510/11804SYA (LM137K) 
JM38510112407SGA (LT1021-5H) 
JM3B510112409SGA (LT1021-10H) 
JM3B510112501SGA (LF19BH) 

JM38510111404BGA (LF155AH) 
JM3B51 0111404BPA (LF155AJ8) 
JM3B510/11405BGA (LF156AH) 
JM38510111405BHA (LF156W) 
JM3B51 0I11405BPA (LF156AJB) 
JM3B51 O/l17D3BXA (LM117H) 
JM3B510111704BYA (LMl17K) 
JM3B510/11706BYA (LM13BK 
JM385101118D3BXA (LM137H) 
JM3B51 0/11 B04BYA (LM137K) 
JM3B510112407BGA (LT1021-5H) 
JM3B510/12409BGA (LT1021-10H) 

7802801EA (SG1524J) 
8203601GA (OP07AH) 
8203601PA (OP07AJB) 
8203602GA (OP07H) 
B203602PA (OP07 J8) 
841B001XA (LM136AH-2.5) 
B551401GA (REF02AH) 
B551401PA (REF02AJB) 

5962-8876002GA (LT1013MH) 
5962-8876002PA (LT1013MJB) 
5962-8B76201GA (Ln021BMH-5) 
5962-8876202GA (LT1 021 CMH-5) 
5962-88762D3GA (Ln021DMH-5) 
5962-8950401GA (LT1017MH) 
5962-8950401PA (LT1017MJ8) 
5962·8950402GA (Ln018MH) 
5962·8950402PA (Ln018MJ8) 
5962·8951101 EA (LT1525AJ) 
5962·8951102EA (LT1527AJ) 
5962-B952101XA (LT10B4MK) 
5962·8958201 GA (LT1054MH) 
5962-8956201 PA (LT1 054MJ8) 
5962-89581 OlGA (REFOl AH) 
5962-8958101 PA (REF01AJ8) 
5962-8961001 XA (LT1 009MH) 
5962-8962201 GA (LTl 022AMH) 
5962-8962202GA (LTl 022MH) 
5962·8967701 CA (L n014AMJ) 
5962-8967702CA (L n014MJ) 
5962·8978201CA (LTC1052MJ) 
5962·8978201 GA (LTCl 052MH) 
5962·8978201 PA (LTC1052MJ8) 
5962-8980201XA (LT1031 BH) 
5962·8980202XA (L n031 CHI 
5962-B980203XA (LTl 031 DH) 
5962-8983001 RA (LTC1090MJ) 
5962·8992101XA (LM129AH) 
5962-8992102XA (LM129BH) 

RH137 
RH1009 
RH10ll 
RH1013 
RH1014 

JM38510/12601 SEA (LT1524J) 
JM3B510113501SGA (OP07AH) 
JM38510113501SPA (OP07AJ8) 
JM3B510/13502SGA (OP07H) 
JM3B510/13502SPA (OP07J8) 
JM38510113503SGA (OP27AH) 
JM3B510/13503SPA (0P27AJ8) 
JM38510114B02SXA (LT1009H3) 

JM38510112501 BGA (LF198H) 
JM3B510112601 BEA (SG1524J) 
JM3B510/13501 BGA (OP07AH) 
JM3B510113501BPA (OP07AJB) 
JM3B510/13502BGA (OP07H) 
JM3B510113502BPA (OP07JB) 
JM38510/13503BGA (OP27AH) 
JM38510/13503BPA (OP27AJB) 
JM3B51 0114802BXA (LTl 009H) 

B551501VA (LT1526J) 
B601401CA (LMl19J) 
B601401HA (LMl19W) 
B6014011A (LMl19H) 
8601402CA (LTl19AJ) 
B601402HA (LTl19AW) 
B6014021A (LTll9AH) 

5962-B992103XA (LM129CH) 
5962-B997601GA (LT1055AMH) 
5962-8997602GA (L n 056AMH) 
5962-8997603GA (LTl 055MH) 
5962-8997604GA (LTl 056MH) 
5962-89981 01YA (L n 086MK) 
5962·9059501GA (LTl019AMH·l0) 
5962·9059502GA (L nOl9AMH'5) 
5962·9059503GA (LT1 019AMH-4.5) 
5962-9059504GA (lT1 019AMH-2.5) 
5962-9059505GA (L n 019MH-l 0) 
5962-9059506GA (LT1 019MH-5) 
5962·9059507GA (LT1019MH-4.5) 
5962·9059508GA (LT1 019MH·2.5) 
5962-9062701GA (lT1011AMH) 
5962·9062701PA (LT1011AMJ8) 
5962-9062702GA (lT1011 MH) 
5962-9062702PA (lT1011 MJ8) 
5962·9064901CA (Ln064-4MJ) 
5962-9064901XA (lT1064-4ML) 
5962·9082501MYA (LT1070MK) 
5962·9082502MYA (Ln071MK) 
5962·9082503MYA (LTl 072MK) 
5962-9082503MPA (Ln072MJ8) 
5962-9082504MYA (LT1070HVMK) 
5962-9082505MYA (L n 071 HVMK) 
5962·9082506MYA (Ln072HVMK) 
5962-9084101 MCA (L n020MJ) 

RH1021·5 
RH1021-7 
RH1021-10 
RH1056 
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MILITARY PRODUCTS 

MILITARY PARTS LIST 

883 LF155AHI893 LM108H1883 LT1012AMH1893 LT1056MH1893 LT1126MJ8J883 LTC1051MJB1883 OP-16CJB1883 
Operational LF155HJ883 LM108AJ8f883 LT1012MD1883 LT1056AMHI893 L T1127AMJ8I883 LTC1052MH1883 OP-27AHI893 

Amplifiers LF156AHi883 LM118H1883 LT1012MHI893 LT1056MH1883 L T1127MJ/883 LTC1052MJ1883 OP-27AJB1883 
LF156H1893 LM118J81883 LT1013AMHI883 L T1 057AMHI893 L T1172MJB1883 LTC1052MJ81883 OP-27BJ8f883 
LF156JB1883 LM118W1883 LT1013AMJ81883 LT1057AMJ8J883 LT1181MJ/883 LTC1150MJB1883 OP-27BH1883 
LF156WI883 LT118AHI893 LT1013MHI893 L T1057MH1893 L T1190MJ81883 OP-05AHI893 OP-27CH1893 
LF412AMH1883 L T118AJ8f883 LT1013MJ8f883 LT1057MJB1883 L 11191 MJ8I833 OP-Q5AJ8f883 OP-27CJ8f883 
LF412MH/883 LT1001AMH1883 LT1014AMJ/883 L T1 056AMJ/883 L T1192MJ8f883 OP-05H1893 OP-37AH/883 
LF412AMJ8/883 L nOO1AMJ8I883 LT1014MJ1883 L T1058AMU883 LT1193MJ8JS83 OP--05J818B3 OP-37AJ8I883 
LF412MJ81883 LT1001MHi883 L T1022AMH/883 LT1058MJ1883 L T1194MJ8J883 OP·05AWI883 QP-37BJ8I883 
lHOO70-0H1883 L T1001MJ8J883 L 11 022MH1883 lT1073AW/883 LT1223MJ8J883 OP-OSWI883 OP-37CHf883 
LH007o-1 H18B3 L 11 D02AMJ1883 LT1024AMD/883 LT1078AMHI883 LT1228MJ8/883 QP-07AH1883 OP-37CJ8I883 
LHOO70-2H1883 L T1002MJ/883 L 11 024MD/883 L 11 078AMJ8J883 LT1229MJ81883 QP-07AJ8I883 OP-215AHI883 
LH2108AD/883 LT100SAMH1883 LT1028AMHI883 L T1078MH/883 L T1230MJ/883 OP-07H1883 OP-215AJ8f883 
LH2108D1883 LT1006AM.)8/883 LTl028AMJ8/883 L T1 078MJ8J883 LTC1050AMH/883 QP-07J8I883 OP-215CH1883 
LMl0Hl883 L Tl006MH1883 LT1028MHI893 tTl079AMJ/883 LTC1050AMJ8/883 QP-15AH/883 OP-215CJ8f883 
LM1OJ8I883 LT1006MJ8f883 LTl028MJ8I883 LT1079MJ/883 lTC1050AMJI883 OP-15BHi883 OP-227AJI883 
LMl01AH1883 L T1007AMH1883 LT1037AMHI883 L T1124AMJ8\883 LTC1050MHI883 OP-15CH1B83 OP-227CJ/883 
LMl01AJ8/883 L T1007AMJ8I883 LT1 037AMJB1883 LTl124MJ8f883 LTC1050MJ8f883 OP-15CJ8f883 OP-237AJ1883 
LM107H1893 L T1 007MH1883 L T1 037MHI893 LTl125AMJ8f883 LTC1050MJ1883 OP-16AHl883 OP-237CJ1883 
LMl07JB1883 LT1007MJ8f883 L T1 037MJ8f883 LT1125MJ8/883 LTC1051AMHi883 OP-16BHi883 
LM108AH1883 LT1008MH1883 LT1056AMH1883 L T1128AMJ8f883 LTC1051AMJ8f883 OP-16CHI893 

883 LM117H/883 LM137K1883 Ln37AH/8B3 L T1 020MJJ883 LT1083MK-51883 L T1 086MK-5/883 
Regulators L.M117HVHIB83 LM138K1883 LT137AHVHI883 LT1026MJ8J883 Ln083MK-121883 LT1086MK-121883 

LM117HVK1883 LM150KI883 L T137AHVKI683 L T1 026MH8I883 LT1084MKI883 LT112QMJ8/883 
LM117K/883 LT1l7AHI883 LT137AK/883 LT1033MKJ883 L T1084MK-51883 
LM123K/883 LT1l7AHVH/883 LT138AK/883 L T1 035MK/883 LT1084MK-121883 
L.M137H/8B3 LT117AHVKI883 L T150AK/883 L T1 036MKJ883 L n085MKJ883 
LM137HVH1883 LT117AK1883 L n 003MK/883 L T1 054MJ8I883 L T1086MHI883 
LM137HVK/883 LT123AKI883 LT100SMK1883 L T1 054MH/883 LT1086MKl883 

883 LMl29AH1883 LM199AH1893 LT1004MH-2.5J883 LT1 021 BMH-51883 L Tl 031 BMHJ883 REF-01J8!883 
References LM129BH/883 LMl99AH-201883 L nOO9MH1883 LT1021CMH-5J883 LT1031CMH1893 REF-02AHI883 

LM129CHI883 LM199Hi883 Ln019AMH-2.51883 L n 021 DMH-51883 LT1 031 DMHI893 REF-02AJ8/883 
LM134H1893 LT580SHI883 L n019.AMH-4.5/883 Ln 021 BMH-7/883 L T1034BMH-l.2/883 REF-Q2H1893 
LMl34H-31883 LT560THl883 LT1019AMH-5J883 LT1 021 DMH-71883 L n 034BMH-2.5/883 REF-02J8i683 
LM134H-6/883 LT580UHI883 LT1019AMH-10/883 L n 021 BMH-1 0/883 LT1034MH-1.2f883 
LM136AH-2.5J883 LT581SH/883 LT1019MH-2.5J883 LT1 021 CMH-1 0/883 L n 034MH-2.5J883 
LM136H-2.5J883 LT581TH/883 LT1019MH-4.5J883 LT10210MH-10/883 REF-01 AHf883 
LM185H-l.2/883 LT581UH/883 LT1019MH-5J883 LT1029AMH/883 REF-01 AJ8J883 
LM185H-2.5J883 L n 004MH-1 .2/883 LT1019MH-10/883 LT1029MHI883 REF-01H1883 

883 L.M111H1883 LM119W1883 LT1l9AJ/883 L T1 011 AMJ8J883 L T1016MJ/883 LT1018MH/883 
Comparators LMll1J8f883 LT111AH/883 LT685MH/883 L n011MH/883 L n016MJ8/883 L n 018MJ8/883 

L.M119HI883 L T1ll AJ8I883 LT685MJ/883 LT1011MJ8I883 LT1017MH/883 LTC1Q4OMJ/883 
LM1l9J/883 LT119AHIB83 LT1011AMH/883 L T1016MH/883 L n017MJ8/883 L TCl 042MJ8I883 

883 L T1 070MK!883 LT1072MKI683 LT1242MJ81883 L T1524J1883 L T1846J1883 SG1527AJI883 

Switched-Mode LT1070HVMK/883 LT1072HVMK1883 LT1243MJ8J883 L T1525AJ1883 LT1847JiSS3 

Control Circuits LT1071MKI883 LT1072MJ81883 LT1244MJ81883 LT1526J/8B3 SG1524J1883 
LT1071HVMKI883 LT1241MJ8I883 LT1245MJ8IS83 LT1527AJ/883 SG1525AJ/883 

883 LT1 032MJ1883 LT1 OOOMJI883 LT12BOMJ/8S3 
Interface L T1039MJ/883 LT1001MJ1883 L T1281 MJ1883 

LT1 036MJl81883 LTC1045MJ/883 

883 LTC1059AMJI883 LTC1060MJ/883 LTC1062MJ8J883 LTC1064-2MJ1883 LTCl164MJ1883 

Filters LTC1059MJ1883 LTC1061AMJ/883 LTC1064MJ/883 LTC1064-2MU883 
LTC1060AMJI883 LTC1061MJ/883 LTC1064-1MJ/8S3 LTC1064-4MU883 

883 LTC1090MJ1883 LTC1093MJ1883 L TCl290CMJI883 

Data LTC1091MJ8I883 LTC1094MJI883 LTCl290DMJl883 

Converters LTC1092MJ8I883 LTC1290BMJ1883 

Other 883 LF198AH1883 LT10l0MKI883 LTC1043MO/883 
LFl98HI883 LTC201AMJI883 LTC1044MHI883 
LT1010MHI893 LTC1041MJ8/883 LTC1044MJ81883 
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FEATURES 
• Low Power: Ice=8 rnA typo 
• Designed for RS485 or RS422 applications. 
• Single +5V supply. 
• -7V to + 12V bus common mode range permits ±7V 

ground difference between devices on the bus. 
• 70 mV typical input hysteresis. 
• Receiver maintains high impedance in 

Three-state or with the power off. 
• 25 nS typical receiver propagation delay. 
• Pin compatiable with the SN75173. 

APPLICATIONS 
• Low Power RS485/RS422 Receivers 
• Level translator 

TYPICAL APPLICATION 

ENS EN 

DI 

1/4 LTC486 

September 1991 

DESCRIPTION 
The L TC488 is a low power differential bus/line 
receiver designed for multipoint data transmission 
standard RS485 applications with extended 
common mode range (+12V to -7V). It also meets 
the requirements of RS422. 

The CMOS design offers significant power savings 
over its bipolar counterpart without sacrificing 
ruggedness against overload or ESD damage. 

The receiver features three-state outputs, with the 
receiver output maintaining high impedance over 
the entire common mode range. 

The receiver has a fail safe feature which 
guarantees a high output state when the inputs are 
left open. 

Both AC and DC specifications are guaranteed 
from O°C to 70°C and 4.75V to 5.25V supply 
voltage range. 

EN ENS 

RD 
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LTC488 
ABSOLUTE MAXIMUM RATINGS 
(Note1) 

PACKAGE/ORDER INFORMATION 

Supply Voltage (Vcc) .............................................. 12V 
Control Input Currents ........................... -25mA to 25mA 
Control Input Voltages ...................... -O.5V to Vcc+O.5V 

ORDER PART 
NUMBER 

R04 L TC488CN Receiver Input Voltages ....................................... ±14V 
Receiver Output Voltages ................. -O.5V to Vcc+O.5V l--!:::=;i---fi2l L TC488CS 

DC ELECTRICAL CHARACTERISTICS 
Vee = 5V ± 5% • 0 °C ~ Temp. ~ 70°C (Note 2&3) 

SYMBOL PARAMETER CONDITIONS 

Vih Input High Voltage 

Vii Input Low Voltage EN, ENB 

IIn1 Inout Current 

1102 Input Current (A, B) Vcc=OVor I Vln =12V 
5.25V I Vin=-7V 

Vth Differential Input Threshold -7VsVcms12V Voltage for Receiver 

AVth Receiver Input Hysteresis Vcm =OV 

Voh Receiver Output High Voltage lo=-4mA, Vld=tO.2V 

Vol Receiver Output Low Voltage IO=t4mA, Vid=-o.2V 

lozr Three-State Output Current Vcc= Max. 
at Receiver O.4V s Vo s2.4V 

Icc Supply Current No Load; D=GND, or Vcc 

Rin Receiver Input Resistance -7VsVcmst12V 

losr Receiver Short-CircuH Current OVsVosVcc 

13-4 

MIN TYP 

2.0 

-0.2 

70 

3.5 

8 

12 

7 

LTC4881N 
LTC4881S 

MAX UNITS 

V 

0.8 V 

±2 IIA 
t1.0 mA 
-0.8 mA 

+0.2 V 

mV 

V 

0.4 V 

±1 IIA 
mA 

Kn 

85 mA 



SWITCHING CHARACTERISTICS 
Vee = 5V ± 5% • DOC s Temp. s 7DoC (Nole 2 &3) 

SYMBOL PARAMETER CONDITIONS 

IPUi Receiver Input to Output CL=15pF 

tPHL Receiver Input to Output (Rgures 1 &3) 

tSKD 
It PUi - t PHLI 

Differential Receiver Skew 

t2L Receiver Enable to Output Low C L = 15pF (Figures 2&4) 51 closed 

t2H Receiver Enable to Output High C L = 15pF (Figures 2&4) S2 closed 

tlZ Receiver Disable from Low C L = 15pF (Figures 2&4) SI closed 

tHZ Receiver Disable from High C L = 15pF (Figures 2&4) S2 closed 

Nole 1: 'Absolute Maximum Ratings' are those beyond which the safety of the 
device cannot be guaranteed. 

Nole 2: All currents into device pins are positive; all currents out of device pins 
are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Nole 3: All typicals are given for Vcc = 5 V and Temp. = 25°C. 

FUNCTION TABLE 
DIFFERENTIAL ENABLES OUTPUT 

A-B EN ENB RO 

Vid ~O.2V H X H 
X L H 

H X ? 
-0.2 V < Vid < 0.2 V X L ? 

H X L 
Vid sO.2V X L L 

X L H Z 

H : High Level 
L: low Level 
X : Irrelevant 
? : Indeterminate 
Z: High-Impedance (off) 

LTC488 

MIN TYP MAX UNITS 

25 nS 

25 nS 

13 nS 

20 nS 

20 nS 

20 nS 

20 nS 
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LTC488 
PIN FUNCTIONS 

PIN , NAME 

1 B1 

2 A1 

3 R01 

4 EN 

5 R02 

6 A2 

7 B2 

8 GND 

9 B3 

10 A3 

11 R03 

12 ENB 

13 R04 

14 A4 

15 B4 

16 Vcc 
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DESCRIPTION 

Receiver1 input. 

Receiver1 input. 

Receiver1 output. If the receiver output is enabled, then if A> B by 
200 mV, R01 will be high. If A < B by 200 mV, then R01 will be low. 

Receiver output enabled. See FUNCTION TABLE for details. 

Receiver2 output. Refer to R01. 

Receiver2 input. 

Receiver2 input. 

Ground Connection. 

Receiver3 input. 

Receiver3 input. 

Receiver3 output. Refer to R01. 

Receiver output disenabled. See FUNCTION TABLE for details. 

Receiver4 ouput. Refer to R01. 

Receiver4 input. 

Receiver4 Input. 

Positive supply; 4.75V ~ Vcc ~ 5.25V 



SWITCHING TIME WAVEFORMS 

Vod2--, 
'=lMHz;lrS10n5, tlS1Dn5 

InpulAl-Bl 

-Vod2 

Vah--"-_\ 1- - '~Ir=-
\k 1.5V )tl~V ROl 

Vol------- '--____________ -J 

Figure 3. Receiver Propagation Delays 

'=lMHz;lrS1Dn5, tlslDn5 
EN 1.5V 

DV -.. III ~ 
SV 

ROl 1.SV 

Vol 
Oulpul normaBy Low 

---. IZH ---. 1HZ 

Vah 
Oulpul normally High 

ROl 

DV 

Figure 4. Receiver Enable and Disable Times 

TEST CIRCUITS 
EN 

o >---'--0 R01 

lDDpF ~ 
ENB 

Figure 1. Receiver Timing Test Circuit 

R8COiver o...-----41.---C .......... 51 ~ Vee OUlpul 

CL lKn 

J 5 -=1:-

Figure 2. Receiver Enable and Disable Timing Test Circuit 

Nola: The input pulse is supplied by a generator having the following characteristics: 
f=1 MHZ, duty cycle=500/0, tr~1 On8, tf~1 On8, Zout=50n . 

.L7lJ!J~ 

LTC488 
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LTC488 

APPLICATIONS INFORMATION 
TYPICAL APPLICATION 

A typical connection of the L TC488 is shown in Figure 1. 
Two twisted pair wires connect up to 32 driver/receiver 
pairs for half duplex data transmission. There are no 
restrictions on where the chips are connected to the wires, 
and it isn't necessary to have the chips connected at the 
ends. However, the wires must be terminated only at the 
ends with a resistor equal to their characteristic imped
ance, typically 120 Q. The input impedance of a receiver 
is typically 20 kQ to GND, or 0.6 unit RS-485 load, so in 
practice 50 to 60 transceivers can be connected to the 
same wires. The optional shields around the twisted pair 
help reduce unwanted noise, and are connected to GND at 
one end. 

CABLES AND DATA RATE 

The transmission line of choice for RS-485 applications 
is a twisted pair. There are coaxial cables (twinaxial) 
made for this purpose that contain straight pairs, but 
these are less flexible, more bulky, and more costly 
than twisted pairs. Many cable manufacturers offer a 
broad range of 120 Q cables designed for RS-485 
applications. 

EN 

ox 

1/4 LTC486 

ENB 

114 LTC486 

Losses in a transmission line are a complex combina
tion of DC conductor loss, AC losses (skin effect), 
leakage, and AC losses in the dielectric. In good 
polyethylene cables such as the Belden 9841, the 
conductor losses and dielectric losses are of the same 
order of magnitude, leading to relatively low over all 
loss ( Figure 2). 

a: 
~ 
Ul 
Ul 
o 
~ 

10 

0.1 

~ 

r.; 

0.1 1 10 100 

FREQUENCY ( MHz) 

Figure 2. Attenuation· vs • Frequency For Belden 9481 

When using low loss cables, Figure 3 can be used as a 

114 LTC488 

114 LTC488 

Figure 1. Typical Connection 
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APPLICATIONS INFORMATION 
guideline for choosing the maximum line length for a 
given data rate. With lower quality PVC cables, the 
dielectric loss factor can be 1000 times worse. PVC 
twisted pairs have terrible losses at high data rates ( > 
100 kbs), and greatly reduce the maximum cable length. 
At low data rates however, they are acceptable and much 
more economical. 

10k 

;:: 

i= lk 
C.!l 
Z 
~ 
w 
--' 100 

~ 

10 

~ --

~ 

~ 

10k 

E 
lOOk 1M 2.5M 10M 

DATA RATE ( bps) 

Figure 3. Cable Length· VI • Data Rate 

CABLE TERMINATION 

The proper termination of the cable is very important. 
If the cable is not terminated with it's characteristic 
impedance, distorted waveforms will result. In severe 
cases, distorted (false) data and nulls will occur. A quick 
look at the output of the driver will tell how well the 
cable is terminated. It is best to look at a driver con· 
nected to the end of the cable, since this eliminates the 
possibility of getting reflections from two directions. 
Simply look at the driver output while transmitting 
square wave data. If the cable is terminated properly, 
the waveform will look like a square wave (Figure 4). 

LTC488 

DX RX 

RI.47Q 

RI.470Q 

Figure 4. Termination Enects 

If the cable is loaded excessively (47 Q), the signal 
initially sees the surge impedance of the cable and 
jumps to an initial amplitude. The signal travels down 
the cable and is reflected back out of phase because of 
the mistermination. When the reflected signal returns 
to the driver, the amplitude will be lowered. The width 
of the pedestal is equal to twice the electrical length of 
the cable ( about 1.5 ns I foot). If the cable is lightly 
loaded (470 Q), the signal reflects in phase and in
creases the amplitude at the driver output. An input 
frequency of 30 kHz is adequate for tests out to 4000 ft. 
of cable. 

AC CABLE TERMINATION 

Cable termination resistors are necessary to prevent un· 
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2 V when the • 
cable is terminated with two 120 Q resistors, causing 33 
rnA of DC current to flow in the cable when no data Is being 
sent. This DC current is about 60 times greater than the 
supply current of the LTC488. One way to eliminate the 
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LTC488 

APPLICATIONS INFORMATION 
unwanted current is by AC coupling the termination the circuits of Figure. 6 can be used. 
resistors as shown in Figure 5. 

AX 

C = Une Lenglh (It) x 16.3 pF 

Figure 5. AC Coupled Termination 

The coupling capacitor must allow high-frequency energy 
to flow to the termination, but block DC and low frequen
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capaci
tor must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The.value 
of the coupling capacitor should therefore be set at 16.3 
pF per foot of cable length for 120 g cables. With the 
coupling capacitors in place, power is consumed only on 
the signal edges, and not when the driver output is idling 
at a 1 or 0 state. A 100 nF capacitor is adequate for lines 
up to 4000 ' in length. Be aware that the power savings 
start to decrease once the data rate surpasses 1/(120 g 
x C). 

RECEIVER OPEN-CIRCUIT FAIL-SAFE 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
when the data is finished transmitting and all drivers on 
the line are forced into tri-state. The receiver of the 
L TC488 has a fail-safe feature which guarantees the 
output to be in a logic 1 state when the receiver inputs are 
left floating (open-circuit). However, when the cable is 
terminated with 120 g, the differential inputs to the 
receiver are shorted together, not left floating. Because 
the receiver has about 70 mV of hysteresis, the receiver 
output will maintain the last data bit received. 

If the receiver output must be forced to a known state, 
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.Sv 

RX 

.Sv 

RX 

.Sv 

RX 

Figure 6. Forcing '0' When All Drivers Are Off 

The termination resistors are used to generate a DC bias 
which forces the receiver output to a known state, in this 
case a logic 0 .The first method consumes about 208 mW 
and the second about 8 mW. The lowest power solUtion is 
to use an AC termination with a pull-up resistor. Simply 
swap the receiver inputs for data protocols ending in logic 
1. 



APPLICATIONS INFORMATION 
FAULT PROTECTION 

All of LTC's RS-485 products are protected against ESO 
transients up to 2 kV using the human body model (100 
pF,1.5 kQ). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb from each line side pin to ground 
(Figure 7). 

Figure 7. ESD Protection With TransZorbs 

TYPICAL APPLICATIONS 

LTC488 

A TransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 
time, and low series resistance. They are available from 
General Semiconductor Industries and come in a variety of 
breakdown voltages and prices. Be sure to pick a break
down voltage higher than the common mode voltage 
required for your application ( typically 12 V). Also, don't 
forget to check how much the added parasitic capacitance 
will load down the bus. 

RS-232 Receiver 

RS-2321n _~_-q 

AX 
5.6kQ 

112 LTC488 

13-11 



f"""'-uneJ\Q [FlL"J~[Lnli¥iln[N]~L"JW 
~~ TECHNOLO~GY~--Q-U-a-d--R-S4-8-5--Li-n-e-R-e-~-T~-i4_v!~~ 

FEATURES 
• Low Power: Icc=8 rnA typo 
• Designed for RS485 or RS422 applications. 
• Single +5V supply. 
• -7V to + 12V bus common mode range permits ±7V 

ground difference between devices on the bus. 
• 70 mV typical input hysteresis. 
• Receiver maintains high impedance in 

Three-state or with the power off. 
• 25 nS typical receiver propagation delay. 
• Pin compatiable with the SN75175. 

APPLICATIONS 
• Low Power RS485/RS422 Receivers 
• Level translator 

TYPICAL APPLICATION 

01 

1/4LTC487 
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DESCRIPTION 
The L TC489 is a low power differential bus/line 
receiver designed for multipoint data transmission 
standard RS485 applications with extended 
common mode range (+12V to -7V). It also meets 
the requirements of RS422. 

The CMOS design offers significant power savings 
over its bipolar counterpart without sacrificing 
ruggedness against overload or ESD damage. 

The receiver features three-state outputs, with the 
receiver output maintaining high impedance over 
the entire common mode range. 

The receiver has a fail safe feature which 
guarantees a high output state when the inputs are 
left open. 

Both· AC and DC specifications are guaranteed 
from O°C to 70°C and 4.75V to 5.25V supply 
voltage range. 

RO 
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LTC489 
ABSOLUTE MAXIMUM RATINGS 
(Note1) 

PACKAGE/ORDER INFORMATION 

Supply Voltage (VCC) .............................................. 12V 
Control Input Currents ........................... -25mA to 25mA 
Control Input VOltages ...................... -O.5V to Vcc+O.5V 
Receiver Input Voltages ....................................... .±14V 
Receiver Output Voltages ................. -O.5V to Vcc+O.5V 

DC ELECTRICAL CHARACTERISTICS 
Vee. 5V ± 5% • 0 °C S Temp. S 70°C (Nole 2 &3) 

SYMBOL PARAMETER CONDITIONS 

Vih Input High VoHage 

Vii Input Low VoHage EN12.EN34 

11n1 Inout Current 

Iin2 Input Current (A, B) Vcc:OVor I Vin:12V 
5.25V I Vin:-7V 

Vth Differential Input Threshold -7VsVcms12V 
Voltage for Receiver 

AVth Receiver Input Hysteresis Vcm =OV 

Vah Receiver Output High VoHage lo=-4mA. Vid:+O.2V 

Vol Receiver Output Low Voltage lo:t4mA, Vid:-O.2V 

1021' 
Three-Stale Output Current Vcc: Max. 
at Receiver O.4V s Vo s2.4V 

Icc Supply Current No Load; D:GND. or Vcc 

Aln Receiver Input Resistance -7VsVcmst12V 

losr Receiver Short-Circuit Current OVsVosVcc 

MIN 

2.0 

-0.2 

3.5 

12 

7 

A4 

ORDER PART 
NUMBER 

R04 L TC489CN 
LTC489CS 
LTC4891N 

A3 LTC4891S 

TYP MAX UNITS 

V 

0.8 V 

±2 J.II\ 
+1.0 rnA 
-0.8 rnA 

+0.2 V 

70 mV 

V 

0.4 V 

±1 J.II\ 

8 rnA 

Kn 

85 rnA 
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LTC489 

Switching Characteristics 
Vee = 5V ± 5% • DoC:!> Temp. :!> 70°C (Note 2 &3) 

SYMBOL PARAMETER 

tPlH Receiver Input to Output 

t PHL Receiver Input to Output 

t SKO 
I t PLH - t PHLj 

Differential Receiver Skew 

tZl. Receiver Enable to Output low 

tZH Receiver Enable to Output High 

tLl Receiver Disable from Low 

tHZ Receiver Disable from High 

CONDITIONS 

C L = 15pF 

(Figures 1 &3) 

C L = 15pF (Figures 2&4) SI closed 

C L = 15pF (Figures 2&4) S2 closed 

C L = 15pF (Figures 2&4) SI closed 

C L = 15pF (Figures 2&4) S2 closed 

Note1: 'Absolute MaKimum Ratings' are those beyond which the safety of the 
device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device pins 
are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Vcc = 5 V and Temp. = 25°C. 

FUNCTION TABLE 

DIFFERENTIAL ENABLES OUTPUT 

A-8 EN12 or EN34 RO 

Vid ~ 0.2 V H H 

-0.2 V < Vid < 0.2 V H ? 

Vid:!> 0.2 V H L 

X L Z 

13-14 

H : High Level 
L: Low Level 
X : Irrelevant 
? : Indeterminate 
Z: High-Impedance (off) 

MIN TYP MAX UNITS 

25 nS 

25 nS 

13 nS 

20 nS 

20 nS 

20 nS 

20 nS 



LTC489 

PIN FUNCTIONS 

PIN * NAME DESCRIPTION 

B1 Receiver1 input. 

2 A1 Receiver1 input. 

3 R01 Receiver1 output. If the receiver output is enabled, then if A > B by 
200 mV, R01 will be high. If A < B by 200 mV, then R01 will be low. 

4 EN12 Receiver 1, 2 output enabled. See FUNCTION TABLE for details. 

5 R02 Receiver2 output. Refer to R01. 

6 A2 Receiver2 input. 

7 B2 Receiver2 input. 

8 GND Ground Connection. 

9 B3 Receiver3 input. 

10 A3 Receiver3 input. 

11 R03 Receiver3 output. Refer to R01. 

12 EN34 Receiver 3, 4 output enabled. See FUNCTION TABLE for details. 

13 R04 Receiver4 ouput. Refer to R01. 

14 A4 Receiver4 input. 

15 B4 Receiver4 input. 

16 Vcc Positive supply; 4.75V :s: Vcc :s: 5.25V 
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LTC489 

SWITCHING TIME WAVEFORMS 

Vod2--..... 

InputAl-81 

-Vod2 

t.1MHz;trslOnS, Usl0nS 

R01 ::_~ _________ I~_~ __ ~~_l$ _______________ ~ ________ IM-,~ 
Figure 3. Receiver Propagation Delays 

1=IMHz;trslOnS, Usl0nS 
EN12 1.5V 

OV 

~ III ..-- ~ III ~ 
SV 

ROI 1.5V 

Vol 
OUtpul normally Low O.SV 

------ "f ------ '~=e Voh 
output norllllily High 

ROI 

O.SV 

OV 
1.5V 

Figure 4. Receiver Enable and Disable Times 

TEST CIRCUITS 

D 

EN12 

>-.... ----0 ROI 

l00pf -*
Figure 1. Receiver Timing Test Circuit 

RecelverO~--~I.-----t:t--< Sl ~ Vee OUlput 

CL 11<0 S2 

J ~ 
Figure 2. Receiver Enable and Disable Timing Test Circuit 

Nota: The Input pulse is supplied by a generator having the following characteristics: 
t-1MHZ, duty cycle=5O%, trsl0nS,lfSl0nS, Zout=50n. 
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APPLICATIONS INFORMATION 
TYPICAL APPLICATION 

A typical connection of the LTC489 is shown in Figure 1. 
Two twisted pair wires connect up to 32 driver/receiver 
pairs for half duplex data transmission. There are no 
restrictions on where the chips are connected to the wires, 
and it isn't necessary to have the chips connected at the 
ends. However, the wires must be terminated only at the 
ends with a resistor equal to their characteristic imped
ance, typically 120 Q. The input impedance of a receiver 
is typically 20 kQ to GND, or 0.6 unit RS-485 load, so in 
practice 50 to 60 transceivers can be connected to the 
same wires. The optional shields around the twisted pair 
help reduce unwanted noise, and are connected to GND at 
one end. 

CABLES AND DATA RATE 

The transmission line of choice for RS-485 applications 
is a twisted pair. There are coaxial cables (twinaxial) 
made for this purpose that contain straight pairs, but 
these are less flexible, more bulky, and more costly 
than twisted pairs. Many cable manufacturers offer a 
broad range of 120 Q cables designed for RS-485 
applications. 

EN12 

DX 

1/4 LTC487 

LTC489 

Losses in a transmission line are a complex combina
tion of DC conductor loss, AC losses (skin effect), 
leakage, and AC losses in the dielectric. In good 
polyethylene cables such as the Belden 9841, the 
conductor losses and dielectric losses are of the same 
order of magnitude, leading to relatively low over all 
loss ( Figure 2). 

10 

'" "0 

~ ... 
<:> 
<:> 

cc 
w a.. 
en en 
0 
-' ~ 

0.1 
0.1 1 10 100 

FREQUENCY ( MHz) 

Figure 2. Attenuation - vs - Frequency For Belden 9481 

When using low loss cables, Figure 3 can be used as a 

114 LTC489 

Figure 1. Typical Connection 
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APPLICATIONS INFORMATION 
guideline for choosing the maximum line length for a 
given data rate. With lower quality PVC cables, the 
dielectric loss factor can be 1000 times worse. PVC 
twisted pairs have terrible losses at high data rates ( > 
100 kbs), and greatly reduce the maximum cable length. 
At low data rates however, they are acceptable and much 
more economical. 

101< __ 

1 0 L-L...l...LJJJllL----'-L.lllJI.1J.J--~~ 
10k 100k 1M 2.5M 10M 

DATA RATE ( bps) 

Figure 3. Cable length - vs - Data Rale 

CABLE TERMINATION 

The proper termination of the cable is very important. 
If the cable is not terminated with it's characteristic 
impedance, distorted waveforms will result. In severe 
cases, distorted (false) data and nulls will occur. A quick 
look at the output of the driver will tell how well the 
cable is terminated. It is best to look at a driver con
nected to the end of the cable, since this eliminates the 
possibility of getting reflections from two directions. 
Simply look at the driver output while transmitting 
square wave data. If the cable is terminated properly, 
the waveform will look like a square wave (Figure 4). 
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ox RX 

RI= 47 Q 

RI=470Q 

Figure 4. Termination Effects 

If the cable is loaded excessively (47 Q), the signal 
initially sees the surge impedance of the cable and 
jumps to an initial amplitude. The signal travels down 
the cable and is reflected back out of phase because of 
the mistermination. When the reflected signal returns 
to the driver, the amplitude will be lowered. The width 
of the pedestal is equal to twice the electrical length of 
the cable ( about 1.5 ns / foot). If the cable is lightly 
loaded (470 Q), the signal reflects in phase and in
creases the amplitude at the driver output. An input 
frequency of 30 kHz is adequate for tests out to 4000 ft. 
of cable. 

AC CABLE TERMINATION 

Cable termination resistors are necessary to prevent un
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2 V when the 
cable is terminated with two 120 Q resistors, causing 33 
rnA of DC current to flow in the cable when no data is being 
sent. This DC current is about 60 times greater than the 
supply current of the LTC489. One way to eliminate the 



LTC489 

APPLICATIONS INFORMATION 
unwanted current is by AC coupling the termination the circuits of Figure. 6 can be used. 
resistors as shown in Figure 5. 

RX 

C. LlneL.englh (11) x 16.3 pF 

Figure 5. AC Coupled Termination 

The coupling capacitor must allow high-frequency energy 
to flow to the termination, but block DC and low frequen
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capaci
tor must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
of the coupling capacitor should therefore be set at 16.3 
pF per foot of cable length for 120 Q cables. With the 
coupling capaCitors in place, power is consumed only on 
the signal edges, and not when the driver output is idling 
at a 1 or 0 state. A 100 nF capacitor is adequate for lines 
up to 4000 I in length. Be aware that the power savings 
start to decrease once the data rate surpasses 1/(120 Q 

x C). 

RECEIVER OPEN-CIRCUIT FAIL-SAFE 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
when the data is finished transmitting and aU drivers on 
the line are forced into tri-state. The receiver of the LTC489 
has a fail-safe feature which guarantees the output to be in 
a logic 1 state when the receiver inputs are left floating 
(open-circuit). However, when the cable is terminated 
with 120 Q, the differential inputs to the receiver are 
shorted together, not left floating. Because the receiver 
has about 70 mV of hysteresis, the receiver output will 
maintain the last data bit received. 

If the receiver output must be forced to a known state, 

.Sv 

RX 

.Sv 

RX 

.Sv 

100 Iill 

RX 

Figure &. Forcing '0' When All Drivers Are Oft 

The termination resistors are used to generate a DC bias 
Which forces the receiver output to a known state, in this 
case a logic 0 .The first method consumes about 208 mW 
and the second about 8 mW. The lowest power solution is ~ 
to use an AC termination with a pull-up resistor. Simply ~ 
swap the receiver inputs for data protocols ending in logic 
1. 
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APPLICATIONS INFORMATION 
FAULT PROTECTION 

All of LTC's RS-485 products are protected against ESD 
transients up to 2 kV using the human body model (100 
pF,1.5 kQ). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb from each line side pin to ground 
(Figure 7). 

Figure 7. ESD Protection With TransZorbs 

TYPICAL APPLICATIONS 

A TransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 
time, and low series resistance. They are available from 
General Semiconductor Industries and come in a variety of 
breakdown voltages and prices. Be sure to pick a break
down voltage higher than the common mode voltage 
required for your application (typically 12 V). Also, don't 
forget to check how much the added parasitic capacitance 
will load down the bus. 

RS-232 Receiver 

RS-2321n ----t"--q 

AX 
S.6kQ 

lfllTC489 
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FEATURES 
• Clock Tunable Cutoff Frequency 
• 1 mV DC Offset (Typical) 
• 80 dB CMRR 
• Internal or External Clock 
• 50!-'VRMS Clock Feedthrough 
• 100:1 Clock to Cutoff Frequency Ratio 
• 100!-'VRMS Total Wideband Noise 
• 0.01 % THD at 2VRMS Output Level 
• 50kHz Maximum Cutoff Frequency 
• Cascadable for Faster Rolloff 
• Operates from ±2.375V to ±8V Power Supplies 
• Self Clocking with 1 RC 

APPLICATONS 
• Audio 
• Strain Gauge Amplifiers 
• Anti-aliasing Filters 
• Low Level Filtering 
• Digital Voltmeters 
• 60Hz Lowpass Filters 
• Smoothing Filters 
• Reconstruction Filters 

TYPICAL APPLICATIONS 

·5V 

2.5kHz 5th Order Lowpass Filter 

LTC1063 7 

1---....... 5V 

• SELFCLOCKINGSaiEME 
.. IFTHE INPUT VOLTAGE CAN EXCEED V" 

CONNECTASIGNALDIDDEBETWEEN PIN 1 ANDV. 

5th Order Butterworth 
Lowpass Filter 

May 1992 

DESCRIPTION 
The LTC1063 is the first monolithic filter providing both 
clock tunability, low DC output offset and over 12 bit DC 
accuracy. The frequency response ofthe LTC1 063 closely 
approximates a 5th order Butterworth polynomial. With 
appropriate PCB layout techniques the output DC offset is 
typically 1 mV and is constant over a wide range of clock 
frequencies. With ±5V supplies and ±4V input voltage 
range, the CMR of the device is 80dB. 

The filter cutoff frequency is controlled either by an internal 
or external clock. The clock to cutoff frequency ratio is 
100:1. The on-board clock is power supply independent, 
and it is programmed via an external R,C. The 50!-'VRMS 
clock feedthrough is considerably reduced over existing 
monolithic filters. 

The LTC 1 063 wide band noise is 1 oo!-'VRMS, and the device 
can process largeAC input signals with low distortion. With 
± 7 .5V supplies, for instance, the filter handles up to 4VRMS 
(92 dB SIN ratio) while the standard 1 kHz THD is below 
0.02%; 80 dB dynamic range (SIN + THD) is obtained with 
input levels between 1 VRMS and 2.3VRMS. 

The LTC1 063 is available in 8 pin minidip and 16 pin SOL. 
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·80 
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LTC 1063 

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Total Supply Voltage (V+ to V-) .............................. 16V Bum-in Voltage ...................................................... 16V 
Power Dissipation ..•......................................... 400mW Operating Temperature Range ................ -40°C to 85°C 
Storage Temperature Range ................ -65°C to 150°C Voltage at Any Input .. [(V-) - O.3V] -VIN -[(V+) + O.3V] 

ORDER PART lOP VIEW ORDER PART 
NUMBER NC NUMBER 

lOP VIEW 

'''O'm~ GND 2 7 VOlIT LTC1063CN8 
v· v+ LTC1063CJ8 

CLOCK OUT 5 ClK IN 

VOlIT 

GND 

NC LTC1063CS 

PLASTIC DIP N8 PACKAGE NC 

ClKOUT 

S PACKAGE 
16-LEAD PLASTIC SOL 

ELECTRICAL CHARAOERISTICS 
VS = :t5V, ICIJ( = 500kHz, Ie = 5kHz, RlOAD = 10k, TA = 25°C, unless olherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Clock to Cutoff Frequency Ratio ( fclKl' fc ) ±2.37SV sVss±7.SV 100±0.S 
Max Clock Frequency ( Note 1 ) Vs=±7.SV S MHz 

Vs=±S.OV 4 MHz 
Vs=±2.SV 3 MHz 

Minimum ClK Frequency ( Note 2 ) ±2.SV sVss±7.SV, TA< 8S· 30 Hz 
Input Frequency Fange 0 0.9 feLK 
Filter Gain at fiN = 100 Vs = ± SV, felK = SOOkHz, fe = SkHz 0 dB 

fiN = 1.0kHz = 0.2fe - 0.06 - 0.01 0.04 dB 
• - 0.07S - 0.01 O.05S dB 

fiN = 2.SkHz = O.Sfe - 0.09 0.16 0.41 dB 
• - 0.14 0.16 0.46 dB 

fiN = 4.0kHz = 0.8fe - O.S - 0.2 0.1 dB 
• - 0.6 - 0.2 0.2 dB 

fiN = S.OkHz = fe - 3.S - 3.0 ~ 2.S dB 
• - 3.6 - 3.0 - 2.4 dB 

fiN = 20kHz = 4fe - S7.S - 60.0 - 62.0 dB 
- S7.0 - 62.S dB 

Filter Gain at fiN = 1.0kHz Vs = ± 2.37SV, felK = SOOkHz, fe = SkHz - 0.066 0.004 0.074 dB 

• - 0.081 0.004 0.089 dB 
flN= 2.SkHz - 0.24 0.16 0.56 dB 

• - 0.29 0.16 0.61 dB 
fiN = 4.0kHz - 0.6 - 0.2 0.2 dB 

• - 0.7 - 0.2 0.3 dB 
flN= S.OkHz - 3.S - 3.0 - 2.S dB 

• - 3.6 - 3.0 - 2.4 dB 
Filter Gain at fiN = 2S0Hz Vs = ±S.OV, felK = 2SkHz, fe = 2S0Hz - 3.S ·3.0 - 2.S dB 

• - 3.6 - 3.0 - 2.4 dB 
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LTC 1063 
ELECTRICAL CHARACTERISTICS 
Vs. :t5V, IClJ( = 500kHz, Ie. 5kHz, RLOAD = 10k, TA" 25°C, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Clock Feedthrough :t2.37SV sVss:t7.SV 50 "VRMS 
Wide band Noise (Note3) :t2.37SV sVss:t7.SV, 1 Hz<f<fclK 95 "VAMS 
Wide band Noise+ THD (Note4 ) Vs .. :t7.SV. fc=20kHz, IIN= 1 kHz, 1VRMSSVINS2.3VRMS - 80 iii 
FilterOutput+i- DC Swing Vs=:t2.37SV 1.6/-2.0 1.7/-2.2 V 

• 1.4/-1.8 
Vs=:tS.OV 4.0/-4.5 4.3/-4.8 V 

• 3.8/-4.3 
Vs=:t7.5V 6.S/-7.0 6.8/-7.3 V 

• 6.3/-6.8 

InputCurrent 10 '" Dynamic Input Impedance 800 Me 
OutputDC Offset (NoteS) Vs=:t2.37SV +2 +2:t5 rrIt/ 

Vs=±S.OV 0 :tS rrIt/ 
Vs=:t7.SV -4 rrIt/ 

Output DC Offset Drift Vs=:t2.37SV 10 "vre 
Vs=:tS.OV 20 "vre 
Vs=±7.SV 25 "vrc 

Self Clocking Frequency (fose) R (pin 4 to S) =20k, C (pin S to GND) = 470pf 
Vs=±2.37SV 

Vs=:tS.OV 

Vs=:t7.SV 

External CLK Pin Logic Thresholds Vs=:t2.375V 

Vs= ±S.OV 

Vs=:t7.SV 

Power Supply Current Vs=:t2.37SV 

Vs=:tS.OV 

Vs=±7.SV 

.. The. denotes the speCificatIOns which apply overthe full operating 
temperature range. 
Noll 1 : The maximum clock frequency criterium is arbitrarily defined as: 
The frequency atwhichthefilter AC response exhibits:. 1 dB of gain 
peaking. 
Note2: Atlimited temperature ranges (i.e. TASSO·C )the minimum 
clock frequency can be as lowas 10Hz. The minimum clock frequency is 
arbitrarily defined to be: The clock frequency atwhichthe output DC offset 
changes by morethan 1 mY. 

99.2 1.0S.2 11.2 kHz 
LTC1063CN,CS,CJ • 94.9 102.9 111.0 kHz 
LTC1063MJ • 92.S 100.S 108.S kHz 

102.0 108.0 114.0 kHz 
LTC1063CN,CS,CJ • 98.0 106.0 114.0 kHz 
LTC1063MJ • 97.6 105.6 113.6 kHz 

104.3 110.3 116.3 kHz 
L TC1 063CN,CS,CJ • 101.3 109.3 116.3 kHz 
LTC1063MJ • 10004 10804 116.3 kHz 
Min logical '1' 1.43 V 
Max logical'O' 0047 V 
Min logical '1' 3 V 
Max logical '0' 1 V 
Min logical '1' 4.S V 
Max logical '0' 1.S V 

2.7 4 rnA 
L TC1063CN,CS,CJ • S.S rnA 
LTC1063MJ • 6 rnA 

S.S 8 rnA 
L TC1 063CN,CS,CJ • 11 rnA 
LTC1063MJ • 12 rnA 

7.0 mA 
L TC1 063CN,CS,CJ • 14.5 rnA 
LTC1063MJ • 16 rnA .. 

No1l3. The Wldeband noise speciflcatlon does not Include the clock ~ 
feedthrough. ... 
No1e4: To properly evaluate the filter's harmonic distortion an Inverting 
outputbufferisrecommended, figure 1: output buffering is not 
necessarily needed when measuring output DC offsetorwideband noise. 
No1l5:The output DC offset is optimized for:tSVsupply. The output DC 
offset shifts when the power supplies change: howeverthis phenomenon 
isrepeatableand predictable. 
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TEST CIRCUIT 
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~ [R1[g[lJU¥il o [N]ffi,\ [R1W ,-y ... tlnt1\D LTC 1 064-7 I LTC 1164-71LTC 1264-7 
~, TECHNOLOGY 

FEATURES 
• Steeper rolloff than Bessel filters 
• Low power (LTC1164-7,fc:;;; 20kHz) 
• General purpose (LTC1064-7, ic:;;; 100kHz) 
• High speed (LTC1264-7, ic:;;; 250kHz) 
• Phase and Group Delay response fully tested 
• Transient response with 5% overshoot and no 

ringing 
• No extemal components needed 

APPLICATiOnS 
• Data communication filters 
• Time delay networks 
• Phase matched filters 
• Antialiasing filters 
• Smoothing filters for DAC outputs 
• Battery operated instrumentation 

DESCRIPTion 
The LTC1064-7, LTC1164-7, LTC1264-7, are clock tun
able monolithic 8th order lowpass filters with linear 
passband phase and flat group delay. Their amplitude 

TYPICAL APPLICATiOn 
200kHz Linear Phase Low pass Filler 

14 

VIN------I 
LTC1264-7 13 

12 
1---I---8V 

+8V 4 1-11----"1- FCLK=4.5MHz 

5 ~1 0-----11- +8V 
6 

~-+---VOllT 

NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0.1!'i' CAPACITOR 
CLOSE TO THE PACKAGE AND ANY PRINTED CIRCUIT BOARD ASSEMBLY SHOULD 
MAINTAIN A DISTANCE OF AT LEAST 0.2 INCHES BETWEEN ANY OUTPUT OR 
INPUT PIN AND THE FCLK LINE. 

Unear Phase, Group Delay 
Equalized, 8th Order 

Low Pass Filters 
September 1991 

response approximates maximally flat passband and 
exhibits steeper rolloff than an equivalent 8th order 
Bessel filter. The cutoff frequency of the filters is tuned 
with an external TIL or CMOS clock. 

The LTC1164-7 features low power, wide dynamic range 
and a maximum cutoff frequency of 20kHz. With 1 VRMS 
input and an appropriate PCB layout, 76dB (SIN ratio + 
THD) can be obtained. 

The LTC1064-7 features similar dynamic range and a 
maximum cutoff frequency of 100kHz. The clock to 
cutoff frequency ratio for both the LTC1064-7 and 
LTC1164-7iseither50:1 (pin10toV+)or100:1 (pin10 
to Vol. 

The LTC1264-7 is optimized for speed. Depending on 
the operating conditions, cutoff frequencies between 
200kHz and 250kHz can be obtained. The clockto cutoff 
frequency ratio of the LTC1264-7 is either 25:1 or 50:1. 

All 3 filters are pin compatible with the LTC1064-X 
series. 

See page 13-84 lor more complete inlonnalion on the LTC1264-7. 
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LTC 1 064-7/LTC 1164-7 /LTC 1264-7 

ABSOLUTE mAXimum RATinGS 
Total Supply Voltage (V+ to V-) ................................ 16V 
Power Dissipation ............................................. .400mW 
Storage Temperature Range .................. -65°C to 150°C 

PACKAGEIORDER InFORmATiOn 
ORDER PART 

TOP VIEW NUMBER 

NC LTC1264-7CN 
GND 

FCLK See page 13-84 for 
more complete 
information on the 
LTC1264-7. 

N PACKAGE 
14 LEAD PLASTIC DIP 

TOP VIEW LTC1164-7CN 
LTC1064-7CN 

VIN 

GND 

N PACKAGE 
14 LEAD PLASTIC DIP 

ELECTRICAL CHARACTERISTICS 

Burn-in Voltage ........................................................ 16V 
Operating Temperature Range .................. -40°C to 85°C 
Voltage at Any Input.. [(V-) - O.3V];s; VIN;S; [(V+) + O.3V) 

TOP VIEW 

S PACKAGE 
16-LEAD PLASTIC SOL 

TOP VIEW 

S PACKAGE 
16·LEAD PLASTIC SOL 

ORDER PART 
NUMBER 

L TC1264-7CS 

See page 13-84 for 
more complete 
information on the 
LTC1264-7. 

LTC1164-7CS 
L TC1 064-7CS 

Vs=±7 .5Volts, I\.OAD=10k, TA=25°C, /clk=1 MHz(LTC1 064-7), 400kHz(LTC1164-7), 2.5MHz(LTC1264-7), 
TTL or CMOS Level and all Gain measurements are referenced to passband Gain unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Passband Gain LTC1054-7 jtest=5kHz (50:1) -0.10 dB 
(0.1 Hz - 0.25jcutoff) LTCII64-7 jtest=2kHz (50:1) -0.10 dB 

LTCI264-7 jtest=25kHz (25:1) -0.10 dB 

Gain at 0.5jcutoff LTC 1 054-7 jtest=10kHz (50:1) -0.10 dB 
jtest=5kHz (100:1) -0.10 dB 

LTCII64-7 jtesl=4kHz (50:1) -0.10 dB 
jtest=2kHz (100:1) -0.10 dB 

LTCI264-7 jtest=50kHz(25:1) -0.30 dB 
jtest=25kHz (50:1) -D.15 dB 

Gain at 0.75jcutoff LTC1064-7 jtesl=15kHz (50:1) -0.55 dB 
LTCII64-7 jtest=5kHz (50:1) -0.55 dB 
LTCI264-7 jtest=75kHz (50:1) -1.00 dB 
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LTC 1 064-7/LTC 1164-7 /LTC 1264-7 

ELECTRICAL CHARACTERISTICS 
Vs=±7 .5Volts, IlOAo=10k, TA=25°C, /clk:1 MHz(LTC1 064-7), 400kHz(l TC1164·7), 2.5MHz(l TC1264·7), 
TTL or CMOS level and all Gain measurements are referenced to passband Gain unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Gain at fcutoff LTC1064-7 ftest=20kHz (50:1) -3.00 dB 
ftest=10kHz (100:1) -3.00 dB 

LTC1164-7 jtest=BkHz (50:1) -3.00 dB 
ftest=4kHz (100:1) -3.00 dB 

LTC1264-7 ftest= 1 00kHz(25:1) -3.00 dB 
ftest=50kHz (50:1) -3.00 dB 

Gain at 2.0fcutoff LTC1064-7 ftest=40kHz (50: 1) -34 dB 
ftest=20kHz (100:1) -34 dB 

LTC1164-7 ftest=16kHz (50:1) -34 dB 
ftest=BkHz (100:1) -34 dB 

LTC1264-7 jtest,,200kHz(25:1) -28 dB 
ftest,,100kHz(50:1) -30 dB 

Gain with LTC1064-7 ftest0:200Hz (100:1) -3.00 dB 
fclk,,20kHz LTC1164-7 ftest0:200Hz (100:1) -3.00 dB 

LTC1264-7 ftest,,200Hz (50: 1) -0.30 dB 

GainwKh LTC1064-7 ftest=4kHz (50:1) -0.10 dB 
Vs=f2.375V, fclk=400kHz jtest,,8kHz (50:1) -3.00 dB 

LTC1164-7 ftest=4kHz (50:1) -0.10 dB 
ftest"BkHz (50:1) -3.00 dB 

LTC1264-7 ftest=8kHz (25:1) 0.15 dB 
ftest,,16kHz (25:1) -2.70 dB 

Gain with LTC1264-7 ftesIo:160kHz(25:1) -1.00 dB 
fclk=4MHz Vin,,1VRMS 

Phase Factor (<1» Phase" 180" - <I> (f I jc) 
(Note 1) (0.1Hz:s: f :S:jcutotf) 

LTC1064-7 50:1 432 deg 
,",:", 100:1 418 deg 

" LTC1164-7 50:1 432 deg 
100:1 418 deg 

LTC1264-7 25:1 407 deg 
50:1 390 deg 

Phase Deviation from LTC1064-7 50:1 ±C.7 % 
Linear Phase 100:1 ±1.0 % 
(Note 1) LTC1164-7 50:1 ±C.7 % 

100:1 ±1.0 % 
LTC1264-7 25:1 ±C.7 % 

50:1 ±C.5 % 

Group Delay (TO) TO = (1/360)( <1>/ fc) 
(Note 2) 

LTC 1 064-7 je=20kHz (50:1) 60 !IS 
je=10kHz (100:1) 116 !IS 

LTC1164-7 je=8kHz (50:1) 150 !IS 
fc=4kHz (100:1) 290.3 !IS 

LTC1264-7 fc,,1OOkHz (25:1) 11.3 !IS 
fc,,50kHz (50:1) 21.6 !IS 

III 
Group Delay Deviation LTC1064-7 50:1 ±C.7 % 
(Note 2) 100:1 ±1.0 % 

LTC1164-7 50:1 ±C.7 % 
100:1 ±1.0 % 

LTC1264-7 25:1 11).7 % 
50:1 11).5 % 
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LTC 1 064-7 jLTC 1164-7 jLTC 1264-7 

ELECTRICAL CHARACTERISTICS 
Vs=:±7.5Volts, I\.OAD=1Dk, TA=25°C, fclk=1 MHz(LTC1D64-7), 4DDkHz(LTC1164-7), 2.5MHz(LTC1264-7), 
TTL or CMOS Level and all Gain measurements are referenced to passband Gain unless otherwise specified. 
PARAMETER CONDITIONS 

Input Frequency Range LTC1064-71 LTCll64-7 SO:l 
100:1 

LTC1264-7 2S:1 
SO:l 

Maximum fclk LTC 1 064-7 I LTC1264-7 Vs:?7.r:N 
Vs=±5.OV 
Vs=±2.SV 

LTCll64-7 Vs=?7.0V 
Vs=±5·0V 
Vs=±2.SV 

Clock Feedthrough ( t? tclk ) Vs=±7.SV, Input at GND 
LTC1064-71 LTCl164-7 SO:l 

LTC1264-7 2S:1 
SO:l 

Wideband Noise ( 1 Hz s t s tclk ) Vs=±7.SV, Input at GND 
LTC1064-71 LTC1164-7 50:1 

LTC1264-7 25:1 
Input Impedance LTC1064-7! LTC1164-7 

LTC1264-7 
Output DC Voltage Swing LTC 1 064-7 Vs=±5.0V 

Vs=±7.5V 
LTC1164-7 Vs=±5.0V 

Vs=±7.5V 
LTC1264-7 Vs=±5.0V 

Vs=±7.5V 

Power Supply Current 
LTC1064-71 LTC1264-7 Vs=±2.375V 

Vs=±5.0V 
Vs=±7.5V 

LTCll64-7 Vs=±2·375V 
Vs=±5.OV 
Vs=±7.5V 

Power Supply Range 

Nole 1: Input frequencies. f, are linearly phase shHted through the filter as 
long as f s fc; fc = cutoff frequency. 
Agure 1 curve (A) shows the typical phase response of an LTC1264-7 
operating at fclk = 2.5MHz, fc = 100kHz. An endpoint straight line, curve 
(B), depicts the ideal linear phase response of the filter. It is described by: 

phase shHt= 1800 -<I> (f I fc) ; f sfc (1) 
<I> is arbitrarily called the -phase factor' expressed in degrees. The phase 
factor together with the specified deviation from the ideal straight line allows 
the calculation of the phase at a given frequency. Note, the maximum phase 
non linearity, figure 1. occurs at the vicinity of f = 0.25 fc, and = 0.75 fe. 
Example: The phase shift at 70kHz of the LTCI264-7 shown in figure 1 is: 

phase shift = 180° - 407° (70kHz 1100kHz) ± non linearity 
= -104.9"±0.7% or -104.go±.73° 

Nole 2: G roup Delay and G roup Delay Deviation are calculated from the 
measured Phase Factor and Phase Deviation specifications. 
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-27 0 
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-.......... 

MIN TYP MAX UNITS 

0 <tclk MHz 
0 <tclk/2 MHz 
0 <tclk MHz 
0 <tclk12 MHz 

S MHz 
4 MHz 
2 MHz 
loS MHz 
1.0 MHz 
O.S MHz 

200 !1VRMS 
200 !1VRMS 
700 !1VRMS 

110 !1VRMS 
190 !1VRMS 
50 kn 
56 kn 
:1:3.4 Volts 
:1:5.6 Volts 
±4.0 Volts 
±6.1 Volts 
:1:2.4 Volts 
±4.0 Volts 

11 rnA 
14 rnA 
17 rnA 
3 rnA 
5 mA 
7 rnA 

4.75 16 V 

PHASE RESPONSE IN THE PASSBAND 
LTC1264-7, FCLK=2.5MHz, RATlO=25:1 

-.......... 
.......... 

-.......... .... 
I'--. ....... 

~ 
~ 

............. 

o 10 20 30 40 50 60 70 80 90 100 
FREQUENCY (kHz) 
FIGURE (1) 
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Switching Voltage Regulator 

January 1992 

FEATURES 
• Wide Input Voltage Range 3V - 7SV 
• High Switch Voltage 100V 
• Low Quiescent Current 4.SmA 
• Internal 1A Switch 
• Shutdown Mode Draws Only 130J.tA Supply Current 
• Isolated Flyback-Regulated Mode for Fully Floating 

Outputs 
• Can Be Externally Synchronized 
• Frequency Shifts in Current Limit 
• Available in MiniDip, TO-220 and TO-3 Packages 
• Same Pinout as LT1072 

APPLICATIONS 
• Telecom SV Supply @ 0.8A from -48V (-10V -70V) 
• 90V Supply @ 120mA from 1SV 
• All Applications using LT1072 (See Below for 

Specification Differences) 

LT1082 and LT1072 MajorSpecificalion Differences 

VIN 

VSWITCH 
Switch Current Limit 
Quiescent Current 
Operating Frequency 
Ryback Reference Voltage 

L 11 082C L 11 072HV 
3V-75V 3V-SOV 
100V 75V 
1A 1.25A 
4.5mA SmA 
SOkHz 40kHz 
lS.2 +O.S(35kQfRFB) 
(See Figure 2.) 

TYPICAL APPLICATION 
Telecom 5V Power Supply 

"2S0!<H '01 

DESCRIPTION 
Th~ L~1082 is a monolithic high power, high voltage 
SWitching regulator. It can be operated in all standard 
switching configurations including buck, boost, flyback, 
fo~ard. a~d inverting. A hi.gh current, high efficiency 
SWitch IS Included on the die along with all oscillator 
control and protection circuitry. ' 
The LT1082 operates with supply voltages from 3V to 
7SV, switch voltage up to 100V and draws only 4.SmA 
quiescent current. Itcan deliverload power up to 20 watts 
with no external power devices. By utilizing current-mode 
switching techniques, it provides excellent AC and DC 
load and line regulation. . 
An externally activated shutdown mode reduces total 
supply current to 130!!A typical for standby operation. 
Totally isolated and regulated outputs can be generated by 
using the optional "isolated flyback regulation mode" built 
into the LT1082, without the need for optocouplers or 
extra transformer windings. 
The LT~ OB? has a u~ique feature to provide high voltage 
short CIrCUIt protectIOn. When the FB pin is pulled down 
to 0.6V and the current out of the pin reaches approxi
mately 3S0!!A, the switching frequency will shift down 
from 60kHz to 14kHz. (See Figure 1.) 
The LT1 OB2 is nearly identical tothe lowervoltage L T1 072. 
For the major differences in specifications, see the table 
on the left. 

Short-Circuit Frequency Shiftdown 

70 

........ t--.r..-~>--- VOUT 
SV.O.BA 

470pF 

O·C 
60 

VSW 
LT10B2 

Chem;-co" 
SXE SERIES 

GND Vc FB 

-30VTO-70V 

L7lJD~ 

10V 

'MOTOROLAMUR110 (100V.1A) 
,. COILTRONICS CTX-2S0-1-S2 
,., 2NS401 

.... 
:I: 

so 

g- 40 
z 
~ 30 
El 
fE 20 

10 

100·C 

2 

VOUT (V) 

i't 
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LT1082 

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Supply Voltage ........................................................ 75V 
Switch Output Voltage ........................................... 100V 
Feedback Pin Voltage (Transient, 1 ms) ................. ± 15V 
Operating Junction Temperature Range 

L T1082M ........................................... -55°C to 150°C 
L T10821 ............................................. -40°C to 125°C 
LT1082C ............................................... O°C to 100°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ............... 300°C 

ELECTRICAL CHARACTERISTICS 

BOTIOMVlEW 

V~SW10 2 oV~ 
4 a ISGND 

VIN FB 
4 LEAD '10-3 

TOPVIEW 

HERMETlCJ8 PACKAGE 

PlASTIC DIP NB PACKAGE 

Unless otherwise specified, VIN = 15V, Vc= O.5V, VFB = VREF, output pin is open. 

SYMBOL PARAMETER CONDITIONS MIN 

VREF ReferenceVoltage Measured at Feedback Pin 1.224 

ORDER PART NUMBER 

TYP 
1244 

LT1082MK 

LT1082CT 
LT10821T 

LT1082MJ8 
LT1082CN8 
LT10821N8 

MAX 
1.264 

UNrrs 

V 
Ve =O.SV • 1.214 1.244 1.274 V 

18 Feedback Input Current VF8= VREF 350 750 nA 

• 1100 nA 
gm Error Amplifier Ale = :t25!AA 3000 4400 6000 !1mho 

Transconductance • 2400 7000 ~ho 

Error Amplifier Source or Ve = 1.5V 150 200 350 !AA 
Sink Current • 120 400 !AA 
Error Amplifier Clamp Hi Clamp. VFB = 1V loS 2.3 V 
Voltage Lo Clamp. VFB = 1.5V 0.17 0.22 0.30 V 
Reference Voltage Line Regulation 3V .: VIN': VMAX, Vc = O.SV • 0.03 %N 

Av Error Amplifier Voltage Gain 0.9V.:Ve.: l .4V 400 700 VN 
Minimum Input Voltage • 2.6 3.0 V 

la Supply Current 3V .: VIN': VMAX, Ve = 0.6V 4.5 6.5 rnA 
Control Pin Threshold Duty Cycle = 0 O.S 0.9 LOS V 

• 0.6 1.25 V 
NormaVRybackThreshold on Feedback Pin 0.53 0.6 0.72 V 

f Switching Frequency 50 60 70 kHz 

• 45 75 kHz 
Switching Frequency SOO!AA~ IFB ~450!AA 14 kHz 

FN Output SWitch Breakdown Voltage 3V,:VIN,:VMAX.lsw=lmA • 100 115 V 
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LT1082 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, VIN = 15V, Vc= O.5V, VFB = VREF, output pin is open. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Control Voltageto SwRch 1.5 AN 
CurrentTransconductance 

VFB Flyback Reference Voltage IFB = SOIlA 17.5 19 20.5 V 

• lS.5 21.5 V 
Change in Flyback Reference Voltage SOIlA" IFB " 2001lA 3.5 4.S S.O V 
Flyback Reference Voltage Line Regulation IFB = SOIlA, 3V " VIN "VMAX 0.01 0.03 %/V 
Flyback Amplifier Transconductance (gm) alc =:t 1 01lA 150 300 500 flmho 
FlybackAmplifier Source Vc = O.SV Source • 15 32 70 IlA 
and Sink Current IFB = SOIlA Sink • 30 50 90 IlA 

VSAT Output Switch 'ON' Resistance (Note 1) Isw=lA (LT1082C),lsw=0.8A(LT1082M) • O.B 1.2 Q 

ILiM Switch Current Limit Duty Cycle" 50% Tj ;0 25°C • 1 2.4 A 
(LT10B2C) Duty Cycle" 50% Tj <25°C • 1.1 2.S A 

Duty Cycle = 80% (Note 2) • O.B 2.4 A 
Switch Current Limit Duty Cycle" 50% Tj;o25°C • 0.9 2.4 A 
(LT10B21) Duty Cycle" 50% Tj <25°C • 1.1 2.B A 

Duty Cycle = BO% (Note 2) • 0.7 2.S A 
Switch Current Limit Duty Cycle" 50% Tj;o25°C • O.B 2.4 A 
(LT10B2M) Duty Cycle" 50% Tj <25°C • 1.1 3.0 A 

Duty Cycle = BO% (Note 2) • 0.S5 2.B A 

aiiN Supply Current Increase 30 40 mAlA 
alsw During Switch On-Time 

DC(max) Maximum Switch Duty Cycle 85 92 97 % 
FlybackSenseDelayTlme 1.5 !IS 
ShutdownModeSupplyCurrent 3V "VIN"VMAX, Vc=0.05V 130 270 ~ 
Shutdown Mode 3V"VIN"VMAX 100 150 250 rrf.J 
Threshold Voltage • 50 300 rrrv 

.. The.denotesspeclflcatlonswhlchapplyovertheoperatingtemperature NaIll2:Fordutycycles(DC)from50%and80%,mmlmumguaranteedswitch 
range. current decreases linearly. 
Naill: MeasuredwithVc in hi clamp, VF8= O.BV. 

TYPICAL PERFORMANCE CHARACTERISTICS 
Short-Circuit 
Frequency ShiHdown 

N' 
:I: 

60 

50 

~ 40 
z 
~ 30 
51 
a: 
~ 20 

10 

o 
0.1 

O'C 

150'C \\ l 

\\ 
\ 

10'C, 

0.2 0.3 0.4 
IFB (rnA) 

Figure 1. 

25 

24 
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> 
"" 20 ~ 
> 19 ~ 
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0.5 0.6 

Isolated Flyback 
Reference Voltage 

RFB =3kr.l 

RFB *6kr.l 

RFB = 10klr-

i I 
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TEMPERATURE ("C) 

Figure 2. 
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720 
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Normal/Flyback Mode 
Threshold on Feedback Pin 

-..... o·c 

100'C 

~ 

150'C 

40 160 320 480 640 800 
IFB(~F) 

Figure 3. 
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LT1082 

BLOCK DIAGRAM 

FB -+-..... --.... 

0.15V 

16.2V 

SWITCH 
OUT 

E1' E2 

0.21:1 

'ALWAYS CONNECT E1 TO GROUND PIN ON MINIOIP PACKAGE. 
EMITTERS TIED TO GROUND ON TO-3 AND TO-220 PACKAGES. 

GNO 

TYPICAL APPLICATIONS 

VIN _ + 
30V -
T070V 25"" 
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Totally Isolated Converter 

VIN 

LT1082 

1.24: 1 MUR110 15V@0.3A 

vswt-_-....... 
MUR110 -15V@0.3A 

MINIMUM LOAD OF 0.15A IS REQUIRED 
FOR EACH OUTPUT. (SEE AN-19) 

Boost Converter 

MUR110 

78.8k 

+ LT1082 

GND FBt----t 

O.033~F Uk 

VOUT 
90V@120mA 

+ 



~7Lln~A_IL __ ~~_D ~_[LO_[M]D __ [M~_!i ~_W U \_~ LTC1096/LTC1098 
TECHNOLOGY Micropower, Sampling 

FEATURES 

• 80~A Supply Current 
• 3~A Supply Current iQ. Shutdown 
• 8 Pin SOIC Plastic Package 
• Single Supply 3V to 9V Operation 
• Sample and Hold 
• 16~S Conversion Time 
• 33KHz Sampling Rate 
• ± 1/2LSB Total Unadjusted Error Over Temp 
• Direct 3 Wire Interface to Most MPU Serial Ports 

and All MPU Parallel 1/0 Ports 
• Analog Inputs Common-Mode to Supply Rails 

APPLICATIONS 

• Battery Operated Systems 
• Remote Data Acquisition 
• Battery Monitoring 
• Battery Gas Gauges 
• Temperature Measurement 
• Isolated Data Acquisition 

TYPICAL APPLICATION 
101lW, SO-8 Package, 8-Bit ADC 

Samples at 200Hz and Runs off a 3V Battery 
M 3V 

8-bit Serial I/O AID Converters 
September 1991 

DESCRIPTION 
The LTC1096/8 are micropower, 8-bit AID converters 
which draw only 80~A of supply current when converting. 
They automatically power down to 3~A of supply current 
whenever they are not performing conversions. They are 
packaged in 8 pin SO packages and operate on 3V to 9V 
supplies. These 8-bit, switched capacitor, successive 
approximation ADCs include sample and holds. The 1096 
has a single differential analog input. The 1098 offers a 
software selectable 2 channel mux. 

On-chip serial ports allow efficient data transfer to a wide 
range of microprocessors and microcontrollers over 3 
wires. This, coupled with micropower consumption, makes 
remote location possible and facilitates transmitting data 
through isolation barriers. 

These circuits can be used in ratiometric applications or 
with an external reference. The high impedance analog 
inputs and the ability to operate with reduced spans 
(below 1V full scale) allow direct connection to sensors 
and transducers in many applications, eliminating the 
need for gain stages. 

All grades are specified with offset and linearity errors of 
±0.5LSB maximum over temperature. The A grade de
vices are specified with total unadjusted error of ±O.5LSB 
maximum over temperature. 

140 

120 

~ 100 

" ;::: 80 

Supply Current vs Clock Rate for 
Active and Shutdown Modes 

11111111 T~~~~~ 
11111111 

Vcc-5V· -

11 ri II'-l 
MPU 

(e.g .• 8051) 

z 
~ 60 a: 
=> 

_II 
Active (CS Low) 

ANALOG INPUT 
0-3V RANGE 

'------IP1.4 

lLl--t------jP1.3 

lli--t------jP1.2 
SERIAL DATA LINK 

~ 40 
Q. 

g; 20 
V> 

0.002 -

o 
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I II 11m 11 
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LTCl 096/LTCl 098 

ABSOLUTE MAXIMUM RATINGS 
(Noles 1 and 2) 

Supply Voltage (Vee) (Transient 10ms) ................... 12V 
Supply Voltage (Vee) ............................................... 10V 
Voltage 

Analog Reference ......................... -0.3V to Vee+0.3V 
Digital Inputs .......................................... -0.3V to 10V 
Digital Output ................................ -0.3V to Vee+0.3V 

Power Dissipation .............................................. 500mW 
Operating Temperature Range 

LTC1096/8AC, LTC1096/8C ................. O°C to 70°C 
Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) ................ 300°C 

Note1: Absolute maximum ratings are those values beyond which the 
life of a device may be impaired. 
Note 2: All voltage values are with respect to GND. 

PACKAGE/ORDER INFORMATION 

sa PACKAGE N8 PACKAGE 
HEAD PLASTIC SOIC HEAD PLASTIC DIP 

SO PACKAGE TOP VIEW 
ONLY 

CSt iIr---.--rI?-. 

SHUTDOWN 1 
CHO 2 

S8 PACKAGE N8 PACKAGE 
HEAD PLASTIC sOle HEAD PLASTIC DIP 

ORDER PART 
NUMBER 

LTC1096ACN8 
LTC1096CN8 
LTC1096ACS8 
LTC1096CS8 

LTC1098ACN8 
LTC1098CN8 
LTC1098ACS8 
LTC1098CS8 

RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER CONDITIONS MIN MAX UNITS 

Vec Supply Voltage 3 10 V 

fCLK Clock Frequency Vec= SV 0.025 O.S MHz 

tCYC Total Cycle Time L TCl 096, fClK = SOOKHz 29 ~s 
LTC 1 098, fClK = 500KHz 29 ~s 

thOi Hold Time, DIN After CLK t Vcc=5V 150 ns 

t.ucs Setup Time CS! Before First CLKt (See Figures 1 and 2) Vcc=5V,LTC1096 1 ~s 

Vcc = 5V, LTC1 098 1 ~s 

twakeup Wakeup Time CS! Before First CLK! After First CLKt Vcc=5V,LTC1096 10 ~s 
(See Fig. 1) 

Wakeup Time CSL Before MSBF B~ CLKL (See Fig. 2) Vcc= SV, LTC 1 098 10 ~s 

t.uDI Setup Time, DIN Stable Before CLKf Vcc=5V 400 ns 

tWHCLK CLK High Time Vcc= 5V 0.8 ~s 

tWlcLK CLKLowTime Vce= 5V 1 ~s 

tWHCS CS High Time Between Data TransferCycles Vce=5V 1 ~s 

tWlCS (;S Low Time During Data Transfer LTCl 096, 1m = 500KHz 28 ~s 
LTC 1 098, fCLK = 500KHz 28 ~s 
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LTCl 096/LTCl 098 

CONVERTER AND MULTIPLEXER CHARACTERISTICS (Note 3) 

LTC1096/8A LTC1096/8 
PARAMffiR CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Error • ±0.5 ±0.5 lSB 

linearity Error (Note 4) • ±0.5 ±0.5 lSB 

Full Scale Error • ±0.5 ±1 lSB 

Total Unadjusted Error VREF = 5.000V (Note 5) • ±0.5 ±1 lSB 

Analog and REF Input Range -O.05Vto Vcc+O.05V V 

On Channel leakage Current (Note 6) • ±1 ±1 ~A 

Off Channel leakage Current (Note 6) • ±1 ±1 ~A 

ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH High level Input Voltage Vcc=5.25V • 2.0 V 

Vil low level Input Voltage Vcc=4.75V • 0.8 V 

IIH High level Input Current VIN = Vcc • 2.5 ~A 

III low level Input Current VIN = OV • -2.5 ~A 

VOH High level Output Voltage Vcc=4.75V, 10=10~A • 4.5 4.74 V 
10= 360~A • 2.4 4.72 V 

Val low level Output Voltage Vcc = 4.75V, 10 = 1.6mA • 0.4 V 

loz Hi-Z Output leakage CSHigh • ±3 ~A 

ISOURCE Output Source Current VOUT= OV -25 rnA 

ISINK Output Sink Current Vour= Vcc 45 rnA 

Icc Supply Current CS = High • 0.001 3 ~A 
tCYC" 200~s, fClK s 50KHz • 40 80 ~A 
tCYC = 2g~s, fClK = 500KHz • 120 180 ~A 

I REF Reference Current CS = High • 0.001 2.5 ~A 
tCYC ,,200~s, fCLK s 50KHz • 3.5 7.5 ~A 
tCYC = 2g~s, fClK = 500KHz • 35 50 ~A 

tSMPl Analog Input Sample Time See Figures 1 and 2 1.5 ClKCycles 

tCONV Conversion Time See Figures 1 and 2 8 ClKCycles 

tdOO Delay Time, ClK~ to DOUT Data Valid ClOAO = 100pF • 50 150 ns 

tdis Delay Time, CSt to DOUT Hi-Z • 170 450 ns 

ten Delay Time, ClK~ to DOUT Enabled CLOAO = 100pF • 60 150 ns 

thOO Time Output Data Remains Valid After ClK j CLOAO = 100pF 30 ns 

tf DOUT Fall Time CLOAO = 100pF • 70 250 ns 

t, DOUT Rise Time CLOAO = 100pF • 25 100 ns 

CIN Input Capacitance Analog Inputs On Channel 30 pF 
Off Channel 5 pF 

Digital Input 5 pF 
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LTCl 096/LTCl 098 

Note 3: Vcc = 5V, VREF= 5Vand CLK=O.5MHz unless otherwise specHied. The 
• denotes specifications which apply over the operating temperature range. 
Note 4: Linearity error is specified between the actual end points of the AID 
transfer curve. 

APPLICATIONS INFORMATION 

Nota 5: Total unadjusted error includes offset, fullscale,linearity, multiplexer 
and hold step errors . 
Nole 6: Channel leakage current is measured after the channel selection. 

Figure 1. LTC1096 Operating Sequence 

1<III� .. 1---------------lcvc-------------~·1 
csl~ __________________________________________ ~r__lL 

eLK ~ _____ ___' 

DOUT 

MSB First Data (MSBF=1) 

, .. 

eLK 

0001 

Figure 2. LTC1098 Operating Sequence 
Example: Differential Inputs (CH+. CH-) 

FILLED 
WITH ZEROES 

HI·Z 

I~--------------~~ 

START F-SIG_N;.-.-"~=".,.,~=~=".,.,~=,.,.,.,~,.,.,.,,,.,.,=,.,.,.,~=,,.,.,~=,.,.,.,~=,.,.,.,.,,,.,,.,, 
OINLJ"U ~pWmAi_ 

SGU MSBF 
OIFF 

HI-Z FILLED WITH ZEROES Hi-Z 

Dour 
ISMPl-fo ___ ~..------

MSB First Data (MSBF=O) 

I~ .. -------------------------I~-----------------------~·I 
cs 

CLK 

SGU MSBF 
DIFF 

HI-Z HI-Z 

Dour 
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FEATURES 
• Operates at Supply Voltages From 2.0V to 30V 
• Consumes Only 11 O~ Supply Current 
• Works in Step-Up or Step-Down Mode 
• Only Three External Components Required 
• Low Battery Detector Comparator On-Chip 
• User-Adjustable Current Limit 
• Internal 1 A Power Switch 
• Fixed or Adjustable Output Voltage Versions 
• Space Saving 8-Pin MiniDlP or S08 Package 

APPLICATions 
• Palm Top Computers 
• 3V to 5V, 5V to 12V Converters 
• 9V to 5V, 12V to 5V Converters 
• LCD Bias Generators 
• Peripherals and Add-On Cards 
• Battery Backup Supplies 
• Cellular Telephones 
• Portable Instruments 

TYPICAL APPLICATiOnS 

DC-DC Converter 
Adjustable and Fixed 5V I 12V 

DESCRIPTion 
The LT1108 is a versatile micropower DC-DC converter. 
The device requires only three external components to 
deliver a fixed output of 5Vor 12V. Supply voltage ranges 
from 2.0Vto 12V in step-up mode and to 30Vin step-down 
mode. The LT1108functions equally well in step-up, step
down or inverting applications. 

The LT1108 is pin-for-pin compatible with the L T1173, but 
has a duty cycle of 70%; resulting in increased output 
current in many applications. The LT1108 can deliver 
150mA at 5V from a 2AA cell input and 5V at 300mA from 
9V in stepdown mode. Quiescent current is just 110~, 
making the LT1108 ideal for power-conscious battery 
operated systems. 

Switch current limit can be programmed with a single 
resistor. An auxiliary gain block can be configured as a low 
battery detector, linear post regulator, under voltage lock
out circuit or error amplifier. 

Palmtop Computer Logic Supply 

2XM + 
ALKALINE CELLS -=- 100llF LT110B-5 

SENSE 1-----' 

'L1 = GOWANDAGA20·103K 
COILTRONICS CTX100·4 
SUMIDA CD105-101K 

+ SANYO 
OS-CON 
100llF 
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LTll08 

ABSOLUTE mAXimum RATlnos PACKAGE/ORDER InFORmATion 
Supply Voltage (VIN) ................................................. 36V 
SW1 Pin Voltage (VSW1) ........................................... 50V 

SW2 Pin Voltage (VSW2) ............................. -0.5V to VIN 
Feedback Pin Voltage (L T11 08) .................................. 5V 
Sense Pin Voltage (L T11 08, -5, -12) ........................ 36V 

Maximum Power Dissipation ............................. 500mW 
Maximum Switch Current ........................................ 1.5A 

TOP VIEW ORDER PART 

'"'0"'-·' NUMBER 
VIN 2 7 SET 

SW13 6AO LT1108CN8 
SW2 4 5 GND L T11 08CN8-5 

NB PACKAGE LT1108CN8-12 
HEAD PLASTIC DIP 

Operating Temperature Range ..................... O°C to 70°C "FIXED VERSIONS 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature, (Soldering, 10 sec.) ................ 300°C TOP VIEW LT1108CS8 

r:1: ,~; ~ FB (SENSE)" L T11 08CS8-5 IUM 1 ;;;[. 
~~. VIN 2 m ~ SET L T1108CS8-12 IT "'. SW1 3 ~i ~ AO 

SW2 IT M. III GND 
",~~, 

SB PACKAGE 
HEAD PLASTIC SOIC 

"FIXED VERSIONS 

ELECTRICAL CHARACTERISTICS TA = 2SoC, VIM = 3V, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

10 Quiescent Current Switch Off • 110 150 IlA 
10 Quiescent Current, Boost No Load I LT110S-5 135 IlA 

Mode Configuration I LT110S-12 250 IlA 
VIN Input Voltage Step-Up Mode • 2.0 12.6 V 

Step-Down Mode • 30 V 
Comparator Trip Point Voltage LT110S (Note 1) • 1.20 1.245 1.30 V 

VOUT Output Sense Voltage L T11 OS-5 (Note 2) • 4.75 5.00 5.25 V 
LT110S-12 (Note 2) • 11.4 12.0 12.6 V 

Comparator Hysteresis LT110S • 5 10 mV 
Output Hysteresis LT110S-5 • 20 40 mV 

LT110S-12 • 50 100 mV 

fosc Oscillator Frequency 19 kHz 
Duty Cycle Full Load 70 % 

tON Switch ON Time I LIM tied to VIN 37 ~ 

Feedback Pin Bias Current LTll0S. VFS = OV • 10 50 nA 
Set Pin Bias Current VSET = VREF • 20 100 nA 

VOL Gain Block Output Low ISINK = I 001lA. VSET = 1.00V • 0.15 0.4 V 
Reference Line Regulation 2.0V s: VIN s: 5V • 0.2 0.4 %N 

5V s:VIN s: 30V • 0.02 0.Q75 %N 

VSAT SWSAT Voltage, Step-Up Mode VIN = 3.0V, Isw = 650mA • 0.5 0.65 V 

VIN = 5.0V, Isw = 1A O.S 1.0 V 
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LTl108 

ELECTRICAL CHARACTERISTICS TA = 25°C, VIN = 3V, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VSAT SWSAT Voltage, Step-Down Mode Y,N = 12V, Isw = 650rnA 1.1 1.5 V 

- 1.7 V 

Av Gain Block Gain RL = 100ko (Note 3) - 400 1000 VN 
Current Limit 2200 from ILiM to Y,N 400 rnA 
Current Limit Temperature Coeff. - -0.3 %/OC 
Switch OFF Leakage Current Measured at SWl Pin 1 10 IIA 

VSW2 Maximum Excursion Below GND ISWl s 101lA, Switch Off -400 -350 mV 

The _ denotes the specifications which apply over the full operating 
temperature range. 
Note1: This specification guarantees that both the high and low trip 
points of the comparator fall within the 1.20V to 1.30V range. 

Note 2: The output voltage waveform will exhibit a sawtooth shape due to 
the comparator hysteresis. The output voltage on the fixed output 
versions will always be within the specified range. 
Note. 3: 100kn resistor connected between a 5V source and the AO pin. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

~ 

Saturation Voltage Step-Up Mode 
(SW2 Pin Grounded) 

1.2 i---r-"""---'''''''':'-'--.--'''T> 

1.0 1--+-+--t--++++1-1 

0.8 1---+-+----I--lI'~~-I 

~ 0.6 1--+-+-"'-1-/:#--"+-----1 
-Jt 

0.4 1---+--I--o.d"P!'----+-+_-I 

0.2 1----+:.,..+----1--+-+--1 

o~~-~~--L-~~ 
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1000 

900 

800 

~>oo 
!z 600 
~ g; 500 
<.> 
x: 400 

~ 300 
'" 200 

100 

'SWITCH (A) 

Maximum Switch Current vs 
RliM Step-Down Mode 

I" You = 5V 

"" J'N~ 24 i""-,., ~L=500IlH 

.......... r--.... 
~ r-...." r-YIN= 12V 
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Switch ON Voltage 
Step-Down Mode 
(SW1 Pin Connected to VIN) 
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".-
,/ 
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'SWITCH (A) 

Set Pin Bias Current vs 
Temperature 
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TYPICAL PERFORmAnCE CHARACTERISTICS 

120 
Quiescent Current vs Temperature 

J)J 
110 

~Io-" 
~ 

V 
100 II 

:/ 

90 
-SO -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

Pin FunCTions 
IUM (Pin 1): Connectthis pin to VINfornormal use. Where 
lower current limit is desired, connect a resistor between 
ILiM and VIN. A 2200 resistor will limit the switch current 
to approximately 400mA. 

VIN (Pin 2): Input supply voltage. 
SW1 (Pin 3): Collector of power transistor. For step-up 
mode connect to inductor/diode. For step-down mode 
connect to VIN. 

SW2 (Pin 4): Emitter of power transistor. For step-up 
mode connectto ground. For step-down mode connectto 
inductor/diode. This pin must never be allowed to go more 
than a Schottky diode drop below ground. 

BLOCK DIAGRAmS 
LT1108 

SET 

AD 

ILiM SWl 

50 

40 

!Z 30 
~ 
a: 
::> 
'-' 
::; 20 
R: 
::> 
en 

10 

o 

Supply Current vs Switch Current 

1/ 
,r 

VIN·5V ~ 
V 

"' ...... 
L !L I-"'" VIN = 2V 

V 

V 
/' 
o 200 400 600 800 1000 

SWITCH CURRENT (mA) 

GND (Pin 5): Ground. 

AD (Pin 6): AUXiliary Gain Block (GB) output. Open collec
tor, can sink 100~. 
SET (Pin 7): GB input. GB is an op amp with positive input 
connected to SET pin and negative input connected to 
1.245V reference. 

FB/SENSE (Pin 8): On the LT11 08 (adjustable) this pin 
goes to the comparator input. On the L T11 08-5 and 
L T11 08-12, this pin goes to the internal application resis
tor that sets output voltage. 

LT1108-5, -12 

SET 

AD 

IUM SWl 

1.245V 
1.245V REFERENCE 

REFERENCE 

GND 
FB SW2 
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~~ TECHNOLOG~R~-------M-ic-r-o-p-o-w-e-r-L·~-~-~~O_:w; 

DC-fo-DC Converter 
Adjustable and Fixed 5V,12V 

FEATURES 
• Uses Off-the-Shelf Inductors 
• Low Cost 
• 8-Pin DIP or SO package 
• Fixed 5V or 12V Output 
• 120kHz Oscillator 
• Only Four External Components Required 
• 320tJA Standby Current 
• Logic-Controlled Shutdown 

APPLICATIONS 
• Flash Memory Vpp Generators 
• 3V to 5V Converters 
• 5V to 12V Converters 
• Disk Drives 
• PC Plug-In Cards 
• Peripherals 
• Battery-Powered Equipment 

TYPICAL APPLICATION 
All Surface Mount 

Flash Memory Vpp Generator 

L1t 
27!'1i MBRS120T3 

tVIN ~ 8 
-~~-IVIN SENSE 

VaUl 
12V 
140mA 5V C{ + 

221'FI 
16V 

L T1109ACS8-12 + C{' 

t SUMIDA CD54-270K 
• MATSUO 267M1602226 OR EQUIVALENT 

•• MATSUO 267M1602476 OR EQUIVALENT 

I 471'F 
16V 

February 1992 

DESCRIPTION 
The LT1109A is a simple step-up DC-to-DC converter. 
The 8-pin DIP or SOIC devices require only four external 
components to construct a complete DC-to-DC con
verter. Current drain is just 320tJA at no load, making the 
device ideal for cost-sensitive applications where standby 
current must be kept to a minimum. 

The L T11 09A-12 can deliver 12 volts at up to 140mA from 
a 5 volt supply, enough· power to program four Flash 
Memory chips simultaneously. The LT1109A-5 can de
liver 5 volts at up to 150mA from a 2 volt input. The 
devices feature a SHUTDOWN pin that turns off the 
oscillator when taken low. The gated-oscillator design 
requires no frequency compensation components. High 
frequency 120kHz operation permits the use of small 
surface mount inductors and capacitors. 

Output Current 

15 

vIN15v 
12 

i". 
~ 

o o 20 40 60 80 100 120 140 160 180 

OUTPUT CURRENT (rnA) 
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LT 11 09A 

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
(Voltages Referred to GND Pin) 
Supply Voltage (VIN) .................................. - 0.4V to 20V 
SW Pin Voltage ......................................... -0.4V to 50V 
Feedback Pin Voltage (LT1109A) ........................... 5.5V 
SHUTDOWN Pin Voltage ........................................ 5.5V 
Maximum Power Dissipation ............................. 300mW 
Operating Temperature Range .................... O°C to 70°C 
Storage Temperature Range .................. - 65°C to 150°C 

TOP VIEW ORDER PART ,,,om_- NUMBER 
NC 2 7 SHUIDOWN 

SW 3 6 NC 

PGND 4 5 GMl LT1109ACN8 
N8 PACKAGE L T11 09ACN8-5 

HEAD PlASTIC DIP LT1109ACN8-12 
• FIXED VERSIONS 

Lead Temperature (Soldering, 10 sec.) ............... 300°C 
Switch Current ....................................................... 1.6A TOP VIEW 

VIN g ~1~1 ~ FB (SENSE) • 

NC [l ::===* ~ SHUTDOWN LT1109ACS8 
SN~ II ~ NC L T1109ACS8-5 

PGND II ~GMl L T11 09ACS8-12 
58 PACKAGE 

8-LEAD PLASTIC SOIC 
• FIXED VERSIONS 

ELECTRICAL CHARACTERISTICS 
TA = 25°C, VIN = 3V unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

10 Quiescent Current Switch Off • 320 450 !IA 
VIN Input Voltage • 2 9 V 

Comparator Trip Point Voltage LT1109A • 1.20 1.25 1.30 V 

VOUT Output Sense Voltage LT1109A-5; 3V sV1N s5V • 4.75 5.00 5.25 V 
LT1109A-12; 3VsV1N s12V • 11.52 12.00 12.55 V 

Comparator Hysteresis LT1109A • 8 12.5 mV 

Output Voltage Ripple LT1109A-5 • 25 50 mV 
LT1109A-12 • 60 120 mV 

fosc Oscillator Frequency 120 kHz 

tON Switch On Time 5.6 lIS 
DC Duty Cycle Full Load 67 % 

VCESAT Switch Saturation Voltage Isw= 1A 0.7 V 
LT1109A-12: V1N =5V • 0.8 V 

Switch Leakage Current 1 10 !IA 
VIH SHUTDOWN Pin High • 2.0 V 

VIL SHUTDOWN Pin Low • 0.8 V 

IIH SHUTDOWN Pin Input Current VSHUTDOWN;" 2.0V • 10 !IA 
IL SHUTDOWN Pin Input Current OV s VSHUTDOWN s 0.8V • 20 !IA 
The. denotes the speCifications which apply over the full operating temperature range. 
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U \K. LTl1l2/ LTl1l4 

TECHNOLOG~R~-----D--u-a-I/-Q-U-a-d-L-o-w--P-o-w-e-r 
Precision l PicoamplnputOpAmps 

FEATURES 
• SO-8 package-standard pin-out 
• Offset Voltage-prime grade 50,..,V Max 
• Offset Voltage-low cost grade(incl. SO-8) 75,..,V Max 
• Offset Voltage Drift O.2,..,VrC 
• Input Bias Current 280pA Max 
• O.1Hz to 10Hz Noise O.5,..,Vp-p, 2.2pAp-p 
• Supply Current per amplifier 400,..,A Max 
• CMRR 120dB Min 
• Voltage Gain 1 Million Min 
• Guaranteed Specs with ± 1.0V Supplies 
• Guaranteed Matching Specifications 

APPLICATIONS 
• Picoampere/Microvolt Instrumentation 
• Two and Three Op Amp Instrumentation Amplifiers 
• Thermocouple and Bridge Amplifiers 
• Low Frequency Active Filters 
• Photo Current Amplifiers 
• Battery Powered Systems 

DESCRIPTION 
The LT1112 dual and LT1114 quad op amps achieve a new 
standard in combining low cost and outstanding preci
sion specifications. 

The performance of the selected prime grades matches or 
exceeds competitive devices. In the design of the LT11121 
LT1114, however, particular emphasis has been placed 
on optimizing performance in the low cost plastic and SO 
packages. For example, the 75,..,V maximum offset volt
age in these low cost packages is the lowest on any dual 
or quad, non-chopper op amp. 

The L T1112 and L T1114 also provide a full set of match
ing specifications, facilitating their use in such matching 
dependent applications as two and three op amp instru
mentation amplifiers. 

Another set of specifications are furnished at ± 1V sup
plies. This, combined with the low 290,..,A supply current 
per amplifier, allow the LT1112/L T1114 to be powered by 
two nearly discharged AA cells. 

Protected by U.S. patents 4,575,685; 4,775,884 and 4,837,496. 

DISTRIBUTION OF INPUT OFFSET VOLTAGE 
(IN ALL PACKAGES) 

·70 -!iO ·30 ·10 10 30 50 70 

INPUT OFFSET VOLTAGE (~V) 
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LTll12/ LT1114 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ...................................................... ±20V 
Differential Input Current .................................... ± 1 OmA 
Input Voltage ......................................................... ±20V 
Output Short Circuit Duration ......................... Indefinite 
Lead Temperature (Soldering, 10 sec) ................ 300°C 
Storage Temperature Range ................. -65°C to 150°C 

PACKAGE/ORDER INFORMATION 
TOP VIEW 

SBPACKAGE 

B-LEAOPlASTICSOIC 

TOPVIEW 

JB PACKAGE NB PACKAGE 

B-LEAOCERAMICOIP B·LEADPlASTICOIP 

ORDER PART 
NUMBER 

LT1112S8 

LT1112AMJ8 
LT1112MJ8 
L T1112ACJ8 
LT1112CJ8 
L T1112ACN8 
LT1112CN8 

Operating Temperature Range 
LT1112AM/LT1112M 
LT1114AM/L T1114M ..................... -55°C to 125°C 
LT1112AC/LT1112C/LT1112S8 
L T1114AC/LT1114C ......................... -40°C to 85°C 

TOPVIEW 

J PACKAGE N PACKAGE 

14·LEADCERAMICOIP 14-LEAOPlASTICOIP 

ORDER PART 
NUMBER 

LT1114AMJ 
LT1114MJ 
LT1114ACJ 
LT1114CJ 
LT1114ACN 
LT1114CN 

ELECTRICAL CHARACTERISTICS Vs = ±1SV, VCM = DV, TA = 2SoC, unless otherwise noted. 

lT1112AM/AC LT1112M/C/SB 
lT1114AM/AC lT1114M/C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vos InputOffsetVoltage 20 50 25 75 IlV 
Vs=±1.0V 40 95 45 130 IlV 

I'Nos long Term InputDffset 0.3 0.3 IlVlMo --
l1Time Voltage Stability 

los InputOffsetCurrent 40 150 40 150 ~ 

18 Input Bias Current ±80 ±280 ±80 ±280 Il'\ 
en I nput Noise Voltage 0.1 Hzlol0Hz 0.5 0.5 IlVP-P 

Input Noise Voltage Density fo=10Hz 16 16 nVNHz 
fo=1000Hz 14 14 nVNHz 

in InputNoiseCurrent 0.1 Hzto 10Hz 2.2 2.2 pAp-p 

Input Noise CurrentDensity fo=10Hz 0.030 0.030 pMIHz 
fo=1000Hz 0.008 0.008 pMIHz 

RIN InputResistance 
Differential Mode 30 80 30 80 ~ 
Common-Mode 1012 1012 Q 

VCM InpulVoltageRange ±13.5 ±14.3 ±13.5 ±14.3 V 
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LTl1l2/ LTl1l4 

ELECTRICAL CHARACTERISTICS Vs = :!:15V, VCM = OV, TA = 25°C, unless olherwise noled. 

LT1112AM/AC LT1112M/C/SB 
LT1114AM/AC LT1114MJC 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
CMRR Common-Mode Rejection Ratio VCM = ±13.5V 120 136 115 136 dB 
PSRR Power Supply Rejection Ratio Vs = ±1.0Vto±20V 116 126 114 126 dB 

AVOL Large Signal Voltage Gain Vo = ±12V, RL = 10kQ 1000 3000 800 2500 VlmV 
Va= ±10V, RL = 2kQ 450 2000 600 1800 VlmV 

VOUT Output Voltage Swing RL = 10kQ ± 13.0 ± 13.8 ± 13.0 ± 13.8 V 
RL = 2kQ ± 11.5 ± 13.0 ± 11.5 ± 13.0 V 

SR Slew Rate 0.12 0.18 0.12 0.18 VII'S 
GBW Gain-Bandwidth Product fo = 10kHz 450 650 450 650 kHz 

Is Supply Current Per Amplifier 320 400 320 450 JlA 
Vs = ±1.0V 290 370 290 420 JlA 

I!.Vos Offset Voltage Match 30 75 35 120 ~V 

I!.IB+ Non-Inverting Bias Current Match ±80 ±450 ± 80 ±450 pA 

I!.CMRR Common-Mode Rejection Match 115 132 110 130 dB 

I!.PSRR Power Supply Rejection Match 112 125 110 125 dB 
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U \tIC LTl121-5 

TECHNOLO~GY~--M-ic-ro-p-o-w-e-r-L-o-w""'D-ro-piiiiiiio-u-t 

FEATURES 
• O.4V Dropout Voltage 
• 150mA Output Current 
• 301tA Quiescent Current 
• 5V Trimmed Output Voltage 
• Controlled Quiescent Current in Dropout 
• Shutdown Available in 8-Pin Pkg. 
• 161tA Quiescent Current in Shutdown 
• Stable With 0.331LF Output Capacitor 
• Reverse Battery Protection 
• No Reverse Output Current 

APPLICATIONS 
• Low Current Regulator 
• Regulator for Battery Powered Systems 
• Post Regulator for Switching Supplys 

TYPICAL APPLICATION 

5V BATTERY POWERED SUPPLY 
WITH SHUTDOWN 

-~f-- SVOUT 
150mA 

OPEN COLLECTOR GATE 
SHUTDOWN • INPUT HIGH 
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• 6V BATTERY 
POWER SONIC 1'5-610 
OR EQUIVALENT 

Regulator 
April 1992 

DESCRIPTION 
The LT1121-5 is a Micropower loW Dropout Regulator 
with shutdown. The device is capable of supplying over 150 
milliamps of output current with a dropout voltage of O.4V 
at maximum output. For use in battery powered systems 
the low quiescent current, 30 microamps operating and 
16 microamps in shutdown, makes it an ideal choice. Also 
the quiescent current does not rise in dropout as it does 
with many other low dropout PNP regulators. 

Other features of the LT1121-5 include the ability to 
operate with very small output capacitors. It is stable with 
only 0.331LF on the output while most older devices require 
between 1ILF and 100ILF for stability. Small ceramic 
capacitors can be used, enhancing manutacturability. 
Also the input may be connected to ground or a reverse 
voltage without reverse current flow from output to input. 
This makes the LT1121-5 ideal for back-up power situa
tions where the output is held high and the input is at 
ground or reversed. Only 161tA will flow from the output 
pin to ground. 

0.5 

0.4 

I'll 0.3 
;! 

~ 5 0.2 

~ 
o ::s 0.1 

Dropout Voltage 

~ i-'" 
./ ".. 

/ 
V 

1/ 

II 
o 20 40 60 BO 100 120 140 160 

OUTPUT CURRENT (mAl 
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ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Input Voltage ........................................................ ±20V 
Shutdown Input Voltage * ........................... +5.5V, -0.6V TOP VIEW ORDER PART 

NUMBER 
Output Short Circuit Duration .......................... Indefinite 
Operating Junction Temperature Range NC 2 7 NC LT1121 MJ8-5 

GND 3 6 NC LT1121CJ8-5 LT1121 M ........................................... -55°C to 125°C 
LT1121C ............................................... O°C to 100°C 

OO'~D··~ 
NC 4 5 SHUTDOWN LT1121CN8-5 

Storage Temperature Range .................. -65°C to 150°C J8 PACKAGE CERAMIC DIP 

Lead Temperature (Soldering, 10 sec.) ............... 300°C N8 PACKAGE PLASTIC DIP 
sa PACKAGE PLASTIC so 

• LOW IMPEDANCE SOURCE 

BonOMVIEW 

0 
Z PACKAGE TO-92 PlASTIC 

ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS 

Regulated Output Voltage VIN= S.SV, Tj= 2SoC 

6V< VIN< 20V, 1 mA< lour< 100mA • 
6V< VIN< 20V, 1 mA< lour< 1 SOmA • 

Line Regulation dVIN = S.SVto 20V,lout= lmA • 
Load Regulation dlload = 1 mA to 1 SOmA, Tj = 2SC 

dlload = 1 mA to lS0mA • 
Dropout Voltage lload = SOmA • 

lload =1 OOmA • 
Iload =lS0mA • 

Ground Pin Current Iload =OmA, VIN = SV • 
lload =1 mA. VIN = SV • 
Iload = SOmA, VIN = SV • 
Iload = 100mA, VIN = SV • 
Iload = 150mA, VIN = 5V • 

Input Pin Reverse Leakage Current VIN = -20V, VOUT = OV • 
Reverse Output Current VIN = OV, Vout= SV 

Shutdown Threshold VOUT = off to on • 
VOUT = on to off • 

Shutdown Pin Current VSHDN = OV • 
Quiescent Current in Shutdown VIN = 6V, VSHDN = OV • 
Ripple Rejection VIN = 6V, lload = 0.1 A, VRIPPLE = 0.5Vp-p • 
Current Limit VIN - VOUT = 7V 

The. denotes specifications wh ich app Iy overthe operatingtemperature 
range. 

LT1121CS8-5 
S8 PART MARKING 

12105 

LT1121CZ-5 

MIN TYP MAX UNITS 
4.92S 5.000 5.07S V 
4.8S0 S.100 V 

.4.800 5.100 V 
1 10 mV 

- O.OOS - 0.007 %/mA 
- 0.008 - 0.012 %/mA 

0.30 O.SO V 
0.37 0.60 V 
0.42 0.70 V 
30 4S !!A 
90 130 !!A 
2.0 2.S mA 
5.0 8.0 mA 
10.0 lS.0 mA 

1.0 mA 
16 25 !!A 
1.2 3.0 V 

0.2 0.75 V 
6 10 !!A 
16 25 !!A 

50 58 dB 
220 500 mA 
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FEATURES 
• Extremely Low Dropout 
• Low Cost 
• Fixed 2.85V Output, Trimmed to ±1% 
• 600~ Quiescent Current 
• 3-Pin TO-92 Package 
• 8-Pin SOIC Package 
• 1 mV Line Regulation 
• 2mV Load Regulation 
• Thermal Limit 

TYPICAL APPLICATiOn 
2.85V Low Dropout Regulator 

• REQUIRED IF DEVICE IS 
MORE THAN 6' FROM MAIN 
FILTER CAPACITOR 

t REQUIRED FOR STABILITY 
(LARGER VALUES INCREASE 
STABILITY) 

Q1 MOTOROLA MJE1123 
OR EQUIVALENT 
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OUTPUT = 2.85V 

for SCSI-2 Active Termination 
July 1991 

DESCRIPTion 
The LT1123-2.85 is a 3-pin bipolar device designed to be used 
in conjunction with a discrete PNP power device to form an 
inexpensive low dropout regulator. The LT1123-2.85 consists 
of a trimmed bandgap reference, error amplifier, and a driver 
circuit capable of sinking up to 70mA of base current from the 
external PNP pass device. The LT1123-2.85 is designed to be 
used in SCSI-2 Active Terminator circuits. It is designed to 
provide a fixed output voltage of 2.85V, at output currents of up 
~1A . 

The drive pin of the device can pull down to 2V at 70mA (1.4V 
at 1 OmA). This allows a resistor to be used to limit the base drive 
available to the PNP. This resistor also minimizes the power 
dissipation in the L T1123-2.85. The drive current of the device 
is folded back as the feedback pin approaches ground to further 
limit the available drive current under short circuit conditions. 

Total quiescent current for the device is only 600~. The device 
is available in a low cost TO-92 package, and an 8-pin SOIC 
package. 

Dropout Voltage 

0.5 

0.4 

~ 
w 
~ 0.3 
~ g 
I-
::> 0.2 0 
Il. 
0 
a: 

'" 

V 
/ 

V 
0.1 

l/ V 
o 

o 0.2 0.4 0.6 0.8 1.0 

OUTPUT CURRENT (A) 

J 



ABSOLUTE mAXimum RATinGS 
Drive Pin Voltage (VDRIVE to Ground) .............................. 15V 
Feedback Pin Voltage (VFB to Ground) ............................ 15V 
Operating Temperature Range .......................... ooe to 100°C 
Storage Temperature Range ........................ - 65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ........................ 300°C 

ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS 

Output Voltage IDRIVE = 10mA 

1 OmA ,,; IORIVE"; 50mA 
3V,,; VORIVE ,,;10V 
O°C ,,;TJ,,;100°C 

Feedback Pin Bias Current VFB = 2.85V 

Drive Current VFB = 2.95V 
VFB = 2.70V 
VFB = OV 

Drive Pin Saturation Voltage IORIVE = 10mA 
IORIVE = 50mA 

Line Regulation ~VOUT 3V < VORIVE < 10V 

Load Regulation ~IORIVE = 10 to 50mA 

Temperature Coeffcient ~VOUT 

SimPLIFIED BLOCK DIAGRAm 

LTl123-2.85 

PACKAGE/ORDER InFORmATiOn 
TOP VIEW 

S PACKAGE 
8-LEAD PLASTIC SOICLTI123.285oPOI02 

BOTTOM VIEW 

Z PACKAGE 

ORDER PART 
NUMBER 

LT1123CSS-2.S5 

LT1123CZ-2.S5 

3-LEAD TO-92 PLASTIC LT11n-2B5.POIOl 

MIN TYP MAX UNITS 

2.82 2.85 2.88 V 

2.79 2.85 2.91 V 

300 500 IlA 
0.45 1.0 rnA 

50 70 rnA 
25 40 100 rnA 

1.4 V 
1.7 V 

0.3 ±10 mV 

-2 -20 mV 

0.2 mVtoC 
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Ultra-Low Noise Precision 
LTl 028 Type Op Amp 

FEATURES 
• Available in 8-pin SO Package 
• Gain-Bandwidth Product 
• Slew Rate 

20MHzTyp 
6V1fts Typ 

4.5V1fts Min 
• Voltage and Current Noise 100% Tested 
• Voltage Noise 1.1 nVIv'Hz Max at 1 kHz 

• Offset Voltage 
• Voltage Gain 
• Drift with Temperature 

APPLICATIONS 

0.85nVlv'Hz Typ at 1 kHz 
1.0nVIv'Hz Typ at 10Hz 

35nVp-p Typ, 0.1 Hz to 10Hz 
40ftV Max 

7 Million Min 
0.8ftVrC Max 

• Low Noise Frequency Synthesizers 
• High Quality Audio 
• Infrared Detectors 
• Accelerometer and Gyro Amplifiers 
• 350Q Bridge Signal Conditioning 
• Magnetic Search Coil Amplifiers 
• Hydrophone Amplifiers 

TOP VIEW 

TRIM 08 TRIM 
·IN 2 7 V+ 

+IN 3 6 aUT 

v· 4 5 g~~1j; TOP VIEW 

J PACKAGE N PACKAGE 
IH.EADCERAMICDIP IH.EADPlASTICDlP 

TOPVIEW 

-IN 2 7 V+ 
TRIM 08 TRIM 

H PACKAGETO-5 METAL CAN 

+IN 3 6 OUT 

V- 4 5 g~~Rp 
SOPAOKAGE 

6-lEADPLASTICSOIC 
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April 1992 
DESCRIPTION 
The LT1128 is a unity gain stable version ofthe LT1 028 op 
amp with a typical slew rate of 6V1ftS and a typical gain 
bandwidth product of 20MHz (measured at 200 kHz). 
None of the DC specifications of the L T1 028 were sacri
ficed to make the LT1128. 1 kHz noise is 0.85nV Iv'Hz and 
1.0nVlv'Hz at 10Hz noise. This ultra low noise is com
bined with true precision parameters, (0.1 ftVrC drift, 
10ftV offset voltage, 30 million voltage gain). 

The LT1128's voltage noise is less than the noise of a 50Q 
resistor. Therefore, even in very low source impedance 
transducer or audio amplifier applications, the L T1128's 
contribution to total system noise will be negligible. 

The LT1128 is available in the S08 package for high 
density boards. 

Voltage Noise vs Frequency 

lOm~~ Vs = t15V 
TA =25'C I '- '- MAXIMUM 

" '- 'j. 11 ~NER= 14Hz 

~ lYPICAL 'l:'r---\...... 
01.°m~~ i 1/f CORNER = 3.5Hz = 1== 
w 

~ 
~ 

0.1 10 100 1000 
FREQUENCY (Hz) 
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U \KLTl129-2.85, LTl129-3.3, LTl129-5 

TECHNOLOGY SOOmA Low Iq Low Dropout 
Regulator 

FEATURES 
• O.4V Dropout Voltage 
• 500mA Output Current (700mA peak) 
• 50~ Quiescent Current 
• 2.85V, 3.3V, and 5V Trimmed Output Voltages 
• Controlled Quiescent Current in Dropout 
• Shutdown Pin 
• 30~ Quiescent Current in Shutdown 
• Stable With 3.3"F Output Capacitor 
• Reverse Battery Protection 
• No Reverse Output Current 

APPLICATIONS 
• Low Current Regulator 
• Regulator for Battery Powered Systems 
• Post Regulator for Switching Supplys 

TYPICAL APPLICATION 

5V SUPPLY 
WITH SHUTDOWN 

OPEN COLLECTOR GATE 
SHUTDOWN = INPUT HIGH 

SVOUT 
~-+-- SOOmA 

April 1992 

DESCRIPTION 
The L T1129 is a Micropower Low Dropout Regulator with 
shutdown. The device is capable of supplying over 500 
milliamps of output current with a dropout voltage of O.4V 
at maximum output. For use in battery powered systems 
the low quiescent current, 50 microamps operating and 
30 microamps in shutdown, makes it an ideal choice. Also 
the quiescent current does not rise in dropout as it does 
with many other low dropout PNP regulators. 

Otherfeatures ofthe L T1129 include the ability to operate 
with small output capacitors. It is stable with only 3.3!lF 
on the output while most older devices require between 
10"F and 100"F for stability. Also the input may be 
connected to ground or a reverse voltage without reverse 
current flowfromoutput to input. This makes the LT1129 
ideal for back-up power situations where the output is 
held high and the input is at ground or reversed. Only 
16~ will flow from the output pin to ground.The device is 
available in 5-lead TO-220 and surface mount DD pack
ages. 

0.6 

0.5 

~ 
t: 0.4 

~ 
g 0.3 
!; 
~ 
~ 0.2 
c 

0.1 

Dropout Voltage 

~ 
,...., 

~ 

l..--" I---"" 

If 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

OUTPUT CURRENT (A) 
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FEATURES 
• ESD Protection over ±10kV 
• Uses Small Capacitors (O.1JlF, O.2JlF) 
• 1!lA Supply Current in SHUTDOWN 
• Pin Compatible with LT1137 
• Operates to 120kbaud 
• CMOS Comparable Low Power-60mW 
• Operates from a Single 5V Supply 
• Easy PC layout-Flow Through Architecture 
• Rugged Bipolar Design 
• Outputs assume a High Impedance State When 

Off or Powered Down 
• Improved Protection-RS232 1/0 Lines Can be 

Forced to ±30V Without Damage 
• Output Overvoltage Does Not Force Current 

Back Into Supplies 
• Absolutely No Latchup 
• Available in SO Package 

APPLICATIONS 
• Notebook Computers 
• Palmtop Computers 
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5V RS232 Transceiver 
with Small Capacitors 

June, 1992 

DESCRIPTION 

The LT1137A is a 3 driver, 5 receiver RS232 transceiver, 
pin compatible with the LT1137 - offering performance 
improvements and two SH UTDOWN modes. The L T1137 A's 
charge pump is designed for extended compliance, and 
can deliver over 40mA of load current. Supply current is 
typically 12mA - competitive with similar CMOS devices. 
An advanced driver output stage operates up to 120kbaud 
while driving heavy capacitive loads. 

The L T1137 A is fully compliant with all EIA-RS232 speci
fications. Special bipolar construction techniques protect 
the drivers and receivers beyond the fault conditions 
stipulated for RS232. Driver outputs and receiver inputs 
can be shorted to ±30V without damaging the device or the 
power supply generator. In addition, the RS232 1/0 pins are 
resilient to multiple ± 1 OkV ESD strikes. 

The transceiver has two shutdown modes. One mode 
disables the drivers and the charge pump, the other shuts 
down all circuitry. While shut down, the drivers and receiv
ers assume high impedance output states. 

Typical Application 

:rO.11'F 
mJ--=-:r.+ 2 x 0.1 "F .. 



LT1l37A 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

PACKAGEJOADERINFORMA110N 

Supply Voltage (Vcc) ................................................. 6V 
V+ ....................................................................... +13.2V 
V- ........................................................................ -13.2V 

v. v. ORDER PART 
fNVcc C2- NUMBER 

C1+ C2. 

Input Voltage 
Driver ........................................................... V+ to V-
Receiver ............................................... +30V to -30V 

Output Voltage 
Driver ................................................ -55°C to 125°C 

Cl- DRIVEAIN 
DRIVER OUT RXOUT LT1137AMJ 

RXIN ORIVERIN LT1137ACJ 
LT1137ACN 

RXIN RXOUT LT1137ACS 
RXIN RXOUT 

Receiver .................................................. O°C to 70°C RXIN 

Short Circuit Duration 
V+ ............................................................................ 30s 

ORIVEAOUT RXOUT 
RXIN GND 

DN,oFF DRIVER DISABlE 

V- ............................................................................ 30s 
Driver Output ................................................... Indefinite 
Receiver Output ............................................... Indefinite 
Operating Temperature Range 

LT1137AM ........................................ -55°C to 125°C 
LT1137AM .......................................... -40°C to 85°C 
LT1137AC ............................................... O°C to 70°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

ELECTRICAL CHARACTERISTICS (NoIe2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Power Supply Genenlor 

V+Output 8.6 V 
V-Output -7.8 V 
Supply Current (Vee) (Note 3) 12 17 rnA 
Supply Current when OFF (Vee) SHUTDOWN -55°C s TA s 125°C (Note 4) • 0.001 0.10 rnA 

SHUTDOWN O"C s TA s 70"C • 0.001 0.010 rnA 
DRIVER DISABLE 4 rnA 

Supply Rise Time C1.C2,C+.C-= 1.0uF 2 ms 
SHUTDOWN to Turn On C+.C- = 0.1I'F. C1. C2 = 0.2!AF 0.2 ms 
ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) • 1.4 0.8 V 

Input High Level (Device Enabled) • 2.0 1.4 V 
ON/OFF Pin Current OV SVONIOFF s5V • -15 80 IIA 
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) • 1.4 0.8 V 

Input High Level (Drivers Disabled) • 2.0 1.4 V 
DRIVER DISABLE Pin Current OV s VDRIVER DISABLE s 5V • -10 500 IIA 
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LTl137A 

ELECTRICAL CHARACTERISTICS (NoIe2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Any Driver 

OutputVoltageSwing load = 3k to GND Positive • 5.0 7.3 V 
Negative • -5.0 - 6.5 V 

Logic Input Voltage Level Input Low Level (Vour=High) • 1.4 0.8 V 
Input High Level (Vour=Low) • 2.0 1.4 V 

Logic Input Current 0.8V :s; VIN :s; 2.0V • 5 20 tAA 
Output Short Circuit Current VOUT=OV ±17 rnA 
Output Leakage Current SHUTDOWN VOUT = ±30V (Note 4) • 10 100 tAA 
Slew Rate RL =3k, CL =51 pF 15 30 V/tJS 

RL =3k, CL =2500pF 4 15 V/tJS 
Propagation Delay OutputTransitionlHL High to Low (Note 5) 0.6 1.3 tl.S 

Output Transition tLH Lowto High 0.5 1.3 tl.S 
Any Receiver 

Input Voltage Thresholds Input Low Threshold (VOUT = High) 0.8 1.3 V 
Input High Threshold (VOUT = Low) 1.7 2.4 V 

Hysteresis • 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kQ 

Output Voltage Output low, iOUT = -1.6mA • 0.2 0.4 V 
Output High, iOUT = 160tAA (Vee = 5V) • 3.5 4.2 V 

Ouput Leakage Current SHUTDOWN (Note) O:s; VOUT :s;Vee • 1 10 tAA 
Output Short Circuit Current Sinking Current,VOUT= Vee -10 -20 rnA 

Sourcing Current, VOUT = OV 10 20 rnA 
Propagation Delay Output Transition lHL High to Low (Note 6) 250 600 nS 

Output Transition tLH Low to High 350 600 nS 

The.denotesspecilicationswhichapplyovertheoperatingtemperature 
range. (0 °C:s; TA:S; 70° C I or commercial grade, -40°C:s; TA :s; B5°C lor 
industrial grade, and -55°C:s; TA:S; 125°C lor military grade.) 

Nole 4: Supply current measurements in SHUTDOWN are performed 
with VONiOFF = O.lV. Supply current measurements using DRIVER 
DISABLE are performed with VORIVER DISABLE = 3V. 

Nole 1: Absolute Maximum Ratings are those values beyond which the 
life 01 the device may be impaired. 
Note 2: Testing done at Vee = 5V and VONiOFF=3V. 
Note 3: Supply current is measured with driver and receiver outputs 
unloaded and the driver inputs tied high. 
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Nole 5:For driver delay measurements, RL = 3kand CL =51pF. Trigger 
pOints are set between the driver's input logic threshold and the output 
transition to the zero crossing. (tHL = 1.4Vto OV and tLH = 1.4Vto OV) 
Nole 6:For receiver delay measurements, CL = 51 pF. Trigger pOints are 
set between the receiver's input logicthreshold and the outputtransitlon 
to standardTTUCMOS logic threshold. (lHL = 1.3Vto 2.4VandtLH = 1.7V 
toO.BV) 



PIN FUNCTIONS 
Vee: +sv Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. This pin should be decoupled 
with a 0.11lF ceramic capacitor. 

GND: Ground Pin. 

On/Off: Controls the operation mode of the device and is 
TTUCMOS compatible. A logic low puts the device in the 
SHUTDOWN mode which reduces input supply current to 
zero and places the all ofthe d rivers and receivers in high 
impedance state. A logic high fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 driVers. A logic high on 
this pin shuts down the charge pumpand places all drivers 
in a high impedance state. Supply current drops to 4mA 
(typ) with Driver Disable active. All receivers remain active 
under these conditions. Floating the driver disable pin or 
driving it to a logic low level fully enables the transceiver. 

V+: Positive supply output (RS232 drivers). V+ - 2Vee-
1.SV. This pin requires an external capacitor C ,,0.1IlFfor 
charge storage. The capacitor may be tied to ground or 
+5V. The V+ output is short circuit proof for 30 seconds. 
With multiple transceivers, the V+ and V- pins may be 
paralleled into common capacitors. For large numbers of 
transceviers, increasing the size of the shared common 
storage capacitors is recommended to reduce ripple. 

V-: Negative supply output (RS232 drivers). V- .. -(2Vee2.SV). 
This pin requiresan external capacitorC"O.1IlFforcharge 
storage. V- is short circuit proof for 30 seconds. 

C1+;C1-;C2+;C2-: Commutating capacitor inputs. These 
pins require two external capacitors C ,,0.21lF. One from 
C1 + to C1-, and another from C2+ to C2-. To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than 2 Ohms. For C" 11lF, low ESR 
tantalum capacitors work well inthisapplication, although 
small value ceramic capacitors may be used with a minimal 
reduction in charge pump compliance. In applications 
where larger postive voltages are available, such as + 12V, 
C1 may be omitted and the positive voltage may be con
nected directly to the C1 + pin. In this mode of operation, the 
V + pin should be decoupled with a 0.11lF ceramic capaci
tor. 

LTl137A 

DRIVER IN: RS232 driver input pins. Inputs are TTUCMOS 
compatible. Inputs should not be allowed to float. Tie 
unused inputs to Vee. 

DRIVER OUT: Driver outputs at RS232 voltage levels. 
Outputs are in a high impedance state when in SHUTDOWN 
mode, Vee = OV, or when the driver disable pin is active. 
Outputs are fully short circuit protected from V- + 30V to 
V+ - 30V with power on, off, SHUTDOWN, or in disabled 
mode. Typical breakdowns are t4SV. Applying higher 
voltages will not damage the device if the overdrive is 
moderately current limited. Although the outputs are pro
tected, short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ± 1 OkV for human body model discharges. 

HX IN: Receiver inputs. These pins accept RS232 level 
signals (±30V) into a protected SkOhm terminating resis
tor. The receiver inputs are protected against ESDto t 1 OkV 
for human body model discharges. Each receiver provides 
O.4Vof hysteresis for noise immunity. 

RX OUT: Receiver outputs with TTUCMOS voltage levels. 
Outputs are in a high impedance stage when in SHUTDOWN 
mode to allow data line sharing. Outputs are fully short circuit 
protected to ground or Vee with the power on, off, or in 
SHUTDOWN mode. 

RS232 lin. Pins 
Pr~ected to 
,1·IOkV 

ESD Test Circuit 

O.lpF~ 
O.2~F • 
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Op Amp with Internal Capacitors 

FEATURES 

• High Voltage Operation ±18V Max 
• No External Components Required 
• Maximum Offset Voltage 51lV 
• Maximum Offset Voltage Drift O.05IlVrC 
• Low Noise 1.5IlVp-p (0.1 Hz to 10Hz) 
• Minimum Voltage Gain 140dB 
• Minimum CMRR 120dB 
• Minimum PSRR 120dB 
• Low Supply Current 0.8mA/Amplifier 
• Single Supply Operation 4.75V to 36V 

September 1991 

DESCRIPTiOn 

The lTC1151 is a high voltage, high performance dual 
chopper stabilized operational amplifier. The two sample
and-hold capacitors per amplifier required externally by 
other chopper amplifiers are integrated on-chip. The LTC1151 
also incorporates proprietalY high-voltage CMOS struc
tures which allow operation at up to 36V total supply voltage. 

• Input Common Mode Range Includes Ground 

The LTC1151 has a typical offset voltage of 0.5IlV, drift of 
0.01llVrC, 0.1 Hz to 10Hz input noise voltage of 1.51lV p-p, 
:md a typical voltage gain of 18OdB.lt has a slew rate of 3V/ 
Ils and a gain-bandwidth product of 2.5MHz with a supply 
current of 0.9mA per amplifier. Overioad recovery times 
from positive and negative saturation are 3ms and 20ms, 
respectively. 

• Typical Overload RecovelY Time 20ms 

APPLICATions 
• Strain Gauge Amplifiers 
• Instrumentation Amplifiers I 

• Electronic Scales 
• Medical Instrumentation 
• Thermocouple Amplifiers 
• High Resolution Data Acqui~ition 

TYPICAL APPLICATiOn 
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The lTC1151 is available in standard plastic S-pin DIP 
package, as well as a 16-pin wide-body SO. The LTC1151 is 
pin compatible with industlY standard dual op amps and 
runs from standard ± 15V bipolar supplies, allowing it to 
plug in to most standard bipolar op amp sockets while 
offering significant improvement in DC performance. 

High Voltage Instrumentation Amplifier 
1k 

v. 

1k 

1M 

GAIN = 1000VN 
OUTPUT OFFSET < SmV 



ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Total Supply Voltage (V+ to V-) ................................ 36V 
Input Voltage (Note 2) ............ (V+ + 0.3V) to (V- - 0.3V) 
Output Short Circuit Duration ......................... Indefinite 
Burn-In Voltage ....................................................... 36V 
Operating Temperature Range 

L TC1151 C .............................................. O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ............... 300°C 

ELECTRICAL CHARACTERISTICS 

LTCl151 

PACKAGE/ORDER INFORMATION 
TOPYIEW 

OllTA08V+ 
·INA 2 7 OllTB 

+INA 3 6 -INB 

V·4 5+INB 

N8PACKAGE 
8-lEAD PLASTIC DIP 

ORDER PART 
NUMBER 

LTC1151CN8 

LTC1151CS 

VS = :!:15V, TA = Operating Temperature Range, unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS 

Vas Input Offset Voltage T A = 25°C (Note 3) 

AVOS Average Offset Voltage Drift (Note 3) 

los Input Offset Current TA = 25°C 

18 Input Bias Current TA = 25°C 

EN Input Noise Voltage 0.1Hzt010Hz 
0.1Hzto 1Hz 

CMRR Common Mode Rejection Ratio VCM = V- to 12V 

PSRR Power Supply Rejection Ratio Vs = ±2.375V to :I: 16V 

VOUT Maximum Output Voltage Swing RL = 101(Q. TA = 25°C 
RL = 1001(Q 

Is Supply Current per Amplifier No Load, TA = 25°C 

Fs Internal Sampling Frequency TA = 25°C 

The • denotes specifications which apply over the full operating 
temperature range. 
Note1: Absolute Maximum Ratings are those values beyond which life of 
the device may be impaired. 
Note 2: Connecting any pin to voltages greater than V+ or less than V
may cause destructive latch-up. It is recommended that no sources 

LTC1151C 
MIN TYP MAX UNITS 

:1:0.5 :1:5 pV 
:1:0.01 :1:0.05 pvrc 
:1:20 :1:200 pA 

• :1:500 pA 
:1:10 :1:100 pA 

• :1:500 pA 
1.5 pVp-p 
0.5 pVp-p 

110 130 

120 145 

:1:13.5 :1:14.5 
± 14.95 

0.9 1.5 

600 

operating from external supplies be applied pllor to power-up of the 
LTC1151. 
Not. 3: These parameters are guaranteed by design. Thermocouple 
effects preclude measurement of these voltage levels in high-speed 
automatic test systems. Vos is measured to a limit determined by test 
equipment capability. 

dB 

dB 

V 
V 

rnA 

Hz 
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FEATURES 

• Butterworth or Bessel Response 
• 4mA Supply Current with ±5V Supplies 
• fCUTOFF up to 20kHz 
• 1 oojJVRMS Wideband Noise 
• THO <0.02% (50:1, Vs = ±7.5V, VIN = 2VRMs) 
• Operates at Single 5V Supply with 1 VRMS Input Range 
• Operates up to ±BV Supplies 
• TTUCMOS compatible clock input 
• 8th Order Filter in a 14-pin Package 
• No External Components 

APPLICATIONS 
• Anti-Aliasing Rlters 
• Battery Operated Instruments 
• Telecommunications Rlters 
• Smoothing Rlters 

TYPICAL APPLICATION 
20kHz Anti-Aliasing Filler 

V'N 

.w 4 
5 

NC 6 

7 

WIDEBAND NOISE = l00IJ'lRMS 
THO IN PASSBAND <tl.02% AT VIN = 2VRMS 

1-"12,---+ ~V 

1"'"'11,---+ CLOCK = lMHz 

1-"10,---+ TO V. 

F--t--- Vour 

NOTE: THE CONNECTION fROM PIN 7 TO PIN 14 SHOULD BE MADE UNDER THE 
PACKAGE. FOR 50:1 OPERATION CONNECT PIN 1 TO PIN 13AS SHOWN. FOR 100:1 OR 
150:1 OPERATION PINS 1 AND 13SHOULD FLOAT. THE POWER SUPPLIES SHOULD BE 
BYPASSED BY A O.lpF CAPACITOR AS CLOSE TO THE PACKAGE AS POSSIBLE. 
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Butterworth Lowpass Filter 
November 1991 

DESCRIPTION 

The LTC1164-5 is a monolithic 8th order Butterworth lowpass 
filter featuring clock-tunable cutoff frequency and low power 
supply current (4mA with ±5V supplies). Low power operation 
is achieved without compromising noise or distortion perfor
mance. Wideband noise of the LTCC1164-5is below 1 OOjJVRMS. 
With ±7.5V supplies the filter can handle input signals up to 
2.2VRMS with 0.02% THO. 

The LTC1164-5 approximates an 8th order Butterworth re
sponse with an fCLKto fCUTOFF ratio of 100:1 (pin 10 to V-) or 
50:1 (pin 10toV+andpin 1 shorted to pin 13). It approximates 
an 8th order Bessel response with an fCLK to fCUTOFF ratio of 
150:1 (pin 10 to gnd). The LTC1164-5 is pin compatible with 
the LTC1064-2. 

The 1164-5 can be clock tuned to a maximum fCUTOFF = 20kHz 
with ±7.5V supplies, fCUTOFF = 10kHz with ±5V supplies, and 
fCUTOFF = 6kHz with ±2.5V supplies. 

~ 

·70 

~ 

Frequency Response 

~ 

10 
FREQl£NCY (kHz! 

, 

100 



LTC1l64-5 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Total Supply Voltage (V+ to V-) ................................ 16V Burn-In Voltage ...................................................... 16V 
Input Voltage (Note 2) ............ (V+ + O.3V) to (V- - O.3V) Operating Temperature Range .................... O°C to 70°C 
Output Short Circuit Duration ......................... Indefinite Storage Temperature Range .................. -65°C to 150°C 
Power Dissipation ......... ,: .................................. .400mW Lead Temperature (Soldering, 10 sec.) ................ 30QoC 

PACKAGE/ORDER INFORMATION 

NPACKAGE 
14-LEAO PlASTIC DIP 

ORDER PART 
NUMBER 

LTC1164-5CN 
L TC1164-5CJ 
L TC1164-5MJ 

ELECTRICAL CHARACTERISTICS 

S PACKAGE 
16-LEAD SOL 

ORDER PART 
NUMBER 

LTC1164-5CS 

VS = ±7.5V, Rl = 10k, IClK = 400kHz, TA = Operating Temperature Range, unless otherwise specified. 

LTC1164-5C 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Passband Gain 0.1 Hz - 0.25IcUTOFF liN = 1 kHz, 100:1 • -0.15 -0.10 0.25 dB 
liN = 1 kHz, 50:1 • -0.20 0.10 0.25 dB 

Gain at 0.50IcUTDFF (Note 3) liN = 2kHz, 100:1 • -0.35 -0.20 0.17 dB 
liN = 4kHz, 50:1 • -0.15 -0.10 0.30 dB 

Gain at 0.90IcUTDFF (Note 3) liN = 3.6kHz, 100:1 • -2.5 -1.90 -1.0 dB 

Gain at 0.95IcUTOFF (Note 3) liN = 3.8kHz, 100:1 • -2.60 dB 

Gain at ICUTOFF (Note 3) liN = 4kHz, 100:1 • -2.75 -3.40 -4.1 dB 
liN = 8kHz, 50:1 • -2.75 -3.80 -4.2 dB 

Gain at 1.44IcUTDFF (Note 3) liN = 5.76kHz, 100:1 • -17.0 -19.0 -20.5 dB 

Gain at 2.0IcUTOFF (Note 3) liN = 8kHz, 100:1 • -41.0 -43.0 -45.0 dB 

Gain with ICLK = 20kHz liN = 200Hz, 100:1 • -2.75 -3.40 -4.50 dB 

Gain with Vs = ±2.375V ICLK = 400kHz, liN = 2kHz. 100:1 -0.25 -0.10 0.35 dB 
ICLK = 400kHz, liN = 4kHz, 100:1 -2.0 -3.40 -4.2 dB 

Input Frequency Range 100:1 0-<ICLK/2 kHz 
50:1 O-<ICLK kHz 

Maximum ICLK Vs '" ±7.5V 1.5 MHz 
Vs = ±5.0V 1.0 MHz 
Vs = ±2.375V 0.5 MHz 

Clock Feedthrough Input at GND, I", ICLK 200 pVRMS 

Wide band Noise Input at GND, 1 Hz" I < ICLK 100±10% pVRMS 
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LTCl164-5 

ELECTRICAL CHARACTERISTICS 
Vs. z7.5V, Rl .. 10k, FelK. 400kHz, TA" Operating Temperature Range, unless otherwise specified 

PARAMETER CONDITIONS 

Input Impedance 
Output DC Voltage Swing Vs = ±2.375V 

Vs = ±5.0V 
Vs = :t7.5V 

Output DC Offset 
Output DC Offset TempCo 

Power Supply Current Vs = :t2.375V, TA>25°C 

Vs = :t5.0V, TA>25°C 

Vs = :t7.5V, TA>25°C 

Power Supply Range 

The. denotes the specifications which apply over the full operating 
temprature range. 
Note 1: Absolute Maximum Ratings are those values beyond which life of 
the device may be impared. 

PIN DESCRIPTION 
GENERAL COMMENTS 
The following guidelines highlightthe information needed 
to maximize tQ~ filter's performance for high precision 
designs. The fiiter will function properly when provided 
with a TIL or CMOS clock source and operated within it's 
absolute maximum ratings. 

Power Supply Pins (4,12) 
The V + (pin 4) and the V- (pin 12) should be bypassed with 
a 0.1~F capacitor to an adequate analog ground. The 
filter's power supplies should be isolated from other 
digital or high voltage analog supplies. A low noise linear 
supply is recommended. Using a switching powersupply 
will lower the signal to noise ratio of the filter. The supply 
during power up should have a slew rate less than 1v/~S. 
When V + is applied before V- and V- is allowed to go above 
ground, a signal diode should clamp V- to prevent latch 
up. Rgures 1 and 2 show typical connections for dual and 
single supply operation. 

Clock Input Pin (11) 
Any TIL or CMOS clock source with a square wave output 
and 50% duty cycle (± 10%) is an adequate clock source 
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LTC11&4-5C 
MIN TYP MAX UNITS 

100 kg 

• :t1.25 ±1.5 V 

• ±3.70 ±4.10 V 

• :t5.40 :t5.90 V 
:t30 :t160 mV 
:t100 pvre 

2.5 4.0 rnA 
• 4.5 rnA 

4.5 7.0 rnA 

• 8.0 rnA 
7.0 11.0 rnA 

• 12.5 rnA 
:t2.375 :1:8 V 

Note 2: Connecting any pin to voltages greater than V+ or less than V- may 
cause latch-up. It is recommended that no sources operating from external 
supplies be applied prior to power-up of the LTC1164-S. 
Not, 3: All gains are measured relative to passband gain. 

LTC'184-5 

"'NI---+---..;t 

v+--.-H-";'! 

'-----_vour 

Figure 1. Dual supply operation for a fcud'cUTOFF = 100:1. 

for the device. The power supply for the clock source 
should not be the filter's power supply. The analog 
ground for the filter should be connected to clock's 
ground at a single point only. Table 1 shows the clock's 
low and high level threshold values for a dual or single 
supply operation. A pulse generator can be used as a 
clock source provided the high level ON time is greater 
than O.5~S. Sine waves are not recommended for clock 
input frequencies less than 100kHz, since excessively 
slow clock rise or fall times generate internal clock jitter. 
The clock signal should be routed from the right side of the 
IC package and perpendiculartoittoavoid couplingtoany 
input or output in the analog signal path. A 1Kc resistor 
between clock source and pin 11 will slow down the rise 



and fall times of the clock to further reduce charge 
coupling, figure 1 and 2. 

LTC1164-5 

VlN---I---=i 

O.1¢= 

Figure 2. Single supply operation for a fCLK/lcUTOFF = 100:1. 

Analog Ground Pins (3,5) 

The filter performance depends on the quality of the 
analog signal ground. For either dual or single supply 
operation, an analog ground plane su rrounding the package 
is recommended. The analog ground plane should be 
connected to any digital ground at a single point. For dual 
supply operation, pins 3 and 5 should be connected to the 
analog ground plane. For single supply operation pins 3 
and 5 should be biased at 1/2 supply and they should be 
bypassed to the analog ground plane with at least a4.7uF 
capacitor, figure 2. 

Ratio Input Pin (10) 

The DC level at this pin determines the ratio of the clock 
frequency to the cutoff frequency of the filter. Pin 10 at V+ 
gives a 50:1 ratio and a Butterworth response (pins 1 to 13 
should be shorted for 50:1 only.) Pin 10 at V- gives a 
100:1 Butterworth response. Pin 10 at ground gives a 
Bessel response and a ratio of 150:1. For single supply 
operation the ratio is 50:1 when pin 10 is at V+ (pins 1 to 
13 shorted,) 100:1 when pin 10 is at ground and 150:1 
when at 1/2 supply. When pin 10 is not tied to ground, it 
should be bypassed to analog ground with a 0.1 ~ F 
capacitor. Ifthe DC level at pin 10 is switched mechani
cally or electrically at slew rates greater than 1 V I~S while 
the device is operating, a 10kQ resistor should be 
connected between pin 10 and the DC source. 

Filter Input Pin (2) 

The input pin is connected internally through a 100KQ 
resistor tied to the inverting input of an op amp. 

LTC 11 64-5 

Filter Output Pins (9,6) 

Pin 9 is the specified output of the filter; it can typically 
source orsink 1 mAo Driving coaxial cables or resistive loads 
less than 20K will degrade the total harmonic distortion of 
the filterWhen evaluating the device's distortion an output 
buffer is required. A non inverting buffer, figure 3, can be 
used provided that its input common mode range is well 
within the filter's output swing. Pin 6 is an intermediate filter 
output providing an unspecified 6th orderlowpassfilter. Pin 
6 should not be loaded. 

1000 

Figure 3. Buffer for filler output. 

External Connection Pins (7,14, and 1,13) 

Pins 7 and 14 should be connected together. In a printed 
circuit board the connection should be done under the Ie 
package through a short trace surrounded by the analog 
ground plane. When the clock to cutoff frequncy ratio is set 
at 50:1, pin 1 should be shorted to pin 13; if not, the 
passband will exhibit 1 db of gain peaking and it will deviate 
from a Butterworth response. Note, for some applications, 
a small gain peaking may be required to compensate for 
sinxlxsystem errors.Pin 1 isthe inverting input of an internal 
op amp and, it should preferably be 0.2 inches away from 
any other circuit trace. 

NC Pin (8) 

Pin 8 is not connected to any internal circuit point on the 
device and should be preferably tied to analog ground. 

TABLE 1. Clock Source High and Low threshold levels. 

POWER SUPPLY HIGH LEVEL LOW LEVEL 

Dual Supply = ±7.5Volts .. 2.18Volt :5 O.5VoIt 

Dual Supply = ±5.0Volts " 1.45Volt :5 O.5Volt 
Dual Supply = ±2.5Volts .. O.73Volt :5 -2.0VoIt 

Single Supply = 12.0Volt .. 7.80Volt :5 6.5VoIt 

Single Supply = 5.0Volt .. 1.45Volt :5 O.5Volt 
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~ TECHNOLO~~~-------L-o-w--p-o-w-e-r-8t-h-o--rd-e-r 

FEATURES 

• 8th Order Elliptic Filter in a 14-pin Package 
• 4mA Supply Current with ±5V Supplies 
• 64dB Attenuation at 1.44 fCUTOFF 
• fCUTOFF up to 20kHz 
• 100:1 fClK to fCUTOFF Ratio 
• 120~VRMS Wideband Noise 
• Operates at Single 5V Supply with 1VRMS Input Range 
• Operates up to ±8V Supplies 
• nUCMOS compatible clock input 
• No External Components 

APPLICATions 

• Anti-Aliasing Filters 
• Battery Operated Instruments 
• Telecommunications Filters 
• Smoothing Filters 

TYPICAL APPLICATiOn 
20kHz Anti-Aliasing Filler 

NC 1 14 

2 LTC1164-6 13 
Y,N NC 

12 
.flV 

.6V 
4 11 

CLOCK= 1MHz 
5 10 

TOV. 

NC 

- -

WIDEBmDNOISE=120~VRMS 

NOTE:THECONNECTION FROM PIN lTO PIN 14SHOULD BEMADE UNDER THE 
PACKAGE. THE POWER SUPPLIES SHDLLD BE BYPASSED BYAO.1 ~FCAPACITORAS 
CLDSETOTHE PACKAGEAS POSSIBLE. 
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Elliptic Low Pass Filter 

November 1991 

DESCRIPTion 

The LTC1164-6 is a monolithic 8th order elliptic lowpass filter 
featuring clock-tunable cutoff frequency and low power supply 
current. Low power operation is achieved without compromis
ing noise or distortion perfonnance; the LTC1164-6 uses only 
4mA supply current while keeping wide band noise below 
120~VRMS· 

The LTC1164-6 provides an elliptic low-pass rolloff with 
stopband attenuation of 64dB at 1.44fcUTOFF and an fClK to 
fCUTOFF ratio of 100:1. The L TC1164-6 is pin compatible 
with the LTC1064-1. 

The 1164-6 can be clock tuned to a maximum fCUTOFF = 20kHz 
with ±7.5V supplies, fCUTOFF = 10kHz with ±5V supplies, and 
fCUTOFF = 6kHz with ±2.5V supplies. 

·10 

·20 

m-aJ 
:!!. 
Z-lO « 
"'-50 

.eo 
-70 

-60 

Frequency Response 

ItIIr 

10 
FREQUENCY (kHz) 

100 



LTC 11 64-6 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Total Supply Voltage (V+ to V-) ................................ 16V 
Input Voltage (Note 2) ............ (v+ + O.3V) to (V- - O.3V) 
Output Short Circuit Duration ......................... Indefinite 
Power Dissipation ............................................. 400mW 

PACKAGE/ORDER INFORMATION 

NPACKAGE 
14-LEAD PLASTIC DIP 

ORDER PART 
NUMBER 

L TC1164-6CN 

ELECTRICAL CHARACTERISTICS 

Bum-In Voltage ...................................................... 16V 
Operating Temperature Range .................... O°C to 70°C 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

S PACKAGE 
16-LEAO SOL 

ORDER PART 
NUMBER 

L TC1164-6CS 

Vs = :l:7.5V, RL = 10k, feLK = 400kHz, TA = Operating Temperature Range, unless otherwise specified. 

LTC11&4-6C 
PARAMETER CONDITIONS MIN TYP MAX 

Passband Gain 0.1 Hz- 0.25fcUTOfF fTEST=lkHz -0.10 

GainatO.50fcUTOFf (Note 3) fTEST=2kHz -020 

GainatO.90fcUTOFf (Nole 3) fTEST = 3.SkHz -0.10 

GainatO.95fcUTOFf (Note 3) fTEST = 3.8kHz -0.40 

Gain atfcuTOFF (Note 3) fTEST=4kHz -2.40 

Gainatl.44fcUTOFf (NoteS) iTEST=5.75kHz -65.0 

Gain at 2.0f CUTOFf (Note 3) fTEST=8kHz -65.0 

GainwithfcLK=20kHz iTEST=200Hz -2.40 

Gain with Vs =±2.375V fClK = 400kHz. iTEST = 2kHz -0.10 
fClK=400kHz.fTEST=4kHz -2.40 

Input Impedance 

Power SUpply Current Vs=±5V 

Nole1 :Absolute Maximum Ratingsarethosevalues beyond which life of 
the device may be impared. 
Note 2: Connecting any pinto voltages greaterthanV+orlessthan V
may cause latch-up.ltisrecommendedthat no SDurcesoperatingfrom 

30 

4 

external supplies beapplied priorto power-up of the LTCll64-S. 
Nola 3: A" gains are measured relative to passband gain. 

UNITS 

dB 

<B 

<B 

dB 

dB 

dB 

dB 

<B 

dB 
dB 

k'-! 

1M 
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TECHNOLOG~~~-------8---Bi-t,-&D--ns-/l-.3-M-H-Z 

FEATURES 

• 600ns Conversion Time 
• 1 OOns Sample and Hold Acquisition Time 
• 1.3MHz Sampling Rate 
• SO-8 Plastic Package 
• Single Supply 3V to 6V Operation 
• Low Power: 1 OmW @ 3V Supply or 

50mW @ 5V Supply 
• 3~A Shutdown (LTC1198) 
• ± 1 12LSB Total Unadjusted Error Over Temp 
• 3 Wire Serial 1/0 
• 1 V to 5V Input Span Range 

APPLICATIONS 
• High Speed Data Acquisition 
• Disk Drives 
• Portable or Compact Instrumentation 
• Low Power or Battery Operated Systems 

PACKAGE INFORMATION 
SO PACKAGE TOPVlEW 

ONLY"'~~--L: 

S8 PACKAGE N8 PACKAGE 
8·LEAD PLASl1C SOIC 8-LEAD PLASl1C DIP 
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Sampling AID Converters 
November 1991 

DESCRIPTION 
The LTC1196/8 are 600ns, 8-bit AID converters with a 
sampling rate of 1.3MHz. They are offered in 8 pin SO 
packages and operate on 3V to 6V supplies. They draw 
only 1 OmW from a 3V supply or 50mW from a 5V supply. 
The L TC1198 automatically powers down to 3~A of 
supply current whenever it is not performing conver
sions. These 8-bit, switched capacitor, successive ap
proximation ADCs include sample and holds. The 1196 
has a differential analog input. The 1198 offers a software 
selectable 2 channel mux. 

On-chip serial ports allow 8 pin packaging and require only 
3 interface lines. The 3 wires transferdatato shift registers, 
ASICs or microprocessors. SO-8 packages, 3Voperation 
and extremely high sample rate to power ratio (100KHzI 
mW) provide an ideal choice for compact, high speed 
systems. 

TheseADCs can be used in ratiometricapplications orwith 
extemal references. The high impedance analog inputs 
and the ability to operate with reduced spans (below1Vfull 
scale) allow direct connection to sensors and transducers 
in many applications, eliminating the need for gain stages. 

All grades are specified with offset and linearity errors of 
±O.5LSB maximum over temperature. The A grade de
vices are specified with total unadj usted error of ±O.5LSB 
maximum over temperature. 

so PACKAGE TOPVlEW 

ONL Y"]I!,---.--Jif---, 

sa PACKAGE N8 PACKAGE 
8-LEAD PLASl1C SOIC 8-LEAD PLASl1C QlP 
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Feedback Amplifier 
April 1992 

FEATURES 
• 140MHz Bandwidth, Av=2, RL =1500 
• 1100Vllls Slew Rate 
• Low Cost 
• 30mA Output Drive Current 
• 0.01 % Differential Gain 
• 0.010 Differential Phase 
• High Input Impedance, 14MO, 3pF 
• Wide Supply Range, ±2V to ± 15V 
• Shutdown Mode -- Is<250~ 
• Low Supply Current, Is =10mA 
• Inputs Common Mode to Within 1.5V of Supplies 
• Outputs Swing Within O.8V of Supplies 

APPLICATIONS 
• Video Amplifiers 
• Cable Drivers 
• RGB Amplifiers 
• Test Equipment Amplifiers 
• 500 Buffers for Driving Mixers 

TYPICAL APPLICATION 

DESCRIPTION 
The LT1227 is a current feedback amplifier with wide 
bandwidth and excellent video characteristics. The low 
differential gain and phase, wide bandwidth, and the 30mA 
output current drive makes the LT1227 well suited to drive 
cables in video systems. 

A shutdown feature switches the device into a high 
impedance, low current mode, allowing multiple devices 
to be connected in parallel and selected. Input to output 
isolation in shutdown is 70dB at 10MHz for input ampli
tudes up to 10Vpp. The shutdown pin interfaces to open 
collector or open drain logic and takes only 4JAS to enable 
or disable. 

The LT1227 comes in the industry standard pinout and 
can upgrade the performance of many older products. For 
a dual or quad version, see the LT1229/1230 datasheet. 

The LT1227 is manufactured on Linear Technology's 
proprietary complementary bipolar process. 

Video Cable Driver Differential Gain and Phase 
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R. 
lk 

lk 

75[;2 

VOUT 

vs Supply Voltage 
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LTl227 

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
Supply Voltage ....................................................... ± 18V 
Input Current ...................................................... ± 15mA 

ORDER PART 
TOP VIEW NUMBER 

Output Short Circuit Duration (Note 1) ......... Continuous 
Operating Temperature Range 

L T1227C ............................................... O°C to 70°C 
L T1227M ........................................ -55°C to 125°C 

Storage Temperature Range .................. -65°C to 150°C 

'""O~~" 
LT1227MJ8 

·IN 2 7 v+ LT1227CN8 
.IN 3 6 OUT LT1227CS8 
v- 4 5 NULL 

Junction Temperature 
Plastic Package .............................................. 150°C 
Ceramic Package ........................................... 175°C 

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

ELECTRICAL CHARACTERISTICS 
VCM = 0, :t5V s Vs s :t15V, pulse tested,unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vas Input Offset Voltage TA=25°C ±3 ±10 mV 

• ±15 mV 

Input Offset Voltage Drift • 10 !lVrC 

liN. Non-inverting Input Current TA=25°G ±O.3 ±3 !lA 

• ±10 !lA 
IIN- Inverting Input Current TA=25°C ±10 ±60 !lA 

• ±100 !lA 
en Input Noise Voltage Density f = 1kHz. RF= lkQ, RG = 10Q, Rs= OQ 3.2 nW-IHz 

in Input Noise Current Density f = 1kHz, Rr-lkQ, RG= 10Q, Rs = 10kQ 1.7 plVv'Hz 

RIN Input Resistance VIN = ±13V, Vs=±15V • 1.5 14 MQ 

VIN= ±3V, Vs=±5V • 1.5 11 MQ 

GIN Input CapaCitance 3 pF 

Input Voltage Range Vs = ± 15V, TA = 25°G ±13 ±13.5 V 

• ±12 V 

Vs=±5V, TA=25°G ±3 ±3.5 V 

• ±2 V 

CMRR Common-Mode Rejection Ratio Vs = ±15V, VCM= ±13V, TA= 25°C 55 62 dB 

Vs=±15V, VCM=±12V • 55 dB 

Vs =±5V, VCM=:t3V, TA=25°C 55 61 dB 

Vs=±5V, VCM=±2V • 55 dB 
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ELECTRICAL CHARACTERISTICS 
VCM = D,:t5V" Vs" :t15V, pulse tested, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Inverting Input Current Vs = ±15V. VCM= ±13V, TA= 25°C 3.5 10 tJ!W 
Common-Mode Rejection Vs =±15V, VCM=±12V • 10 tJ!W 

Vs =±5V, VCM= ±3V, TA= 25°C 4.5 10 tJ!W 
Vs =±5V, VCM=±2V • 10 tJ!W 

PSRR Power Supply Rejection Ratio Vs= ±2Vto ±15V, TA= 25°C 60 80 dB 
Vs=±3Vto±15V • 60 dB 

Non-Inverting Input Current Vs=±2Vto±15V. TA=25°C 2 50 nAN 
Power Supply Rejection Vs = ±3Vto ±15V • 50 nAN 
Inverting Input Current Vs = ±2Vto ±15V, TA= 25°C 0.25 5 tJ!W 
Power Supply Rejection Vs= ±3Vto ±15V • 5 tJ!W 

Av Large Signal Voltage Gain Vs=±15V,Vour=±10V,RLOAO= lkQ • 55 72 dB 
Vs = ±5V, Vour = ±2V, RLOAO = 150Q • 55 72 dB 

ROL Transresistance, t. Vourt t.11N- Vs=±15V,Vour=±10V,RLOAO= lkQ • 100 270 kQ 

Vs = ±5V, Vour = ±2V, RLOAO = 150Q • 100 240 kQ 

VOUT Maximum Output Voltage Swing Vs=±15V, RLOAO=400Q,TA=25°C ±12 ±13:5 V 

• ±10 V 
Vs = ±5V, RLOAO = 150Q, TA = 25°C ±3 ±3.7 V 

• ±2.5 V 

lour Maximum Output Current RLOAO = OQ, TA= 25°C 30 60 rnA 

Is Supply Current, Note 2 Vs = ±15V, Vour= OV, TA=25°C 10 15 rnA 

• 17.5 rnA 
Posttive Supply Current, Shutdown Vs=±lSV,Pin BVoltage =OV 120 250 iAA 

• 500 iAA 
18 Shutdown Pin Current, Note 3 Vs=±15V • 200 iAA 

Output Leakage Current, Shutdown Vs=±15V,PinBVoltage=OV, TA=25°C 10 iAA 
ffi Slew Rate, Notes4and 6 TA=25°C 500 1100 VIlAS 
t, RiseTime, Notes5and 6 TA=25°C 13 25 ns 
fJN Small Signal Bandwidth Vs=±15V,IlF=1kQ,Rt;=1kQ,RL =1500 140 MHz 

t, Small Signal Rise Time Vs=±15V, RF=lkQ,Rt;=lkQ,RL =1000 3.3 ns 
Propagation Delay Vs=±15V,IlF=1kQ,RG=1kQ,RL =10OQ 3.4 ns 
SmaliSignalOvershoot Vs=±15V,IlF=1kQ,RG=1kQ,RL =1000 5 % 

Is SettiingTime 0.1%, Vour=1OV,IlF=1kQ,RG=1kQ,RL =1 kQ !Xl ns 

Differential Gain, Note 7 Vs =± 15V,IlF= 1 kQ,Rt;= 1 kQ,~ = 1500 0.014 % 

Differential Phase, Note 7 Vs=±15V, RF=lkQ,RG=lkQ,RL =1500 0.010 deg 
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ELECTRICAL CHARACTERISTICS 
VeM: o,:t5V:so Vs:so :l:15V, pulse tested, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Differential Gain, Note 7 Vs =:t15V, 1¥=1kg,Rt;= 1 kg, Rl =1kQ I 0.010 % 

Differential Phase, Note 7 Vs=:t15V,1¥=1kg,Rc;=1kg,Rl=1kQ I 0.013 deg 

Theedenotesspecificationswhichapplyovertheoperatingtemperature 
range. 
Nole 1: A heatsink may be required depending on the power supply 
voltage. 
Nole 2: The supply current ofthe LT1227 has a negative 
temperature coefficient. For more information, see typical 
performance curves. 
Nole 3: Ramp pin 8 voltage down from + 15V while measuring Is. 
When Is drops to less than .5mA, measure pin8 current. 
Note 4: Slew rate is measured at:t5 Voits on a:t 10 Volt output 
signal while operating on :t 15 Volt supplies with RF = 2kQ, RG = 
2200 and RlOAD = 400Q. 

SIMPLIFIED SCHEMATIC 

14k 
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Note 5: Rise time is measured from 10% to 90% on a :t500 mV 
output signal while operating on:t 15 Volt supplies with RF = 2kQ, RG 
= 220Q and RlOAD = 100Q. This condition is not the fastest 
pOSSible, however it does guarantee the internal capaCitances are 
correct and it makes automatic testing practical. 
Note 6: AC parameters are 100% tested on the ceramic and plastic 
DIP packaged parts (J and N suffix) and are sample tested on every 
lot ofthe 50 packaged parts (5 suffix). 
Note 7: NTsC composite video with an output level of 2 Volts. 



TYPICAL PERFORMANCE CHARACTERISTICS 

Voltage Gain and Phase vs 
Frequency, Gain = 6dB 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS INFORMATION 
The L T1227 is a very fast current feedback amplifier. 
Because it is a current feedback amplifier, the bandwidth 
is maintained over a wide range of voltage gains. The 
amplifier is designed to drive low impedance loads such as 
cables with excellent linearity at high frequencies. 

Feedback Resistor Selection 

The small signal bandwidth of the LT1227 is set by the 
external feedback resistors and the internal junction ca
pacitors. As a result, the bandwidth is a function of the 
supply voltage, the value of the feedback resistor, the 
closed loop gain and load resistor. The characteristic 
curves of bandwidth versus supply voltage show the 
effect of a heavy load (100Q) and a light load (1kQ) . 
These graphs also show the family of curves that result 
from vario~s values of the feedback resistor. These 
curves use a solid line when the response has less than 
O.SdB of peaking and a dashed line when the response has 
O.S to SdB of peaking. The curves stop where the 
response has more than SdB of peaking. 

At a gain of two, on ± is volt supplies with a 1 kQ feedback 
resistor, the bandwidth into a light load is over 140MHz 
without peaking, but into a heavy load the bandwidth 
reduces to 120M Hz. The loading has this effect because 
there is a mild resonance in the output stage that enhances 
the bandwidth at light loads but has its a reduced by the 
heavy load. This enhancement is only useful at low gain 
settings; at a gain of ten it does not boost the bandwidth. 
At unity gain, the enhancement is so effective the value of 
the feedback resistor has very little effect. At very high 
closed loop gains, the bandwidth is limited by the gain 
bandwidth product of about 1GHz. The curves show that 
the bandwidth at a closed loop gain of 100 is 12MHz, only 
one tenth what it is at a gain of two. 

Capacitance on the Inverting Input 

Current feedback amplifiers require resistive feedback 
from the output to the inverting input for stable operation. 
Take care to minimize the stray capacitance between the 
output and the inverting input. Capacitance on the invert
ing input to ground will cause peaking in the frequency 
response (and over shoot in the transient response), but it 
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does not degrade the stability of the amplifier. 

Capacitive Loads 

The LT1227 can drive capacitive loads direcUy when the 
proper value of feedback resistor is used. The graph of 
Maximum capacitive Load vs Feedback Resistor should be 
used to select the appropriate value. The value shown is for 
5dB peaking when driving a 1 kQ load at a gain of 2. This 
is a worst case condition, the amplifier is more stable at 
higher gains and driving heavier loads. Alternatively, a 
small resistor (10Q to 20Q) can be put in series with the 
output to isolate the capacitive load from the amplifier 
output. This has the advantage that the amplifier band
width is only reduced when the capacitive load is present 
and the disadvantage that the gain is a function of the load 
resistance. 

Power Supplies 

The L T1227 will operate from single or split supplies from 
±2V (4V total) to ± 15V (30V total). It is not necessary to use 
equal value split supplies, however the offset voltage and 
inverting input bias current will change. The offset voltage 
changes about 500!tV per volt of supply mismatch. The 
inverting bias current can change as much as 5.01tA per 
volt of supply mismatch, though typically the change is less 
than 0.51tA per volt. 

Slew Rate 

The slew rate of a current feedback amplifier is not 
independent of the amplifier gain configuration the way 
sle~ rate is in a traditional op amp. This is because both 
the input stage and the output stage have slew rate 
limitations. In the inverting mode, and for higher gains in 
the noninverting mode, the signal amplitude between the 
input pins is small and the overall slew rate ~ that of the 
output stage. For gains less than ten in thenoninvelting 
mode, the overall slew rate is limited by the input stage. 

The input stage slew rate of the LT1227 is approximately 
125V1!J.S and is set by internal currents and capacitances. 
The output slew rate is set by the value of the feedback 
resistors and the internal capacitances. At a gain of ten with 
a 1 kQ feedback resistor and ± 15V supplies, the output slew 



APPLICATIONS INFORMATION 
rate is typically 1100Vll1s. larger feedback resistors will 
reduce the slew rate as will lower supply voltages, similar 
to the way the bandwidth is reduced. 

The graph of Maximum Undistorted Output vs. Frequency 
relates the slew rate limitations to sinusoidual inputs for 
various gain configurations. 

Settling Time 

The characteristic curves show that the LT1227 amplifier 
settles to within 10mV of final value in 40ns to 55ns for any 
output step up to 10V. The curve of settling to 1 mV affinal 
value shows that there is a slower thermal contribution up 
to 2011s. The thermal settling component comes from the 
output and the input stage. The output contributes just 
under 1 mV per volt of output change and the input contrib
utes 300!1V per volt of input change. Fortunately the input 
thermal tends to cancel the output thermal. For this reason 
the non-inverting gain of two configuration settles faster 
than the inverting gain of one. 

Shutdown 

The L T1227 has a high impedance, low supply current 
mode which is controlled by Pin 8. In the shutdown mode, 
the output looks like a 12pF capacitor and the supply 
current drops to approximately the pin 8 current. Pulling 
a current of greater than 50~ from pin 8 will put the 
device into the shutdown mode. An easy way to force 
shutdown is to ground pin 8, using open drain (collector) 
10gic.The logic should have a breakdown voltage of greater 
than the positive supply. No other circuitry is necessary 
as an internal JFET limits the pin 8 current to about 100JAA. 
When pin 8 is open, the LT1227 operates normally. 

Differential Inpul Signal Swing 

The differential input swing is limited to about ±6V by an 
ESD protection device connected between the inputs. In 
normal operation, the differential voltage between the input 
pins is small,so this clamp has no effect; however, in the 
shutdown mode, the differential swing can be the same as 
the input swing. The clamp voltage will then set the 
maximum allowable input voltage. To allow for some 
margin, it is recommended that the input signal be less 

than ±5V when the device is shutdown. 

Offset Adjust 

LTl227 

The offset adjust pins act on the inverting input bias 
current. A 10k pot connected to pins 1 and 5 with the wiper 
connected to v+ will null out the bias current, but will not 
affect the offset voltage much. Since the output offset is 

Vo .. A,rVos + (IIN-)*RF 

at higher gains the Vos term will dominate. To null out the Vos 
term, use a 10k pot between pins 1 and 5 with a 150/(Q resistor 
from the wiper to ground for lfN split supplies, 47k.Q for fN split 
supplies. 

Optional Offset Nulling Circuit 

V-

RoUll = 47kQ for V. = tSV 

RNUll=l50kQ forV. =±15V 
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TYPICAL APPLICATIONS 

Mux Amplifier 

The shutdown function can be effectively used to construct a 
MUX amplifier. A two channel version is shown, but more inputs 
could be added with suitable logic. By configuring each al1lllilier 
as a unity gain follower, there is no loading by the feedback 
network when the amplifier is off. The open drains of the 74C906 
buffers are used to interface the 5V logic to the shutdown pin. 
Feedthrough from the unselected input to the output is -7OdB at 
10MHz. The differential voltage between MUX inputs VIN1 and 
VIN2 appears across the inputs of the shutdown device, this 
voltage should be less than ±5V to avoid turning on the clamp 
diodes discussed previously. If the inputs are sinusoidual having 
a zero dc level, this implies that the amplitude of each input 
should be less than 5Vpp. The output impedance of the off 
amplifier remains high until the output level exceeds approximately 
6Vpp at 1 OM Hz, this sets the maximum usable output level. 
Switching time between inputs is about 4!lS without an external 
pull up. Adding a 10k pullup resistor from each shutdown pin to 
V+ will reduce the switching time to 2!lS but will increase the 
positive supply current in shutdown by 1.5mA. 
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TYPICAL APPLICATIONS 

Single Supply AC Coupled Amplifiers 
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Advanced Power Management and 
One Receiver Active in SHUTDOWN 

June. 1992 

FEATURES DESCRIPTION 
• One Receiver Remains Active while in SHUTDOWN The LT1237 is an advanced low power three driver, five 

receiver RS232 transceiver. Included on the chip is a 
shutdown pin for reducing supply current near zero. 
During shutdown one receiver remains active to detect 
incoming RS232 signals, for example, to wake up a 
system. 

• ESD Protection over ±10kV 
• Uses Small Capacitors (0.1!lF, O.2!lF,1.0!lF) 
• 60~ Supply Current in SHUTDOWN 
• Pin Compatible with L T1137 
• Operates to 120kbaud 
• CMOS Comparable Low Power 30mW 
• Operates from a Single 5V Supply 
• Easy PC Layout-Flow Through Architecture 
• Rugged Bipolar Design 
• Outputs assume a High Impedance State When 

Off or Powered Down 
• Absolutely No Latchup 
• Available in SO Package 

APPLICATIONS 
• Notebook Computers 
• Palmtop Computers 

The L T1237 is fully compliant with all EIA RS232 
specifications. New ESD structures on the chip allow 
the LT1237 to survive multiple +/-10kV strikes, 
eliminating the need for costly transorbs on the RS232 
line pins. 

The L T1237 operates in excess of 120 kilobaud even 
driving heavy capacitive loads. Two shutdown modes 
allow the driver outputs to be shut down separately 
from the receivers for more versatile control of the 
RS232 interface. During shutdown, driVers and 
receivers assume a high impedance state. 

Typical Application 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

PACKAGE/ORDER INFORMATION 

Supply Voltage (Vee) ................................................. 6V ORDER PAR 
V+ ...................................................................... +13.2V v+ v· NUMBER 
V- ....................................................................... -13.2V 
Input Voltage 

Driver ........................................................... V+ to V-
Receiver ............................................... +30V to -30V 

Output Voltage 
Driver ................................................ -55°C to 125°C 

sVVcc C2. 

Cl+ C2+ 

• DRIVER 1 IN LT12371J 
DRIVER 1 OUT RXlOUT LT1237CJ RXllN DRrvER21N 

LT1237CN QRJVER 2 OUT 7 • "".OUT 
RX21N RX30UT LT1237CS 
RX31N RX.our 

Receiver ................................................. O°C to 70°C RX41N 9 ORlVER31N 

Short Circuit Duration 
V+ ........................................................................... 30s 

DRIVER 3 OUT 11 1 RX 5 OUT (LOW.Q) 

RX IN 5 (LOW.Q) GND 

ONIOFF 6 DfWER DISA8I..E 

V- ............................................................................ 30s 
Driver Output .................................................. Indefinite 
Receive r Output .............................................. Indefinite 
Operating Temperature Range 

L T12371 .............................................. -40°C to 85°C 
L T1237C ................................................ O°C to 70°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ............... 300°C 

ELECTRICAL CHARACTERISTICS (NoIe2) 
PARAMETER CONDITIONS MIN TYP MAX UNITS 
PowerSupplyGeneralor 

V+Output 8.6 V 
v-Output -7.0 V 

Supply Current (Vecl (Note 3) 6 9 rnA 

Supply Current when OFF (Vecl SHUTDOWN (Note 4) • 0.06 0.1S0 rnA 
DRIVER DISABLE 3 rnA 

Supply Rise Time C1=C2=0.2¢=. 2 ms 
SHUTDOWN to Turn On C+=1.0j.lF. C- = 0.1 j.lF 

ON/OFF Pin Thresholds Input Low Level (Device SHUTDOWN) • 1.4 0.8 V 
Input High Level (Device Enabled) • 2.0 1.4 V 

ON/OFF Pin Current OV SVONIOFF sSV • -1S 80 tlA 
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) • 1.4 0.8 V 

Input High Level (Drivers Disabled) • 2.0 1.4 V 
DRIVER DISABLE Pin Current OV S V DRIVER DISABLE S SV • -10 SOO tlA 
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ELECTRICAL CHARACTERISTICS (NoIe2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Any Drivar 
OutputVoltage Swing Load =3kto GND Positive • 5.0 72 V 

Negative • -5.0 -S.5 V 
Logie Input Voltage Level InputLowLevel(Vour-High) • 1.4 0.8 V 

Input High Level (Vour-Low) • 2.0 1.4 V 
Logic Input Current 0.8V"V'N,,2.0V • 5 20 !A 
Output Short Circuit Current Vour=OV 17 mil. 
OutputLeakageCurrent SHUTDOWN Vour=±30V (Note 4) • 10 100 !A 
SlewRate RL =31<, CL =51 pF 15 30 VIpS 

RL =31<, CL =2500pF 4 15 VIpS 
Propagation Delay OutputTransition 4-ILHlghto Low (Note 5) O.S 1.3 !.IS 

OutputTransitiontLHLowto High 0.5 1.3 !.IS 
Any Receiver 

Input Voltage Thresholds Input Low Threshold (Vour = High) 0.8 1.3 V 
Input High Threshold (Vour = Low) 1.7 2.4 V 

Hysteresis • 0.1 0.4 1.0 V 
Input Resistance 3 5 7 /(Q 

Ouput Leakage Current SHUTDOWN (Note) 0" Vour "Vee • 1 10 IlA 
Receivers 1 Through 4 

Output Voltage Output Low, lour =-1.SmA • 0.2 0.4 V 
Output High, lour= 1S01lA (Vee= 5V) • 3.5 4.2 V 

OutputShortCircuitCurrent Sinking Curren!'vour= Vee -10 -20 mil. 
Sourcing Current, Vour=OV 10 20 mil. 

Propagation Delay OutputTransition4-lL Highto Low (Note S) 250 600 nS 
OutputTransitiontLHLowto High 350 600 nS 

Receiver5 (LOW-lsuppLY RX) 

Output Voltage Output Low, lour =-5001lA • 0.2 0.4 V 
Output High, lour=1 SOIlA(Vee = 5V) • 3.5 42 V 

OutputShortCircuitCurrent Sinking Current, Vour=Vee -2 -4 mil. 
Sourcing Current, Vour=OV 2 4 mil. 

Propagation Delay OutputTransition4-lL Highto Low (Note S) 1.0 3 !.IS 
OutputTransitiontLH Lowto High 1.0 3 !.IS 

The. denotes specifications which apply overthe operatingtemperature 
range. (O°C "TA" 70° C forcommercial grade, -40°C "TA ,,85°C for 
industrial grade, and -55°C" TA ,,125°C for military grade.) 
Note1: Absolute Maximum Ratingsarethose values beyond which the life of 
the device may be impaired. 
Nole 2:Testing done at Vee = 5Vand VONlOFF=3V. 

Nota4:Supplycurrentmeasurements in SHUTDOWN are performed with 
VONlOFF"O.1 V. Supply current measurements using DRIVER DISABLEare 
performed with VORIVEROISABLE 0!:3V. 
Note5:Fordriverdelaymeasurements, RL =3kand CL =51 pF. Triggerpoints 
are set between the driver's inputlogicthreshold and the outputtransitlonto 
the zero crossing. (4-IL= 1.4VtoOVandtLH= 1.4VtoOV) 

Nole3: Supply current is measured asthe average over several charge pump 
burstcycles. C+=1.0~F,C-=O.1 ~F, C1 =C2=O.2~F.AII outputs are open, with 
all d river inputs tied high. 
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Nota 6:Forreceiverdelay measurements,CL =51 pF. Triggerpointsareset 
between the receiver·s input logic threshold and the outputtransition to 
standardTIUCMOS logiclhreshold. (4-IL = 1.3Vto2.4Vandlt.H=1.7VtoO.8V) 



PIN FUNCTIONS 
Vcc: +sv Input supply pin. This pin should be decoupled 
with a 0.1 uF ceramic capacitor. 

GND: Ground Pin. 

On/Off: nUCMOS compatible operating mode control. A 
logic low puts the device in the low power SHUTDOWN 
mode. Which places all of the drivers and four receivers in 
a high impedance state. A logic high fully enables the 
transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 
in a high impedance state. All receiv~rs r~main a~tive 
under these conditions. Floating the driver disable Pin or 
driving it to a logic low level fully enables the transceiver. 

V+: Positive supply output (RS232 drivers). V+ - 2Vee.-
1.SV. This pin requires an external charge storage capac~
tor C ~ 1.0!J.F, tied to ground or +SV. Larger value capacI
tors may be used to reduce supply ripple. The ratio of the 
capacitors on V+ and V- should be greater than S to 1. 

V-: Negative supply output (RS232 drivers). V- - -(2Vee-
2.SV). This pin requires an external charge storage ca
pacitor C ~ 0.1!J.F. To reduce supply ripple, increase the 
size of the storage capacitor. 

C1+;C1-;C2+;C2-: Commutating capacitor inputs, require 
two external capacitors C ~ 0.2!J.F. One from C1+ to C1-, 
and another from C2+ to C2-. The capacitor's effective 
series resistance should be less than 2Q. For C ~ 1 !J.F, low 
ESR tantalum capacitors work well in this application, 
although small value ceramic capacitors maY.be used with 
a minimal reduction in charge pump compliance. 

DRIVER IN: RS232 driver input pins. These inputs are 
nu CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc. 

DRIVER OUT: Driver outputs at RS232 voltage levels. 
Outputs are in a high impedance state when in SHUT
DOWN mode, Vee = OV, or when the driver disable pin is 
active. Outputs are fully short circuit protected from V- + 
30V to V+ - 30V. Applying higher voltages will not damage 
the device if the overdrive is moderately current limited. 

LT1237 

Short circuits on one output can load the power supply 
generator and may disrupt the signal levels of the other 
outputs. The driver outputs are protected against ESD to 
± 1 OkV for human body model discharges. 

RX IN: Receiver inputs. These pins accept RS232 level 
signals (±30V) into a protected SkQ terminating resistor. 
The receiver inputs are protected against ESD to ± 1 OkV for 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. 

RX OUT: Receiver outputs with nUCMOS voltage levels. 
Outputs are in a high impedance stage when in SHUT
DOWN mode to allow data line sharing. Outputs, including 
LOW-Q RXOUT, are fully short circuit protected to ground 
or Vee with the power on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low power receiver input. This 
special receiver remains active when the part is in SHUT
DOWN mode, consuming typically 601lA. This receiver 
has the same input and protection characteristics as the 
other receivers. 

LOW Q-CURRENT RX OUT: Low power receiver output. 
This pin produces the same nUCMOS output voltage 
levels with slightly decreased speed and short circuit 
current. 

RS232 Line Pins 
Protected to 
+/-10kV 

ESD Test Circuit 
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U" LTC1250 

TECHNOLOGY~-----------v-e-rY--LO--W--N-o-is~e~ 

FEATURES 
• Very low noise: 0.75IlVp-p typ, 0.1 Hz to 10Hz 
• DC to 1 Hz noise lower than OP-07 
• Full output swing into 1 K load 
• Maximum offset voltage 10llV 
• Maximum offset voltage drift 50nV/oC 
• Minimum CMRR, 115dB 
• Minimum PSRR, 120dB 
• No external components required 
• Pin compatible with standard a-pin op amps 

APPLICATIONS 
• Electronic scales 
• Strain gauge amplifiers 
• Thermocouple amplifiers 
• High resolution data acquisition 
• Low noise transducers 
• Instrumentation amplifiers 

TYPICAL APPLICATION 
Differential Bridge Amplifier 

v+ v+ 
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Zero-Drift Bridge Amplifier 

March 1992 

DESCRIPTION 
The LTC1250 is a high performance, very low noise zerQ-(jrift 
operational amplifier. The LTC1250's combination of low front 
end noise and DC precision makes it ideal for use with Iow
impedance bridge transducers. The LTC1250 features typical 
inputnoiseofO.75IlVp-p from 0.1 Hz to 1 OHz,and 0.2IlVp-pfrom 
0.1 Hz to 1 Hz. The LTC1250 has DC to 1 Hz noise of 0.35IlVp-p, 
surpassing that of low-noise bipolar parts including the OP-Q7, 
OP-77, and LT1012. The LTC1250 uses the industry standard 
single op amp pinout, and requires no external components or 
nulling signals, allowing ttto bea plug-in replacementforbipolar 
opamps. 

The LTC1250 incorporates an improved output stage capable of 
driving +4.3Vintoa 1 KQ load with asingle 5V supply; itwillswing 
±4.9Vint05Kwith ±5V supplies. The input common mode range 
includes ground with single power supply voltages above 12V. 
Supply current is 3mA with a ±5V supply; over1oad recovery 
times from posttive and negative saturation are 0.5ms and 
1.5ms, respectively. The internal nulling clock is set at 5kHz for 
optimum low-frequency noise and offset drift; no external 
connections are necessary. 

The LTC1250 is available in standard 8-pin ceramic and plastic 
DiPs, as well as an a-pin SOIC package. 

Input Referred Noise 0.1 Hz-10Hz 
2.0 

........ : ......... : •....• : ......... : .....•.. : .......•. : .....•.. Vs··5V .... . 
: : : : : . A •• l0K 

1.0 ......• : ......... : ..•..... ; ........ : ......... : ....•.•. : ......... : .•...•. : ......... : ....... . 
· ... · . . . , .............................. " ..... ; ......... : ....... ,.: ......... : ................... : ....... . 

:;;;. 0.0 I.¥II'I!WN/MWIWI~:AUl.M,·~1M.iAI · . 
........ : .. " ..... :H ....... : ...... ".: ......... : .. _ .. w: ... _: ........ ~ ......... : ...... .. · . , . , .. , . 

~+-IJ- OUTPUT 
·1.0 .....• : •.•.... : ..•...• : ..•.. _: •...•. : ....•... : ...•.••• : •....... : ..•.•... : •. - .• 

. . . . 
, ...... .: ......... : ....... ,.: .. "." .. : .. M .... ~ ..... H .. ~ ........ ~ ...... ..:H .. M ... : ...... .. · . .. .. . 

GAIN. RlR .. ,oo, .2.0 ~'-.;.' _ ....... ...;.....;.....;... _.;.....;, . ....J 
o 10 



LTC1250 

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 

Total Supply Voltage (V+ to V-) ............................... 18V TOP VIEW ORDER PART 
Input Voltage .......................... (V+ + 0.3V) to (V- - 0.3V) 
Output Short Circuit Duration ........ , ................ Indefinite 
Operating Temperature Range 

LTC1250M ...................................... -55°C to 125°C 
LTC1250C ............................................ DoC to 70°C 

NUMBER 

~D~ ·IN 2 7 V + LTC1250MJ8 
+~ 3 6 O~ LTC1250CJ8 
y. 4 5 NC LTC1250CN8 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) ................ 300°C 

J6 PACKAGE N6 PACKAGE 
6-LEAD CERAMIC DIP 6·LEAD PlASTIC DIP 

TOPYIEW 

LTC1250CS8 

~[]~ ·IN 2 7 Y + 

+~ 3 6 O~ 

V· 4 5 NC 

S6 PACKAGE 
6·LEAD PlASTIC SOIC 

ELECTRICAL CHARACTERISTICS VS = :!:5V, TA = operating temperature range unless otherwise specified 

LTC125DM LTC1250C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Vas InputOffsetVoltage TA=25°C (Note 1) ±5 ±10 ±5 ± 10 ~V 

"Vas Average InputOffsetDrift (Notel) • ±0.01 ±0.05 ±0.01 ±0.05 ~VfC 

LongTerm OffsetDrilt 50 50 nVNMo 

eN Input Noise Voltage (Note 2) TA= 25°C,O.1 Hzto 10Hz 0.75 0.9 0.75 0.9 ~Vp-p 
TA=25°C,O.1 Hzto 1 Hz 0.22 0.3 0.22 0.3 ~Vp-p 

iN Input NoiseCurrent 1=10Hz 4.0 4.0 1!WFiZ 

16 InputBiasCurrent TA=25°C ±50 ±150 ±50 ±200 pi\. 
• ±950 ±450 pi\. 

los InputOffsetCurrent TA=25°C ±100 ±150 ±100 ±200 pi\. 
• ±200 ±300 pi\. 

CMRR Common Mode Rejection Ratio VCM=-4Vto+3V, TA=25°C 115 130 115 130 dB 
• 110 110 dB 

PSRR Power Supply Rejection Ratio Vs=±2.375Vto±8V • 120 130 120 130 dB 

AVOL Large Signal Voltage Gain RL = 10K, VouT=±4V • 135 170 140 170 dB 
Maximum OutputVoltage Swing RL=lK • + 4.G'-4.5 + 4.3/-4.7 + 4.01-4.5 + 4.3/-4.7 V 

RL=100K ±4.95 ±4.95 V III 
SR SlewRate RL = 10K, CL =50pF 10 10 V/~s 

GrJ-N Gain-Bandwidth Prod uct 1.5 1.5 MHz 
Is Supply Current NoLoad,TA=25°C 3.0 4.0 3.0 4.0 m!'I 

• 5.5 5.0 m!'I 

Is Internal Sampling Frequency TA=25°C 4.75 4.75 kHz 
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LTC1250 

ELECTRICAL CHARACTERISTICSvs =+5V, -ov, TA =operaUng temperature range unless olherwisespecfied. 

LTC1250M LTC1250C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vas Input Offset Voltage TA = 25°C (Note 1) :2 :1:5 :2 :5 pV 
AVos Average Input Offset Drift (Note 1) • :0.01 :0.05 :0.01 :0.05 pvrc 
eN Input Noise Voltage (Note 2) TA = 25°C, 0.1 Hz to 10Hz 1.0 1.0 pVp-p 

TA = 25°C, 0.1 Hz to 1Hz 0.3 0.3 pVp-p 
18 Input Bias Current TA = 25°C :20 :t 100 :1:20 :t 100 pA 
los Input Offset Current TA = 25°C :40 : 120 :40 :t 120 pA 

Maximum Output Voltage SWing TA = 25°C, RL = lk 4.0 4.3 4.0 4.3 V 
TA = 25°C, RL = lOOk 4.95 4.95 V 

Is Supply Current Tp 25°C 1.8 2.5 1.8 2.5 rnA 
Is Sampling Frequency TA = 25°C 3 3 kHz 
The • denotes specs which apply over the full operating temperature range. 
Note 1: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels during automated testing. 

.. 
Nole 2: 0.1 to 10Hz nOise IS speCified DC coupled 10 a lOs wlOdow; 0.1 to 1 Hz 
noise Is specified in a 1 005 window with a RC hlghpass at 0.1 Hz. The LTC1250 
is sample tested for noise; for 100% tested parts contact LTC marketing. 

TYPICAL PERFORMANCE CHARACTERISTICS 
1.6 
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z 
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~ 
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TOTAL SUPPLY VOLTAGE, Vt TO v· (V) 

Sampling Frequency vs. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
Common Mode Input Range vs. 
Supply Voltage 

v-
V 

V-
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Output Voltage Swing vs. Load 
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LTC1250 

Output Voltage Swing vs. Load 
18 Resistance, Single Supply 
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APPLICATIONS INFORMATION 

;;, 

~ 

Av=+1 RL=100K CL=50pfVs=±5V 

Input Characteristics 

The LTC1250 uses large geometry front end transistors to 
reduce intrinsic noise and a high-speed zero-drift nulling 
loop to nearly eliminate 1/f noise. The resultant noise 
spectrum is low, and is flat below 10Hz, giving the 
L TC1250 a SUbstantial noise advantage over conventional 
op amps at very low frequencies. 

parallel with the feedback resistor, providing a corre
sponding input zero to eliminate the problem. Nearly all 
LTC1250 applications will require this capacitorJor 
additional information, see the LTC1051 datasheet. 

The large input transistors have an input capacitance of 
60pF; this capacitance reacts with the feedback resistor 
network to form a pole, degrading the amplifier's phase 
margin. The solution is a 100pF feedback capacitor in 

Output Drive 

The LTC1250 includes an enhanced output stage which IDII 
provides nearly symmetrical output source/sink currents. 
This output is capable of swinging ±4V into a 1 K load with 
±5V supplies, and can sink or source >20mA into low 
impedance loads. Into lighter loads, the LTC1250 will 
swing rail-to-rail, maximizing output dynamic range. 
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,~ LlneJ\J2 LTC1264-7 
~, TECHNOLOGY~--

FEATURES 
• Steeper rolloff than Bessel filters 
• High speed (fc " 250kHz) 
• Phase and Group Delay response fully tested 
• Transient response exhibits 5% overshoot and no 

ringing 
• No external components needed 

APPLICATIONS 
• Data communication filters 
• Time delay networks 
• Phase matched filters 

DESCRIPTION 
The LTC1264-7 is a clock tunable monolithic 8th order 
lowpass filter with linear passband phase and flat group 
delay. The amplitude response approximates a maxi-

TYPICAL APPLICATION 
200kHz Linear Phase Low pass Filter 

LTC126H 13 
VIN ____ --j 12 

~-+--8V 

+fIV 4 
5 

6 

11 FCLK=4.5MHz 

~10_f-+fIV 

I-=--+---VOUT 

Non:: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0.1pF CAPACITOR 
CLOSE TO THE PACKAGE AND ANY PRINTED CI~UIT BOARD ASSEMBLY SHOUlD 
MAINTAIN A DISTANCE OF AT lEASTO.2INCHES BElWEENANY OUTPUT OR 
INPUT PIN AND THE FCLK LINE. 
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Linear Phase, Group Delay 
Equalized, 8th Order 

Low Pass Filter 
MAY 1992 

mally flat passband and exhibits steeper rolloff than an 
equivalent 8th order Bessel filter. For instance attwicethe 
cutoff frequency the filter attains 28dB attenuation (12dB 
for Bessel). while at 3 times the cutoff frequency the filter 
attains 55dB attenuation (3OdB for Bessel). The cutoff 
frequency of the L TC1264 is tuned via an external TTL or 
CMOS clock. 

The clock to cutoff frequency ratio of the LTC1264-7 can 
be set to 25:1 (pin 10 to V+) or 50:1 (pin 10 to V-). 

When the filter operates at clock to cutoff frequency ratio 
of 25:1 the input is double sampled to lower the risk of 
aliasing. 

The L TC1264-7 is optimiZed for speed. Depending onthe 
operating conditions. cutoff frequencies between 200kHz 
and 250kHz can be obtained. 

The LTC1264-7 is pin compatible with the LTC1064-X 
series. 

10 
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ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage (V+ to V-) ............................... 16V 
Power Dissipation ............................................ .400mW 
Storage Temperature Range ................. -65°C to 150°C 

PACKAGE/ORDER INFORMATION 

TOP VIEW 

N PACKAGE 
14 LEAD PLASTIC DIP 

ORDER PART 
N MBER 

LTC1264-7CN 
LTC1264-7CJ 
LTC1264-7MJ 

ELECTRICAL CHARACTERISTICS 

LTC1264-7 

Burn-in Voltage ....................................................... 16V 
Operating Temperature Range ................. -40°C to 85°C 
Voltage at Any Input ...... [V- - O.3V] s VIN s [V+ + O.3V] 

GND 

S PACKAGE 
16-LEAD PLASTIC SOIC 

ORDER PART 
N MBER 

LTC1264-7CS 

Vs=::!:7.5Volts, RLOAo=1Dk, TA=25°C, fclk=2.5MHz, TTL or CMOS Level and all Gain measurements are referenced to passband Gain 
unless otherwise specified. 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

Passband Gain 0.1 Hz :s I :s 0.25 fcutoff 
ftest=25kHz (25: 1) • -0.50 -0.10 0.50 dB 

Gain at 0.5 feutoff ftest=50kHz (25: 1) • -0.50 0.20 dB 
ftest=25kHz (50:1) • -0.65 -0.15 0.30 dB 

Gain at 0.7S leutoff ftest=7SkHz (2S:1) • -1.S -1.00 0.1 dB 

Gain at feutoff ftest= 1 00kHz(2S: 1 ) • -3.7 -3.00 -1.9 dB 
ftest=SOkHz (SO: 1) • -4.S -3.00 -2.3 dB 

Gain at 2.0· feutoff ftest=200kHz(2S:1 ) • -34 -28 -20 dB 
ftesl=1 00kHz(SO:1) • -34 -30 -27 dB 

Gain with felk=20kHz ftest=200Hz (50:1) -0.7 -0.30 0.1 dB 

Gain with Iclk=400kHz. Vs=±2.37SV ftest=8kHz (2S:1) -0.2 0.1S O.S dB 
ftesl=16kHz (25:1) -3.S -2.70 -1.4 dB 

Gain with felk=4MHz ftest=160kHz. Vin=1VRMS 
25:1. T A = 0 - 70°C 0.00±1.0 dB 
25:1 • 3.0 dB 

Phase Factor (F) (0.1 Hz:s f :s feutoff) 
Phase = 180° - F ( f I Ie ) 25:1 407±2 deg 
(Note 1) 50:1 388±2 deg 

25:1 • 392 423 deg 
SO:1 • 374 414 deg 

Phase Deviation lrom Linear Phase 25:1 ±1.0 % 
(Note 1) 50:1 ±1.0 % 

25:1 • ±2.0 % 
SO:1 • ±2.0 % 
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LTC1264-7 

ELECTRICAL CHARACTERISTICS 
VS~7.5Volts, RlOAo=10k, TA=25°C, fclk=2.5MHz, TTL or CMOS Level and all Gain measurements are referenced to passband Gain 
unless otherwise specified. 
PARAMETER CONDITIONS 
Group Delay (TO) 1e=100kHz (25:1) 
TO = ( 1 1360 ) ( F 1 fc ) fc=50kHz (50:1) 
(Note 2) Ic=100kHz (25:1) 

Ic=50kHz (50:1) 

Group Delay Deviation 25:1 
(Note 2) 50:1 

25:1 
50:1 

Input Frequency Range 25:1 
50:1 

Maximum !clk Vs=±2.375V 
Vs=±5.0V 
Vs=±7.5V 

Clock Feedthrough ( I .. !clk ) 25:1 

Wideband Noise ( 1 Hz ,. I " Iclk ) Vs=±2.375V 
Vs=±5.0V 
Vs=±7.5V 

Input Impedance 

Output DC Voltage Swing Vs=±2.375V 
Vs=±5.0V 
Vs=±7.5V 

Output DC Offset 25:1, Vs=±5.0V 
50:1, Vs=±5.0V 

Output DC Offset TempCo 25:1, Vs=±5.0V 
50:1, Vs=±5.0V 

Power Supply Current Vs=±2.375V 
(!clk = 1 MHz) 

Vs=±5.0V 

Vs=±7.5V 

Power Supply Range .. The. denotes the speclllcatlOns which apply over the full operating 
temperature range. 
Note1: Inputlrequencies, I, are linearly phase shifted through thelilteras long 
as I sIc; Ic = cutoff Irequency. 
Figure 1 curve (AI shows the typical phase response 01 an LTC1264-7 
operating at Iclk = 2.5MHz, Ie = 1 ()OkHz. An endpoint straight line, cUlVe (8), 
depicts the ideal linear phase response 01 the Iilter. It is described by: 

phase shift = 1800 - F (1/ Ic) ; Is Ic (1) 
F is arbitrarily called the 'phase lactor' expressed in degrees. The phase lactor 
together with the specilled deviation Irom the ideal straight line allows the 
calculation of the phase at a given Irequency. Note, the maximum phase non 
linearity, ligure 1, occurs at the vicinity of 1= 0.25 Ic, and = 0.75 Ic. 
Example: The phase shift at 70kHz of the LTC1264-7 shown in ligure 1 is: 

phase shift = 180° - 4070 (70kHz 1100kHz) ±non linearity 
= -104.9° ± 0.7% or -104.9° ± .730 

Note 2: Group Delay and Group Delay Deviation are calculated Irom the 
measured Phase Factor and Phase DeViation specilications. 
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~, TECHNOLOGY 4A High Efficiency 

Switching Regulator 
August 1991 

FEATURES 
• Wide Input Voltage Range 3.5V-30V 
• Low Quiescent Current - 7mA 
• Internal4A Switch 
• Very Few External Parts Required 
• Self Protected Against Overloads 
• Shutdown Mode Draws Only 1 OO~ Supply Current 
• Flyback Regulated Mode Has Fully Floating Outputs 
• Comes in Standard 5-Pin Package 
• Can Be Externally Synchronized (See L T1 072 Data Sheet) 

APPLICATions 
• Boost Converter 
• High Efficiency Buck Converter 
• PC Power Supply with Multiple Outputs 
• Battery Upconverter 
• Negative to Positive Converter 
USER NOTE: 
This data sheet is only intended to provide specifications. graphs. and a general functional 
description of the LT1271. Application circuits are included to show the capability of the LT1271. 
A complete design manual (AN-19) should be obtained to assist in developing new designs. This 
manual contains a comprehensive discussion of both the LT1070 and the external components 
used with it, as well as complete formulas for calculating the values of these components. The 
manual can also be used forthe LTt271 by factoring in the higher switch current rating and higher 
operating frequency. 

High Efficiencyt Buck Converter 

tEFFICIENCY IS .88%@IA,86%@2A. 

DESCRIPTion 
The LT1271 is a monolithic high power switching regula
tor. Identical to the popular L T1 070, except for switching 
frequency (60kHz) and slightly lower switch current, it can 
be operated in all standard switching configurations includ
ing buck, boost, flyback, and inverting. A high current, 
high efficiency switch is included on the die along with all 
oscillator, control, and protection circuitry. Integration of 
all functions allows the LT1271 to be built in a standard 
TO-220 power package. This makes it extremely easy to 
use and provides "bust proof" operation similar to that 
obtained with 3-pin linear regulators. 

The L T1271 operates with supply voltages from 3.5V to 
30V, and draws only 7mA quiescent current. By utilizing 
current mode switching techniques, it provides excellent 
AC and DC load and line regulation. 

The LT1271 uses adaptive anti-sat switch drive to allow 
very wide ranging load currents with no loss in efficiency. 
An externally activated shutdown mode reduces total 
supply current to 1 OOIlA typical for standby operation. 

V'N(8V-20VI_-_ 
FOR ~POWER SHUTDOWN OPTION, CONSULT FACTORY. 

'THESE COMPONENTS RATED CONSERVATIVELY TO IMPROVE 
EFFICIENCY. FOR HIGH EFFICIENCY, THE INDUCTOR SHOULD 
BE MOL YPERMALLOY OR FERRITE. 

Maximum Output Power 

220~F 
35V 
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(INVERTING) 
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/ ./ --/ ~ 

'/. ~ BUCK·BOOST, va = 5V 
(j (INVERTING) 

10 15 20 25 30 
INPUT VOLTAGE (V) 

BUCK MODE OUTPUT POWER· (3.5A)(VOUT) 
tTRANSFORMER TURNS RATIO MUST BE 

OPTIMUM TO ACHIEVE FULL POWER. 



LT1271 

ABSOLUTE mAXimum RATinGS PACKAGE/ORDER InFORmATiOn 
Supply Voltage ......................................................... 30V 
Switch Output Voltage .............................................. 60V 
Feedback Pin Voltage (Transient, 1 ms) .................. ±15V 
Operating Junction Temperature Range 

(Oper.) ................................................. OOG to +1 OooG 
(Short Gkt.) .......................................... O°C to + 125°C 

Storage Temperature Range ............... - 65°C to + 150°C 
Lead Temperature (Soldering, 10 sec.) ................. 300oG 

Vc 

FRONT VIEW 

o 

TPACKAGE 
5·LEAD TO·220 

ORDER PART 
NUMBER 

LT1271CT 

ELECTRICAL CHARACTERISTICS VIN = 15V, Vc = D.5V, VFB = VREF switch pin open, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

VREF Reference Voltage Measured at Feedback Pin 1.224 1.244 1.264 V 
Vc = O.SV • 1.214 1.244 1.274 V -

IB Feedback Input Current VFB = VREF 350 750 nA 

• 1100 nA 

gm Error Amplifier ~lc=±25~ 3000 4400 6000 llmho 
Transconductance • 2400 7000 llmho 

Error Amplifier Source or Vc = 1.5V 150 200 350 ~ 
Sink Current • 120 400 ~ 

Error Amplifier Clamp Hi Clamp, VFB = IV I.S 2.3 V 
Voltage Lo Clamp, VFB = 1.5V 0.25 0.38 0.52 V 

Reference Voltage Line 3V::; VIN ::; VMAX, Vc = O.SV • 0.03 'ioN 
Regulation 

Av Error Amplifier Voltage Gain 0.9V::; Vc::; I.4V 500 SOO VN 

Minimum Input Voltage • 2.S 3.0 V 

10 Supply Current 3V::; VIN ::; VMAX, Vc = 0.6V 7 10 rnA 

Control Pin Threshold Duty Cycle = 0 0.8 0.9 1.0S V 

• 0.6 1.25 V 

Normal/FlybackThreshold 0.4 0.45 0.54 V 
on Feedback Pin 

VFB Flyback Reference Voltage IFB= 50~ 15 16.3 17.6 V 

• 14 IS V 

VFB Change in Flyback 0.05::; IFB::; lmA 4.5 6.S S.5 V 
Reference Voltage 

Flyback Reference Voltage IFB=50~ 0.01 0.03 %N 
Line Regulation 3V::; VIN ::; VMAX 

Flyback Amplifier ~lc=±1011A 150 300 650 llmho 
Transconductance (gm) 

Flyback Amplifier Source Vc = 0.6V Source • 15 32 70 ~ 
and Sink Current IFB = 5011A Sink • 25 40 70 ~ 

BV Output Switch Breakdown 3V ::; VIN ::; VMAX • 60 75 V 
Voltage Isw=5mA 
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LTl271 

ELECTRICAL CHARACTERISTICS VIN = 15V, Vc = D.5V, VFB = VREF, switch pin open, unless otherwise noted. 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNITS 

VSAT Output Switch (Note 1) • 0.2 0.33 Q 

"On" Resistance 

Control Voltage to Switch 6.4 AN 
Current Transconductance 

ILiM Switch Current Limit (Note 2) Duty Cycle = 50% • 4 8 A 
Duty Cycle = 80% • 3.2 8 A 

Ll.IIN Supply Current Increase 25 40 mA/A 
Ll.lsw During Switch On·Time 

f Switching Frequency 50 60 70 kHz 

• 50 70 kHz 

DC (max) Maximum Switch Duty Cycle 85 92 95 % 

Flyback Sense Delay Time 1.5 Ils 

Sh utdown Mode 3V" VIN" VMAX, Vc = 0.05V 100 400 IlA 
Supply Current 

Shutdown Mode 3V" VIN "VMAX 100 150 250 mV 
Threshold Voltage • 50 300 mV 

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

Note 2: For duty cycles (DC) between 50% and 85%, minimum guaranteed 
switch current is given by ILiM = 2.67 (2 - DC) for the L T1271. 

Note1: Measured with Vc in hi clamp, VFB = 0.8V. 

TYPICAL PERFORmAnCE CHARACTERISTICS 

12 

D 
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TYPICAL APPLICATions 
Boost Converter (5V to 12V) 

..... -_,1?V O.5A 

'COILTRONICS ClX100-2-52 

1000,F 
25V 

LT1271 

Negative to Positive Buck-Boost Converter 

OPTIONAL 
INPUT 
FILTER 

Negative Buck Converter 

, REQUIRED IF INPUT LEADS> 2' 
.. COIL TRDNICS CTX1DO-2-52 

'REQUIRED IF INPUT LEADS> 2' 
.. COILTRONICS CTX1OD-2-52 
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Data Acquisition System 
November 1991 

FEATURES DESCRIPTION 
• Built-in Sample and Hold 
• Single Supply 5V Operation 
• Direct 3 Wire Interface to most MPU Serial Ports and 

and all MPU Parallel Ports 

The LTC1291 is a data acqUisition system which contains 
a serial 110 sucessive approximation AID converter. It 
uses LTCMOSTM switched capacitor technology to per
form a 12-bit unipolar AID conversion. The input multi
plexer can be configured for either single-ended or differ
ential inputs. An on-chip sample and hold is included on 
the (+) input. When the LTC1291 is idle it can be powered 
down in applications where low power consumption is 
desired. All these features are packaged in an 8-pin DIP. 

• Two Channel Analog Multiplexer 
• Analog Inputs Common-Mode to Supply Rails 

KEY SPECIFICATIONS 
• Resolution 
• Fast Conversion Time 
• Low Supply Currents 

12 Bits 
12""S Max Over Temp. 

6.0mA 

The serial liD is designed to communicate without exter
nal hardware to most MPU serial ports and all MPU 
parallel 110 ports allowing data to be transmitted over 
three wires. Given the accuracy, ease of use and small 
package size this device is well suited for digitizing analog 
signals in remote applications where minimum number of 
interconnects and power consumption are important. 

LTCMOS is a trademark of Linear Technology 

TYPICAL APPLICATION 
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2-OlANN 
MUX· 

EL 

2-Channel12-Bil Data Aquisilion System 
22(11' 
TANTALUM 5V 

~~ 
+ 

-
L cs VCC(VREF) -1 Loo 

CHO CLK SCK 
LTCl291 

CHl DOUT MISO 

1 
GND DIN MOSI 

-L..-

• FOR OVERVOLTAGE PROTECTION UMIT THE INPUT CURRENT TO 15mA 
PER PIN OR CLAMP 11£ INPUTS TO Vee AND GND WITH 1 N4148 DIODES. 
CONVERSION RESULTS ARE NOT VAlID WHEN THE SELECTED CHANNEL OR 
THE OTHER CHANNEL IS OVERVOLTAGED (VIN< GND ORVIN> Vee). 
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LTC1291 

ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION 
(Notes 1 and 2) 

Supply Voltage Vee to GND ..................................... 12V 
Voltage 

Analog Inputs ................................. -0.3V to Vee+0.3V 
Digital Inputs ........................................... -0.3V to 12V 
Digital Outputs ............................... -0.3V to Vee+0.3V 

Power Dissipation ............................................. 500mW 
Operating Temperature Range 

LTC1291 BC,LTC1291CC,LTC1291 DC ...... O°C to 70°C 
LTC1291BI, LTC1291CI,LTC1291DI. ..... -40°C to 85°C 
LTC1291 BM,LTC1291 CM, 
LTC1291 DM ........................................ -55°C to 125°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ............... 300°C 

CONVERTER AND MULTIPLEXER 
C H A R ACTER ISTICS(Note 3) 

LTC1291B 
PARAMETER CONDITIONS MIN TYP MAX 

Offset Error (Note 4) • :I: 3.0 

Linearity Error(INL) (Notes4and5) • :I: 0.5 

Gain Error (Note4) • :1:0.5 

Minimum Resolutionfor • 12 
Which No Missing Codesare 
Guaranteed 

Analog and REF I nput Range (Note 7) -0.05Vto Vcc+ 0.05V 

On Channel LeakageCurrent On Channel = 5V • :1:1 
(Note 8) OffChannel=OV 

On Channel = OV • :1:1 
OffChannel=5V 

Off Channel Leakage Current OnChannel=5V • :1:1 
(NoteS) OffChannel=OV 

OnChannel=OV • :1:1 
OffChannel=5V 

ORDER PART 
TOP VIEW NUMBER 

~D~- LTC1291BMJ 
CH02 7CU< LTC1291CMJ 
CH1 3 6 DOur 

LTC1291 DMJ GND 4 5 DIN 
LTC1291BIJ 

J8 PACKAGE CERAMICDIP 
LTC1291CIJ 

N8PACKAGEPLASTlCDIP LTC1291DIJ 
LTC1291 BIN 
LTC1291CIN 
LTC1291 DIN 
LTC1291 BCN 
LTC1291CCN 
LTC1291DCN 

LTC1291C LTC1291D 
MIN TYP MAX MIN TYP MAX UNITS 

:I: 3.0 :1:3.0 LSB 
:I: 0.5 :1:0.75 LSB 
:I: 1.0 :1:4.0 LSB 

12 12 BITS 

-0.05Vto Vcc+ 0.05V -0.05V to Vcc+ 0.05V V 
:1:1 :1:1 IlA 

:1:1 :1:1 IlA 

:I: 1 :1:1 IlA 

:1:1 :1:1 IlA 
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LTC1291 

AC CHAR ACTERISTICS(Note 3) 

LTC1291B 
LTC1291C 
LTC1291D 

SYMBOL PARAMEtER CONDITIONS MIN TYP MAX UNITS 

FeLK ClockFrequen«.y Vee =5V(Note 6) 0.1 1.0 MHz 

tsMPL Analog InputSample Time SeeOperatlngSequence 2.5 a.K 
Cycles 

teoNY ConversionTime SeeOperatlngSequence 12 a.K 
Cycles 

tcvc Total CycleTime See Operating Sequence (Note6) 18ClK+ Cycles 
5001s 

tdOO DelayTime, ClK~ to Dour Data Valid SeeTestCircuits • 160 300 ns 
tdis DelayTlme, CSt to DourHI-Z SeeTestCircuits • 00 150 ns 
ten DelayTime, ClK! to Dour Enabled SeeTestCircuits • 00 200 ns 
thOI Hold Time, DIN after ClK f Vee=5V(Note6) 50 ns 
thOO Time OutputDataRemainsValidAfter ClK! 

, 
130 ns 

~ DourFallTlme See TestCircuits • 65 130 ns 
tr DOUTRiseTime SeeTestCircuits • 25 50 ns 
tsuOI Setup Time, DINStablebeforeClKf Vee = 5V (Note 6) 50 ns 
tsucs SetupTlme,CS~ BeforeClKf Vee =5V (Note 6) 50 ns 
tWHCS CS High Time During Conversion Vee=5V(Note6) 500 ns 
tWL~ CS lowTlmeDuring DataTransfer Vee. 5V (Note 6) 18 a.K 

Cydes 

CIN InputGapacitance Analog Inputs On Channel 100 pF 
Analog InputsOffChannel 5 pF 
Digital Inputs 

Note1:AbsoluteMaximumRatlngsarethosevaluesbeyondwhichthelife 
of a device may be impaired. 
Note 2: All voltage values are with respectto ground (unless otherwise 
noted). 
Nole 3: V cc = 5Vand ClK = 1.0MHz unless otherwise specified. The. 
indicatesspecswhichapplyoverthefulloperatingtemperaturerange;all 
otherlimitsandtyplcalsTA=25°C. 
Note4: OnelSB is equalto Vee divided by4096. Forexample, when Vee 
=5V,1 lSB=5V14096= 1.22mV. 
Note 5: Linearity error is specified between the actual end points oftheA/ 
D transfer curve. The deviation is measured from the centerofthe 
quantization band. 
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5 pF 

Note&: Recommended operating conditions. 
Note7:Twoon-chipdiodesaretiedtoeachanaloginputwhiehwill 
conductfor analog voltages one diode drop belowGND or one diode drop 
above Vee. Be careful during testing at low Vee levels (4.5V), as high level 
analog inputs(5V) can cause this inputdiodeto conduct,especiallyat 
elevated temperature, and cause errors for Inputs near full scale. This 
spec allows50mVforward bias of either diode. This meansthatas long 
as the analog input does not exceed the supply voltage by morethan 
50mV, the output code will be correct. 
Note 8: Channel leakage current is measured aiterthe channel selection. 



LTC1291 

DIGITAL AND DC ELECTRICAL CHARACTERISTICS(Note3) [FD[M~IL 
LTC1291B 
LTC1291C 
LTC1291D 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

V,H High Level Input Voltage Vcc=5.25V • 2.0 V 

V,L LowLevellnputVoltage Vcc=4.75V • 0.8 V 

I'H High LevellnputCurrent V,N=VCC • 2.5 tlA 
I,L LowLevellnputCurrent V,N=DV • -2.5 tlA 
VOH High Level output Voltage Vcc=4.75V,lo=-10tlA 4.7 V 

Vcc=4.75V,lo=-360tlA • 2.4 4.0 tlA 
VOL Low Level Output Voltage Vcc=4.75V,lo=1.6mA • 0.4 V 

loz HighZ Output Leakage VOUT=Vcc,£SHigh • 3 tlA 
VOUT= OV,CS High • -3 tlA 

ISOURCE OutputSourceCurrent VOUT=OV -20 rrA 

ISINK OutputSinkCurrent VOUT=VCC 20 rrA 

Icc PositiveSupplyCurrent CSHigh • 6 12 rrA 
CSHigh L TC1291 BC,LTC1291 ce, • 5 10 tlA 
Pmwr LTC1291DC,LTC1291BI, 
Shutdown LTC1291CI,LTC1291DI 

CLKOff LTC1291BM,LTC1291CM, • LTC1291DM 
5 15 tlA 

PIN FUNCTIONS 
II PIN FUNCTION DESCRIPTION 

1 CS ChipSelectlnput A logic low on this input enables the L TC1291. 
2,3 CHO,CH1 Analog Inputs These inputs must be free of noise with respectto GND. 
4 GJIlI AnalogGround GND should beUed directly to an analog ground plane. 
5 D,N DigitalOata Input The multiplexer address Is shifted into this input. 
6 DOUT DlgitalOataOutput TheA/D conversion result is shifted out ofthis output. 
7 CLK Shift Clock Thlsclocksynchronizestheserialdatatransfer. 
8 VCC(VREF) Positive SUpply and This pin provides power and defines the span oftheA/Dconverter. This supply mustbe 

and Reference Voltage kept free of noise and ripple by bypassing directly to the analog ground plane. 

APPLICATIONS INFORMATION 
SERIAL INTERFACE 

The l TC1291 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
four wire serial interface (see Operating Sequence). The 
clock (ClK) synchronizes the data transfer with each bit 
being transmitted on the falling ClK edge and captured on 
the rising ClK edge in both transmitting and receiving 
systems. 

cs-, n ~-___ n. 
~ I DIN21 

lU Doun I 
~ 

DOUT2 

Shift Mux 1 Null Shirt AID Conversion 
Address In Bit Result Out 
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LTC1291 

APPLICATIONS INFORMATION 
The input data is first received and then the AID conver
sion result is transmitted (half duplex). Because of the half 
duplex operation DIN and DOUT may be tied together 
allowing transmission over just 3 wires: CS, ClK and 
DATA (DIWDOUT). Data transf~ is initiated by a falling 
chip select (CS) signal. After CS falls the lTC1291 and 
starts the conversion. After one null bit, the result of the 
conversion is output on the DOUT line. At the end of the 
data exchange CS should be brought high. This resets the 
lTC1291 in preparation for the next data exchange. 

INPUT DATA WORD 

The lTC1291 four bit data word is clocked into the DIN 
input on the rising edge of the clock after chip select goes 
low and the start bit has been recognizied. Further inputs 
on the DIN pin are then ignored until the next CS cycle. The 
input word is defined as follows: 

MSB FIRSTI 
LSB FIRST 

MUXADDRESS POWER 
SHUTDOWN 

START BIT 

The first "logical one" clocked into the DIN input after CS 
goes low is the start bit. The start bit initiates the data 
transfer and all leading zeroes which precede this logical 
one will be ignored. After the start bit is received the 
remaining bits ofthe input word will be clocked in. Further 
inputs on the DIN pin are then ignored until the next CS 
cycle. 

MUX ADDRESS 

The bits of the input word following the START BIT assign 
the MUX configuration for the requested conversion. For 
a given channel selection, the converter will measure the 
voltage between the two channels indicated by the + and 
- signs in the selected row of the following table. In single 
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ended mode, all input channels are measured with respect 
to GND. Only the + inputs have sample and holds. Signals 
applied at the -inputs must not change more than the 
required accuracy during the conversion. 

MULTIPLEXER CHANNEL SELECTION 

MUXAOORESS CHANNELl GND 

SGlJ DOD/ 0 1 
DlFF SIGN 

1 0 + -
1 1 + -
0 0 + -
0 1 - + 

MSB FIRST/LSB FIRST (MSBF) 

The output data of the lTC1291 is programmed for MSB 
first or lSB first sequence using the MSBF bit. When the 
MSBF bit is a logical one, data will appear on the DOUT line 
in MSB first format. logical zereos will be filled in 
indefinitely following the last data bit to accommodate 
longer word lengths required by some microprocessors. 
When the MSBF bit is a logical zero, lSB first data will 
follow the normal MSB first data on the DOUT line (See 
operating sequence). 

POWER SHUTDOWN 

The power shutdown feature of the lTC1291 is activated 
by making the PS bit a logical zero. If CS remains low after 
the PS bit has been received, a 12-bit DOUT word with all 
10gi~1 ones will be shifted out followed by logical zeroes 
till CS goes high. Then the DOUT line will go into its high 
impedance state. The lTC1291 will remain in the shut
down mode tell the next CS cycle. There is no warm up or 
wait period required after coming out ot the power shut
down cycle so a conversion can commence after CS goes 
low (See power shutdown operating sequence). 



LTC1291 

APPLICATIONS INFORMATION 

Operating Sequence 
(Example: Oiflerentiallnputs (CHO+. CH1-)) 

MSB FIRST OATA (MSBF=1) 

~~ _____________ tCYC ----------.-1.1 

~I~----------------------------~ 
ClK 

DIN 

LSB FIRST OATA (MSBF=O) 

~1~~ _____________________________ tCYC ____________________________ ~·1 

GsI~ ____________________________ ~1L 
ClK 

DIN 

FillED WITH ZEROES 

iii 
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APPLICATIONS INFORMATION 
Power Shutdown Operating Sequence 

(Example: Dilferenliallnpuls (CHII+,CH1-) and MSB First Data) 

~ ~~ ______________ R_EQ_U_E~ __ ~_W_E_RS_H_UT_O_OWN ____________________ ~ 

elK ss---IUUlIlIlJL 
~ART 0001 PS ~ART 0001 PS 

OIN J n SIGNn _))Jl~~ 
-L...J s~SB~ SGIJ MSBF 

HI-Z OIFF FillED WITH « HI-Z OIFF 
OOUT----------------, Bll DATA NOT VALID BO ZEROES :» 

• Stopping the clock Will help reduce power consumption 
CS can be brought high once DIN has been docked In 
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FEATURES 
• 3V Logic Interface 
• ESD Protection over ±10klf 
• Uses Small Capacitors (0.1 ILF, 0.2ILF, 1.0ILF) 

3V Logic Interface and 
One Receiver Active in SHUTDOWN 

June. 1992 

DESCRIPTION 

• One Low Power Receiver Remains Active while in 

The LT1330 is a three driver, five receiver RS232 trans
ceiver with low supply current. Designed to interface with 
new 3V logic, the LT1330 operates with both a +5V power 
supply and a 3V logic power supply. The chip may be shut 
down to micropower operation with one receiver remain
ing active to monitor RS232 inputs such as ring detect 
from a modem. 

SHUTDOWN 
• Pin Compatible with LT1137 and L T1237 
• Operates to 120kbaud 
• CMOS Comparable Low Power: 30mW 
• Easy PC Layout Flow Through Architecture 
• Rugged Bipolar Design 
• Outputs Assume a High Impedance State When 

The LT1330 is fully compliant with all EIA RS232 specifi
cations. Additionally, the RS232 line input and output pins 
are resilient to multiple +/-10kV ESD strikes. This elimi
nates the need for costly transorbs on line pins for the 
RS232 part. Off or Powered Down 

• Absolutely No Latchup 
• 60JLA Supply Current in SHUTDOWN 
• Available in SO Package 

APPLICATIONS 
• Notebook Computers 
• Palmtop Computers 

2xO.1fiF 

.L7lJn~ 

The LT1330 operates to 120 kilobaud even while driving 
high capacitive loads. During shutdown, driver and 
receiver outputs are at a high impedance state allowing 
devices to be paralleled. 

Typical Application 

FlNa DETECT IN 

SHUTDOWN CONTROL our 
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LT1330 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

PACKAGE/ORDER INFORMATION 

Supply Voltage (Vcc) ................................................. 6V 
Supply Voltage (+3 Vin) ............................................ 6V 
V+ ...................................................................... +13.2V 

C1. 2 DRIVER 1 IN 

ORDER PART 
NUMBER 

V- ....................................................................... -13.2V 
Input Voltage DRIVER 1 OUT (j5}'r---I>-l~2 AXIDUT LT1330lJ 

Driver ........................................................... V+ to V-
Receiver ............................................... +30V to -30V 

Output Voltage 
Driver ................................................ -55°C to 125°C 
Receiver .................................................. O°C to 70°C 

Short Circuit Duration 
V+ ............................................................................ 30s 
V- ............................................................................ 30s 
Driver Output ................................................... Indefinite 
Receiver Output ............................................... Indefinite 
Operating Temperature Range 

L T13301 .............................................. -40°C to 85°C 
LT1330C ................................................. O°C to 70°C 

Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ................ 300°C 

1-' ... -<1-12 DRIVER 21N L T1330CJ 
DRlVER2DUT 7 LT1330CN 

t--"r-'<H:~9 DRIVER 31N 

DRIVER 3 OUT 11111l-.J.-I>-liBll AX 5 OUT (I.OW.(l) 

IN 5 (lOW.(l) 1 

DNIOFF 3 6 DRIVER DISABLE 

LT1330CS 

ELECTRICAL CHARACTERISTICS (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
PowerSupplyGenerator 

V+Output 8.6 v 
v-Output -7.0 v 
Supply Current (Vee) (Note 3) 6 9 1M 
SuppIyCurrent(+3V) (Note4) 0.1 1 1M 
Supply Current when OFF (Vee) SHUTDOWN (Note5) • 0.06 0.150 1M 

DRIVER DISABLE 3 1M 
Supply Rise Time C1=C2=0.2uF 2 ms 
SHUTDOWN to TumOn C+=1.0I-tF,C-=0.1f.11= 0.2 ms 
ON/OFF Pin Thresholds InputLowLevel(DeviceSHUTDOWN) • 1.4 0.8 V 

Input High Level (Device Enabled) • 2.0 1.4 V 
ON/OFFPinCurrent OV :sVONIOFF :s5V • -15 80 t.II\ 
Driver Disable Pin Thresholds Input Low Level (Drivers Enabled) • 1.4 0.8 V 

Input High Level (Drivers Disabled) • 2.0 1.4 V 
DRIVERDISABLEPinCurrent OV :S VORIVER DISABLE :s5V • -10 500 t.II\ 
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ELECTRICAL CHARACTERISTICS (Nole 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Any Driver 

Output Voltage Swing Load = 3k to GND Positive • 5.0 7.3 V 
Negative • -5.0 -6.5 V 

Logic Input Voltage Level Input Low Level (Vour=High) • 1.4 O.S V 
Input High Level (Vour=Low) • 2.0 1.4 V 

Logic Input Current O.SV s VIN s 2.0V • 5 20 IlA 
Output Short Circuit Current VOUT=OV 17 , rnA 
Output Leakage Current SHUTDOWN Vout = ±30V (Note 5) • 10 100 IlA 
Slew Rate Rl =3k, Cl =51 pF 15 30 VIlAS 

Rl =3k, Cl =2500pF 4 15 VIlAS 
Propagation Delay OutputTransition ~l High to Low (Note 6) 0.6 1.3 !is 

OutputTransition tlH Lowto High 0.5 1.3 !is 
Any Receiver 

I nput Voltage Thresholds InputLowThreshold (VOUT= High) O.S 1.3 V 
Input High Threshold (VOUT= Low) 1.7 2.4 V 

Hysteresis • 0.1 0.4 1.0 V 
Input Resistance 3 5 7 kQ 
Ouput Leakage Current SHUTDOWN (Note) OSVOUTSVCC • 1 10 tlA 
Receivers 1 Through4 

Output Voltage Output Low, lOUT = -1.6mA • 0.2 0.4 V 
Output High, lOUT = 1601lA (Pin 14 = 3V) • 2.7 2.9 V 

Output Short Circuit Current Sinking Curren!,VOUT= Vee -10 - 20 rnA 
Sourcing Current, VOUT=OV 10 20 rnA 

Propagation Delay Output Transition ~l High to Low (Note 7) 250 600 nS 
Output Transition tlH Lowto High 350 600 nS 

Receiver 5 (LOW Q-CURRENT RX) 

Output Voltage Output Low,loUT= -5001lA • 0.2 0.4 V 
Output High,loUT= 1601lA (Pin 14 =3V) • 2.7 2.9 V 

Output Short Circuit Current Sinking Current, VOUT = Vce -2 -4 rnA 
Sourcing Current, VOUT = OV 2 4 rnA 

Propagation Delay Output Transition ~l High to Low (Note 7) 1.0 3 !is 
Output Transition tlH Lowto High 1.0 3 !is 

The. denotes specifications which apply overthe operating temperature 
range. (O·C STAS 70· C for commercial grade, -400C STA s85·C for 
industrial grade, and -55·C s TAS125·Cformilila!ygrade.) 

Note 5: Supply current measurements in SHUTDOWN are performed 
with VONIOFF S 0.1V. Supply current measurements using DRIVER 
DISABLE are performed with VORIVER DISABLE l!: 3V. 

Nole 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 
Nole 2: Testing done at Vee ,,5V and VONIOFF=3V. 
Nole 3: Supply current is measured as the average over sever charge 
pump burst cycles. C+= 1.0!,F, C-=0.1!,F, C1 =C2=0.2~. All outputs are 
open, with all driver inputs tied high. 
Note 4: +3V supply current is measured with all receiver outputs low. 

Nole 6:For driver delay measurements, Rl =3kand Cl =51pF. Trigger 
points are set between the driver's input logic threshold and the output III 
transitiontothe zero crossing. (~l = 1.4Vto OV andtlH = 1.4Vto OV) 
Note 7:For receiver delay measurements, Cl = 51 pF. Trigger pOints are 
set between the receiver's input logic threshold and the outputtransition 
to standard nUCMOS logic threshold. (~l = 1.3Vto 2.4V and ILH = 1. 7V 
toO.8V) 
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PIN FUNCTIONS 
Vee: +5V Input supply pin. This pin should be decoupled 
with a 0.1 uF ceramic capacitor. 

+3V Input: Logic supply pin for all RS232 receivers. Like 
Vee, the +3V input should be decoupled with a 0.1 I-lF 
ceramic capacitor. May also be connected to +5V. 

GND: Ground Pin. 

On/Off: TTUCMOS compatible operating mode control. A 
logic low puts the device in the low power SHUTDOWN 
mode with all drivers and four receivers in a high imped
ance state. A logic high fully enables the transceiver. 

DRIVER DISABLE: An alternate control for the charge 
pump and RS232 drivers. A logic high on this pin shuts 
down the charge pump and places all drivers in a high 
impedance state. All receivers remain active under these 
conditions. Floating the pin or forcing a logic low level 
fully enables the transceiver. 

V+: Positive supply output. V+ ~ 2Vee - 1.5V. This pin 
requires an external storage capacitor, C >: 1.0I-lF, tied to 
ground or +5V. Larger value capacitors may be used to 
reduce supply ripple. The ratio of the capacitors on V+ and 
V- should be greater than 5 to 1. 

V-: Negative supply output. V- ~ -(2Vee-2.5V). This pin 
requires an external storage capacitor, C >: 0.1 I-lF. To 
reduce supply ripple, increase the size of the storage 
capacitor. 

C1+;C1-;C2+;C2-: Commutating capacitor inputs require 
two external capacitors, C >: 0.2I-lF. One from Cl + to Cl
and another from C2+ to C2-. The capacitor's effective 
series resistance should be less than 2Q. For C >:1 I-lF, low 
ESR tantalum capacitors work well, although ceramic 
capacitors may be used with a minimal reduction in charge 
pump compliance. 

DRIVER IN: RS232 driver input pins. These inputs are TTU 
CMOS compatible. Unused inputs should be connected to 
Vee· 

DRIVER OUT: Driver outputs at RS232 voltage levels. 
Outputs are in a high impedance state when in SHUT
DOWN mode, Vee = OV, or when the driver disable pin is 
active. Outputs are fully short circuit protected for Vout 
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from V- + 30V to V+ -30V. Higher voltages will not damage 
the device if the overdrive is moderately current limited. 
Short circuits on one output can load the power supply 
generator and may disrupt the signal levels of the other 
outputs. The driver outputs are protected against ESD to 
± 1 OkV for human body model discharges. 

RX IN: Receiver inputs. These pins accept RS232 level 
signals (±30V) into a protected 5kQ terminating resistor. 
The receiver inputs are protected against ESD to ± 10kV for 
human body model discharges. Each receiver provides 
O.4V of hysteresis for noise immunity. 

RX OUT: Receiver outputs with TTUCMOS voltage levels. 
Outputs are in a high impedance stage when in SHUT
DOWN mode to allow data line sharing. Outputs, including 
LOW-Q RXOUT, are fully short circuit protected to ground 
or Vcc with the power on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low power receiver input. This 
special receiver remains active when the part is in SHUT
DOWN mode, consuming typically 60I-lA. This receiver 
has the same input and protection characteristics as the 
other receivers. 

LOW Q-CURRENT RX OUT: Low power receiver output. 
This pin produces the same TTUCMOS output voltage 
levels with slightly decreased speed and drive current. 

RS232 Un, Pins 
Pr~ected to 
+/·10 kV 

ESD Test Circuit 
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FEATURES 
• Low Power: Icc=2.5mA typo 
• Designed for RS485 or RS422 applications. 
• Single +5V supply. 
• -7V to + 12V bus common mode range 

permits ±7V ground difference between 
devices on the bus. 

• Thermal shutdown protection. 
• Power up/down glitch free driver outputs 

permit live insertion or removal of package. 
• Driver maintains high impedance in 

Three-state or with the power off. 
• Combined impedance of a driver output and 

receiver allows up to 32 transceivers on the 
bus. 

• 70 mV typical input hysteresis. 
• 28 nS typical driver propagation delays 

with 5 nS skew. 
• Pin compatiable with the SN75176A and 

DS75176A. 

APPLICATIONS 

• Low Power RS485/RS422 Transceiver 
• Level translator 

TYPICAL APPLICATION 

REB 

September 1991 

DESCRIPTION 
The L TC1485 is a low power differential bus/line 
transceiver designed for multipoint data 
transmission standard RS485 applications with 
extended common mode range (+ 12V to -7V). It also 
meets the requirements of RS422. 

The CMOS design offers significant power savings 
over its bipolar counterpart without sacrificing 
ruggedness against overload or ESD damage. 

The driver and receiver feature three-state outputs, 
with the driver outputs maintaining high impedance 
over the entire common mode range. Excessive 
power dissipation caused by bus contention or faults 
is prevented by a thermal shutdown circuit which 
forces the driver outputs into a high impedance state. 

The receiver has a fail safe feature which guarantees 
a high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from 
O°C to 70°C and 4.75V to 5.25V supply voltage range. 

REB 
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LTC1485 
ABSOLUTE MAXIMUM RATINGS 
(Note1) 

PACKAGE/ORDER INFORMATION 

Supply Voltage (VCC) .............................................. 12V 
Control Input Voltages ...................... -O.5V to Vcc+O.5V 
Control Input Currents ........................... -50mA to 50mA 
Driver Input Voltages ........................ -O.5V to Vcc+O.5V 
Driver Input Currents ............................. -25mA to 25mA 
Driver Output Voltages .......................................... ± 14V 
Receiver InputVoltages ........................................ ±14V 
Receiver Output Voltages ................. -O.5V to Vcc+O.5V 

ORDER PART 
NUMBER 

LTC1485CN8 
LTC1485CS8 
LTC14851N8 
LTC14851S8 

DC ELECTRICAL CHARACTERISTICS Vee = 5V :I: 5% • DOC s Temp. s 70°C (Note 2 &3) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vod1 Differential Driver Output 
10 =0 5 V Voltage (unloaded) 

Differential Driver Output R = 50 Q ; (RS422) 2 v 
Vod2 Vottage (with load) R = 27 Q ; (RS 485); Figure1 1.5 5 V 

Change in Magnitude of Driver 

,Wod Differential Output Voltage for 0.2 V 
Complementary Output States 

Driver Common Mode R=27Q orR =50 Q 
3 V 

Voc Output Voltage Figure 1 

Change in Magnitude of Driver 
alVocl Common Mode Output Voltage 0.2 V 

for Complementary Output States 

Vih Input High Voltage 2.0 V 

VU Input Low Voltage DI, DE, REB 0.8 V 

Iin1 Inout Current :1:2 !tA 

Iin2 Input Current (A, B) I Vin = 12V tl.0 rnA 
Vcc=O or 5.25V I Vin =-7V -0.8 rnA 

Vth Differential Input Threshold -7V s Vcm s 12V -0.2 to.2 V Vottage for Receiver 

aVth Receiver Input Hysteresis Vcm=OV 70 mV 

Voh Receiver Output High Voltage 10=-4mA, Vid=tO.2V 3.5 V 

Vol Receiver Output Low Voltage 10=+4mA, Vid~0.2V 0.4 V 

lozr Three-State Output Current Vcc = Max. :1:1 !tA at Receiver O.4V s Vo s2.4V 

No Load; I Outputs Enabled 2.7 rnA 
Icc Supply Current 

D!~GND I Outputs Disabled rnA 
nrVer. 2.5 

Rin Receiver Input Resistance ·7V sVcm st12 V 12 KQ 

losd1 Driver Short-Circuit Current, Vout=high -7VsVost12V 250 rnA 

losd2 Driver Short-Circuit Current, Vout=low -7V sVo st12 V 250 rnA 

losr Receiver Short,Circuit Current o V sVo sVcc 7 85 rnA 

loz Driver Tri-State Output Current Vo = -7Vto 12V :1:100 !tA 
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SWITCHING CHARACTERISTICS Vcc=5V±5%,DOCsTemp. s7DOC(Nole2 &3) 

SYMBOL PARAMETER CONDITIONS 

tPlH Driver Input 10 Output 

tPHl Driver Input to Output Rdiff =540 

tSKEW 
Cl1 = C 12 = 100pF 

Driver Output to Output 
(Figures 2&5) 

tr ,If Driver Rise or Fall Time 

tZH Driver Enable to Output High C l = 100 pF (Figures 4&6) 52 closed 

tZl. Driver Enable to Output Low C l = 100 pF (Figures 4&6) 51 closed 

tlZ Driver Disable Time from Low C l = 15 pF (Figures 4&6) 51 closed 

tHZ Driver Disable Time from High C l = 15 pF (Figures 4&6) 52 closed 

tpLH Receiver Input to Output Rdiff = 540 

t PHl Receiver Input to Output Cl1 = C12 = 100pF 

tSKD 
it PLH - t PHll (Figures 2&7) 

Differential Receiver 5kew 

tZl. Receiver Enable to Output Low C l = 15pF (Figures 3&8) 51 closed 

tZH Receiver Enable to Output High C l = 15pF (Figures 3&8) 52 closed 

tlZ Receiver Disable from Low C l = 15pF (Figures 3&8) 51 closed 

tHZ Receiver Disable from High C l = 15pF (Figures 3&8) 52 closed 

Note1: 'Absolute Maximum Ratings' are those beyond which the safety of the 
device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device pins 
are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3: All typicals are given for Vcc = 5 V and Temp. = 25°C . 
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LTC1485 

PIN FUNCTIONS 

PINt NAME DESCRIPTION 

RO Receiver output. If the receiver output is enabled (REB low), then if 
A>B by 200mV, R will be high. If A < B by 200mV, then R will be low. 

2 REB Receiver output enable. A low enables the receiver output, R. A high 
input forces the receiver output into a high impedance state. 

3 DE Driver outputs enable. A high on DE enables the driver outputs,A and B. 
A low input will force the driver outputs into a high impedance state. 

4 DI Driver input. If the driver ouputs are enabled (DE high), then a low on 
D forces the driver outputs A low and B high. A high on D will force A 
high and Blow. 

S GND Ground Connection. 

6 A Driver output / Receiver input. 

7 B Driver output / Receiver input. 

8 Vcc Positive supply; 4.7SV :s; Vcc :s; S.2SV 
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TEST CIRCUITS 

Yo--..., 

Vod2 o 

1 
Figure 1. Driver DC Test Load 

~~~~~er S1 1KQ 

o---4~----4~Y- o-J\I'\r--O Vee 

1KQ 

Figure 3. Receiver Timing Test Load 

Rdlff 

Figure 2. Drlver/Recelver Timing Test Circuli 

Output 
u"dertest 

S1 

500n 

Figure 4. Driver Timing Test Load 

LTC1485 
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SWITCHING TIME WAVEFORMS 

3V 
1.1 MHz ; Ir S 1onS: U S 10nS 

D 

OV 

----... IPHL ... 
VdIH. V(Y) - V(Z) 

Vo 
90% 90% 

-Vo 
10% 

Vo Z-1nvo ~ 1n~~ 

y --------...-~ L.-KEW--------~ l~ ISKEW 

Figure 5. Driver Propagation Delays 

3V ---.,-------.,..-------". 
1.1 MHZ; irS 10n5; US 10n5 

DE 

OV 

5V---t--.. 

A,S 

Vol 

VoIl--+---

A,S 

OV---+'" 
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Oulpul normally Low 

Oulpul normally High 0.5V 

IHZ~ 

Figure 6. Driver Enable and Disable Times 



SWITCHING TIME WAVEFORMS 

Vod2 --

A-B 

-Vod2 

Voh ----

RO 

VoI-----

3V 

REB 

INPUT 

f = f MHz; 1rs1llns; HS10n. 

OUTPUT 

Figure 7 _ Receiver Propagallon Delays 

W __ ~,-_______ ~f=_1~M~~;Ir~S~10~nS~;~HS~1~on~s __ --, 

5V----+ ..... 
RO 

Vol 

Voh ---+---
RO 

OV----+, 

Oulpul normaly Low 

OUlpul normally High 

1HZ ...-

Figure 8_ Receiver Enable and Disable Times 

LTC1485 

l.5V 

lEI 
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APPLICATIONS INFORMATION 
TYPICAL APPLICATION 

A typical connection of the LTC1485 is shown in Figure 1. 
Two twisted pair wires connect up to 32 driver/receiver 
pairs for half duplex data transmission. There are no 
restrictions on where the chips are connected to the wires, 
and it isn't necessary to have the chips connected at the 
ends. However, the wires must be terminated only at the 
ends with a resistor equal to their characteristic imped
ance, typically 120 Q. The input impedance of a receiver 
is typically 20 kQ to GND, or 0.6 unit RS-485 load, so in 
practice 50 to 60 transceivers can be connected to the 
same wires. The optional shields around the twisted pair 
help reduce unwanted noise, and are connected to GND at 
one end. 

THERMAL SHUTDOWN 

The LTC1485 has a thermal shutdown feature which 
protects the part from excessive power dissipation. If the 
outputs of the driver are accidently shorted to a power 
supply or low impedance source, up to 250 rnA can flow 
through the part. The thermal shutdown circuit disables 
the driver outputs when the internal temperature reaches 

RX1 

LTC1485 

150 C and turns them back on when the temperature cools 
to 130 C. If the outputs of two or more LTC1485 drivers 
are shorted directly, the driver outputs can not supply 
enough current to activate the thermal shutdown. Thus, 
the thermal shutdown circuit will not prevent contention 
faults when two drivers are active on the bus at the same 
time. 

CABLES AND DATA RATE 

The transmission line of choice for RS-485 applications 
is a twisted pair. There are coaxial cables (twinaxial) 
made for this purpose that contain straight pairs, but 
these are less flexible, more bulky, and more costly 
than twisted pairs. Many cable manufacturers offer a 
broad range of 120 Q cables designed for RS-485 
applications. 

Losses in a transmission line are a complex combina
tion of DC conductor loss, AC losses (skin effect), 
leakage, and AC losses in the dielectric. In good 
polyethylene cables such as the Belden 9841, the 
condUctor losses and dielectric losses are of the same 
order of magnitude, leading to relatively low over all 
loss ( Figure 2). 

LTC1485 

Figure 1. Typical Connection 
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APPLICATIONS INFORMATION 

10 
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:::: l....fI 
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~ 

a:: 
UJ 
c... 
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0 
.....J ~ 
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0.1 1 10 100 

FREQUENCY ( MHz) 

Figure 2 Attenuation - vs - Frequency For Belden 9481 

When using low loss cables, Figure 3 can be used as a 
guideline for choosing the maximum line length for a 
given data rate. With lower quality PVC cables, the 
dielectric loss factor can be 1000 times worse. PVC 
twisted pairs have terrible losses at high data rates ( > 
100 kbs), and greatly reduce the maximum cable 
length. At low data rates however, they are acceptable 
and much more economical. 

10k __ 

10 ~~~~~=-~~ 
10k lOOk 1M 2.5M 10M 

DATA RATE ( bps) 

Figure 3 Cable Length - vs - Data Rate 

LTC1485 

CABLE TERMINATION 

The proper termination of the cable is very important. 
If the cable is not terminated with it's characteristic 
impedance, distorted waveforms will result. In severe 
cases, distorted (false) data and nulls will occur. A 
quick look at the output of the driver will tell how well 
the cable is terminated. It is best to look at a driver 
connected to the end of the cable, since this eliminates 
the possibility of getting reflections from two direc
tions. Simply look at the driver output while transmit
ting square wave data. If the cable is terminated 
properly, the waveform will look like a square wave 
(Figure 4). 

ox RX 

Rt.4Hl 

Rt.470r.! 

Figure 4 Termination Effects 

If the cable is loaded excessively (47 Q), the signalinitially 
sees the surge impedance of the cable and jumps to an 
initial amplitude. The signal travels down the cable and ~ 
is reflected back out of phase because of the ~ 
mistermination. When the reflected signal returns to the 
driver, the amplitude will be lowered. The width of the 
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APPLICATIONS INFORMATION 
pedestal is equal to twice the electrical length of the cable 
( about 1.5 ns / foot). If the cable is lightly loaded (470 
g), the signal reflects in phase and increases the ampli
tude at the driver output. An input frequency of 30 kHz is 
adequate for tests out to 4000 ft. of cable. 

AC CABLE TERMINATION 

Cable termination resistors are necessary to prevent 
unwanted reflections, but they consume power. The 
typical differential output voltage ofthe driver is 2 V when 
the cable is terminated with two 120 g resistors, causing 
33 rnA of DC cu rrent to flow in the cable when no data is 
being sent. This DC current is about1 0 times greater than 
the supply current of the LTC1485. One way to eliminate 
the unwanted current is by AC coupling the termination 
resistors as shown in Figure 5. 

RX 

C = Line Lenglh (It) x 16.3 pF 

Figure 5 AC Coupled Termination 

The coupling capacitor mustallow high-frequency energy 
to flow to the termination, but block DC and low frequen
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capaci
tor must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
of the coupling capacitor should therefore be set at 16.3 
pF per 100t of cable length for 120 g cables. With the 
coupling capacitors in place, power is consumed only on 
the signal edges, and not when the driver output is idling 
at a 1 or 0 state. A 100 nF capacitor is adequate for lines 
up to 4000 ' in length. Be aware that the power savings 
start to decrease once the data rate surpasses 1/(120 g 
x C). 

RECEIVER OPEN-CIRCUIT FAIL-SAFE 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
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when the data is finished transmitting and all drivers on 
the line are forced into tri-state. The receiver of the 
LTC1485 has a fail-safe feature which guarantees the 
output to be in a logic 1 state when the receiver inputs are 
left floating (open-circuit). However, when the cable is 
terminated with 120 g, the differential inputs to the 
receiver are shorted together, not left floating. Because 
the receiver has about 70 mV of hysteresis, the receiver 
output will maintain the last data bit received. 

If the receiver output must be forced to a known state, 
the circuits of Figure. 6 can be used. 

.Sv 

RX 

.Sv 

RX 

.5v 

RX 

Figure 6. Forcing '0' When All Drivers Are Off 



APPLICATIONS INFORMATION 
The termination resistors are used to generate a DC bias 
which forces the receiver output to a known state, in this 
case a logic 0 . The first method consumes about 208 mW 
and the second about 8 mW. The iowest power solution 
is to use an AC termination with a pull-up resistor. Simply 
swap the receiver inputs for data protocols ending in 
logic 1. 

FAULT PROTECTION 

All of LTC's RS-485 products are protected against ESD 
transients up to 2 kV using the human body model (100 
pF,1.5 kQ). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb from each line side pin to ground 
(Figure 7). 

Figure 7. ESD Protection With TransZorbs 

TYPICAL APPLICATIONS 

RS-232 Receiver 

RS-2321n _---,._---q 

LTC1485 

A TransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 
time, and low series resistance. They are available from 
General Semiconductor Industries and come in a variety 
of breakdown voltages and prices. Be sure to pick a 
breakdown voltage higher than the common mode volt
age required for your application ( typically 12 V). Also, 
don't forget to check how much the added parasitic 
capacitance will load down the bus. 

RS-232 To RS-485 Level Translator With Hysteresis 
R=220kO 

RX RS-2321n _r--~Mr--I 
5.6kO 

5.6kO 

Hysillresis = 10 kO • IVy· Vz II R .19 k I R 
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,-II""-lln'C1\12 PACKAGE CROSS REFERENCE 
~, TECHNOLOG~f\(------

LTC NSC SIG MOT TI SG RAYTH PMI MAXIM 
Plastic DIP N-8 N N Pl P M P, NB P PA 

Cl Tffl 8 Lead N-8 

Plastic DIP N N N P2 N N P, N P PD, PE, 

W 'ffiWij' 14,16,18,20, N-14 NE PN, PP, PG, PI 
24, and 28 Lead NG 

~ ~ 
TO-220 T T - T KC P - - AR 
3 Lead 

rtit TO-220 T T - - KV P - - -

~ ij 
5 Lead 

j ; TO-220 V - - - - - - - -
7 Lead 

q 0 
Plastic DD M - - - - - - - -
3 Lead 

q ~ 
Plastic DD a - - - - - - - -
5 Lead 

q 0 
Plastic DD R - - - - - - - -
7 Lead 

Side Brazed Hermetic DIP D-8 D I L - - - - DA 

(0 rw 8 Lead 

Side Brazed Hermetic DIP D D I L - - - VB DD, DE, 

c:o "IWVW'r 
14,16,18 and 20 Lead aB DN, DP 

XB 

TO-92 Z Z - P LP - - - ZR 

; B 3 Lead 

m 
TO-5, TO-39, TO-96, H H - G - T T H VR, TA, 

~ 0 TO-99, TO-l 00 and TO-l 01 H H J TB 
omuoo K 

Ceramic DIP J-8 J F U JG V DE Z JA 

0 W 8 Lead J-8 

Ceramic DIP J J F L J J DB V JD, JE, IN, 

CJ 'WIWIV' 14,16,18,20, J-14 DC a JP, JG, JI 
24, and 28 Lead J X 
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PACKAGE CROSS REFERENCE 

LTC NSC SIG MOT 11 SG RAYTH PMI MAXIM 
TO-3 (Steel) K K - K - K - - KR 

T 0 2 Lead Steel 

(Aluminum) - K - K - - - - KR 

TO-3 K K - - KJ K - - -

~ @ 4 Lead o \{ ,jo 
,.~~ 

TO-46 H H - - - T - -

~ ~ 
2,3,4 Lead 

m TO -52 SR 
3 Lead 
TO-3P P - - - - - - - -

~ ~ 
3 Lead 

Plastic SO S-8 M 0 0 0 - - - SA 

Q = 8 Lead 

Plastic SO S M 0 0 0 - - - SO 

c:J ~ 14,16 Lead SE 

Ommm Plastic SOL S M 0 0 0 - - - WE,WN, 
16, 18, 20, 24, 28 Lead WP,WF, 

WG,WI 

~;~~l 
10 Lead Cerpac W W H F W F - RC -

c:.::3 

Q ~ 
SOT-223 ST - - - - - - - -
3 Lead 

PROPRIETARY DEVICE LT LF LP NE MC TL SG RM OP MAX 
PREFIXES LTC LH MF SE RC REF 

LM CMP 
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f""'-Llnet\~D~ __ PA_CK_A_GE_D_IM_EN_S_IO_NS 
~, TECHNOLOGY 

E9 L (0.203 - 0.381~ I 
0.300 

(7.620) 
REF 

~ ~ 
I 0.300 I 
k- (7.620) -----..j 

REF 

o Package 
8·Lead Sidebrazed 

.!W.Q. 
(2.794) 

REF 

0.298 
(7.569) 

MAX 

a.......,..,~~--r."'T"""--I~ 

0.125 r-- 0.485 _I (3.175) 

;:E~i 
1= JL 1_.1 0.100 ± 0.010 

0.125 ~ (2.540.0.254) 
(3.175) 0.015 - 0.023 

MIN (0.381-0.965) 

o Package 
14·Lead Sidebrazed 

t 
0.298 

(7.569) 
MAX 

L-r.-r~r::-r-T"~M"':"T'~~ 

0.485 0.165 1_ (12:319) -I (4.191) 

~::::, - ~ 

;A~Mt (~:~~~) 
MIN 0.015 - 0.023 --J TYP 

(0.381 - 0.584) 
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PACKAGE DIMENSIONS 

14-6 

~ ~ 
I 0.300 I 
k- (7.620) -----.I 

REF 

~ ~ 
l-- 0.300-J 

(7.620) 
REF 

D Package 
16-Lead Sidebrazed 

-t 
0.295 .0.010 
(7.493.0.254) 

~~~~~~-~ 

--(i2.319) -- (5.080) I 
0.485 I 0.200 

;f~---j 
~ w 0.100 ~ II ~ 0.040-0.060 

(3.175) (2.540) 0.014-0.023 ~~ (1.016 1.524) 
MIN BSC (0.356 - 0.584) 'u~ 

D Package 
18-Lead Sidebrazed 

0.910 
(23.114) 

k- 0.050. 0.010 MAX 
I (1.270 • 0.254) 

18 16 15 

t 
0.298 

(7.569) 
MAX 

0.485 0.165 1 (12.319)1 (4.191) 
0.020 - 0.060 MAX -c ~ ooIT 
I~ 

0.125 0.100.0.010 -J ~ 0.054 
(3.175) U (2.540.0.254) J II ~ (1.372) 

MIN 0.015-0.023 -JI.- TYP 
(0.381 0.584) 



PACKAGE DIMENSIONS 

~ ~ 
I . 0.300-.1 
j.--(7.620) 

REF 

H Package 
8-Lead TO-5 Metal Can 

o Package 
20-Lead Sidebrazed 

1.010 
14------- (25.654) 

MAX "I 
Uill~~~~~~~ 

0.298 
(7.569) 

MAX 

~~~~~~~--+ 
0.165 r- 0.4851 (4.191) 

(12.319) MAX 
0.020-0.060 MAX ~ 

·T~~ 
t *- fj I~ 0.054 I I 0100.0.010 ~ _ (1372) 
(~:~~~) ~ (2:540. 0.254) 0.015 - 0.023 TvP 

MIN (0.381-0.584) ~o~~ 

H Package 
10-Lead TO-5 Melal Can 

0.305-0.335 0.305-0.335 1r(~~:0~}:~~~)- Ir(~·~~~o~l~~~) 
1-. (7.747 -8.509)l [(7.747 -8.509)l 

0.040 0.040 1--0-=----. 
(1.016) ~ 0.050 0165-0.185 (1.016) ~ 0.050 0.165-0.185 

MAX (1.270) (4: 191-4.699) MAX (1.270) (4.191-4.699) 

L MAX t REFERENCE L MAX t REFERENCE + 1--.I+-----:c::-----1-- PLANE 1 --.I+----r--PLANE .1. __ .---- GAUGE t GAUGE 
SEATING ---t-- - --t-PLANE 0.500-0.750 SEATING t-- _ PLANE 0.500-0.750 

PlANE t (12.70-19.05) PLANE~ nn ~ (12.70-19.05) 
0010-0045 00 0 DO t 0.010-0.045 OD D uu t 

(0.254 1.143) II-- 0.016-0.021 (0.254-1.143) II-- 0.016-0.021 
~ (0.406-0.533) _ (0.406 0.533) 

TVP TVP 

0.110-0.160 
(2.794-4.064) 

INSULATING 
STANOOFF 

H8188 

NOTE· LEAD DIAMETER IS UNCONTROLLED BETWEEN 
. THE REFERENCE PLANE AND SEATING PLANE. 

0.110-0.160 
(2.794-4.064) 

INSULATING 
STANDOFF 

Hl0188 

~O~~D DIAMETER IS UNCONTROLLED BETWEEN 
. THE REFERENCE PLANE AND SEATING PLANE . 
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PACKAGE DIMENSIONS 

H Package 
3-Lead TO-39 Melal Can 

0.165-0.195 
(4.191-4.953) 

r 0.350 -0.3701 
(8.890 -9.398) 

OIA 
0.305 -0.335 
(7.747-8.509) 

DIA 
0.050 

(1.270) 
MAX 

~-C:;:;:~~ ---r 
n n ~ 0.016-0.019 

-'-____ U U u -(~i10:~~risS;) 

H Package 
2-Lead and Head TO-46 Melal Can 

D 209-0 219 

(53D9-5537)J 

D.016-0.019 
(D.4D6-D.483) 

DIA* 

FOR 3-LEAD PACKAGE ONLY 

H3j39)l88 

H Package 
4-Lead 10-46 Melal Can 

0.036-0.046 
(0.914-1.168) 

0.036- 0.046 
(0.914-1.168) 

H:l(46)188 

• FOR SOLDER DIP LEAD FINISH LEAD DIAMETER IS 0.016 - 0.024 
, (00406 - 0.610) 

14-8 

H Package 
Head 10-39 Melal Can 

r 0.350 -0.370 1 
(8.890 -9.398) 

OIA 

0.165-0.195 
(4.191-4.953) 

0.305 -0.335 
(7.747-8.509) 

DIA 
0.050 

(1.270) 

H4(46)186 

MAX 

~-C:;;::~~ ---r 
-'-____ I~ !~~~ 

(0.406-0.483) 
DIA 3 LEAOS' 

H4(39)188 

H Package 
Head TO-52 Melal Can 

0.036-0.046 
(0.914 -1.168) 

0.050 
(1.270) 

TYP 

H3(6~)188 



PACKAGE DIMENSIONS 

J Package 
8-Lead Cerdip 

0.025 
(0.635) 

RADTYP 

(~:~::=~:~~) -1111- I 
0.014-0.026 j~ _ 

(0.360 - 0.660) 

J Package 
14-Lead Cerdip 

0.200 
(5.080) 

MAX 

L 0.125 
3.175 

0.100.0.010 MIN 

(2.540 ± 0.254) 

0.005 ~"'.f------ (1~7:;9) -----.~ I 
- 1-0- MAX 

(0.127) I 
MIN 14 

~"""""",,-.,.L.;.;;.L....~~'-'--'-'-"""'T 

0.220-0.310 
(5.588 -7.874) 

:--'-"'-~~~~""T"-r""'~ 
0.200 

(5.080) 
MAX 

wrrm"mH~ 3 "=-"-J 1
1

- -I 1- 0.100.0.010 0.125 
(0.965-1.727) ~ (2.540±0.254) (3.175) 

_ 0.014 - 0.026 MIN 

(0.360 - 0.660) "'"'" 
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PACKAGE DIMENSIONS 

-I.- 0.385 ± 0.025 _I 
(9.779 ± 0.635) 

14-10 

J Package 
16·Lead Cerdip 

0.005l"" !.-
(0.127) I -

MIN IWI [15] G4l 

0.840 
(21.336) MAX ~I 

-t 
0.220 - 0.310 

(5.588 -7.874) 

'-r.r-r~"""1"":"'T"~"""T"::"'T"'~U 
0.200 

(5.080) 

~ 
(4.064) MAX 
~~JMAX 0.015 - 0.060 

(~) i 

H ~ .~ J L J~tl .,,--.'" (3JI~5) (2.030) (0.965 -1.727) 

0.100.0.010 0.014 - 0.026 
(2.540.0.254) (0.360 - 0.660) 

J Package 
18·Lead Cerdip 

J150492 

0.005.. !.- MAX I 
0.950 

.. (~.3M) ~I 
(0.127) I -

MIN 18 ,-.-.... ............... ~---.:..:..I....~~..............r 
0.025 

(0.635) 
RAD TV? 

0.220 - 0.310 
(5.590 - 7.870) 

~~~T"""T"""TU 
0.160 0.200 

(4.064) (5.080) 
MAX MAX 

0.o15~0.060 r n 
'~ [~lrrll~lr H ~ .~ J L Jjtl ... -.'" (3.175) (2.490) (0.965 -1.727) 

MIN MAX 
0.100.0.010 0.014-0.026 

(2.540 ± 0.254) (0.360 - 0.660) 



0.008-0.018 
(0.203 - 0.457) -

J Package 
20-Lead Cerdip 

Ie 0 19 

-'---t --

0.220-0.310 0.025 
(5.588 -7.874) (0.635) 

RAD TIP 

1 

I 0.005 
-(0.127) 

MIN 

PACKAGE DIMENSIONS 

1.060 
(26.924) 

MAX 

I.--- 0.385 ± 0.025 ----..I 
(9.779 ± 0.635) 

t 
0.295 0.025 

(7.493) (0.635) 
MAX RADFP 

t 

J Package 
24-Lead Cerdip 

1_---- 1.290 ____ ~~I 
(32.77) 
MAX 

0.180 0.225 
(4.572) (5.715) 

MAX MAX 

0020- 0070r J 
;' tlllMlllllllr:z 

L Jjt[::::. w ",00,,"," ~m 0.125 
(3175) 

MIN 
TIP (2.540 ± 0.254) 

0.095 0.018 + 0 003 
(2.413) (0.457 ± 0.076) 

MAX TIP 

14-11 



PACKAGE DIMENSIONS 

J Package 
28-Lead Cerdip I .... ----------(~]) ------------.1-1 

) 
0.514 - 0.526 

(13.05 -13.36) 
MAX 

0.025 
(0.635) 

RAD TYP 

0.180 0.225 

[

_ 0.590-0.620 __ I 
(14.99-15.75) 

(4.572) (5.715) 
MAX MAX 

I 0 685 +0.025 I 
I""--- . -0.060-+1 

7r~~~ 
L rj Itll o~.o~ U " • .000 V~ ~ ~ (1397.0127) (2540.0254) 

(1740+0.635 ) . -1.524 

K Package 
Head 10-3 Metal Can 

0.320 - 0.350 

(8'13f-8'89)1:====:;;::==~:::=0::J'060-0'135 (1.524 - 3.429) 

-.-l 
T 

0.420 - 0.480 
(10.67 -12.19) 

t 

14-12 

-..II- 0.038 - 0.043 
(0.965 -1.09) 

0.495-0.525 
(12.57 -13.34) 

(~:~=~:~;)~---~ 

0.152-0.161 
(3.86 - 4.09) 

DlA 

0060-0100 0018.0002 
(1.524 - 2.540) (0.457 • 0.051) 

0.320 - 0.350 

K Package 
Head 10-3 Metal Can 

"~I::==::=~=T~~~=(~::J:':~~ 
0.420-0.480 

(10.67 -12.19) 

t 
_II- 0.038 - 0.043 

(0.965 -1.09) 

0.151-0.161 
(3.84 - 4.09) 

DIA2 PLC 

0.167-0.177 
(4.24 - 4.49) 

RTYP 



0.009-0.015 _ .... 
(0.229 - 0.381) 

I 0.325 +0.025 I _ -0.Q15_ 

(8 255 +0.635) 
. -0.381 

PACKAGE DIMENSIONS 

N Package 
a-Lead Molded DIP 

1-(100~~0)~ MAX 

8 7 6 5 

-t 
0.250 • 0.010 

(6.350 • 0.254) 

~~~~ 

0.065 ~ 
(1.651) 

TYP 

0.045. 0.015 tl 
(1.143.0.381) -

0.100.0.010 
(2.540.0.254) 

N Package 
14-Lead Molded DIP 

0.260 ± 0.010 
(6.604 • 0.254) 

o.no 
(19.558) 

MAX 

L~~~~~ 
0.065 

(1.651) 
TYP 

~------~------~~ 

l-II. 0.018.0.003 
~ r- (0.457.0.076) 

0.100.0.010 
(2.540 • 0.254) 

T 

0.125 
(3.175) 

MIN 
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PACKAGE DIMENSIONS 

14-14 

+0.025 1_ 0.325_0.015 -J 
(8 255 +0.635) 

. -0.381 

0.009-0.015 _ ..
(0.229 - 0.381) 

1 
0325 +0.025 I _ . -0.015--+ 

(8 255 +0.635) 
. -0.381 

N Package 
16·Lead Molded DIP 

-t-

0.130.0.005 0.045-0.065 --.. 
(3.302.0.127) (1.143-1.651) -± 

(~:~~~)£ .... ----------++--. Js5 
MIN 'fJ (1.651) 

TYP 

0.125 I 0.045'0'01~ I 'L - ..... ~ - .....I 0.018.0.003 
(3.175) (1.143.0.381) (0.457.0.076) 

MIN 0.100.0.010 
(2.540.0.254) ...-

N Package 
18·Lead Molded DIP 

0.905 
.----------(22.000)----------~ 

MAX 

0.260 • 0.010 

0.130.0.005 0.045 - 0.065 --.. 

I:.~:' ~tT,"1 b

l

--,o=.---=,..-=-(_1 . ..,
14

=r
3 

-_1".6",51_) -=;-;=---.=,.-'1=1 i 
(1.651) 

TYP 

0.125 ..... ~ 0.045.0.015 I L Il 0.018.0.003 
(3.175) (1.143.0.381) .....I (0.457.0.076) 

MIN 0.100.0.010--+ 
(2.540.0.254) N180392 



I 0.325 +0.025 I 
_ -0.015 ---.I 

(8255 +0.635) 
. -0.381 

0.020 
(0.508) 

TV? 

t 

PACKAGE DIMENSIONS 

N Package 
20-Lead Molded DIP 

1.040 
(26.416) 

MAX 

-t-
0.260 ± 0.010 
(6.604.0.254) 

~~~~~~~~ 
0.130 ± 0.005 

0.260 ± 0.010 
(6.604 ± 0.254) 

0.045 - 0.065 -... 
(1.143 -1.651) .L 

~----------~----~~ 

I.- 0.065 ± 0.015 J 
(1.651 ± 0.381) 

0.100 ± 0.010 
(2.540 ± 0.254) I~ 

N Package 
24-Lead Molded DIP 

1.265 
(32.131) 

t 
0.065 

(1.651) 

JL 0.018.0.003 
(0.457.0.076) 

TV? 

~~~~~~~~~ 

0.045-0.055 -... 
(1.143-1.651) .L 

~----------~r---------~~ 

L JL 0.018.0.003 
(0.457 • 0.076) 

t 
0.065 

(1.651) 
TV? 
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PACKAGE DIMENSIONS 

0.505 - 0.560 

N Package 
28·Lead Molded DIP 

""" L Cr':TT:'n~T."'i"'~rT':TT:'n~"'T':;;;=r.:;rr.~"f.':n~T.;;-rJ 
0.020 

1

_ 0.600 - 0.625 -- (0.508) 
(15.240 -15.875) TYP 

t 

I 0 625 +0.025 
I+-- . -0.o15---i 

(15 87 +0.635) 
. -0.381 

0.045 - 0.055 __ 

(1.143-1.651) 1 

~------------++----------~~ 

k- 0.035 - 0 OBO 1 
(0889 - 2.032) 

0100.0.010 _ 
(2.540.0.254) 

SO Package 
8·Lead Small Outline 

L Jl 0.018.0.003 
(0.457 ± 0.076) 

~ 
0.189-0.197 

(4.801 - 5.004) ~ 

8 7 6 R I 
I 

0.228-0.244 0.150-0.157 
(5.791- 6.197) (3.810 - 3.988) 

LJ ~ 
0.053 - 0.069 

(1.346 -1.752) 

1 

T 
0.070 

(1.778) 
TYP 

1 r- 0.010-0.020 45° 
(0.254 - 0.508( 

~ I 0.008-0.010 
U:~0.254) 

t-J1 0.016-0.050 I l:=-t 

n~~~~~~3 0.004-0.010 L} (0.101-0.254) 

tI CJ CJ t:J EI----.t 
0°_ 8° TYP 0.406 -1.270 -.I ~ 0.014-0.0: _ ~II T T 0.050 f 

(0.355 - 0.483) I+-~ (1.270) 
BSC 

14-16 .L7lJ!J~ 



I 
J-- 0.01 0 - 0.020 45' 

-- I (0.254 - 0.508( 

0.008 - 0.010 r I (0.203 - 0.254) 

.. J lL~. 
L O'-8'TV? J L 

0.016 - 0.050 
0.406-1.270 

I 
J-- 0.01 0 - 0.020 45' 

-- I (0.254 - 0.508( r I 0.008 - 0.010 t-Ji U:~0254) 

O'-8'TV? j It 0.016 - 0.050 _ 
0.406 -1.270 

.L7lJD~ 

PACKAGE DIMENSIONS 

SO Package 
14-lead Small Outline 

Tl 0.337-0.344 .. <------ (8.560 - 8.738) ----+1 

14 13 12 11 10 

0.228-0.244 0.150-0.157 
(5.791-6.197) (3.810-3.988) 

L!---------I~ 

SO Package 
16-Lead Small Outline 

0.386 - 0.394 • 
~----(9.804-10.008)-----1 

I 
0.228 - 0.244 0.150 - 0.157 
(5.791-6.197) (3.810-3.988) 

L!--~-~ 
0.053 - 0.069 

(1.346 -1.752) tJ 0.004 - 0.010 br ld (0.101-0.254) 
t::::j t::::j t::::J t::::j t:::::j E3 t::::J -------.i 

0014-00: n T T 0:0 = = = + 
(0.355 - 0.483) -I J-- r-r-(1.270) 

TV? 
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PACKAGE DIMENSIONS 

14-18 

SOL Package 
16-Lead Small Outline (Wide) 

raa 0398-0413 
(10109 10.490)~ " .. ,,,,,, " 'l I 

SEE NOTE 0.394-0.419 

IL;:;:::;:::;:::;:;::;::::;::;::;:;:;:::;:::;:::;;::;!J 1'-I""" 
0.093 _ 0.104 0.037 - 0.045 

(2362 - 2 642) (0940 -1143) 

tn DO 0 0 0 0 D1t~ 
0.009-0.013 (~:~~~ T..-~J~L~ ~ ~ 0.00410.012 

(0.229 - 0.330) TVP 0.014 _ 0.019 (0.102 - 0.305) 

(0.356 - 0.482) 

NOTE: TVP 
PIN 1 10ENT, NOTCH ON TOP AND CAVITIES ON THE BonOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

0.291 - 0.299 
(7.391 -7.595) ;} 

0.010 - 0.029 x 450--1 
(0.254 - 0.737) I 

NOTE: 

SOL Package 
18-Lead Small Outline (Wide) 

~ 0447-0463 ~~T (11354-11760) 

18 17 16 15 14 13 12 11 10 

0.394-0.419 

1C;::;:;:;::;::;::;::::;:;::;:::;::;:;:;::;::;:~cr~ 
234567 

0.093 - 0.1 04 0.037 - 0.045 
(2362-2642) (0.940-1.143) . . ---1 

t&o 0 0 0 0 0 0 01t21 
(~:~~r---f t-wJ~LW w W W 0.00410.012 

TVP 0.014 _ 0.019 (0.102 - 0.305) 

(0.356 - 0.482) 
TVP 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BonOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 



0.009 - 0.013 
(0.229 - 0.330) 

NOTE: 

0.291 - 0.299 U (7.391 - 7.595) 

0.010 - 0.029 x 450--1 
(0.254 - 0.737) I 

PACKAGE DIMENSIONS 

SOL Package 
20-Lead Small Outline (Wide) 

~ 0496-0512 ~1--r (12598 13005) 

20 19 18 17 16 15 14 13 12 11 

SEE NOTE 0.394-0.419 

~;:;:;::;;:;::;::;:::;;::;;:::;:::~;::;;: ""T"' 
2 3 4 5 10 

0.093 - 0.104 0.037 - 0.045 
(2.362 _ 2.642) (0.940 -1.143) 

! ffilnJmn~n~@~n]~ 
(~:~~~) -I 1-- II 0.004 t 0.012 
lYP (0.102 - 0.305) 

0.014-0.019 ___ 
(0.356 - 0.482) 

lYP 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

0.009-0.Q13 
(0,229 - 0.330) 

NOTE: 

SOL Package 
24-Lead Small Outline (Wide) 

SEE NOTE 0.394 - 0.419 

""T'" 
234567 9 10 11 12 

0.093 - 0.1 04 0,037 - 0.045 
(2.362 - 2.642) (0.940 -1.143) 

! 1m n n n nOD 0 0 0 ot!~ 
0.050~ ~ ~ ~ ~ ~ ~'-' ~ w w w ~ 

(1,270) --I ~J I 0.004 - 0.012 
lYP 0,014-0.019 (0.102-0.305) 

(0.356 - 0.482) --

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 
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PACKAGE DIMENSIONS 

NOTE: 
PIN 1 IDENT, NOTCH ON TOP ANO CAVITIES ON THE 
BOTTOM OF PACKAGES ARE THE MANUFACTURING 
OPTIONS. THE PART MAY BE SUPPLlEO WITH OR 
WITHOUT ANY OF THE OPTIONS. 

0.009-0.013 
(0.229 - 0.330) 

0.291- 0.299 ;} 
(7.391 7.595) 

0.010-0.029 x450--1 
(0.254 - 0.737) I 

SOL Package 
28-Lead Small Outline (Wide) 

0.697 -0.712 
(17.70 18.08) 

0.394-0.419 

It;:;:;::;:;:,:;;::;::::;:;::;:;::;::;;::;:::;::;::;:;::;:;::;::;::;:::;:;::;:;: "T'" 
234567 9 10 11 12 13 14 

0.093 - 0.104 0.037 - 0.045 
(2.362 - 2.642) (0.940 -1.143) 

two DODD 0 0 0 0 0 0 0 0 a~ 
(~:~~r---T r.-~Jwl ~ ~ ~ ~ ~ ~ ~ ~ ~.:JO.012 

TYP 0.014 _ 0.019 (0.102 - 0.305) 

(0.356 - 0.482) -

P Package 
3-Lead 10-247 

MOUNTING HOLE 
0.115-0.145 
(2.92 - 3.68) (15.748 -16.256)-----

0.620 - 0.640 I 

14-20 

0.830 - 0.870 
(21.08-22.10) 

0.780-0.820 
(19.812 - 20.828) 

(1.07-1.32) 

0.215 
(5.46) 
BSC 

o 

=+ 0.170 - 0.200 
(4.32 - 5.08) 

0.150-0.170 
(3.81-4.32) 

0.074 - 0.084 
(1.88-2.13) 

0.087-0.102=L 
(2.21-2.59) 

0.020 - 0.040 
(0.051 -1.02) 



PACKAGE DIMENSIONS 

I 
0.560 - 0.650 

",m["'" 

~ 
0.380 - 0.420 

(9.652 -10.668) 1 
0.139-0.153 I 

(3.531 - 3.886;7 

G 
D 

ST Package 
3-lead Plastic SOT -223 

T Package 
3-Lead TO-220 

0.079-0.135 
(2.007 - 3.429) 

+ 

1.001.08: 
(25.527 - 27.432) 

~ 
0.150 

(3.810) 

4 

j-t=··","~ (0.813 ± 0.127) 

0.100±0.010 
(2.540 ±0.254) 

0.015 - 0.025 --II-
(0.381 - 0.635) ---I 

0.050 
(1.270) 

TYP - ~ 

~ 
0.169-0.185 

(4.293 - 4.699) 

0.035 - 0.055 
(0.889 -1.397) 

~70 
(5.969 - 6.858) 

---...L 

0.079-0.115 
(2.007 - 2.921) 

T3188 
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T Package 
Head TO-220 (Straight Lead) 

(9.652 -10.668) ~ 
0.380-0.420 r 

(~ 235-0 270 0139-0153 0.079-0.135 
429) .969 6~856) (3.531-3.8; (2.007 3. 

t 

0.560 
(14.224 

OIA 

0 !O 
-0.650 

16.510) 

t 

1.020-1.181 
(25.908-29.997) 

J 
0.057-0.077 ---I 1.-1 L 

(1.448 1.956) ---I 0.028-0.035 

(0.711 -0.689) 

(4.293 4.699) 
0.035-0.055 1 (0.889-1.397) 

0.169_0.185l F 

0.015-0.025 --.J 1--+ 
(0.381 0.635) ~ /..-- 0.079-0.115 

(2.007 -2.921) 

T5($)289 

T Package 
Head TO-220 

0.380 - 0.420 
(9.652 -1 0.668) 

I 
0.560 - 0.650 

(14.224 -16.510 ) 

L 

0.139-0.153 0.079 - 0.135 

(3.531 - 3.886)1 (2.007 - 3.429) 

DIA t 

0 + 

D ."'-"" (21.996 - 23.190) UJ .m.-, (24.64 
.050 

26.67) 

0.057 - 0.077 J 
(1.448 -1.956) 

~ 
l-- I l 0.028 - 0.035 =-i (0.711 - 0.889) 

0.015 - 0.025 ___ 
(0.381 - 0.635) 

0.210 - 0.240 
(5.334 - 6.086) 

0.327 - 0.335 
(8.306 - 8.509) --t'o---------'~ 

0.170-0.185 
(4.318-4.699) 
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Y Package 
Head TO-22D 

0.390-0.410 r-
(9.91-10.41)' V 0.147-0.155 

(3.73 - 3.94) 

~ DIA 

_ + C"t ::faZ58 V (5.97 - 6.55) 
0.103-0.113 t 
(2.62 - 2.87) 

0.026 - 0.036 j ~ J L 
(0.66 - 0.91) 

0.045 - 0.055 
(1.14-1.40) 

W Package 

~ 0.045 - 0.055 
~ (1.14-1.40) 

t 
0.620 

(15.75) 
TYP 

0.700 - 0.728 
(17.78-18.49) 

J 
0.260 - 0.320 
(6.60-8.13) 

1 D-lead Flatpack (Cerpak) 

0.003-0.006 2 

(0.076-0.152) -lI-

DETAIL A 

t 
0.250-0.370 

=F 
0.240-0.260 

(6.096 6.604) 

. 0.01O-0.Q19 2 

(0.254 0.483) 

t 
0.2801 

(7.112) 
MAX 

0.2901 
_(7.366) __ 

MAX 

-Ir- -I 

DETAIL A 

0.005 
-(0.127) 

MIN 

f o.005 
(0.127) 

MIN 

0.008-0.015 
\.- (0.203 -0.381) 

0.026-0.045 _ 

(0.660-1.143) 

j:ro 
(6.350-9.398) 

_ 0.030-0.085 

(0.760-2.160) 

t 

0.050 1 

(1.270)_ 
BSC 1- I lO'045 

- (1.143) 

NOTES: 
1. THIS DIMENSION ALLOWS FOR OFF-CENTER LID, MENISCUS AND GLASS OVERRUN. 
2. INCREASE DIMENSIONS BY 0.003 (0.076) WHEN LEAD FINISH A IS APPLIED 
(SOLDER DIPPED). 

MAX 
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Z Package 
3-Lead TO-92 

0.060:0.005 (4.572:0.127) n 0.180:0.005' 

(1.524:0.127) 

.!!2Q2. ~ NOM 
(12.70) ~ ~ ~ (1.270) ~ MIN MAX 

I UNCONTROLLED 
! LEAD DlA 

I It 0.020:0.003 II 
.... 1 (0.508:0.076) _I-- 0.015:0.002 
..... 0.016:0.003 (0.381 :0.051) 
r " (0.406:0.076) 

0.050:0.005 _ j.-
(1.270:0.127) 

0.060:0.010 

~,~ 1O"NOMr~ (3.556:0.127) 

DD Package 
3-Lead Plastic 

0.060 I" ~0.401'0.D15 (1.524) (10.185.0.381) , -

::;=::;===l;;;;;;;;;;~---..- 15° TYP 

+ f 'II 
0.331 ~~:~~~ 

(8.407~K~) 

t= 
0.143~~·~~ J 
(3.632~~:~~) 

t I--- 0.100.0.010 
(2.5402.0.254) 

0.050.0.008 
(1.270.0.203) 

lI88 

0.175.0.08 G} 
(4.445.0.203) -+f 0.050.0.08 

(1.270 • 0.203) 

0.004 +0.008 
... -0.004 

(0.102~~:~~~) 
0.105 • 0.008 

~ (2.667.0.203) 

0022 0005 ilL 0.050. 0.012 
(0:559 : 0:127) -+II+- (1.270 • 0.305) 

.. "'" 



DD Package 
5-lead Plastic 

0.060 I" ~.401-0.015 (1.524) (10.185.0.381) , . 

-L------~~------~__,,15onp 

t t l' 
0.331 ~~.~~~ 

(8407+0.305) . -0.508 

~~~nlI 

-t-J I I ~ 0.067. 0.010 
0.143+0.012 ~ (1.702.0.254) 

-0.020 0.032.0.008 

(3.632~~.~g~) -- (0.813.0.203) 

DD Package 
7-lead Plastic 

0.060 1 T (-MOl • 0.015 

(1_.;L.2_4) ______ "!=~~-----_q-~85.0.381) 
It~Tt --i'F==="'i1~ 15°np 

0.331 ~~.~~5 

(8407+0.305 ) . -0.508 

t'J I I I 0.050. 0.010 
0.143+0.012 ~ -- (1.270.0.254) 

-0.020 0.030 _ 0.008 

(3.632~g.~g~) -- (0.762.0203) 

PACKAGE DIMENSIONS 

0.175.0.08 
(4.445.0.203) -r-:::0 ..... 0.050 - 0.08 I ~ (1.270 • 0.203) 

(~~~~) ~(:~:::H~;) TYP -0102 

t 0105.0.008 r- _, (2.667. 0 203) 

0022-0005 IlL 0.050.0.012 
(0:559: 0:127) ~ I- (1.270.0.305) 

0.175.0.08 
(4.445 • 0.203) 1::0..... 0.050. 0.08 

I ~ (1.270 • 0.203) 

(U~~) ~(:.~::~: .• ~::) 
t 0105.0.008 r- ~(2667'0203) 

0.022.0.005 IlL 0.050-0.012 
(0.559. 0.127) ~ I- (1.270.0.305) 
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'~Llnt:f\Q INTRODUCTION 
~, TECHNOLOG~fY'------

Quality and Reliability Assurance Programs 

Linear Technology Corporation has a wide ranging 
program integrating vendor participation, design 
engineering, and manufacturing to produce the most 
reliable and highest quality linear integrated circuits 
available on the market. Our modern manufacturing 
facility in Milpitas, California is DESC Class S and Class B 
line certified. We have successfully completed over 90 
major OEM quality system surveys to MIL-Q-9858 and 
MIL -1-45208 including achieving several major customer 
quality awards. Our Quality and Reliability Assurance 
Programs are summarized below: 

• Wafer Fabrication - A modern class 1 00 area modular 
clean room construction with full environmental 
monitors. Emphasis is placed on statistical quality 
control, CV plots, SEM monitors and on our proprietary 
dual layer passivation system. 

• SPC (Statistical Process Control) - LTC is committed 
to SPC as the cornerstone of our continuous quality 
improvement and Total Quality Management System 
(TQMS) programs. SPC is fully implemented in all 
manufacturing areas. 

• Assembly and End of Line-Incoming inspection of all 
materials and piece-parts, line surveillance and process 
control monitors. 

• Testing - Incoming inspection and acceptance of all 
offshore lots prior to release to test. L TX testers, 
multipass testing with closed loop binning to reduce 
outgoing electrical defective levels. Many "beyond data 
sheet" tests and full temperature QA lot buy-offs are 
performed as standard processing. 

• Traceability - A backside or side mark is placed on all 
units, where space permits, to give information on each 
unit to identify the wafer fab lot, assembly, end of line 
(e.o.l.) and test lots. The information provided exceeds the 
seal week traceability control required by MIL-STD-883. 

• ESD (Electro Static Discharge) - A full program is in 
place from design through manufacturing. Products are 
fully characterized to MIL-STD-883 (Method 3015) and 
strict controls on handling and packaging are observed. 

• Training and Certification - Operator training has 
been established for all operations and recertification is 
performed every 6 months. 

• Major Change Control - Major change controls are 
in place to notify our customers in accordance with 
MIL-M-38510, LTC internal specifications, or specific 
customer specifications as required. 

• Quality Assurance - Full monitoring and reporting of 
quality data with emphasis on statistical process control 
charts and continuous quality improvement. Refer to 
our section on Quality Assurance Program. 

• Failure Analysis and Reporting - A full analytical lab 
and formal program exists to record, analyze and take 
appropriate corrective action on all returns. A report is 
generated and sent to the customer stating our findings 
and action. 

• Reliability Flows - Linear Technology reliability flows 
include Class S and Class B JAN-38510, Standard 
Military Drawings (SMD), DESC Drawings, 883, R-Flow, 
and Hi-Rei (Source Controlled Drawings). In addition, 
specialized processing such as SEM, PIND and other 
tests can be performed as required. 

• Reliability Monitor - LTC has a unique reliability 
structure built into each wafer that is used to obtain 
rapid feedback on reliability. This data is obtained in less 
than 1 week, versus 40 weeks for a typical reliability 
audit. See the LTC Reliability Program for more details. 
LTC has a comprehensive reliability monitor program 
for plastic packaged devices. A variety of tests are 
performed on every 1 week date code, for every package 
type and lead count and real time feedback to the 
assembly facilities. 

• Reliability Reporting - Data is gathered on a monthly 
basis for selected package/product combinations. This 
data is summarized each quarter and published in a 
Reliability Data Pack showing Operating Life, 85/85, 
HAST, Autoclave, Temperature Cycle, Thermal Shock, 
883 Group C, and 883 Group 0 summary data. Copies of 
Reliability Data Pack summaries are available by writing rr-. 
or calling Linear Technology, 1630 McCarthy Blvd., ~ 
Milpitas, CA 95035, (800) 637-5545. 
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L7Lln-l=A~ REUABILITY ASSURANCE 
U\K PROGRAM 

TECHNOLO&~------

INTRODUCTION 
In 1981, Linear Technology Corporation was founded 
with the intention of becoming a world leader in 
high performance analog semiconductors. To achieve 
this goal Linear Technology Corporation committed itself 
to consistently meet its customers' needs in four areas: 

o Functional Value 

o Quality 

o Reliability 

o Ser>Jice 

15-4 

Linear Technology Corporation has achieved its primary 
goal and is now focused to achieve 100% customer 
satisfaction. 

This brochure defines the key elements of LinearTechnology 
Corporation's Reliability Assurance Program which is divided 
into three groups: 

o Reliability Planning 

o Manufacturing for Reliability 

o Reliability Assessment and Improvement 

The Focus and Commitment 
of 

Linear Technology 
Corporation 



RELIABILITY ASSURANCE PROGRAM 

RELIABILITY PLANNING 
Reliability planning takes three forms at Linear Technology 
Corporation (LTC). The first is the establishment of the 
reliability requirements for a product to be released to 
manufacturing. The second is the definition and 
implementation of a predictive reliability system. The third is 
designing for reliability, which includes new product 
development, materials selection, and construction 
techniques. 

We fully realize that the cost of failure in the field is many 
orders of magnitude more than the initial component cost. 
Therefore, the goal of the reliability planning process is to 
provide reliable product to reduce the cost of ownership to 
our customers. 

Reliability Criteria 
A key element of reliability planning is LTC's internal 
specification entitled "Quality Assurance/Reliability 
Assurance Qualification Requirement': Itcontainsa complete 
description of the interrelationships of the various groups 
involved in meeting LTC's reliability objectives and defines 
the guidelines for release decisions which affect quality and 
reliability of the device. 

Predictive Reliability System 
LTC has developed a predictive reliability system which 
combines quality and reliability information in a database to 
provide reliability summaries and trend analysis. A block 
diagram of the system is shown on this page. 

Designing for Reliability 
Considerable planning goes into the design of LTC's products. 
This planning includes device layout considerations, selection 
of input and output protection schemes, selection of fab 
processing technology, and specification of materials and 
manufacturing techniques. 

A stringent set of bipolar and CMOS design rules have been 
established to enhance reliability and optimize 
manufacturability through robust design. At the design 
stage, the reliability of the circuit is heavily dependent 
on layout considerations. The rules for thickness and width 
of metallization have been defined to minimize the current 
density and prevent electromigration. Current density 
calculations are required to be performed on all products to 
ensure that the designs are conservative. The routing of the 
metal pattern is designed to eliminate potential inversion or 
leakage failures and guard ring structures are used where 
appropriate. The positions of bonding pads are carefully 

.L7lJn~ 

selected to optimize device performance and also to fit easily 
into a variety of packages without creating potential bond 
loop problems that could result in shorted wires. 

The Predictive Reliability System 

The thermal layout of our circuits also receives considerable 
attention to minimize parametric drift and optimize 
performance. In the case of voltage regulators, for any given 
power diSSipation there will be some temperature difference 
between the power transistor and the control circuitry, due 
to their separation on the die. This temperature difference is 
a desirable situation which is used to reduce the power 
transistor's temperature affect on the control circuitry. rrw 
Additionally, the power transistor has a higher maximum ... 
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junction temperature rating than that of the control circuitry 
and may be allowed to run warmer without degradation. 
Such LTC products are also designed for maximum efficiency 
to reduce power dissipation and thereby improve reliability 
and reduce the cost of heat sinking in the customer's 
product. 

All of our voltage regulators include thermal limiting in the 
Circuitry to shut down the device if the temperature exceeds 
the safe operating conditions. Additional insurance is provided 
by employing short circuit current protection to safeguard 
against catastrophic failure. The philosophy of incorporating 
fault tolerant designs with innovative circuit protection 
concepts is a fundamental design rule at LTC. 

Thermal Resistance Model of LTC's Voltage Regulators 

CONTROL CIRCUITRY 

R'JC 
(Control Circuitry) 

POWER TRANSISTOR 

RSJC 

(Power a) 

Another major design consideration in circuit reliability is 
tolerance to electrostatic discharge (ESD) and electrical 
overstress (EOS). ESD is a problem encountered both in 
normal handling and circuit assembly. It also affects the 
reliability of the final product when cables are exposed to 
ESD such as in line drivers and receivers. 

The implementation of ESD protection structures in linear 
integrated circuits is much more difficult than in digital 
circuits. The linearcircuit must provide protection for electrical 
overstress while maintaining the ability to measure current 
levels in the picoamp range. Interface circuits have input and 
output connections that normally operate at voltages in 
excess of the power supply, thereby precluding the use of 
clamp structures to the power supply for ESD protection. 
LTC, using a combination of circuit design and proprietary 
structures, provides high levels of overstress immunityto its 
devices which enhances their reliability. As a goal, all devices 
are designed for a minimum of 2,000 volts ESD protection 
with some devices achieving 5,000 volts to 1 0,000 volts ESD 
protection. 
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Linear circuits with total supply currents in the microamp 
range cannot tolerate leakages induced by contamination. 
Whether the circuit is Bipolar, CMOS or Complementary 
Bipolar, the circuit must withstand high operating voltage 
and high temperature forthousands of hours without leakage 
currents degrading device performance. LTC uses advanced 
process techniques to shield the die from sodium 
contamination while preventing electron accumulation 
causing surface inversions. This, combined with continuous 
monitoring ofthe assembly process, ensures high reliability 
devices. 

LTC utilizes state-of-the-art processes in manufacturing its 
products. Our high voltage Bipolar process provides high 
gain, low noise general purpose devices as well as high 
power integrated circuits. CMOS can provide high complexity 
ICs with a large digital content. Complementary Bipolar, a 
new process developed in-house by LTC, provides high 
speed NPNs and PNPs on the same monolithic die. 
Complementary Bipolar enables an expanded product range 
for linear circuits and is suitable forvery high speed amplifiers, 
general purpose linear Signal processing or even high speed 
D/A converters. All of these products are characterized by 
high reliability, low power consumption and the ability to 
operate from a wide range of power supplies and over a wide 
range of ambient temperatures. 

LTC's Process Structures 

5 

7 

1. N-Well CMOS/BiCMOS 
2. Poly J-FET 
3. High Speed Bipolar 
4. Complementary Bipolar 
5. Super Beta Structure 

4 
6. BiFET Structure 
7. Silicon Gate CMOS Structure 
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In order to ensure that device performance and reliability 
goals are achieved on new products, design review meetings 
are held regularly during the design and development phase. 

Material Selection 
LTC has selected assembly processes and materials that are 
closely matched to achieve the highest reliability level in both 
ultra precision and high power devices. Compatibility between 
the different package elements, such as the molding 
compound and lead frame, are carefully researched and 
qualified. The choice of materials and assembly processes 
are especially critical in surface mount devices, which must 
maintain reliability after being subjected to harsh board 
soldering environments. At LTC we are using the latest state
of-the-art assembly equipment and materials to guarantee 
reliability. Our low stress epoxy molding compound is 
extremely low in ionic impurities. 

Similar improvements have been made in hermetic packages 
in the modern low temperature glass ceramic seals and 
improved die attach materials. 

LTC's Dual Layer Passivation System 

1. Contamination Free Passivation Oxide 

2. Conformal Oxide Underlayer ----' 

3. Plasma Nitride Top layer -------' 

To protect the die from degradation before assembly, and 
from the long term effects of the package environment, LTC 
has developed a proprietary dual layer passivation. This dual 
layer passivation system is free from cracks and pinhole 
defects and offers an outstanding moisture barrier without 
detrimental side affects to device performance. 

Design of Experiments 
LTC is committed to the use of design of experiments (DOE) 
when developing new products and processes. We firmly 
believe that design of experiments will be the new industry 
standard for product and process development. 

DOE has been successfully utilized on numerous products 
and processes at LTC. DOE, coupled with response surface 
methodology, has provided LTC the ability to solve complex 
problems that were previously unsolvable. We have used 
DOE to characterize wafer fab processes and provided this 
information to our IC designers which enabled them to 
produce devices that were less sensitive to manufacturing 
variations. 

Response Surface Model 01 
PIND Yield after Welding Operation 
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MANUFACTURING FOR RELIABILITY 
LTC is keenly aware of the influence which the manufacturing 
process has on the quality and reliability of the finished 
product. For this reason, LTC has placed critical emphasis 
on the manufacturing facility and associated process controls. 
LTC's claims of outstanding manufacturing capability and 
controls are validated by the fact that we achieved Class S 
Certification by DESC in November of 1987. 

LTC's strategy in manufacturing for reliability includes the 
use of automated state-of-the-art equipment, protection of 
the product as it moves through manufacturing, effective 
inspection and screening, device traceability and statistical 
process control. These and other similar tight controls are 
applied from wafer fabrication through product shipment. 

WaferFab 
In wafer fabrication, the key to a reliable process is process 
control. Two major thrusts of process control in the wafer 
fab are the application of statistical process control (SPC) 
and the use of automated processing equipment. Automated 
equipment employingcassette-to-cassette wafer transfer, 
proximity mode aligners and projection steppers have 
significantly reduced handling related defects. 

PrOjection Stepper 
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Microprocessor controlled furnaces are used to eliminate 
the effects of process variations and human errors. Thin film 
processing employs fully automated sputtering and metal 
etch systems. 

Automated Metal Etch System 

All of these equipment enhancements work together to yield 
a process that is consistent and repeatable with a minimum 
of wafer handling. Quality control monitors and inspections 
at various pOints in the process, coupled with the use of 
control charting throughout the fab area, ensure consistent 
processing. The quality of the oxide is checked regularly 
using C-V plots to check for contamination and surface state 
anomalies. Scanning electron microscope inspection is 
performed periodically each day to ensure the integrityofthe 
metallization system. 

Assembly 
The introduction of new equipment and techniques in 
the assembly process has had a tremendous impact on 
device reliability. The use of automated equipment has 
reduced the handling and subsequent damage of die and 
wafers. In situations where die or wafers must be handled, 
vacuum wands and vacuum pens have replaced tweezers 
and thereby decreased damage due to scratches. Automated 
wire bonding machines have produced more consistent wire 
bonding quality and improved productivity. 

All products receive a thorough visual inspection per MiI
Std-883 Method 2010 Condition B or an equivalent visual 
criteria prior to encapsulation. 
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High Speed Automatic Bonder 

Traceability 
LTC has an outstanding traceability control system. A backside 
mark or a side mark is used to code information including 
the country of assembly, assembly facility, exact assembly 
lot seal date, waferfab lot, die type and revision. Additionally, 
this backside mark will identify any non-standard processing 
which may have been required using a custom flow. At the 
wafer level, each wafer is laser scribed to include the fab 
run number and wafer serial number. This traceability benefit 
is offered as a standard feature on all packages where space 
allows and is part of the "added value" of LTC products. 

Traceability Control Using Backside Mark 
or Side Mark Coding 

To enhance traceability, LTC is using the latest state-of-the
art document archival system. This computerized system 
incorporates a document scanner which digitizes and 
compresses documents to be stored on optical disks. As the 

documents are stored, their ID number, date, and 
classification are recorded in the system's database to 
facilitate retrieval. This system allows fab travelers, test 
travelers and other critical documents to be retrieved in 
minutes as opposed to hours or days. 

Optical Disk Archive System 

Reliability Screening 
Although our standard product families are recognized 
for their very low infant mortality, customer requested 
additional reliability screening can be provided by LTC. This 
added reliability screening for commercial or industrial level 
products is offered for both hermetic and plastic devices 
and is designated as our "R" flow process signified by a 
IR symbol as a suffix to the part number. 

The "R" flow includes temperature cycle, burn-in and QA 
testing at O°C, +25°C, and +70°C. A simplified flowchart of 
the "R" flow is shown in Table 1 at the end of this brochure. 
The hermetic devices are also offered as JAN Class S or 
Class B, Standardized Military Drawings (SMOs) and also 
as Mil-Std-883 devices. 

LTC offers a cost effective reliability screen for hermetic 
product using the Mil-Std-883 screening and quality 
conformance inspection. This flow is defined in our "Mil
Std-883" brochure and depicted in a brief flow diagram 
shown in Table 2 at the end of this brochure. 

The Mil-Std-883 burn-in at 125°C for 160 hours is roughly 
equivalent to 80,000 hours or approximately 9 years of 
continuous operation at a normal operating temperature of 
around 55°C (Assuming an activation energy of 1.0 electron 
volts). 

15-9 
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Whethertesting plastic or hermetic devices, the engineers at 
LTC routinely add tests in addition to the standard data sheet 
tests. These added tests are used to detect potential flaws 
that could impact reliability and provide additional device 
compatibility with subtle application related performance 
characteristics. Examples of such additional tests are the 
exercising of thermal shutdown mode of regulators prior to 
burn-in or the stressing of on-chip capacitors with voltages 
in excess of the device maximum rating to induce failure in 
substandard lots. 

Data sheet electrical parameters are measured before and 
after the specified stress testing to ensure the electrical 
integrity of the devices. 

Statistical Process Control 
At LTC we believe that quality and reliability should be built 
into a product as opposed to simply screening out bad 
devices. Statistical Process Control (SPC) is ideally suited to 
our manufacturing goals. SPC has enabled us to run 
processes with uniform and centered distributions which 
have not only optimized yields, but have also produced a 
finished product that is rugged and reliable. 

Example of Control Chart for SOIC Coplanarity 

UCL 

UWL 

'" w 
~ AVG a: 
w 
~ 

LWL 

LCL 

UCL 

RBAR 

LCL 

Control charting at all critical processes is used to identify 
the need for corrective action before an out of control 
situation occurs, thus reducing the overall process variation. 
LTC has an active SPC program. The generic process from 
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wafer fabrication through shipping has been flow charted 
with critical nodes defined. The Control Plan Detail outlines 
the various attributes of the activities surrounding that 
particular activity. Organization for SPC is comprised of the: 

o Steering Committee 
o SPC Quality Control Teams (QCTs) 
o Process/Preventive Action Teams (PATs) 

The Steering Committee provides the leadership for the SPC 
process, while the QCTs are responsible for the 
implementation and maintenance of SPC within their 
respective operational groups. PATs are formed by the QCTs 
to implement certain initial or corrective measures with 
specific stated goals, using SPC tools. There are four QCTs 
in place: 

o Wafer Fab 
o Quality and Reliability 
o Local Assembly 
o End-of-Line (which includes Test, Mark, Pack, 

Product and Test Engineering) 

Since by definition, a PAT functions until its stated goal is 
attained, their number and tasks are constantly changing. 
We have had as many as 23 active PATs which include 
operators and maintenance personnel. 

Training is provided in-house for a majority of the Company's 
employees, who receive test materials and 135 to 279 hours 
of instruction in one or more of the following courses: 

o Basic SPC 
o Advanced SPC 
o Design of Experiments 
o Team Organization 

An important aspect ofthe SPC program at LTC involves the 
use of Design of Experiments to solve specific problems, 
develop new products/processes, and characterize new 
products and/or processes. 

LTC is driving SPC beyond our own factory. A Preferred 
Supplier Program has been implemented with our raw 
materials suppliers, wherein parameters deemed critical to 
the manufacturing process at LTC are controlled statistically 
by the raw material supplier. Evidence of this control is 
supplied to LTC on a regular basis. This system of customer
supplier cooperation ensures the integrity of the materials 
and maintains a mutual focus on improvement. 
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RELIABILITY ASSESSMENT 
AND IMPROVEMENT 
LTC combines a traditional approach to reliability which 
incorporates product qualification and long term reliability 
assessment with a "leading edge" approach, which 
incorporates wafer level reliability testing and in line assembly 
reliability monitoring. 

Qualification Testing 
Before a new product can be released to production, strict 
qualification testing requirements must be met. These same 
qualification requirements apply to new processes, new 
materials, new designs and major changes in any of these 
areas. The guidelines for qualification of process or product 
changes are detailed in Mil-M-3851 O. At LTC we adhere to 
those guidelines and in many cases impose additional 
testing per our own requirements. Examples of some of the 
qualification tests which are used by LTC are shown in Table 
3 at the end of this brochure. 

As part of new product qualification, LTC performs ESD 
sensitivity classification testing of devices to Method 3015 
of Mil-Std-883. This ESD sensitivity testing uses both the 
human body model and the machine model. During this 
rigorous testing, every pin combination on at least 3 devices 
is subjected to 3 positive pulses followed by 3 negative 
pulses at the specified voltage increment with a 1 
second cool down period between pulses. Following this 
ESD testing, the device is tested for opens or shorts on a 
curve tracer and then must pass the full data sheet limits 
on the automatic test equipment. 

Additionally, for CMOS circuits, latch-up testing is performed 
on every pin to determine the device's ability to source or 
sink current without destructive latch-up. We require new 
LTC products to handle increasingly high currents without 
latch-up and subsequently meet all data sheet parameters. 

Reliable radiation hardened devices are produced by LTC 
using a proprietary process technology designed to meet or 
exceed 1 OOk RADS total dose. Qualification testing of these 
devices using a Cobalt 60 source has demonstrated excellent 
results on a number of products. Data sheets for our RAD 
hard product line are available from your local sales 
representative. 

L7lJ!l~ 

Wafer level Reliability Assessment 
As an additional reliability control, LTC has innovated a 
strategy for auditing the wafer fab process. Diagnostic 
structures, in addition to the device structures, are specifically 
designed as either Bipolar or CMOS reliability test patterns 
and are stepped into all wafers. These structures are tested 
during fabrication using a parametriC analyzer. Then these 
test vehicles are used to investigate and detect potential yield 
and reliability hazards after assembly. 

The Bipolar Process version of this structure is optimized to 
accelerate, under temperature and bias, the two most 
common failure mechanisms in linear circuits, namely mobile 
positive ions and surface charge-induced inversions. This 
three terminal structure is scribed from a wafer and assembled 
in an either hermetic or plastic package. These devices are 
burned-in for a predetermined temperature and time. The 
same structures becomes sensitive to either failure 
mechanism depending upon the bias scheme used during 
burn-in. A limit is defined for the leakage current change 
during burn-in; a failure indicates a waferfab problem which 
will be addressed by the process engineering group. 

The CMOS Process version allows measurements of 
thresholds of various sizes and kinds of N-Channel and 
P-Channel MOSFETs. Body effects, L effective, sheet 
resistance, zener breakdown voltage, contact metal resistance 
and impact ionization current are measurable with this chip 
which is assembled in a twenty lead DIP. 

Bipolar Test Pattern 
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Electrical testing is performed on the structure before and 
after burn-in. After evaluating any sample population shifts 
orfailures, process engineering is appraised ofthe results of 
this process monitor. 

The use of test patterns allow any device to be monitored and 
also gives faster unambiguous feedback than is normally 
achieved by performing reliability testing on assembled 
product. Reliability data is generated in less than one week, 
giving immediate feedback to the production line. 

LTC utilizes this new reliability control technique in addition 
to the conventional reliability audit on randomly pulled 
finished product. Operating Life tests are performed and the 
distributions of key parameters before and after testing are 
evaluated for stability and control. 

Quick Reaction Reliability Monitor 
As a complement to the wafer level reliability program, a 
monitor program focused on assembly related issues has 
been fully implemented. This reliability monitor program, 
known as the QUICK REACTION RELIABILITY (QR2) monitor, 
has been specifically tailored to provide quick feedback of 
reliability assessment of the assembly operation. The tests 
in the QR2 program are designed to identify reliability 
weaknesses associated with wi re bonding, die attach, package 
encapsulation and contamination related failures. The actual 
tests performed in the QR2 Monitor Program are shown in 
Table 4 at the end of this brochure. 

In orderto ensure that representative reliability assessment 
is made, the QR2 sampling matrix requires QR2 testing of 
every date code from each assembly location on each 
package type and lead count from that assembly location. 
This provides a weekly snapshot of the reliability of all 
packages from all assembly locations. The basic strategy is 
to evaluate as many production lots as possible to provide 
maximum confidence to our customers. 

Should a failure occur during QR2 testing, the entire 
production lot is impounded before shipment. Failures are 
analyzed to determine validity and the root cause of any valid 
failure. Quite often, additional samples are pulled and tested 
for an extended period of time. Lots with substandard 
reliability performance are scrapped. The data generated 
from this program is used to establish a program for 
continuous quality improvement with our assemblyfacilities. 

15-12 

long Term Reliability Monitor 
LTC also conducts a traditional long term reliability monitor 
program on devices pulled from Boxstock. This long term 
reliability monitor is used for extended life and end of life 
approximations such as FIT (failure in time) calculations. 
The long term reliability monitor also serves as a check 
against our short term reliability estimates. 

The long term reliability tests are designed to evaluate 
deSign, waferfab and assembly related weaknesses. Industry 
standard reliability tests and the relatively new HAST (highly 
accelerated stress test) have been incorporated into this 
program. The long term reliability monitor tests are shown 
in Table 5 at the end of this brochure. 

The most severe tests for plastiC package devices are 
the temperature and humidity tests, particularly HASTtesting. 
We have included HAST testing in the long term reliability 
monitor program due to the highly accelerated nature of the 
this test. This test accelerates the penetration of moisture 
through the external protective encapsulant or along the 
interface between the encapsulant and the metallic lead 
frame. Additionally, the HAST test is conducted with the 
device under bias. The HASTtest places the plastic devices 
in a humid environment of 85% relative humidity under 
45psi of pressure at 130°Cto 140°C. Underthese conditions, 
24 hours of HAST testing at 140°C is roughly equivalent to 
1,000 hours of 85°C/85% RH testing. The employment of 
HAST testing has dramatically reduced the length of time 
required for qualification. 

Qual Samples Being Loaded into the HAST System 
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Acceleration Factor Using HAST Compared to 85/85 
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Group C and 0 Testing 
Since LTC is a certified producer of JAN 38510 and 883 
product, we perform Group C and 0 testing regularly on our 
devices. This data is also incorporated into the reliability 
datapack in the back ofthis brochure. The Group C and 0 test 
lists are shown in Tables 6 and 7 at the end of this brochure. 

Failure Analysis and Corrective Action 
LTC is extremely concerned with all failures whether they 
occur in-house or at a customer location. We have focused 
significant resources in the area of failure verification and 
analysis. 

LTC offers failure analysis services to its customers, free of 
charge. In an emergency situation a preliminary failure 
analysis report can be issued within 24 hours. Our failure 
analysis database revealed that the vast majority of all 
devices returned for failure analysis are invalid due to 
improper application, gross misuse orthey are fully functional 
and meet all data sheet parameters. LTC also offers 
outstanding applications assistance to help the customer 
achieve the full value of our products. 

Scanning Electron Microscope with 
X-RAY Dispersive Analysis 

We are equally concerned with failures that are identified 
during reliability and qualification testing. As with field 
failures, the in-house failures are analyzed in detail to pinpoint 
the exact failure mechanism and to identify the root cause. 
In many cases, where ESD or EOS is the suspected cause of 
the failure, fault simulation is carried out by over stressing 
good devices to recreate the fault condition. 

LTC has invested in failure analysis resources in the form of 
experienced, seasoned engineers and equipment such as a 
full metallurgical lab, IC deprocessing equipment and a 
scanning electron microscope with voltage contrasts, electron 
beam induced current (EBIC), energy dispersive x-ray analysis 
(EDAX), and a computerized database. 

All failure analysis reports are documented in detail and 
distributed appropriately. All valid failure analyses require 
prompt and effective corrective action which is driven to 
completion by the quality and reliability organization. 

Corrective actions are implemented in accordance with 
LTC's internal document "Corrective Action Procedure" 
which details the method and responsibilities for timely 
corrective action. This procedure is summarized in a separate 
brochure which is available to ourcustomers upon request. 
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Typical Failure Analysis Flow 

1. A request for failure analysis initiates 
the action of analyzing failures. 

2. All details of the failure are recorded and a failure 
analysis number is assigned to the request. 

3. Perform external visual examination. 

4. Read and record all electrical parameters 
at all temperatures noting failing parameters. 

5. Perform hermeticlty (not for 
plastic packaged devices). 

6. Bake at + 175°C for 16 hours. 

7. Read and record all parameters at all temperatures 
noting failing and shilling parametric readings. 

8. Decapsulation or delidding. 

9. Internal visual microscopic 
inspection from 5X to 400X. 

10. Read and record all parameters at all temperatures 
noting failing and shilling parameters. 

11. Review all pertinent data and plan the next 
series of steps based upon the results so far. 

12. Remove topside nitride and oxide layers. 

13. Read and record all parameters at all temperatures 
noting failing and shilling parameters. 

14. Probe circuit using micromanipulator 
in order to Isolate the failure site. 

15. Scanning electron microscopy. 

16. Voltage contrast/electron 
beam induced current. 

17. Cross-sectioning and Junction staining. 

18. Fault simulation for electrostatic discharge 
damage and electrical overstress related failures. 

19. Analyze all the results of these steps including 
observations, discussions and recommendations. 
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Failure Rate Calculations 
Failure rates at LTC are calculated using Mil-Std-690B which 
is based upon the exponential distribution model for 
predicting microelectronic device reliability. Examples of FIT 
and MTBF (mean time between failure) are shown in the 
sample calculation below. 

Sample Calculation: 

Step 1. Calculate Failure Rate at Test Condition 
(+ 150°C). 

Assume 77 units on Op-Life for 1000 hours with 0 failures: 

Device Hours at Test Condition = 77 Units x 1 000 Hours 
equals 77,000 Device Hours at + 150°C 

Fail Rate = ValuefromTable A-1(Mil-Std-690B) 
Device Hours 

= :;:~~~ = 1.19% 1K Hours(11,900 FITS) 

The Arrhenius model is used to extrapolate a failure rate from 
an accelerated test condition to a use temperature condition. 

Step 2. Calculate Acceleration Factor and Extrapolate 
Equivalent Failure Rate to +55°C. 

Ai = Acceleration Factor 

( to )( 1 1) 
Ai = e 0.0000863 328 423 

Ai= 2791 
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Where: 

Ea = Activation Energy (Assume 1.0 eV) 
K = Boltzmann's Constant = 8.63 X 10-5 eV/oKelvin 
T2 = Test Condition Temperature in °Kelvin 
T1 = Use Condition Temperature in °Kelvin 
e = 2.71828 (Natural Antilog) 

Now the equivalent failure rate is calculated: 

Failure Rate (+550C) = Failure Rate at. Test Condition 
Acceleration Factor 

11,900 FITS 
2791 

= 4.2637 FITS 

Finally MTBF is calculated: 

MTBF = 100000 = 234,700,000 Hours 
0.000426 or 26,778 Yea rs. 

Reliability Datapack 
On a quarterly basis, the reliability department compiles and 
publishes a report which summarizes all the reliability testing 
results. This report is intended to provide our customers 
with a means of determining system reliability. The data is 
presented at + 150°C and at + 125°C for those customers 
who wish to perform their own failure rate calculations. This 
report can be found in the pocket in the back ofthis brochure. 

In addition, uptothe minute reliability summary data reports 
on particular devices can be generated from the computerized 
reliability database. ESD simulation testing reports and 
current density calculations of individual device types are 
also available upon request. 

Should you desire additional information, please contact 
your local LTC representative. 

15-15 



RELIABILITY ASSURANCE PROGRAM 

Table 1. "R" Flow for Plastic Dual·ln·Llne Packages Table 2. Screening Flow per MiI·Std·BB3, Method 5004 

15-16 
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Table 3. Reliability Qualification Test Guidelines for PlastiC Packages 

High Temperature Bias MiI·Std-883 Continuous Operation at Max Rated 
Operating Life (Op-Life) Method 1005 Supply Voltage 

TA = +125°C or 1000 Hours 500 Hours 5%, Acc = 0 
T = +150°C 500 Hours 168 Hours 5%, Acc = 0 

Temperature Humidity JEDEC Spec 22 Continuous Operation at Max Rated 1000 Hours 500 Hours 5%, Acc = 0 
Bias Life (85/85) Supply Voltage, Min Supply Current 

= +85°C, 85% RH 

Highly Accelerated Stress JEDEC Spec 22 Continuous Operation at Max Rated Equivalent to Equivalent to 5%, Acc = 0 
Test (HAST) Supply Voltage, Min Supply Current 1000 Hours 500 Hours 

TA = + 140°C, 85% RH, 3 Atmospheres 85/85 85/85 

Temperature Cycle (T/C) Mil-Std-883 Air-to-Air, -65°C to + 150°C, 1000 Cycles 500 Cycles 5%, Acc = 0 
Method 1010 >10 Minutes Dwell Time 
Condition C 

Thermal Shock (T/S) Mil-Std-883 Liquid-to-Liquid, - 65°C to + 125°C, 1000 Cycles 500 Cycles 5%, Acc = 0 
Method 1011 > 5 Minutes Dwell Time 
Condition C 

Autoclave (Pressure Pot JEDEC Spec 22 Continuous Storage at T A = +1 05°C, 350 Hours 350 Hours 5%, Acc = 0 
with Bias) (BPPT) 100% RH, 1.67 Atmospheres, Max Rated 

Supply Voltage for the Last 3 Hours 

Pot JEDEC Spec 22 +121°C, 350 Hours 350 Hours 5%,Acc=0 

Power Cycle (PW) Mil-Std-883 Power Cycled "ON" and "OFF" as 50,000 Cycles 10,000 Cycles 15%, Acc = 0 
Regulators Only Method 1006 Required to Cycle Case Temperature 

Between +60°C and + 120°C 

Thermal Resistance Mil-Std-883 Junction to Case or Junction to N/A N/A 15%, Acc = 0 
(TMLR) Method 1012 Ambient as Appropriate 

Condition C 

Dye Penetrant (DY) Mil-Std-883 Immersion in Dye Penetrant at 60 PSIG N/A N/A 15%, Acc = 0 
Method 1014 for 2 Hours Minimum 

X-Ray Inspection Mil-Std-883 Top View Only N/A N/A 15%, Acc = 0 
Radiography (XRAY) Method 2012 

• 
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Table 4. Quick Reaction Reliability (QR2) Monitor Program 

Biased Moisture Life Test 168 Hours 45 5%, Acc = 0 
(85/85) 

or 
Highly Accelerated Stress Continuous Operation at Max Rated 48 Hours 45 5%, Acc = 0 
Test (HAST) Supply Voltage, Min Supply Current, 

= + 140°C, 85% RH, 3 

Temperature Cycle (T/C) Mil-Std-883 Air-to-Air, -65°C to + 150°C, 100 Cycles 45 5%, Acc = 0 
Method 1010 >10 Minutes Dwell Time 
Condition C 

Thermal Shock (T/S) Mil-Std-883 Liquid-to-Liquid, - 65°C to + 150°C, 100 Cycles 45 5%, Acc = 0 
Method 1011 >5 Minutes Dwell Time 
Condition B 

Pot JEDEC Spec 22 Continuous +121°C, 48 Hours 45 5%, Acc = 0 
100% RH, 

Mil-Std-883 Top View Only N/A 45 5%, Acc = 0 
Method 2012 

Package Separation N/A 30X Magnification N/A 45 5%, Acc = 0 
Visual Inspection 

Unmolded Strip N/A 30X Magnification N/A 1 Strip N/A 
Evaluation 

Hot Intermittent Opens N/A Automated Electrical Test at + 125°C N/A 250 N/A 
Test at Subcontractor 

Table 5. Long Term Reliability Monitor Program 

Continuous Operation at Max Rated 
Supply Voltage, TA = + 125°C or 

=+150°C 

Biased Moisture Life Test JEDEC Spec 22 Continuous Operation at Max Rated 1000 Hours 45 5%, Acc = a 
(85/85) Supply Voltage, Min Supply Current, 

TA = +85°C, 85% RH 

Highly Accelerated Stress JEDEC Spec 22 Continuous Operation at Max Rated 48 Hours 45 5%, Acc = 0 
Test (HAST) Supply Voltage, Min Supply Current, 

TA = + 140°C, 85% RH, 3 Atmospheres 

Temperature Cycle (T/C) Mil-Std-883 Air-to-Air, - 65°C to + 150°C, 1000 Cycles 45 5%,Acc=0 
Method 1010 >10 Minutes Dwell Time 
Condition C 

Thermal Shock (T/S) Mil-Std-883 Liquid-to-Liquid, - 65°C to + 150°C, 1000 Cycles 45 5%, Acc = 0 
Method 1011 >5 Minutes Dwell Time 
Condition B 

Autoclave (Pressure Pot JEDEC Spec 22 Continuous Storage at TA = + 121°C, 1000 Hours 45 5%, Acc = a 
without Bias) (PPT) 100% RH, 2 Atmospheres 
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Table 6. Group C per Mil-Std-883C Method 5005 

Group C-1 
Operating Life Test 
(Op-Life) 

Mil-Std-883 
Method 1005 

Continuous Operation at Max Rated 
Supply Voltage 

TA = +125°C or 
TA = +150°C 

Table 7. Group 0 per Mil-Std-883C Method 5005 

Group 0-2 Mil-Std-883 
Lead Integrity Method 2004 Condition B2 (Lead Fatigue) 

Group 0-3 Mil-Std-883 
Thermal Shock Method 1011 Condition B 
Temperature Cycle Method 1010 Condition C 
Moisture Resistance Method 1004 
Hermeticity Method 1014 
Visual Exam Method 100411 
End Point Electricals 

Group 0-4 Mil-Std-883 
Mechan ical Shock Method 2002 Condition B 
Vib. Variable Frequency Method 2007 Condition A 
Constant Acceleration Method 2001 Condition E (Y1 Only) 
Hermeticity Method 1014 
Visual Exam Method 1010/11 
End Point Electricals 

Group 0-5 Mil-Std-883 
Salt Atmosphere Method 1009 Condition A 
Hermeticity Method 1014 
Visual Exam Method 1009 

Group 0-6 Mil-Std-883 
Internal Water Vapor Method 1018 <5000ppm 

Group 0-7 Mil-Std-883 N/A 
Adhesion of Lead Finish Method 2025 

Group 0-8 Mil-Std-883 
Lid Torque Method 2024 (Glass Frit Seal Only) 

1000 Hours 
500 Hours 

N/A 

15 Cycles 
100 Cycles 

N/A 

24 Hours 

N/A 

N/A 

N/A 

45 5%, Acc = 0 

15 15%, Acc = 0 

15 15%, Acc = 0 

15 15%, Acc = 0 

15 15%, Acc = 0 

3 0 

15 15%, Acc = 0 

5 15%, Acc = 0 
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At LinearTechnology Corporation our overriding commit
ment is to achieve Excellence in Quality, Reliability and 
Service (QRS) and total customer satisfaction. We inter
pret the word "excellence" to mean delivering products 
that consistently exceed all the requirements and expecta
tions of our customers. The commitment to QRS extends 
from the President to every employee, from design to 
product qualification, and from manufacturing to ship
ping. To meet this commitment, Linear Technology has 
established a comprehensive program called "Quality for 
the Nineties." 

This program is divided into four separate, but highly 
interrelated programs, namely Quality Environment, Total 
Quality Management System (TQMS), Vendor Participa
tion, and Focus for the Nineties. 

Quality Environment 

This first program, Quality Environment, serves as the 
building block for three other programs. It entails 
establishing an environment that is conductive to the 
participation of each and every employee in helping to 
build quality into our products. This program encourages 
every employee to identify any quality problem and 
participate in recommending solutions. 

Quality lor the '90s 
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A comprehensive operator training and certification 
program has been established that covers every area of 
manufacturing from incoming raw material inspection, 
wafer fabrication, assembly, and testto shipping. Emphasis 
is placed on compliance with specifications, performance 
to quality goals, electrostatic discharge damage (ESD) 
awareness and controls, encouraging operators to think 
quality and recommend quality improvement ideas. 

To ensure compliance with specifications, a Quality Audit 
Team performs a systems audit of key manufacturing 
areas and suppliers at periodic intervals. Compliance with 
process specifications and the detailed programs of 
the Corporate Quality Assurance Policy are verified, and 
discrepancies reported for quick resolution with speCial 
emphasis to eliminate recurring problems. The perfor
mance of each area is then rated, providing a strong 
incentive for each area to excel. 

With the philosophy that each department, starting from 
incoming raw materials, is considered a customer of the 
preceding department, every effort is made by working 
closely together to meet or exceed our end-customer 
requirements and goals. 

Systems Quality Audit-Tracking Recurring Problems 
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Total Quality Management System (TQMS) 

The second program starts with the incorporation of 
innovative, but conservative, design and layout rules to 
achieve the best performance without sacrificing quality 
and reliability. During the design and development cycle, 
Design, Product, Package, Manufacturing, Quality and 
Reliability Engineering groups participate in design re
views to ensure that all program aspects are covered; 
ranging from product performance objectives to ensuring 
reproducibility and repeatability in wafer fabrication and 
assembly. Special emphasis is placed on devising input 
protection circuitry to minimize susceptibility to ~~Ita.ge 
spikes and ESD, optimizing thermal layout to minimize 
parametric drift, and optimizing bond pad layout to m~i
mize assembly and electrical test yields, at the same time 
allowing the die to be assembled in a wide selection of 
packages. 

Once the design is approved, a stringent manufacturing 
qualification test plan is conducted on the initial engineer
ing runs. The test plan is selected to bring out any 
weaknesses in the design and any manufacturability prob
lems, and includes reliability stress tests such as high 

Raw Material Controls 

VENDDR QUALIFICATION
MINIMUM 3 MANUFACTURING LOTS 

QUALIFIED VENDOR LlST-
ADDITION OF NEWLY QUALIFIED VENDOR TO LIST 

STRINGENT INCOMING INSPECTION ON EVERY LOT: 
• DIMENSIONAL 
• VISUAL EXAMINATION 
• FUNCTIONAL TESTING TO SIMULATE ACTUAL 

MANUFACTURING CONDITIONS 
• PLATING THICKNESS MEASUREMENTS 
• COMPOSITIONAL ANALYSIS 
• CHEMICAL ANALYSIS FOR CONTAMINANTS 
• SPC ON CRITICAL PARAMETERS 

I I 

VENDOR PERFORMANCE TRACKING
TO DETERMINE VENDOR QUALIFICATION! 

DISQUALIFICATION STATUS 

1 
VENDOR SELECTION-

FOR THE PREFERRED VENDOR LISTING 
AND SHIP-TO-STOCK PROGRAM 
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temperature operational life and high temperature humid
ity bias 85°C/85% RH and HAST (Highly Accelerated 
Stress Testing) for plastiC packages, and MIL-STD-883 
method 5005 qualification testing for hermetic packages. 
Product performance on these tests must be equal to or 
betterthan similar products within the same generic group 
to be considered qualified. Major design, package, mate
rial and process changes are also subjected to these same 
stringent qualification requirements. In addition to achiev
ing the required reliability performance, an engineering 
change must also achieve manufacturing yield and quality 
performance levels equal to or better than the original 
product to be considered qualified. 

In manufacturing, process controls start with vendor 
qualification on raw material piece parts. A Qualified 
Vendor List is maintained and performance of each vendor 
is continuously monitored on a Vendor Rating Program. A 
dimensional, visual, functional and, where applicable, 
compositional analysis is performed on each direct raw 
material lot. Automated state-of-the-art wafer fabrication, 
assembly and test equipment, cassette-to-cassette han
dling in wafer fabrication and automated handling in 
assembly are utilized, where possible, to maintain manu
facturing consistency and quality. Only fully trained and 
certified operators are allowed to work on production 
material. 

Stringent process controls, typically beyond industry stan
dards, are established for each critical manufacturing step 
in wafer fabrication, wafer test, assembly, package finish
ing, mark and pack and shipping as depicted in the Wafer 
Fabrication, Assembly and Test/End of Line flowcharts. 

SEM Monitor 01 Metallization Quality 
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QUALIlY ASSURANCE PROGRAM 

The process controls include monitors of critical assembly 
processes and lot acceptance inspection for operations 
requiring 100% production inspection. Preseal visual 
inspection is performed per MIL-STD-883 Method 
2010 Test Condition B. Statistical process control 
techniques are employed in optimizing process parameters, 
and monitoring process performance through the use of 
control charts with action limits and upper and lower 
control limits, and in parametric distribution analysis at 
electrical test 

Electrical quality is guaranteed by conservative guard
banding on production test programs of a minimum of 
three machine guardbands, by using state-of-the-art test 
equipment and 0.04% AQL for lot acceptance testing at 
25°C for all military and commercial lots. Additional tests, 
like rack burn-in, beyond the data sheet specifications on 
regulator products are performed by exercising the parts 
in a thermal shutdown mode. These tests are incorporated 
into the test flow to improve reliability and weed out infant 
mortality failures. Visual and mechanical quality is opti
mized by minimizing handling of parts in assembly, test 
and end of line operations. Lead finish processes have 
been selected that minimize solderability problems and all 
lots are subjected to a stringent major visual/mechanical 
inspection. Administrative errors due to mixed and wrong 

Actual X and R Chart 01 Aluminum Sputter Deposition Using 
Sensor Number Control 

'1 'I ~I:J ~ ~ Il:,. 1((" 
I 1 . I J I' I! Ill! r I 

15-22 

parts are minimized by strictly adhering to a one lot per 
station policy, and double checking orders at order entry 
and shipping. Before shipment of a lot to the customer 
each lot is inspected to ensure that it meets internal and 
customer specifications and purchase order requirements. 
The level of attention paid to each unit is demonstrated by 
the fact that each unit is traceable to the wafer fabrication 
lot number via a side or back mark on both 883 and 
commercial products on all packages, except where there 
is a physical constraint. 

Through the use of automated equipment, strict process 
controls (utilizing proven statistical process control tech
niques), periodic systems and quality audits (conducted 
by the Quality Audit Team), stringent facilities and envi
ronmental controls and monitors, Linear Technology is 
able to ensure quality is built into the product and to 
guarantee a consistently high quality level. 

The manufacturing quality controls are complimented by 
a reliability audit program designed to weed out design, 
fabrication, packaging and assembly deficiencies. 
Additionally, controls are supported by a comprehensive 
failure analysis and corrective action program designed to 
provide timely feedback of findings to all operating groups 
for resolution. The analysis of customer returns, and 
corrective action taken, completes the closed loop of our 
Total Quality Management System. 

Military and Commerical Products Share the Same Stringent 
Inspections and Controls 

• WAFER FABRICATION PROCESS CONTROLS AND CLASS 100 PROCESSING. 

• REGULAR SEM MONITORS. 
• PRE-SEAL VISUAL INSPECTION PER MIL-STD-883 METHOD 2010. TEST CONDITION B. 

• DIE SHEAR TEST PER MIL-STD-883 METHOD 2019. 

• BOND PULL TEST PER MIL-STD-883 METHOD 2011. 

• SOLDERABILITY TEST PER MIL-STD-883 METHOD 2003. 

• MARK PERMANENCYTEST PER MIL-STD-883 METHOD 2015. 

• HERMETICITYTESTING PER MIL-STD-883 METHOD 1014. 

• OA ELECTRICAL TEST TO 0.04% AOL AT 25°C, AND TEMPERATURE TESTING. 

• EXTERNAL VISUAL PER MIL-STD-883 METHOD 2009. 



QUALITY ASSURANCE PROGRAM 

Bond Strength Histogram 
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QUAUlY ASSURANCE PROGRAM 

Vendor Participation 

The requirements of high quality raw materials for inte
grated circuit manufacture range from ppb (parts per 
billion) impurity levels for electronic grade chemicals to 
ppm (parts per million) defective levels for lead frame. 
packaging materials. It is not only essential, but critical for 
the semiconductor manufacturer to work closely with 
their vendors to attain the high quality levels needed in raw 
materials. At Linear Technology, a program has been 
established and implemented to allow vendor participa
tion in formulating specifications and establishing 
percentage defective and lot rejection rate goals. This 
vendor participation .ensures that the direct and raw 
material quality levels received are consistent with our 
manufacturing and end-product quality goals. Clearly, 
achieving optimum quality product requires the use ofthe 
best possible materials available and with continuous 
communication and feedback from our vendors to im
prove in this key area. A Preferred Vendor Program helps 
to drive vendors to manufacturing excellence. 

Focus for the '90s 

The following key quality improvements programs have 
been established to meet the quality requirements of 
the '90s. 

PPM Goals 

As demand for quality semiconductor components be
comes increasingly more stringent, the percentage goals 
froin the 1970s have given way to ppm goals in the '80s 
and '90s. At Linear Technology, ppm quality goals are 
established for every major operation, from incoming 
inspection to customer returns. Performance to goals is 
reviewed quarterly and, where goals are not met, quality 
improvement programs are defined and implemented. 
Quality goals are updated and tightened on an annual 
basiS, and quality programs are redefined to achieve the 
new goals established. One of the early benefits of this 
program is demonstrated by the excellent average outgo
ing electrical quality (ADQ). 
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Statistical Process Control (SPC) 

The increased reliance on automated manufacturing and 
test equipment underlines the need for strict process 
control techniques. SPC is a valuable tool and, at Linear 
Technology, we realize the importance of these methods. 
Engineering analysis is performed regularly, using SPC 
techniques to establish the process capability. Various 
variable and attribute control charts are used to ensure 
that processes are within normal limits and action and 
shutdown limits are established for critical operations. 
The process capability of key processes are calculated 
using the Cpk capability index on an ongoing basis to 
ensure a program for continuous quality improvement. 

Actual Normalized X and Moving R Chart 01 Epitaxial Growth 
Reactor Controlling Resistivity and Deposition Rate 



ESO Control 

A comprehensive ESD control program has been 
established which encompasses design, handling, testing, 
storage, and final packaging for shipment. The program 
includes the use of grounded table tops, floor mats, wrist 
straps and heel straps, topical antistatic treatment of floor 
coverings, banning of static bearing materials from the 
manufacturing environment, ionizers, and use of 
conductive or antistatic materials for handling and final 
packaging. Areas where ESD control must be enforced 
are designated as ESD Protected areas. ESD awareness 
training programs helpto increase the operator'sawareness 
for successful implementation of this program. Every 
effort is made to stamp out this silent chip killer. The 
benefits ofthis program are improved quality and reliability 
to the customer. 

Quality System Surveys MIL-Q-9858 and MIL+452D8 Approval 
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CALENDAR QUARTER (FOR CY1983-1992 

Based on the foregoing quality programs, Linear 
Technology Corporation is positioned to continu
ously improve our product quality and exceed the 
demands of our customer in the '90s and beyond. 

QUALITY ASSURANCE PROGRAM 

Customer Ship-To-Stock Program 

Linear Technology is working hand-in-hand with custom
ers to conSistently supply high quality products to achieve 
a ship-to-stock program by eliminating the need to do an 
incoming inspection. We recognize the benefits to our 
customers of a ship-to-stock program, namely savings in 
the need to purchase and maintain incoming test equip
ment, savings in the need to maintain a safety stock in case 
of incoming lot rejections, and reduction in board failures 
and re-work costs because of higher component quality. 

IF 
FAILURE 
RATE IS 

EXCEEDED 

Ship-lo-Stock Program Flow 

100% INCOMING INSPECTION 

ESTABLISH PPM GOAL WITH CUSTOMER. 

CUSTOMER MEASURES Ala 
(AVERAGE INCOMING QUALITY) 

ELIMINATE 100% INCOMING INSPECTION AND 
START SHIP-TO-STOCK WHEN Ala,;PPM GOAl. 

LTC PROVIDES CUSTOMER WITH ADO 
(AVERAGE OUTGOING QUALITY) DATA. 

CUSTOMER TRACKS BOARD/SUBSYSTEM/SYSTEM 
TEST DATA ON SHIP-TO-STOCK PARTS. 

CUSTOMER TO RETURN FAILED PARTS 
TO LTC FOR FAILURE ANALYSIS. 
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QUAUlY ASSURANCE PROGRAM 

WAFER FABRICATION FLOWCHART 
Generic Bipolar Process 

Vendor: 
Package: 
Location of Wafer Fab: 
Assembly: 
Final Test: 
a.c. Test: 

FLOWCHART 
INCOMING FAB REWORK 

~ 

~ 
&-0 

:;>-0 
( 

~ 
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Linear Technology Corporation 
Plastic DIP 
Linear Technology Corporation, Milpitas, CA 
Offshore 
Linear Technology Corporation, Milpitas, CA, or Singapore 
Linear Technology Corporation, Milpitas, CA, or Singapore 

PROCESS INSPECTION! METHOD AND 
STEP DESCRIPTION TEST CRITERIA EQUIPMENT 

Incoming Raw Wafers Visual: Scratches, 1 X Inspection 
Material Pits, Haze, Craters, 
Inspection Dimples, 

Contamination, 
Oxygen/Carbon Infrared 
Measurement Spectrometer 
Resistivity/ Magnetron 
Conductivity VII Meter 
Dimensional Calipers 
Thickness and Dial Thickness 
Taper/Bow Gage 
Orientation Break Test 
C of C Verification -
Against "MPS" 
Requirements 

Chemicals C of C Verification -
Against "MPS" 
Requirements 

Gases Plus Yearly 
Gas Analysis 

Initial Oxidation Visual UV Lamp (100%) 
Oxidation Furnace 20X Microscope 

Oxide Thickness Nanospec 

Collector Resist Mask Final Inspection Optical 
Mask HF Bchant Bath Microscope 100X 

Collector Implant 
Implant 

Collector Oxidation and Visual UV Lamp (100%) 
Diffusion Diffusion 20X Microscope 

Furnace Oxide Thickness Nanospec 

R 4 Point Probe 

XJ Philtec Groove 

\1 INCOMING 

C QUALITY INSPECTION AND GATE 

o MANUFACTURING PROCESS 

o QUALITY MONITOR/SURVEILLANCE 

o REWORK 

SAMPLING SPC 
PLAN TECHNIQUE 

1.0% AQL to % LARTrend 
2.5% AQL Level 1. Chart and % 

Defective Trend 
Chart 

S/S=2,ACC=0 

S/S=2,ACC=0 

2.5% AQL, Level S1 
2.5% AQL, Level S1 

SIS = 1, ACC = 0 
Each Batch 

Each Batch 

2 Wafers/Run Logbook 
<2 Defects Per 
Field of View 

3 WaferS/Cycle 

"z" Pattern Scan Production 
100% of the Wafers Log 

Logbook 

2 Wafers/Run Logbook 
<2 Defects Per 
Field 

2 Wafers/Run 

1 Test Wafer/Run 

1 Test Wafer/ 
Cycle 



QUALITY ASSURANCE PROGRAM 

FLOWCHART PROCESS INSPECTION! METHOD AND SAMPLING SPC 
INCOMING FAR REWORK STEP DESCRIPTION TEST CRITERIA EQUIPMENT PLAN TECHNIQUE 

¢-o EPI Deposit EPI Visual UV Lamp 100% for EPI Spike Trend Chart 
Gemini Reactor More Than 5IWFR 

is Reject 

Interference More Than 1 Slip 
Contrast Microscope and Stacking Fault 

is Reject 

R 4 Point Probe 2 Reading/Pass X + RM 

EPI Thickness Nicolet 2 Reading/Pass Trend Chart 

EPI Re-Ox Oxidation Visual UV Lamp 100% Logbook 
Furnace 20X Microscope 2 Wafers/Run 

<2 Defects Per 
Field of View 

Oxide Thickness Nanospec 2 Wafers/Run 

era Isolation Resist Mask Final Inspection Optical Microscope "z" Pattern Scan. Production Log 
Mask HF Etchant 100X 100% of the Wafers 

Bath 

¢-o Isolation Boron Deposition Visual UV Lamp 100% <10 Defects/ Trend Chart 
Predeposition Furnace Wafer 

20X Microscope 2 Wafers/Run 
<4 Defects Per 
Field of View 

R 4 Point Probe 2 Test Wafers/Run 

Isolation Diffusion Visual UV Lamp 100% <10 Defects/ Logbook 
Diffusion Furnace Wafer 

20X Microscope 2 Wafers/Run 
<2 Defects Per 
Field of View 

R 4 Point Probe 2 Test Wafers/Run 

XJ Philtec Groove 1 Test Chip/Run Production 

TOX Nanospec 2 Product Wafers/ Logbook 

Run 

era Sinker Mask Resist Mask Final Inspection Optical Microscope "z" Pattern Scan. 
HF Etchant 100X 100% of the Wafers 
Bath ra Sinker Deposition Visual UV Lamp 100% <10 Defects/ Trend Chart 

Predeposition Furnace Wafer 

R 4 Point Probe 2 Test Wafers/Run 

¢-o Sinker Diffusion Visual UV Lamp 100% Logbook 
Diffusion Furnace 20X Microscope <3 Defects Per 

Field of View 

R 4 Point Probe 2 Test Wafers/Run 

TOX Nanospec 2 Test Wafers/Run 

c(-O Base Mask Resist Mask Final Inspection Optical Microscope "Z" Pattern Scan. Production Log 
HF Etchant Bath 100X 100% of the Wafers 

ro ISO Diode Curve Tracer BVCSO Curve Tracer 4 Wafers/Run Logbook 
Check BVCSO > 1 Per 12 Readings 

is Fail 
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QUALITY ASSURANCE PROGRAM 

FLOWCHART PROCESS INSPECTION! METHOOAND SAMPLING SPC 
INCOMING FAB REWORK STEP DESCRIPTION TEST CRITERIA EQUIPMENT PLAN TECHNIQUE 

Q-o Base Deposition Visual UV Lamp 100% <10 Defects/ Trend Chart 
Predeposition Furnace Wafer 

20X Microscope 2 Wafers/Run 
<4 Defects Per 
Field of View 

R 4 Point Probe 2 Test Wafers/Run X+R 
Base Diffusion Diffusion Visual UVLamp 100% <10 Defects Trend Chart 

Furnace Per Wafer 

20X Microscope 2 Wafers Per Run 

" 
<4 Defects Per 
Field of View 

R 4 Point Probe 2 Test Wafers/Run 

TOX Nanospec 2 Product Wafers 
Per Run 

<{-O Emitter Mask Resist Mask Final Inspection Optical Microscope "Z" Pattern Scan. Production Log 
HF Etehant Bath 100X 100% of the Wafers 

¢-o CB Diode Curve Tracer BVCBO Curve Tracer <1 Out of 16 Logbook 
Check Readings is Fail 

Q-o Emitter Deposition R 4 Point Probe 2 Test Chip/Cycle Logbook 
Diffusion Furnace 

Beta/LV Curve Tracer 3 Sites Per Wafer 
Every Fourth Wafer 
>2 Readings Out 
of Spec 

Contact Mask Resist Mask Final Inspection Optical Microscope "Z" Pattern Scan. Production Log 
HF Etchant Bath 100X 1 00% of the Wafers 

Optical Microscope Critical Dimension Trend Chart 
1000X Measure. 2 Wafers 

Per Run Lot, Accept 
on 0 Failures 

era Metal Deposition Visual UVLamp <5 DefectslWafer Logbook 
Deposition Sputter Machine 100% 

R !Thickness 4 Point Probe 2 Readings/Pass X+RM 

¢ Metal Mask Resist Mask Final Inspection Optical Microscope "Z" Pattern Scan. Production Log 
Etchant Bath 200X 1 00% of the Wafers 

Optical Microscope Critical Dimension CD Logbook 
1000X Measu reo 2 Wafers 

Per Run Lot, Accept 
on 0 Failures 

<{-O Alloy Anneal Furnace Visual UV Lamp 100% <10 Defects/ Logbook 
Wafer 

r Electrical Test To Evaluate 2 Wafers/Run Logbook 
Electrical 
Parameters 
LOMAC 
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FLOWCHART PROCESS INSPECTION! METHOD AND SAMPLING SPC 
INCOMING FAB REWORK STEP DESCRIPTION TEST CRITERIA EQUIPMENT PLAN TECHNIQUE 

6-0 LPOM Passivation Visual UV Lamp 100%, >2 Color Trend Chart 
LPCVD Furnace Changes is Fail 

10X Microscope 3 Wafers/Cycle 
<3 Defects Per 
Field of View 

TOX Nanospec 3 WaferS/Cycle X+R 

Phosphorous 10:1 HP Etch Rate 3 Wafers/Cycle Trend Chart 
Concentration 

PEN PECVD Nitride Visual UV Lamp 100%, >2 Color Trend Chart 
Deposition Changes is Fail 

10X Microscope 2 Wafers/Run, <5 
Defects Per Field of 
View 

Thickness Nanospec 3 Wafers/Cycle 

Index of Ellipsometer 3 Wafers/Cycle 
Refraction 

Pad Mask Resist Mask Final Inspection Optical Microscope "Z" Pattern Scan. Production Log 
RF Plasma Etch 100X 100% of the Wafers 
and Oxide Wet 
Etchant Bath 

<fO 
Electrical Test Evaluate 100% Logbook 

Electrical 
Parameters 

0-0 Backlap Disco. N/A NlA NlA Logbook 

¢ Backside Backside Visual Un-Aided Eye 100% Logbook 
Metal Metallization 
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QUALITY ASSURANCE PROGRAM 

ASSEMBLY FLOWCHART 
Plastic DIP 

Vendor: 
Package: 
Location 01 Wafer Fab: 
Assembly: 
Final Test: 
a.c. Test: 

FLOWCHART 
INCOMING ASSV REWORK 

'i7 

~ 
6 

,\7 

15-30 

Linear Technology Corporation 
Plastic DIP 
Linear Technology Corporation, Milpitas, CA 
Offshore 
Linear Technology Corporation, Milpitas, CA, or Singapore 
Linear Technology Corporation, Milpitas, CA, or Singapore 

PROCESS INSPECTIONI METHOD AND 
STEP DESCRIPTION TEST CRITERIA EQUIPMENT 

Wafer Sort Electrical Wafer Prober 
Test Rejects 
are Red Inked 

Wafer Sort Monitor Probing Probe Defects 3Xto 75X 
Monitor and 2nd Optical 2nd Optical Microscope 

Quality Defects 

Kit for Wafers are 
Overseas Kitted with 
Assembly LTC Bonding 

Diagram and 
LTC Assembly 
Traveler 

Incoming Lead Frame Visual lOX to 30X 
Piece Parts Microscope 
Inspection 

Mechanical Optical Comparator, 
Calipers, X-Ray 
Fluorescence 

Functional 
(Assembly Process 
Simulation): 
Bond Pull Test 
Die Shear Test 

Incoming Molding Spiral Flow Spiral Mold Press 
PiecelParts Compound Moldability 
Inspection 
(Continued) 

Bonding Wire Tensile Strength Tensile Strength 
Tester 

Wire Elongation Bonder, Bond Pull 
Tester 

Epoxy Die Bondability Die Attacher, 
Attach Die Shear Tester 

\lINCOMING 

C QUALITY INSPECTION AND GATE 

o MANUFACTURING PROCESS 

o QUALITY MONITOR/SURVEILLANCE 

D REWORK 

SAMPLING SPC 
PLAN TECHNIQUE 

% Defective 
Trend Chart 

Minimum of3 
Times Per Shift. 
SIS = 1, ACC = a 

1 % AQL, Level 2 % LAR Trend 
Chart 

1 % AQL, Level 2 % LARTrend 
8 Drums for Every Chart 
Transfer 

SIS = 1 t05 % LAR Trend 
Spools Depending Chart X and R 
on Lot Size, Bond STR Chart 
ACC= a 

SIS = 20, ACC = a % LAR Trend 
Chart 



QUAUlY ASSURANCE PROGRAM 

FLOWCHART PROCESS INSPECTIONI METHOD AND SAMPLING SPC 
INCOMING AS1N REWORK STEP DESCRIPTION TEST CRITERIA EQUIPMENT PLAN TECHNIQUE 

Q-o Wafer Saw Die Separation Alignment Accuracy TV Alignment % Defective 
Micro Automation Trend Chart 
on Disco Saw lOX to 
30X Microscope 

Wafer Saw Saw Quality 10Xto 30X Once Every 2 Hours, 
Monitor Saw Accuracy Microscope SIS = 1 Wafer, 

ACC=O 
SIS = 25 Die, 
ACC=O 

2nd Optical Die Quality Die Visual Quality 75X Microscope Every Lot 100% % LARand% 
Inspection Basis Unit Defective 

Trend Chart 
Yield Analysis 

Die Attach Die Bonded to Auto Die Bonder 
Lead Frame 
with Epoxy 

Die Attach Visual Quality lOX to 30X 4 Times Per Shift % Defective 
Monitor Die Shear Test Microscope SIS = 20, ACC = 0 Trend Chart. 

Die Shear Tester Per Bonder X and R Die 
Shear Strength 
Chart 

Wire Bond Ball Bonds Auto Thermosonic -
Ball Bonder 

Wire Bond Wire Dress lOX to 30X 4 Times Per Shift % Defective 
Monitor Bond Pull Microscope SIS = 25, ACC = 0 Trend Chart. 

Strength Bond Pull Tester Xand R Die 
Shear Strength 
Trend Chart 

100% 3rd Check for Die, Die Bond, Wire 30Xto BOX Every Lot 100% Yield Chart 
Optical Workmanship Bond Visual Quality Microscope Basis 
Inspection Quality Prior to 

Molding 

1 
0A3rd Assembly Visual 30Xto BOX Every Lot % LARand % 
Optical Quality Microscope LTPD = 5% Unit Defective 
Inspection SIS = 45, ACC = 0 Trend Chart 

6-0 Mold Encapsulation Transfer Mold 2 Times Per Shift 
with Epoxy Per Mold 1 Shot, 
Novalac B ACC=O 
Composition 

Mold Monitor Molding Quality Visual: Chip, Void 30Xto BOX % LAR Trend 
and Cracks, Microscope Chart 
Misalignment, etc. 

S Top Mark Traceability Visual Quality Un-Aided Eye S/S=15,ACC=0 Logbook 
Mark 

6-0 Post Mold Cure Molding Bake in + 175°C 
Bake Compound Oven for B Hours 

Mold Bake Process Check Oven Mold Cure in Oven Each Oven at Start % Failed 
Monitor Monitor Temperature and 1 Time Per Shift Monitor Trend 

Chart 

111 
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QUALITY ASSURANCE PROGRAM 

FLOWCHART PROCESS INSPECTION! METHOD AND SAMPLING SPC 
INCOMING ASS( REWORK STEP DESCRIPTION TEST CRITERIA EQUIPMENT PLAN TECHNIQUE 

6-0 Deflash Remove Mold LlF and Heatsink 
Flash from Must be Free from 
Package Mold Flash 

Deflash Process Visual: Incomplete 7Xto 30X 2 Strips Every % Unit 
Monitor Monitor Deflash, Package Microscope 2 Hours, ACC = 0 Defective 

Damage Trend Chart 

~ 
Solder Lead 
Plate Finish 

>-0 Solder Plate Solder Plate Coverage, Un-Aided Eye 100% % Defective 
Inspection Quality Thickness, Quality Trend Chart 

>-0 Solderability Solder Plate Minimum 95% 3Xto lOX S/S=ll,ACC=O % LAR Chart 
Test Quality Coverage Microscope 

~ Trim and Form Singulate Unit 
Singulation and Place in 

Black 
Conductive 
Tube 

>-0 Mark Date Code and Offset Marking with Every Half Hour, 
Device Marking Markem 7226 or SIS = 15 Units, 

Laser Mark ACC = 0 Per 
Machine 

Mark Monitor Check Marking Visual: Illegible Un-Aided Eye, 6 2 Times Per Shift % Unit 
Quality Mark, Correct Inches Under Per Machine Defective P.A. 

Mark, Marking Normal Room SIS = 20, ACC = 0 Trend Chart 
Permanency Test Lighting Method 
(If Ink Marked) 2015 Mil-Std-SS3 

>-0 Final Visual 100% Inspect Visual: Bent Leads, Un-Aided Eye to Every Lot 100% % LAR and % 
Inspection Mold Flash, Solder lOX Microscope Basis Unit Defective 

Quality, etc. PA Trend 
Chart 

? 
Pack Packing and Antistatic Shipping 

Preparation for Tube 
Delivery 

0 Ship to 
LTC 
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EOL FLOWCHART 
(End of Line) 

Vendor: 
Package: 
Location of Wafer Fab: 
Assembly: 
Final Test: 
Q.C. Test: 

FLOWCHART 

? 
[ 

6 

t 

[ 

0 

QUALIlY ASSURANCE PROGRAM 

linear Technology Corporation 
Plastic DIP 
linear Technology Corporation, Milpitas, CA 
Offshore 
linear Technology Corporation, Milpitas, CA, or Singapore 
linear Technology Corporation, Milpitas, CA, or Singapore 

PROCESS INSPECTIONI METHOOAND 
STEP DESCRIPTION TEST CRITERIA EQUIPMENT 

LTC Incoming Check Quality Package Dimension Optical Comparator 
Inspection of Incoming and Calipers 

Assembled 
Material 

External Visual 3Xto 30X 
Microscope 

Mark Permanency Mil-Std-883 
(If Ink Mark) Method 2015 

Solderability Mil-Std-883 
Method 2003 

Die Attach Quality Pliers 

Lead Fatigue Test Lead Fatigue Tester 

100% Class Electrical Test to Guardbanded LTX Integrated 
Test Test Data Sheet Circuit Test 

Test Limits System 

QA Electrical Electrical Test to Guardbanded LTX Integrated 
Test at +25°C Quality Data Sheet Circuit Test 

Test Limits System 

QA Electrical Electrical Test to Guardbanded LTX Integrated 
Test at + 70°C Quality Data Sheet CircuitTest 
and at O°C Test Limits System 

100% External Check lor Visual: Bent Leads, 3X Eyepiece 
Visual Package Lead Form Criteria, 
Inspection Quality Mold VoidslCracks, 

etc. 

QA Post Pack Packagel Verify Correct Top 3Xto 10X 
Inspection Pack Quality Mark, Correct Pack Microscope 

Inspection Method, Correct Inspection 
Labeling, External 
Visual Inspection 

QA Shipbench Plant Paperwork Check, Un-Aided Eye 
Inspection Clearance Verify Correct Part Inspection 

Inspection Number and Correct 
PAR Count 

Ship to 
Customer 

'\lINCOMING 

C QUALITY INSPECTION AND GATE 

o MANUFACTURING PROCESS 

o QUALITY MONITORISURVEILLANCE 

o REWORK 

SAMPLING SPC 
PLAN TECHNIQUE 

S/S=2,ACC=0 % LAR Trend 
Chart 

SIS = 76, ACC = 0 

SIS = 4, ACC = 0 

S/S=3,ACC=0 

SIS = 5, ACC = 0 

SIS = 10, ACC = 0 

SIS = 125, ACC = 0 PPM Chart 

SIS = 125, ACC = 3 PPM Chart 
Skip Lot 

Yield Chart 

SIS = 125, ACC = 0 % LARand 
PPMPA 
Chart 

LTPD = 2% % LARTrend 
SIS = 116, ACC = 0 Chart 
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Linear Technology R-Flow 

Reliability has been a key focal point at LinearTechnology 
Corporation since our inception in 1981. Our standard 
product reliability is monitored closely and we have gen
erated an extensive reliability data base for both hermetic 
and plastic devices. This data is published on a quarterly 
basis and we are seeing very low reliability failure rates in 
the under 1 FIT range at 55°C. * 

*1 FIT = 1 failure in 109 device hours. 

In response to customer requests, we have added an 
even higher level of reliability screening for commercial 
hermetic and plastiC components. LTC's R-Flow adds an 
equivalent 160 hours 125°C burn-in to the standard com
mercial process flow. Following burn-in, a 100% room 
temperature test is performed and a 10% PDA (Percent 
Defective Allowed) is applied. This PDA limit affords an 
additional level of insurance on a lot-by-Iot basis and 
prevents the occasional disparate lot from being shipped 
for critical applications. The additional room temperature 
insertion also decreases the probability of any electrical 
defectives in the R-Flow lot. 

R-Flow lor TO-5 and CERDIP Packages 

SEAL 
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R-Flow for Plastic Dual-In-Line Packages 

MOLD 

lSi 25'C 
ELECT TEST 

FULL PARA. ACIOC 
SHIP 

R-FLOW 
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"""Y""llnll\D ESD PROTECTION PROGRAM 
~, TECHNOLOG~k> ---

Introduction 
As integrated circuit technologies achieve higher speed, 
smaller geometries, lower power and lower voltage, there 
is a trend toward greater ESD (Electrostatic Discharge 
Damage) susceptibility. State·of·the·art CMOS ICs can be 
susceptible to as little as 50V, a static level that is way be· 
low the 500V to 15,OOOV commonly found in an ESD unpro· 
tected work environment. As these state·of·the·art ICs get 
designed into systems, the ESD susceptibility of system 
hardware also increases proportionately. Industry esti· 
mates of losses due to ESD are in the range of a few billion 
dollars annually. 

It has now become increasingly more important for all 
semiconductor manufacturers and users of semiconduc· 
tor and other electronic components to fully understand 
the nature of ESD, the sources of ESD, and its impact on 
quality and reliability, to effectively deal with this silent 
chip killer. 

Linear Technology Corporation has successfully under· 
taken a simple but effective ESD Protection Program as 
part of an overall program designed to enhance product 
quality and reliability. Described in this section are the 
keypoints of this program. 

The objective is to provide increased ESD awareness by 
showing the sources of ESD in the work environment, and 
to recommend keypoints for the successful implementa· 
tion of an ESD program on a company-wide basis. 

The end result of a successful ESD program would be the 
reduction of line failures, final inspection failures and 
field failures, improved manufacturing yields, improved 
product quality and reliability and lower warranty costs. 
We hope that this will help to convince the reader that an 
ESD Protection Program must be an integral part of every 
electronic company's product quality and reliability 
program. 

Key Elements of a Successful ESD Protection Program 

Recent improvements in failure analYSis techniques to 
correctly identify ESD failures together with an increase in 
ESD related information from technical publications, 
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EOS/ESD symposiums and vendors have significantly 
helped to increase ESD awareness. 

The ESD Protection Program at Linear Technology 
Corporation was successfully launched in 1983 when 
production of ICs was first started. A constant upgrading 
of the program is still underway. During the ongoing ef
forts to improve product quality and reliability, previously 
unrecognized ESD related problems have been brought to 
light and corrected. 

An effective ESD Protection Program must start at product 
deSign, and encompass all manufacturing and handling 
steps up to and including field service and repair. Our de
sign goal is to achieve an ESD susceptibility level of 
2,OOOV or greater. 

Since the sources of static in any work environment are 
similar, key elements of the program successfully imple
mented at Linear Technology Corporation can also be ap
plied to all users of electronic components. Where these 
key elements apply, static controls generic to an elec
tronic systems manufacturer are included. 

The key elements of a successful ESD Protection Program 
include: 

1. Understanding static electricity. 

2. Understanding ESD related failure mechanisms. 

3. ESD sensitivity (ESD) testing. 

4. Establishing an ESD task force to outline the require
ments of the program, sell the program to manage
ment, implement the program, review progress against 
milestones, and follow-up to ensure the program is con
tinuously improved and upgraded. Selecting an ESD 
coordinator to interface with all departments affected. 

5. Conducting a facility evaluation to help identify the 
sources of ESD and establish static control measures. 

6. Setting up an audit program. 

7. Selection of ESD protective materials and equipment. 

8. Establish a training and ESD awareness program. 



What is Static Electricity? 

Lightning and sparks from a metallic doorknob during a 
dry month are examples of static electricity. The magni
tude of a static charge is dependent on many variables, 
among them the size, shape, material composition, sur
face characteristics and humidity. There are basically 
three primary static ge~erators, namely triboelectric, in
ductive and capacitive charging. 

Triboelectric Charging 

The most common static generator is triboelectic charg
ing. It is caused when two materials (one or both of which 
are insulators) come in contact and are suddenly separat
ed or rubbed together, creating an imbalance of electrons 
on the materials and thus static charge. 

Some materials readily give up electrons whereas others 
tend to accumulate excess electrons. The Triboelectric 
Series lists materials in descending order from positive to 
negative charging due to this triboelectric effect. A sam
ple triboelectric series is shown here. A material that is 
higher on the list, e.g., a human body, will become posi
tively charged when rubbed with a material, e.g., polyester, 
that is lower on the list, due to the transfer of electrons 
from the human body to the polyester material. 

Triboeleclric Series 

Human Body 
Positive Glass 

+ Mica 
Nylon 
Wool 
Fur 
Silk 
Aluminum 
Paper 
Cotton 
Steel 
Wood 
Hard Rubber 
Orion 
Polyester 
Polyethylene 

Negative PVC (Vinyl) 
Teflon 
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Inductive Charging 

Static can also be caused by induction, where a charged 
surface induces polarization on a nearby material. If there 
is a path to ground for the induced charge, an ESD event 
may take place immediately. An example of an induced 
charge is when the plastic portion of a molded IC package 
acquires a charge either through triboelectric charging or 
other means, produces an electrostatic field and 
induces a charge on the conductive leads of the device. 
When the device leads are grounded, a short duration 
damaging static pulse can take place. 

Capacitive Charging 

The capacitance of a charged body relative in position to 
another body also has an effect on the static field. To 
see that this is true, one need only look at the equation 
Q = CV (charge equals capacitance times voltage). If the 
charge is constant, voltage increases as capacitance de
creases to maintain equilibrium. As capacitance de
creases the voltage will increase until discharge occurs 
via an arc. A low voltage on a body with a high capacitance 
to ground can become a damaging voltage when the body 
moves away from the ground plane. For example a 100V 
charge on a common plastic bag lying on a bench may in
crease to a few thousand volts when picked up by an 
operator, due to a decrease in capacitance. 

These sources of static can be found almost anywhere in 
an unprotected work environment, on personnel wearing 
synthetic clothing and smocks, on equipment with 
painted or anodized surfaces, and on materials such as 
carpets, waxed vinyl floors, and ungrounded work 
surfaces. 

Understanding the Failure Mechanisms 

In the past, analysis of electrical failures to pinpoint ESD 
as a cause was often difficult. But with a better under
standing of failure mechanisms and their causes, and the 
use of more sophisticated techniques like scanning elec
tron microscopy (SEM), pinpointing ESD failures can now 
be part of a routine failure analysis. 
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Parametric or functional failure of bipolar and MOS les 
can occur as a result of ESD. 

The primary ESD failure mechanisms include: 

1. Dielectric Breakdown: This is a predominant failure 
mechanism on MOS devices when the voltage across 
the oxide exceeds the dielectric breakdown strength. 
This failure mechanism is basically voltage dependent 
where the voltage must be high enough to cause dielec
tric breakdown. As such, the thinner the oxide, the 
higher the susceptibility to ESD. MOS device failures 
are characterized by resistive shorts from the input to 
VooorVss· 

MOS Transistor Structure 
Showing ESD Included Pinholes at Gate Oxide 

GATE l 
0, 

IV 
PINHOLES 

SOURCE DRAIN 

This failure mechanism can also be found on bipolar 
les which have metallization runs over active semi
conductor regions separated by a thin oxide. Device 
failures are characterized by resistive or high leakage 
paths. 

2. Thermal Runaway (Second Breakdown): This failure 
mechanism results in junction melting when the melt
ing temperature of silicon (1415°C) is reached. This is 
basically a power dependent failure mechanism, 
namely the ESD pulse shape, duration and energy can 
produce power levels resulting in localized heating and 
eventually junction melting, even though the voltage 
level is below that required to cause dielectric break
down. Breakdown of the emitter-base junction of a 
NPN transistor is a common ESD related failure 
mode on bipolar les, since the highest current density 
occurs on the smallest current carrying area which is 
typically the emitter-base junction. Low current gain 
(hFEl is a very sensitive indicator of emitter-base junc
tion damage on bipolar linear les. 
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3. Parametric Degradation: On precision, high speed les 
(e.g., bipolar operational amplifiers with a typical input 
bias current of 10pA and low input offset voltage of typ
ically 50ILV) ESD can cause device degradation, besides 
functional failures. This can impact electrical perform
ance and adversely affect device reliability. 

This degradation in device parametric performance is 
far more difficult to pinpoint as an ESD related failure 
mode. It is also the least understood among the failure 
modes. The extent of this degradation is dependent on 
the number of ESD pulses and the level of damage 
sustained. The first ESD pulse may not cause an Ie to 
fail the electrical data sheet limits, but with each subse
quent ESD pulse, the parametric performance can de
grade to the point where the device no longer meets the 
data sheet limits. 

There is a great deal of current research focused on 
ESD induced latent failures, and there now appears to 
be more evidence of this type of failure mechanism. 

RESISTIVE SHORT ON A 
METALLIZATION STRIP OVER 
A THIN OXIDE N + REGION 

ON A BIPOLAR Ie 

ESD Failure Analysis Program 

ESD defect identification must be an integral part of a fail
ure analysis program. The key objectives are to help 
identify the ESD failure mechanism, isolate the cause for 



failure, and implement corrective action to prevent recur· 
rence. All devices suspected of being damaged by ESD af· 
ter initial electrical verification, should be failure 
analyzed. 

An ESD failure analysis program is outlined below. 

1. Initial electrical test verification. 

2. Review device history to determine if there are any 
similar failures in the past. Review ESD sensitivity data 
if available. 

3. Investigate conditions in any area that can potentially 
cause ESD damage. Common potential problem areas 
include: 

• Proper grounding procedures not being followed 
(e.g., conductive table/floor mats not grounded, per
sonnel not wearing wrist strap, etc.) 

• Improper handling (e.g., handling devices at a non
ESD protected station) 

• Transporting devices in unapproved containers (e.g., 
in common plastic bags/tubes/tote boxes) 

• Changes in procedures or operation 
• Changes in equipment 
• Design deficiencies 

4. Failure analysis sequence: 
• Bench testing and curve tracer analysis 
• Pin-to-pin analysis 
• Internal visual (10 x to 1000 x) 
• Liquid crystal hot spot detection 
• Scanning electron microscopy (SEM), secondary ion 

mass spectrometry (SIMS), energy dispersive X-ray 
analysis (EDX), scanning auger microprobe (SAM), 
radiography, voltage contrast, electron beam induced 
current (EBIC) 

• Plasma/chemical etching 
• Special fault decoration 
• Micro-sectioning 
• Documentation 
An excellent failure analYSis manual is published by the 
Rome Air Development Center titled "Failure Analysis 
Techniques-A Procedural Guide." 
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5. Duplication offailure by stressing identical devices. The 
same or similar electrical failure mode is a good indica
tor of an ESD induced failure mode. 

6. Implement corrective action to prevent recurrence. 
Corrective action may include: 
• Component, board, sub-system or system level redesign 
• Improve ESD controls 
• Improve part handling 
• Improve ESD awareness 
• Improve compliance with ESD protection procedures 
• Increase audit frequencies 
• Improve packaging materials and procedures 

Corrective action taken by the end user should include a 
thorough review of electrical and mechanical packaging 
designs. In addition the end user should consult with the 
IC manufacturer on their findings, request failure analysis 
of suspected ESD failures if needed and require the IC 
manufacturer to take appropriate corrective action on any 
confirmed ESD failure. 

ESD Sensitivity (ESDS) Testing 

ESDS testing is crucial in helping the IC designer and the 
end user evaluate the ESD susceptibility of a particular 
device. At Linear Technology Corporation ESDS testing is 
incorporated into the failure analysis program and is 
performed on each device as part of the product charac
terization program. The ESDS testing is also part of new 
product qualification. Linear Technology performs this 
ESDS testing according to MIL-STD-883 Method 3015. 

The ESDS testing provides immediate feedback to the IC 
designer on any weakness found inthe design and permits 
design correction before product release. The ESDS data 
collected is also used as baseline data to evaluate the effect 
of any future design changes on the ESDS testing per
formance, and to help ensure that the final packaging 
methods meet MIL-M-38510 requirements. Devices are 
categorized as either Class One, Class Two or Class Three, 
each with a susceptibility range from 0 to 2000 volts, 
above 2000 but below 4000 volts, and above 4000 volts 
respectively. Topside marking with equilateral triangles is 
specified by MIL-M-38510. 
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Since people are considered to be a prime source of ESD, the 
ESDS test circuit is based on a human ESD model. A 1500n 
resistor and a 100pF capacitor are used in the test circuit. 
Human capacitance is typically 50pF to 250pF, with the 
majority of people at 1 OOpF or less, and human resistance 
ranges from 1 ooon to 5000n. An ESD failure is defined as 
a voltage level which causes sufficient damage to the device 
such that it no longer meets the electrical data sheet limits. 

After initial ESDS testing, it is important that ESDS test 
monitoring be performed periodically on devices from 
various lots to determine lot-to-Iot variation. The VZAP-2 
report titled "Electrostatic Discharge (ESD) Susceptibility 
of Electronic Devices" published by the Reliability Analysis 
Center, Rome Air Development Center, contains a wealth 
of information on ESDS testing data on devices of different 
process technologies from many manufacturers. The data 
in this report clearly indicates a large lot-to-Iot variation 
relating to ESD susceptibility on the same device. 

Design for ESD Protection 

ESD protection designs employed on Linear Technology 
Corporation devices include: 

1. Input clamp diodes 

2. Input series resistors to limit ESD current in conjunc
tion with clamp diodes 

3. New ESD Structures 

4. Eliminating metallization runs over thin oxide regions 
when they are tied directly to external pins 

ESD Task Force 

An ESD task force should consist of members from each 
affected department to do the foundation work, sell the 
program to management, and implement the program 
with the following objectives: 

1. Develop, approve and implement an ESD control speci
fication covering all aspects of design, ESD protected 
materials and equipment, and manufacturing 
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2. Raise the level of ESD awareness 

3. Develop a training and certification program 

4. Work with all departments on any ESD questions or 
problems 

5. Develop a program to educate and assist sales offices, 
distributors and customers to minimize ESD 

6. Review and qualify new ESD protective materials and 
equipment, and keep specifications and training pro
gram upgraded 

7. Measure the cost-to-benefit ratio of the program 

Facilities Evaluation 

The ESD task force should be responsible for facility 
evaluation. This evaluation should be guided by the ESD 
coordinator. The ESD coordinator should be chosen for 
strong knowledge of ESD controls, and for the ability to 
effectively interface with all affected departments. The 
primary objective of the task force is to pinpoint areas that 
represent sources of static electricity and potential yield 
losses due to ESD. 

A representative, preferably the engineering or production 
manager, from each of the key manufacturing areas should 
be represented on this task force. At Linear Technology 
Corporation this effort is headed by the Quality Assurance 
Manager and the Package Engineering Manager. The 
balance of the ESD task force members are the Test Engi
neering, Product Engineering, and Production Managers. 

The only equipment needed for this survey is a field static 
meter which measures static up to a level of 50kV. Both 
nuclear and electronic type static meters are available 
from manufacturers like 3M, Simco, Wescorp, Scientific 
Enterprises, Voyager Technologies and ACL. 

Regardless of area classification, all manufacturing areas 
can be broken down into the following categories for 
evaluation purposes. 
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1. Personnel 

Personnel represents one of the largest sources of static, 
from the type of clothing, smocks and shoes that they 
wear (for example, polyester or nylon smocks). 

2. The Environment 

The environment includes the room humidity and floors. 
Relative humidity plays a major part in determining the 
level of static generated. For example, at 10-20% RH a 
person walking across a carpeted floor can develop 35kV 
versus 1.5kV when the relative humidity is increased to 
70%-80%. Therefore the humidity level must be con· 
trolled and should not be allowed to fluctuate over a broad 
range. 

Floors also represent one of the greatest contributors of 
static generation on personnel, moving carts or equipment 
because of movement across its surface. Carpeted and 
waxed vinyl floors are prime static generators. 

3. Work Surfaces 

Painted or vinyl covered table tops, vinyl covered chairs, 
conveyor belts, racks, carts and shelving are also static 
generators. 

4. Equipment 

Anodized surfaces, plexiglass covers, ungrounded solder 
guns, plastic solder suckers, heat guns and blowers are 
also static generators. 

5. Materials 

Look out for common plastic work holders, foam, common 
plastic tote boxes and packaging containers. 

Examples of typical static levels are shown in the table 
below. 

RELATIVE HUMIDITY 
10%-20% 70%-80% 

Walking across a carpeted floor 35kV 
Walking across a vinyl floor 12kV 
Picking up a common plastic bag 15kV 
Sliding plastic box over bench/conveyor 15kV 
Ungrounded solder sucker 8kV 
Plastic cabinets 8kV 

1.5kV 
O.3kV 
O.5kV 
2.0kV 
1.0kV 
1.0kV 
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This ESD survey should include all direct and support 
manufacturing areas where semiconductor and otherelec
tronic components are handled, and should be extended to 
cover distribution and field sales offices, and field service 
centers. Once the facility evaluation is completed, the 
results are reviewed by the ESD task force, and controls 
are selected to combat each potential ESD problem area. 

The ESD Protection Program 

The degree of static control should be determined by the 
most static sensitive device or assembly in the operation. 
Top management support and implementing the same 
basic controls in all areas with no double standards will 
help to ensure success. 

The basic concept of com plete static protection is the 
prevention of static buildup, the removal of any already 
existing charges, and the protection of electronic compo
nents from induced fields. The first and foremost line of 
defense is the personnel wrist strap together with grounded 
conductive or static dissipative table tops, and conductive 
heel straps and grounded conductive or static dissipative 
floor mats. 

To increase ESD awareness at Linear Technology Corpo
ration, all ESD Protection Areas are marked by an identi
fying label (for example, label shown below). This label 
alerts all personnel that ESD protection procedures are 
enforced in the area. 

ESD Protected Workstation 

Examples of ESD Protected Workstations are shown in 111 
Figures 1 and 2. 
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Option 1 (Figure 1): All electronic components, sub-assem
blies and assemblies must be handled at an ESD Pro
tected Workstation only_ The figure illustrates an ESD Pro
tected Workstation consisting of a static dissipative table 
mat grounded to earth or electrical ground through a 1 MO 
series resistor, with the requirement that the operator 
wears a grounded insulated conductive wrist strap with a 

1 MO series resistor. This 1 MO series resistor protects the 
operator from electrical shock, should the operator come 
in contact with a potentially lethal voltage. Option 1 
should be used where the operator does not require a 
large degree of freedom, e.g., during product inspection, 
component soldering, board repair, etc. 
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ELECTRIC POWER EQUIPMENT ~ 

3. WRIST STRAP -
2. GROUNO CORD~ 

'r/ 
VVv [ f/[ 4 

~1 
.. INSULATION PAD 

. CONDUCTIVE OR STATIC 
DISSIPATIVE TABLE MAT 

"" TABLE TOP 

C P 
GROUND - FLOOR 

MATERIALS: 1. 1/16" THICK CONDUCTIVE OR STATIC DISSIPATIVE TABLE MAT WITH SURFACE 
RESISTIVITY OF ,,1080 PER SQUARE. 

2. INSULATED CONDUCTIVE GRDUND CORD WITH A SERIES RESISTOR OF 1/2W 
MINIMUM. 1MO± 10%, AND 18AWG DR LARGER INSULATED WIRE. 

3. INSULATED CONDUCTIVE WRIST STRAP WITH 1/4W MINIMUM, 1MO± 10%, 
AND 20AWG OR LARGER INSULATED WIRE. THE CURRENT LIMITING 1MO 
RESISTOR MUST BE LOCATED RIGHT NEXT TO THE WRIST TO PREVENT THE 
POSSIBILITY OF SHUNTING THE RESISTOR. 

4. POWER TEST EQUIPMENT MUST BE CHASSIS GROUNDED VIA A THREE-PRONG 
PLUG, AND PLACED ON AN INSULATION PAD MADE OF FORMICA, FIBERGLASS 
OR EQUIVALENT MATERIAL. 

Figure 1 

1. CONDUCTIVE FLOOR MAT 
OR CONDUCTIVE FLOORING 

MATERIALS: 1. OPTIONAL 1/8" THICK CONDUCTIVE OR STATIC DISSIPATIVE MAT OR 
CONDUCTIVE FLOORING (e.g., CONDUCTIVE FLOOR TILES) WITH A SURFACE 
RESISTIVITY OF ,,1080 PER SQUARE. 

2. CONDUCTIVE SHOE STRAP WITH A SURFACE RESISTIVITY OF < 1050 PER 
SQUARE. 

3. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1/2W 
MINIMUM, 1M(J±10%, AND 18AWG OR LARGER INSULATED WIRE. 

Figure 2 



Option 2 (Figure 2): Shows an alternate installation meth
od for an ESD Protected Workstation_ It consists of a 
conductive or static dissipative floor mat grounded to 
earth or electrical ground through a 1 Mil series resistor 
with the operator wearing a conductive shoe strap. This in
stallation is typically used where the operator needs free
dom of movement over a large area, e.g., environmental 
chamber loading and unloading, electrical testing, etc. To 
be effective the conductive shoe strap must be attached 
to the wearer's shoe' to maximize contact between the 
strap and the conductive floor. 
Option 3: Utilizes the same conductive or static dissipa
tive floor mat installation as Option 2 with the exception 
that the operator is grounded via a wrist strap through the 
equipment ground instead of a conductive shoe strap. It is 
utilized where an operator is working with a piece of free
standing equipment and does not require a great deal of 
freedom of movement. 

Handling 

At Linear Technology Corporation all products are han
dled, transported and staged in volume conductive tote 
boxes. This offers maximum protection to the compo
nents from triboelectrically generated and inductive static 
charges. The rule is under no circumstances should com
ponents be removed from their approved containers ex
cept at an ESD protected workstation. 

Final Packaging 

Only antistatic and conductive final packaging containers 
(for example, antistatic or conductive dip tubes, volume 
conductive carbon loaded plastic bags or metallic film 
laminate bags, foil lined boxes) are used. Filler (dunnage) 
material used should be antistatic, non-corrosive, and 
should not crumble, flake, powder, shred or be of fibrous 
construction. Conductive packing materials are preferred 
since they not only prevent buildup of triboelectric charge, 
but also provide shielding from external fields. 

Other ESO Preventative Measures 

• Where possible, ban all static bearing materials, 
e.g., common plastics, styrofoam from the work 
environment. 

• Use only synthetic material smocks with 1 % to 2% in
terwoven steel. 
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• Ensure all electronic and electro-mechanical equip
ment is chassis grounded, including conveyor belts, va
por degreasers and baskets, solder pots, etc. 

• Tips of hand soldering irons are to be grounded. 
• All parts of hand tools (e.g., solder suckers, pliers, etc.) 

which can be expected to come in contact with elec
tronic components are to be made of conductive mate
rial and grounded. 

• Conductive shorting bars are to be installed on all 
terminations for PC boards with electronic components 
during assembly, loading, inspecting, repairing, solder
ing, storing and transporting. 

• All PC boards with electronic components are not to be 
handled by their circuitry, connector points or connec
tor pins. 

• High velocity air movement is to be delivered through a 
static neutral izer. 

• Air ionizers are to be employed in neutralizing static 
buildup on insulators if they have to be used or as an ex
tra precautionary measure for extremely sensitive 
assemblies. 

• Do not slide electronic components over a surface. 

Air ionizers come in three basic types: nuclear, AC and 
pulsed DC. These ionizers can neutralize static charges on 
non-conductive materials by supplying the materials with 
a stream of both positive and negative ions. 

The advantage of the AC or pulsed DC type air ionizer is 
that there is no recurring annual replacement cost. The 
disadvantages are: it emits ozone which can damage rub
ber in equipment; EMI (Electro Magnetic Interference); 
and an imbalance in the stream of ions if not properly 
maintained, therefore necessitating frequent preventive 
maintenance. 

The advantages of the nuclear type air ionizer are low 
maintenance, no ozone, no EMI and no imbalance prob
lems. The disadvantages are that it requires careful han
dling because of the radioactive source, and the annual 
recurring cost to replace the radioactive source. 

The selection of air ionizers must be done with care with 
awareness of the above limitations. The squirrel cage 
ionized air blower has been proven to produce a signif- lIN 
icantly more even distribution of ion patterns than does a ~ 
conventional fan blower design. 
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Maintenance 

ESD protective floor and table coverings must be properly 
maintained. Do not wax over them. Cleaners must not de· 
grade their electrical properties. Vacuum to remove loose 
particles, followed by a wet mop with a solution of mild 
detergent and hot water. 

Periodic Audits 

At Linear Technology Corporation periodic audits are con· 
ducted to check on the following at least once a month, 
unless otherwise noted. 

• Compliance with ESD control procedures. 
• Ensure that the conductive ground cord connection is 

intact by measuring the series resistance to ground 
with an ohmmeter. 

• Ensure that wrist straps are still functional by measur· 
ing the resistance from the person to ground. The 
ground lead of the ohmmeter is connected to the 
ground connection of the wrist strap, and the positive 
lead is connected to a stainless steel electrode (one 
inch in diameter, and three inches long #304 stainless 
steel) which is held by the person. This test method not 
only checks the resistance of the series resistor, but 
also resistance through the ground cord and also any 
contact resistance between the wrist strap and the per· 
son's skin. This test procedure is required when wrist 
straps with an elastic nylon band with interwoven 
metallic strands are used, since the metallic strands 
breakdown with prolonged use. This monitor frequency 
may be shortened depending on audit results. 

• Measure the surface resistivity of conductive or static 
dissipative table tops once every 6 months using 
ASTM·F·150-72, ASTM·D-257 or ASTM·D·991 test meth· 
ods as appropriate. 

Materials Selection and Specification 

Based on the tremendous amount of ESD protective 
materials available, it is important that materials are se· 
lected based on a stringent qualification. Once the materi· 
als have been selected and specifications defined, a 
material procurement specification needs to be initiated 
that defines the materials and quality requirements to the 
vendor. One of the major pitfalls is to procure material in 
haste, e.g., a wrist strap, only to find out it does not per· 
form reliably. 

The SOAR-1 report titled "ESD Protective Material and 
Equipment: A Critical Review" published by the Rome Air 
Development Center is an excellent reference on the vari· 
ous types of ESD protective materials available. 

At Linear Technology Corporation a minimum of three 
manufacturing lots from a potential vendor are subjected 
to qualification testing per the requirements of the materi· 
al procurement specification for ESD protective materials. 
The vendor is considered qualified only when all three lots 
are found to be acceptable. Once vendors have been quali· 
fied, all incoming ESD protective materials are subjected 
to a stringent incoming inspection. 

The following table summarizes a sample material and 
test specification for ESD protective materials. 

Wrist Strap Resistance Test Set·Up 
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MATERIAL PROPERTIES/DESCRIPTION TEST METHODS 
Wrist Strap • Insulated coil cord with a 1Mll ± 10%, V.W minimum Measure series resistance with ohmmeter. Apply normal 

series resistor molded into snap fastener (at wrist end), tug to both ends of slrap and remeasure series resistance. 
and an elastic wrist band with inner metallic filaments Resistance must be between 0.8 to 1.2Mll. 
and insulative exterior. 

Conductive or Static • Must not shed particles Test per ASTM·F·150·72, ASTM·D·257, ASTM·D·991 (for 
Dissipative Table and Floor • Must not support bacterial or fungal growth surface resistivity < W611/square). 
Coverings, Conductive Tote • Conductive: surface resistivity < 10 511/square. Static 

Dissipative: surface resistivity> 105 and < W9ll/square. Boxes, Conductive Shoe 
Straps 
Conductive Foam • Shall not contain more than 30ppm CI, K, Na when a With devices inserted into the foam, the foam must not 

quantitative chemical analysis is performed cause lead corrosion after a 24 hour 85°C/85% RH 
• Must not support bacterial or fungal growth temperature/humidity storage. 

Antistatic and Conductive • Must not exhibit an oilY·like film Must meet an Electrostatic Decay test per Federal Test 
Dip Tubes Method Standard 101 Test Method 4046. Material charged 

to 5ODOV must be discharged to 1 % of its initial value (50V) 
in 2 seconds after a 24 hour conditioning at 15% relative 
humidity. 

Antistatic and Conductive • Antistatic bags must meet MIL·B·81705 type 2 Test method for anlislatic bags same as for antistatic/ 
Bags • Conductive bags musl meet MIL·B·117 and sealing conductive dip tubes. Test method for conductive bags 

requirements of MIL·B·81705 same as for conductive table/floor coverings. 
• Must not support baclerial or fungal growth 

Static Eliminatorsllonized Air • Ozone level: 0.1 ppm maximum for 8 hour exposure Voltage Decay test: A non·conductive sheet of material 
Blowers • Noise: 60dB maximum charged to 5kV must be discharged to 1 % of its initial value 

• EMI: non·detectable when measured 6 inches away (50V) in 2 seconds at a distance of 2 feet from the ionizer or 

Training and Certification Program 

The training program should be developed to increase 
ESD awareness and to assist all personnel in complying 
with the ESD control specification. The program should 
include: 

1. A discussion on "What is Static Electricity?" 

2. How ESD affects ICs 

3. Estimated cost of ESD related losses 

4. Materials and equipment for controlling static 

5. The importance of wearing the wrist strap 

6. The importance of an audit program 

7. Encourage floor personnel to feedback any ESD poten· 
tial areas to the ESD task force 

ESD training should be incorporated into the personnel 
training and certification program. At Linear Technology 
Corporation only fully trained and certified personnel are 
allowed to do actual production work. To help increase 

larger distance if application calls for a larger distance. 

ESD awareness, it is often a good idea to show ESD 
awareness films and video tapes which are available from 
a variety of sources (Reference 3 provides a list of films 
and video tapes). Personnel are retrained and recertified at 
a minimum frequency of once per year. 

Measuring the Benefits 

Where possible, the benefits of an ESD Protection Pro· 
gram should be tracked and quantified. The two yard· 
sticks used at Linear Technology Corporation are final test 
yields and QA electrical average outgoing quality (AOQ). 
Since the implementation of this program, there has been 
a significant improvement in final test yields especially on 
static sensitive CMOS devices. With the elimination of 
ESD as a potential failure cause, the electrical AOQ has 
averaged well under 100ppm for all products combined. 
Improvements such as this help to provide positive feed
back to manufacturing and support personnel on the im-
portance of an ESD Protection Program, and also help to I"PW 
ensure its continuing success. .... 
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Linear Technology has an active Statistical Process 
Control (SPC) System. It operates via the interrelated 
mechanisms of: a structure, control charts with built-in 
contingency action plans, operational area documentation 
(flowcharts and control plan details), an SPC training 
program, each of which is defined in the Company's 
officially controlled SPC specification. 

STRUCTURE 

At the core ofthe SPC system are the Process (or Preven
tive) Action Teams (PATs). These cross-functional teams 
are comprised of individuals directly involved with a 
process element or problem. In a production operation, 
they typically involve production operators, lead opera
tors, maintenance, engineering, and/or supervision. In a 
non-production operation, the PATs are comprised of 
operating employees and representatives of related 
functions. 

Each operating group (e.g., Wafer Fab) has a formal SPC 
presence in the form of a SPC Quality Control Team (QCT). 
These SPC QCTs are comprised mostly of the manager 
and staff of that particular operating unit bearing the 
responsibility to implement and maintain SPC within their 
respective areas. 

This QCTstructure is the leadership of that operating unit, 
and as such, sanctions the various PATs within its jurisdic
tion as they implement and maintain SPC and/or solve 
specific problems in their respective areas. In addition, the 
QCT conducts monthly reviews of SPC charts, action 
items, and new programs. 

The QCTs, in turn, report to the SPC Steering Committee. 
This body consists of the President, Chief Operating 
Officer, Vice President of Operations, Vice President of 
Quality & Reliability, and the SPC Manager. Thus, it has 
the corporate leadership responsibility for SPC at Linear 
Technology. 

WAFER FAB 
aCT 

aUALITY AND 
RELIABILITY 

aCT 

LOCAL 
ASSEMBLY 

aCT 

END-OF-LINE 
aCT 

Figure 1. Linear Technology Corporation 
SPC Quality Control Teams 

CONTROL CHARTS 

The control charts at Linear Technology are manually 
charted by the operators to insure they are the custodians 
ofthe process, its trends, and defined corrective measures 
(as opposed to computerized SPC charting). 

The contingency action plan, known as the Out-of-Control 
Action Plan (OCAP), defines the specific corrective actions 
when the process experiences out-of-control situations. 
No control chart is put in place without an OCAP. This 
strategy has in effect empowered the work force, while 
freeing the Engineering staff for systematic and continu
ous improvement. 

FLOW CHARTS AND CONTROL PLAN DETAILS 

The flow charts serve to graphically display the flow of 
products in each operational area, as well as define and 
communicate the critical nodes of that operation. The 
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details of each critical node are defined in the Control Plan 
Detail, which serves as a planning, reporting, and commu
nication tool. 

An example of a flow chart and the related Control Plan 
Detail for one operational area (e.g., The Wafer Fabrication 
Area) Figure 2, and Table 1 follows: 

SPC-1 

SPC-2 

SPC-3 

InnialOx 

Collector Mask 

Collector Diffusion 

Epi Growth 

Isolation Mask 

Isolation Diffusion 

Base Mask 

Base Diffusion 

Emitter Mask 

Emitter Diffusion 

Low·Pressure Oxide 
(Oxide) 

Unear Technology Corporation, Milpitas, CA 

SPC-4 

SPC-5 

Capacitor Oxide 

Contact Mask 

Metal Deposition 

Metal Mask 

Alloy 

Electrical Test 

Low·Pressure Oxide 
(Metal) 

PECVD Nitride 

Pad Mask 

Bacidap 

Backside Metal 

Transferto Wafer Sort 

Figure 2. General Bipolar Wafer Fabrication Flow Chari 

TRAINING PROGRAM 

In order to pursue and continue the smooth operation of 
the SPC System within LTC, an all-encompassing instruc
tional program for employees was initiated according to 
the following plan. 

Each employee deSignated for SPC training is classified 
into one of three groups, and attends the specific class
room instruction for that classification. The courses and 
length oftraining (hours) for each group are designated in 
Table 2. 

The content of the Training Courses is as follows: 

BASIC SPC: Philosophy of SPC, concepts of variation, 
control, capability; tools and techniques for control and 
capability, including histograms, capability studies, con
trol charting; basic problem solving, including normality, 
brainstorming, cause and effect diagramming, Pareto 
analysis, capability index/ratio. 

ADVANCED SPC: Review of basic concepts, fundamentals 
of Measurement System Evaluation (Gage R&R), process 
capability studies, determination and use of control charts, 
i.e., Xbar & R, Median & R, X & Moving R, p, np, u, and c 
chart techniques. Chart interpretation and the basics of 
attributes sampling system. 

Table 1. Linear Technology Corporation Process Control Plan Detail for Bipolar Wafer Fab 

SPC Node Critical Measurement Sample Sample SPC Control MSE Process Capability 
and Process Features Method Size Frequency System (Gage Rand R) Cp Cpk 

(SPC-1) Resistivity 4-Point 2 Batch X and Moving Acceptable 1.59-1.89 1.15-1.37 
Epi Probe R Chart 

Growth Oeposition Rate Nicolet 2 Batch Run Chart Acceptable 2.54-4.17 
(Thickness) 

(SPC-2) COs OSI-VLS1 1 Site! Batch Xbar and Acceptable 1.43 1.22 
Base Mask 5 Wafers R Chart 

(SPC-3) Sheet 4-Point 3 Sites! Batch Xbar and Acceptable 1.34-1.96 1.29-1.68 
Base Resistance Probe 3 Wafers R Chart 

Oeposition 

(SPC-4) Thickness 4-Point 2 Batch Xbar and New Gauge 2.23·2.38 2.2-2.3 
Metal By Probe R Chart is Now 

Oeposition Resistivity Acceptable 

(SPC-5) Thickness Nanospec 5 Sites! Batch Xbarand Acceptable 0.95 0.74 
LPOM 3 Wafers R Chart 
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Table 2. 

Group * Trainee Audience Basic SPC 

1 Engineering (Technical) 15 

2 Management/Supervision Technicians 15 

3 Operators 15 

DESIGN OF EXPERIMENTS: Philosophy and need of ex
perimental design, experimental methodologies utilizing 
Fisher & Taguchi concepts. Response Surface Methodol
ogy for parameters and tolerance designs, including 
ANOVA, and analysis of co-variance. 

TEAM ORGANIZATION: An outline ofthe SPC organization 
within LinearTechnology, the concepts ofthe SPC Quality 
Control Teams (SPC QCTs) and Preventive/Process Ac
tion Teams (PATs). Strategies for Detailed Control Plans 
and Out-of-Control Action Plans (OCAPs). Concepts of 
team effectiveness. 

Manufacturing Excellence 

One of the Linear Technology goals is manufacturing 
excellence. The traditional SPC techniques seek to pro
duce processes that are capable and in control. To improve 
those processes and to determine rational parameters and 
specification tolerance of new products and processes re
quires the Design of Experiments (DOEs) methodology. 

Linear Technology actively pursues the screening tech
niques described by Fisher as well as the optimization 
techniques of Box and Taguchi. These latter techniques, 
known as Response Surface Methodologyand Taguchi 
Methods, are particularly useful in developing robust 
products and processes, with a minimum of sensitivity to 
process variation. 

Contribution to Quality 

Contribution to quality improvement has evolved from one 
dominated by ATTRIBUTE INSPECTION (pass/fail) to one 
involving a mixture of SPC and attribute inspection. As we 

Advanced SPC D.O.E. TEAMORG. TOTAL 

20 40 4 79 

20 - 4 39 

- - - 15 

progress further, the contribution of Design of Experi
ments will become significant. Products and processes 
developed using the DOE tools will have the quality built
in. The consequence of this built-in quality is predictable 
performance at the lowest possible cost. 

100% 

75% 

50% 

25% 

Quality 
Contribution 

due to 
INSPECTION 

Quality 
Contribution 

due to 
PROCESS 
CONTROL 

Quality 
Contribution 

due to 
DESIGN OF 

EXPERIMENTS 

0%~19-80~----~~~------~20~00 

TIME -------------

Figure 3. The Semiconductor Quality Evolution 

The concepts of SPC and DOE have already been institu
tionalized within Linear Technology and will provide 
the methodology to ensure a process of continuing im
provement. 

15-49 



''"'''Y'''"Llnlt\l2 SURFACE MOUNT PRODUCTS 
~, TECHNOLOG~f'(~----""""'" 

Introduction 

Linear Technology Corporation was founded in 1981 to 
address the growing demand for high performance and 
superior quality linear integrated circuits. 

Today, LinearTechnology has successfully established a 
leadership position by introducing and supplying leading 
edge products in each of the industry's basic functional 
groups - op amps, comparators, voltage regulators, 
references, switched-capacitor filters, interface, data con
version, and a variety of special function CMOS devices, in 
all major package styles. 

Early on, Linear Technology made the commitment to 
provide advanced technology, surface mount packaging. 
This made Linear Technology the first company to offer 
true precision and high performance linear devices across 
the full range of functional categories, plus many of the 
popular second-source devices in JEDEC Standard SO-8, 
14, 16 and SOL-16, 18 and 20 pin packages. 

The continuing demand for more complete surface mount 
designs has spurred the introduction oftwo power surface 
mount packages by LTC - the 3 lead SOT-223 and the 
DO package available in 3, 5, and 7 lead versions. Many 
LTC power producis are now being introduced in these 
packages which, for the first time, enables high power 
designs to be realized using 100% surface mount devices. 
Support for Linear Technology's surface mount devices 
includes service for tape and reel, antistatic rails, quality 
and reliability data, and data sheets on each product. 

Linear Technology intends to address customer demand 
for surface mount devices where technology and die sizes 
permit, making the combination of small package size and 
high performance linear devices readily available to our 
users. 
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This sectig" contains information summarizing Linear 
TechnologY's capabilities and services for surface mount 
packaged products, as well as specific device data sheets. 

Package Descriptions 

Linear Technology's SO packages conform to Standard 
JEDEC SOIC outlines. 

In some instances, an LTC product available in an 8-pin 
standard DIP package is offered in a 16-pin SOL package. 
This covers the situation where the die is too large to be 
accommodated by the smaller SO-8 package. Although it 
is preferable for an SO-8 device to have the same pinout as 
the standard 8-pin dual-in-line version, some devices 
necessitate a rotation of the die to fit in the SO-8 package. 
Please refer to the applicable SO device data sheet, or 
consult with the factory to verify exact pinouts for each 
device. 

Electrical Specifications 

Wherever possible, electrical specifications for a surface 
mount technology (SMT) device are the same as the 
plastic molded equivalent. Exceptions to this are identified 
by the omission of the standard product electrical grade 
designator from the part number. 

For example: 

- L T1013DS8 has the same electrical specifications 
as LT1013DN8, since the "D" is common to both 
product numbers. 

- L T1 012S8 has one or more different electrical speci
fications than L T1 012CN8, as the "C" is missing 
from this product designator suffix. 

Please consultthe appropriate SMT package data sheetfor 
complete electrical specifications. 



Marking 

Because of the limited space available for part marking on 
some SMT packages, abbreviated marking codes are used 
to identify the device. These codes, if used, are identified 
in the individual SMT package data sheets. 

Recommended Solder Pads 
SO-8, SO-14, SO-16 

~0-0.055 

J 19999 
L!6666 

0028-0035 I' I 0.050 I. . I . . ---r-1 TYP---r---i 

SOL-16, SOL-18, SOL-2D, SOL-24, SOL-28 

0.420 
MIN 
T 

0315-0335 I 

0.040-0.050 I I I' f-+~:o 
0.028-0.035--1 I---

SURFACE MOUNT PRODUCTS 

Lead Finish and Solderability 

Lead finish is electroplated, lead-tin, with a low carbon 
content. Solderability meets the requirements of MIL
STD-883C, Method 2003. Recommended solder pads are 
given in Figure 1. 

3-Lead DO 

----0.420 ---. 

1 
0.350 

~~J 

1-10.070 

NOTE: ALL DIMENSIONS ARE IN INCHES 

5-Lead 00 

~m ~~r090 
oo!f- -I 1-- 0.042 

NOTE: ALL DIMENSIONS ARE IN INCHES 

0.565 

0.565 

Figure 1. Recommended Solder Pads 
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Head DD 

----0.420 ---I 

NOTE: ALL DIMENSIONS ARE IN INCHES 

0.059l MAX 

Head SDT-223 

0.248 
BSC 

0.0391---1 j 
MAXI , I 

0.059t_~~ 
MAXL 

°B~~1_ 
NOTE: ALL DIMENSIONS ARE IN INCHES 

Figure 1. Recommended Solder Pads (Continued) 
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Wave and Reflow Soldering 

Following are the recommended procedures for soldering 
surface mount packages to PC boards. 

1. Wave Soldering 

• Use solder plating boards. 
• Dispense adhesive to hold components on board. 
• Place components on board. 
• Cure adhesive per adhesive manufacturer's specifi

cation. 
• Foam flux using RMA (Rosin Mildly Activating) flux. 
• Wave solder using a dual wave soldering system at 

240°C to 260°C for 2 seconds per wave. 

• Clean board. 

2. Reflow Soldering 

• Use solder plating boards. 
• Screen solder paste on board. 
• Mount components on board. 
• Bake for 15-20 minutes at 65°C to 90°C. 
• Preheat to within 65°C of the solder temperature. 
• Reflow solder paste. The solder paste temperature 

must be 200°C for at least 30 seconds. LTC recom
mends vapor phase or infrared reflow systems for 
best performance. 

• Clean boards. 
• Hand soldering of DO and SOT-223 packages is not 

recommended. 

Thermal Information 

Table 1 shows the range of junction-to-ambient thermal 
resistance of SO and SOL devices mounted on a PCB of 
FR4 material with copper traces, in still air at 25°C. OJA 
with a ceramic substrate is about 70% of the FR4 value. 
Maximum power dissipation may be calculated by the 
following formula: 

III MAX [TA] = IjMAX- TA 
ElJA 



where Tj MAX = Maximum operating junction temperature. 

TA = Desired ambient operating temperature. 

9JA = Junction-to-ambient thermal resistance. 

Table 1. Typical Thermal Resistance Values 
SOL-18 70° to 100°CIW 

SOL -20 70° to 90°CIW 

SO-16 90° to 130°CIW SOL -24 60° to 80°CIW 

Conditions: PCB mount on FR4 material, still air at 25°C, copper trace. 

Thermal resistance for power packages (DO and SOT -223) 
depends greatly on the individual device type. Please 
consult the device data sheets for thermal information. 

More current data, by device type, may be obtained by 
contacting Linear Technology Corporation, Marketing 
Department. 

Tape and Reel Packing 

Tape and reel packing is available for all SO, SOL, SOT-223 
and DO packages in accordance with EIA Specification 
481-A. Table 2 lists the applicable tape widths, dimen
sions, and quantities for all LTC small-outline products. 
Consult factory for tape and reel pricing and minimum 
order requirements. 

SURFACE MOUNT PRODUCTS 

Table 2. Tape and Reel Packing Specifications 
P Po PARTS 

TAPE COMPONENT HOLE REEL PER 
PACKAGE SIZE PITCH PITCH DIAMETER REEL 

SO-8 12mm 8mm 4mm 13" 2500 

SO-14 16mm 8mm 4mm 13" 2500 

SO-16 16mm 8mm 4mm 13' 2500 

SOL-16 16mm 12mm 4mm 13" 1000 

SOL-18 24mm 12mm 4mm 13' 1000 

.SOL-20 24mm 12mm 4mm 13" 1000 

00 24mm 16mm 4mm 13" 750 

SOT-223 16mm 12mm 4mm 13" 2000 

Plastic Tube Packing 

Linear Technology SO, SOL, SOT-223 and DO packaged 
devices are packed in "antistatic" plastic tubes with the 
dimensions indicated in Figure 2. Unit quantities per tube 
are as listed in Table 3. 

Table 3. Devices Per Tube 
SO-8 100 ea. SOL-16 47 ea. 

SO-14 55 ea. SOL-18 40 ea. 

SO-16 50 ea. SOL-20 38 ea. 

OD 50 ea. SOL-24 32 ea. 

SOT-223 78 ea. SOL-28 27 ea. 
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PLASTIC TUBE SPECIFICATions 

SO Package Shipping Tube 

0.310 
REF 

KEEP FLAT 
DO NOT ROUND 0.010 RAD 

OUT REF 

Length: 20.50 ~ ~:;~ inches 

Figure 2 

Nole 1: Tolerances: ±0.010 unless otherwise specified. 
Nole 2: Material: anti-static treated rigid transparent PVC or rigid black conductive. 
Nole 3: Printing: "LTC logo, LinearTechnology Corp., Antistatic" on top side of tube. 
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SOL Package Shipping Tube 

_0.210 

0.060 

r I 
0.32010 0.250 0.580 

l ~ 

0.050-+-1-~ 

0.115 ---+OI---~ 

~0.030±O.005 
TYPWALL 

. +1/32. 
Length. 20.75 -1/16 Inches 
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PLASTIC TUBE SPECIFICATions 

NOTCH ON BOTH 
ENDS OF TOP 

SIDE ONLY 

DD Package Shipping Tube 

- I 
-0.162.0.020 

34.0.25 
(1.338 • 0.010) t-----e--- -- -----. 

- 0.300 • 0.020 
--.i. 

I 

( 

NOTES: 
TUBE LENGTH = 21.65 ± 0.045 INCHES 

·CRITICAL DIMENSION 

L7lJD~ 

S01-223 Package Shipping Tube 

0.66 
(0.026) 

122 ~~:~~ 
I+-'~+---( .0.010) 

0.048 -0.005 

3.8 
(0.150) 

* 

2.67 8.63 
(0.105) (0.340) 

~t ~ 
0.5.0.12 

(0.20 ± O.OOS) 
RO.5mm 
R (0.020) 
4X, REF 

Figure 2 (Continued) 

NOTCH ON TOP SIDE 
ONLY (2 PLACES) 

15-55 



SURFACE MOUNT PRODUCTS 

TAPE AnD REEL SPECIFICATions 

Embossed Carrier Dimensions (12mm, 16mm, 24mm Tape Only) 

TOP 
COVER 
TAPE 

B1 Ko 

~ 
SEE NOTE 1 

FOR MACHINE REFERENCE ONLY 
INCLUDING DRAFT AND RADII 
CONCENTRIC AROUND Bo 

Po---l~-

EMBOSSMENT 

USER DIRECTION OF FEED 
CENTER LINES 

OF CAVITY 

Embossed Tape - Constant Dimensions 
Tape Size 0 E Po I(Max.) AD 80 Ko 

12mm, 1.5 +0.10 1.75±0.10 4.0 ±0.10 0.400 See Note1 
16mm, -0.0 (0.069 ±0.004) (0.157 ±0.004) (0.016) 
24mm 0.059 +0.004 

-0.0 

Embossed Tape Variable Dimensions 
Tape Size 81 Max. 01 Min. F 

12mm 8.2 5.5 ±0.05 
(0.323) (0.217 ± 0.002) 

16mm 12.1 1.5 7.5 ±0.10 
(0.476) (0.059) (0.295 ± 0.004) 

24mm 20.1 11.5 ±0.10 
(0.791) (0.453 ±0.004) 

Nole 1: Ao 80 Ko are determined by component size. The clearance 
between the component and the cavity must be within 0.05 (0.002) min. 
to 0.65 (0.026) max. for 12mm tape, 0.05 (0.002) min. to 0.90 (0.035) 
max. for 16mm tape and 0.050 (0.002) min. to 1.00 (0.039) max. for 
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KMax. P2 RMin. W 

6.5 2.0 ±0.05 30 12.0±0.30 
(0.177) (0.079 ± 0.002) (1.181) (0.472 ±0.012) 

40 16 ±0.30 
6.5 2.0 ±0.10 (1.575) (0.630 ± 0.012) 

(0.256) (0.079 ± 0.004) 50 24 ±0.30 
(1.969) (0.945 ± 0.012) 

24mm tape and larger. The component cannot rotate more than 20° 
within the determined cavity, see Component Rotation. 
Note 2: Tape and components shall pass around radius "R" without 
damage. 
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TAPE AnD REEL SPECIFICATions 

.L7lJD~ 

Component Rotation 

TYPICAL 
COMPONENT CAVITY 
CENTER LINE 

TYPICAL 
COMPONENT 
CENTER LINE 

Tape Camber (Top View) 

~-----:~~;;--------.j 

Bending Radius 

BENDING RADIUS 
SEE NOTE 2 

R MIN 

250mm 1-------------(9.843)-------------.j 

Allowable camber to be 1 mml100mm nonaccumulalive over 250mm 

Tape Leader (Start/End) Specification (SO Packages) 
END 

o 0 0 0 0 0 0 0 

~ I3lBI3l 
t~~~ ",ro_ J "'ro·~L:NDCOMPDNENTS~TART 

40mm (1 575) MIN MIN 500mm (19.685) 
. MAX 560mm (22.047) 

~ EMPTY COMPONENT ~ 
POCKETS SEALED 
WITH COVER TYPE 

USER DIRECTION OF FEED 
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TAPE AnD REEL SPECIFICATions 

S01-223 Devices 

o 000 000 0 

[bj][bj][bj][bj] 
USER DIRECTION OF FEED SMp·Q2 

DO Pack Devices 

o 0 0 0 0 0 0 0 0 000 

SMp·03 
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REEL DimEnSions 
Direction of Feed 

TOP COVER 
TAPE THICKNESS (t,) 

?rig4)m MAX THICK 

..... ~~--EMBOSSMENT 

Reel Dimensions 

Tape 
Size 

12mm 

16mm 

24mm 

L3~\ 
D"I~ t;\ 

\ - I 

~-- / 
FULL RADIUS" 

A 

"DRIVE SPOKES OPTIONAL IF USED 
ASTERISKED DIMENSIONS APPLY. 

A B 
Max. Min. e 
330 1.5 13.0±0.20 

(12.992) (0.059) (0.512±0.008) 

360 1.5 13.0±0.20 
(14.173) (0.059) (0.512±0.OO8) 

360 1.5 13.0±0.20 
(14.173) (0.059) (0.512±0.008) 

'Metric dimensions will govern. 
English measurements rounded and for reference only .. 

40mm (1.575) MIN. 
ACCESS HOLE 
AT SLOT LOCATION 

TAPE SLOT I N CORE 
FOR TAPE START. 
2.5mm (0.098) MIN WIDTH 
10mm (0.394) MIN DEPTH 

G (MEASURED AT HUB)---II-

D' N 
Min. Min. 
20.2 50 

(0.795) (1.969) 

20.2 50 
(0.795) (1.969) 

20.2 50 
(0.795) (1.969) 

T 
G Max. 

12.4 ~~:~ 18.4 

(0.488 ~~:~78) 
(0.724) 

164 +2.0 22.4 
. -0.00 (0.882) 

(0.646 ~~:~8) 
24.4 ~~:~ 30.4 

(0.961 ~~:~8) 
(1.197) 
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SURFACE MOUNT DATA SHEETS LIST 

LF398S8, Precision Sample and Hold Amplifier ........................................................................................... 9-113 
LM318S8, High Speed Op Amp ................................................................................................................... 2-319 
LM334S8, Constant Current Source and Temperature Sensor ...................................................................... 3-99 
LM385S8-1.2/LM385S8-2.5, Micropower Voltage Reference ...................................................................... 3-113 
LT1001CS8, Precision OpAmp ...................................................................................................................... 2-23 
LT1004CS8-1.2IL Tt004CS8-2.5, Micropower Voltage References ................................................................ 3-25 
L Tt 006S8, Precision, Single Supply Op Amp ................................................................................................ 2-53 
L Tt 007CS/L Tt 037CS, Low Noise, High Speed Precision Op Amps ............................................................... 2-69 
LT1007CSB/LT1037CSB, Low Noise, High Speed Precision Operational Amplifiers ......................... 2-16 
LT1009S8, 2.5 Volt Reference ....................................................................................................................... 3-31 
LT1012S8, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp ................................................... 2-117 
L Tt o 13DS8, Dual Precision Op Amp ........................................................................................................... 2-141 
L Tt o 16CS8, Ultra Fast Precision Comparator ................................................................................................ 6-41 
L Tt 017CS/L Tt o 18CS, Micropower Dual Comparator .................................................................................... 6-53 
LT1017CSB/LT101BCSB, Micropower Dual Comparator ........•..........•.•..................................... 10-6 
L Tt 020CS, Micropower Regulator and Comparator ..................................................................................... .4-45 
L Tt 021 DCS8, Precision Reference ................................................................................................................ 3-57 
L Tt 028CS, Ultra-Low Noise Precision High Speed Op Amp ........................................................................ 2-177 
LT102BCSB, Ultra-Low Noise Precision High Speed Op Amp .................................................... 2-38 
L Tt 030CS, Quad Low Power Line Driver ....................................................................................................... 10-9 
L Tt 034CS8-1.2IL Tt 034CS8-2. 5, Micropower Dual Reference ...................................................................... 3-81 
L Tt 054CS/L Tt 0541S, Switched Capacitor Voltage Converter with Regulator ................................................ 5-35 
L Tt 055S8/L Tt 056S8, Precision, High Speed, JFET Input Op Amps ............................................................ 2-231 
L Tt 057S/LTt 0571S, Dual JFET Input Precision High Speed Op Amps ......................................................... 2-247 
LT1057SB/LT10571SB, Dual JFET Input Precision High Speed Op Amps ....................................... 2-44 
LT1057S/LT1057IS, LT105BS/LT105BIS, Dual/Quad JFET Input Precision High Speed Op Amps .......... 2-41 
L Tt080CS/L Tt08tCS, 5V Powered RS232 Driver/Receiver with Shutdown ................................................ 1 0-51 
L TC1043CS, Dual Precision Instrumentation Switched-Capacitor Building Block ........................................ 11-31 
LTCt 044CS8, Switched Capacitor Voltage Converter .................................................................................... 5-21 
LTCt052CS, Chopper-Stabilized Op Amp (CSOATM) ..................................................................................... 2-217 
LTCt059CS, High Performance Switched Capacitor Universal Filter .............................................................. 7-11 
LTCt 060CS, Universal Dual Filter Building Block ........................................................................................... 7 -35 
L TCt 06t CS, High Performance Triple Universal Filter Building Block ........................................................... 7-55 
LTCt062CS, 5th Order Lowpass Filter ........................................................................................................... 7-71 
OP-07CS8, Precision Op Amp ...................................................................................................................... 2-337 
SG3524S, Regulating Pulse Width Modulator ................................................................................................ 5-93 

NOTE: Items in BOLO are in this Databook Supplement, items not in bold are in 1990 Databook. Most recent products contain the surface mount 
device specifications in the main data sheet, therefore this list should not be considered representative of our full product offering. Please 
see the next pages. 
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SURFACE MOUNT PRODUCTS 

Surface Mount Small Outline (SO) and SOT Device Packaging 
Linear Technology now offers a continually increasing number 
of high performance CMOS and bipolar linear devices in surface 
mount packages. At the time of this printing, the following 
device types were available from LTC packaged in the SO (Small 

PROOUCT NOTES DESCRIPTION 
Operational Amplifiers 

LF398 58 2 Sample & Hold Amp 
LM318 58 2 Fast Op Amp 
LTIOOIC 58 2 Precision Op Amp 
LTI006 58 2 Precision Single Supply Op Amp 
LT1007C 5 2,A Low Noise, High Speed Op Amp 
LTt007C 58" 5 Low Noise, High Speed Op Amp 
LT1008 58 2 Uncompensated, Picoamp Input Current, 

Precision Op Amp 
LTIOl2 58 1,2 Picoamp Input Current, Precision Op Amp 
LTtOl3D 58 2,8 Dual Precision Single Supply Op Amp 
LTIOl31 58 3,8 Dual Precision Single Supply Op Amp 
LTtOl4D 5 4,5, A Quad Precision Single Supply Op Amp 
LTtOl411 5 3,A Quad Precision Single Supply Op Amp 
LTt028C 5 2,A 50MHz, 11v/~s, lnV/,jHz Op Amp 
LTI037C 5 2,A High Speed Precision Op Amp 
LTt037C S8" 5 High Speed Precision Op Amp 
LT1055 S8 2 JFET Input, High Speed, Precision Op Amp 
LT1056 sa 2 JFET Input, High Speed, Precision Op Amp 
LTt057 S 2,A Dual JFET Input, High Speed, Precision Op Amp 
LTt057 S8 2,8 Dual JFET Input, High Speed, Precision Op Amp 
LTt0571 5 2,A Dual JFET Input, High Speed, Precision Op Amp 
LTt0571 S8 2, D Dual JFET Input, High Speed, Precision Op Amp 
LT1058 S A Quad JFET Input, High Speed, Precision Op Amp 
LT10581 5 A Quad JFET Input, High Speed, Precision Op Amp 
LT10n S8 I Precision Micropower Op Amp 
LTt078 S 3,A Dual Precision Micropower Op Amp 
LT1078 58 2,8 Dual Precision Micropower Op Amp 
LTI0781 S A Dual Precision Micropower Op Amp 
LTI0781 S8 2, D Dual Precision Micropower Op Amp 
LTt079 S 3,A Quad Precision Micropower Op Amp 
LTI0791 5 A Quad Precision Micropower Op Amp 
LT1097 S8 I Low Cost, Low Power, Precision Op Amp 
LTt115C S I,A 50MHz, 11V/~s, I nV/,jHz Audio Op Amp 
LT1122C S8 I Fast Settling, JFET Input Op Amp 
LTtl22D S8 I Fast Settling, JFET Input Op Amp 
LTI124C S8 I Dual Low NOise, High Speed, Precision Op Amp 
LT1125C S I,A Quad Low Noise, High Speed, Precision Op Amp 
LTI126C S8 I Decomp Dual Low Noise, High Speed, Precision 

OpAmp 
LT1127C S I,A Decomp Dual low Noise, High Speed, Precision 

OpAmp 
LTI178 S I,A Dual Precision Micropower Op Amp 
LT1179 5 I,A Quad Precision Micropower Op Amp 
LTII 90C sa 1,5, C 50MHz High Speed Video Op Amp 
LT1191C S8 1,5, C 90MHz High Speed Video Op Amp 
LT1192C sa 1,5, C 350M Hz (Av ~ 25)High Speed Video Op Amp 
LTII 93C S8 1,5, C 80MHz (Adj Gain) High Speed Video Op Amp 
LTI194C S8 1,5, C 35MHz (Av = 10) Fixed Differential High Speed 

VideoOpAmp 
LTI223C 58 I I OOMHz Current Feedback Amplifier 
LT1224C S8 I Very High Speed Op Amp 
LTI228C sa 1,5, C 100MHz Current Feedback Amplifier w/DC Gain 

Control 
LTI229C 58 1,5, C DuallOOMHz Current Feedback Amplifier 
LTt230C 5 1,5,C Quad 100MHz Current Feedback Amplifier 
LTCI047C S I,A Dual Micropower Chopper Stabilized Op Amp wi 

Intemal Caps 
lTCI049C S8 I Low Power Chopper Stabilized Amplffier wi 

Internal Caps 
LTCIOSOC S8 I Chopper Stabilized Op Amp w/lnternal Caps 
LTCI 051 C S I,A Dual Chopper Stabilized Op Amp w/lnternal Caps 

Outline Package), SOL (Large Outline) and the SOT-223 packages 
per the JEDEC standard outlines. For pinout configuration and 
electrical specification limits consult either your LTC sales repre
sentative or the factory. 

PRODUCT NOTES DESCRIPTION 
LTC1052C S 2,A Low Noise Chopper Stabilized Op Amp 
LTCI053C S 2, A Quad PreCision Chopper Stabilized Op Amp wi 

Internal Caps 
LTCI150C S8 I ±15V Chopper Stabilized Op Amp w/lnternal Caps 
OP-07C S8 2 Precision Op Amp 
OP-470G S I Quad Low NOise, Precision Op Amp 

Instrumentation Amps 
LTCIIOOC S I,A Chopper Stabilized Instrumentation Amp 
LT1101 S 3 Precision Micropower Instrumentation Amp 

Comparators 
LTtOl6C S8 2 High Speed Comparator 
LTIOl61 S8 6,0 High Speed Comparator 
LT1017C S 2,A Micropower Dual Comparator 
LTtOl8C S 2,A Micropower Dual Comparator 
LTCI040C S 4,5, A Micropower Dual Sampling Comparator 
Data Acquisition 
LTCI090C S 4,5,A,C IO-BitADC with 8 Ch MUX & StH 
LTC1093C S 4,5,A,C 10-Bit ADC with 6 Ch MUX & S/H 
LTCI099C S 5, C 8-Bit High Speed ADC with S/H 
LTCI0991 S 9, C 8-Bit High Speed ADC with S/H 
LTCI290BC S 5,A, C 12-Bit AOC with 8 Ch MUX & S/H 
LTCI290CC S 5,A,C 12-8it ADC with 8 Ch MUX & S/H 
LTCI290DC S 5, A, C 12-Bit ADC wrth 8 Ch MUX & s/H 
LTCI294BC S 5, A, C 12-Bit ADC with 8 Ch MUX & s/H 
LTCI294CC S 5,A, C 12-Brt ADC wtth 8 Ch MUX & s/H 
LTCI294DC S 5, A, C 12-Bit ADC with 8 Ch MUX & S/H 

Regulators·, PWMs, DC to DC Converters 
LTI020C S 2,A ~Power Low Dropout Regulator w/Comparator 
LTt0201 S 2,7,A,D ~Power Low Dropout Regulator w/Comparator 
LTt072C S 4, A 40kHz 1.25A Switching Regulator 
LT1072C S8 3,C 40kHz 1.25A Switching Regulator 
LTt076C R-5 2 2A Step-Down Switching Regulator w/Shutdown, 

Head DO Pkg, 5V 
LTt086C M 2 1.5A Low Dropout Regulator, 3-Lead DO Pkg 
LTII17C ST 1 Low Dropout 800mA Adjustable Regulator 
LTII17C ST-5 I Low Dropout 800mA Regulator, 5V 
LTtl17C ST-2.85 I Active SCSI-2 Tenninator, 2.85V 
LTI171C Q 2 100kHz 2.5A Switching Regulator, 5-Lead DO Pkg 
LTI I 72C S 4,A 100kHz 1.25A Swttching Regulator 
LTt172C S8 3, C 100kHz 1.25A Switching Regulator 
SG3524 S 2 Pulse Width Modulator 
LTt073C S8, I ~Power Switching Regulator Works Down 

S8-5, to IV Input. Adjustable & Fixed +5V, +12V 
S8-12 Outputs 

LT1109C S8-5, I ~Power DC to DC Converter w/Shutdown & 
S8-12 100kHz Swrtching Frequency, Fixed +5V & 

+12V Outputs. 
LTlll0C S8, I ~Power DC to DC Converter Works Down to IV 

S8-5, Input. Adjustable & Fixed +5V, +12V Outputs 
S8-12 

LT1IIIC S8, I ~Power Switching Regulator Works Down to 2V 
S8-5, Input. Adjustable and Fixed +5V, + 12V Outputs. 
S8-12 

LT1123C S8-2.85 I Low Dropout Regulator Driver 
LTtI72C S8 I 1.25A High Efficiency 100kHz Switching Reg 
LTt173C S8, 1 ~Power Switching Regulator for Inputs 

S8-5, Greater Than 2V. Adjustable and Fixed +5V, +12V 
S8-12 Versions 

LT1271C Q 2 60kHz 4A Switching Regulator, 5-Lead DO Pkg 
LT1432C S8 2 High Efficiency Switching Regulator Controlier 
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SURFACE MOUNT PRODUCTS 

Surface Mount Small Outline (SO) and SOT Device Packaging 
PRODUCT NOTES DESCRIPTION 

Swllched Capacitor Converters 
LT1054C S 2,A 1 OOmA Switched Capacitor Voltage Converter 
LT10541 S 2,A 1 OOmA Switched Capacitor Voltage Converter 
LTC1043C S 2,A Dual Precision Instrumentation Switched 

Capacitor Building Block 
LTC1044C S8 2 Switched Capacitor Voltage Converter 
LTCt046C S8 1 50mA Switched Capacitor Voltage Converter 
LTCt046CI S8 1,C 50mA Switched Capacitor Voltage Converter 
Switched Capacitor Fillers 
LTCt059C S 2 2nd Order Universal Filter 
LTC1060C S 2,A Dual 2nd Order Universal Filter 
LTCt061C S 2, A Triple 2nd Order Universal Filter 
LTCt062C S 2,7,A 5th Order Lowpass Filter (Patented) 
LTC1064C S 1,7,A 100kHz Quad 2nd Order Universal Filter 
LTC1064-1C S 1,7,A 8th Order Cauer Lowpass Filter 
LTC1064-2C S 1,A 8th Order Butterworth Lowpass Filter 
LTC1064-3C S 1,A 8th Order Bessel (Linear Phase) Lowpass Filter 
LTC1064-4C S 1,7,A 8th Order Cauerrrransitional Lowpass Filter 
LTC1064-XXC S A High Speed, Low Noise Quad Semi-Custom Filter 
LTC1164C S 1,7,A Low Power Quad 2nd Order Universal Filter 
LTC1164-XXC S A Low Power, Low Noise Quad Semi-Custom Filter 
References 
LM334 S8 2 Constant Current Source & Temp. Sensor 
LM385 S8-1.2 2 1.2V Bandgap Voltage Reference 
LM385 S8-2.5 2 2.5V Bandgap Voltage Reference 
LM385B S8-1.2 5, D 1.2V Bandgap Voltage Reference 
LM385B S8-2.5 5, D 2.5V Bandgap Voltage Reference 
LT1004C S8-1.2 2 1.2V Bandgap Voltage Reference 
LT1004C S8-2.5 2 2.5V Bandgap Voltage Reference 
LT10041 S8-1.2 8, D 1.2V Bandgap Voltage Reference 
LT10041 S8-2.5 8, D 2.5V Bandgap Voltage Reference 
LT1009 S8 2 2.5V Reference 
LT10091 S8 8, D 2.5V Reference 
LT1019C S8-2.5 4,5, C 2.5V Buried Zener Precision Reference 
LT1019C S8-4.5 5, C 4.5V Buried Zener Precision Reference 
LT10t9C S8-5 5, C 5V Buried Zener Precision Reference 
LT10t9C S8-10 5, C 10V Buried Zener Precision Reference 
LT1021DC S8-5 2, C 5V Burled Zener Precision Reference 
LT1021DC S8-7 2, C 7V Burled Zener Precision Reference 
LT1021DC S8-10 2, C 10V Burled Zener Precision Reference 
LT1034C S8-1.2 2, C Micropower Dual Reference: 1.2V, +7V 
LT1034C S8-2.5 2, C Mlcropower Dual Reference: 2.5V, +7V 
LT1431C S8 1, C Programmable Reference 
LT1431 I S8 1, C Programmable Reference 
Interlace Circuils 
LT1030C S 1,2 Quad Low Power Line Driver 
LT1032C S 4,5,A Quad Low Power Line Driver with Response Time 

Control 
LT1039C S 1,A 3 TX/3 RX RS232 XCVR with Shutdown 
LT10391 S 3 TX/3 RX RS232 XCVR with Shutdown 
LT1039C S16 5, C 3 TX/3 RX RS232 XCVR 
LT1080C S 2,A Dual RS232 XCVR with +5Vto ±9V Pump & 

Shutdown 
LT10801 S 9, D Dual RS232 XCVR with +5V to ± 9V Pump 
LT1081C S 2, A Dual RS232 XCVR with +5V to ± 9V Pump & 

Shutdown 
LT10811 S 9, D Dual RS232 XCVR with +5V to ±9V Pump 
LT1130C S 1,A 5 TX/5 RX RS232 XCVR with +5V to ± 9V Pump 
LT1131C S 1,A 5 TX/4 RX RS232 XCVR with +5Vto ±9V Pump 

& Shutdown 
LT1132C S 1,A 5 TX/3 RX RS232 XCVR with +5V to ± 9V Pump 
LT1133C S 1,A 3 TX/5 RX RS232 XCVR with +5Vto ±9V Pump 
LT1134C S 1,A 4 Tx/4 RX RS232 XCVR wilh +5V to ± 9V Pump 
LT1135C S 1,A 5 TX/3 RX RS232 XCVR 
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LT1136C S 1,A 4 TX/5 RX RS232 XCVR with +5V to ± 9V Pump 
& Shutdown 

LT1137C S 1,A 3 TX/5 RX RS232 XCVR with +5V to ± 9V Pump 
& Shutdown 

LT1138C S 1,A 5 TX/3 RX RS232 XCVR with +5Vto ±9V Pump 
& Shutdown 

LT1139C 5 1,A 4 TX/4 RX RS232 XCVR, +5V/+ 12V Powered 
with Shutdown 

LT1140C S 1,A 5 TX/3 RX RS232 XCVR with Shutdown 
LT1141C S 1,A 3 TX/5 RX RS232 XCVR with Shutdown 
LT1180C S 1,A Dual RS232 XCVR with +5V to ± 9V Pump & 

Shutdown 
lT1181C S 1,A Dual RS232 XCVR with +5V to ±9V Pump 
LT11801 5 1,A Dual R5232 XCVR with +5V to ±9V Pump & 

Shutdown 
LT1181 I S 1,A Dual RS232 XCVR with +5V to ± 9V Pump 
LT1280C S 1,A Low Power Dual RS232 XCVR with +5V to 

±9V Pump & Shutdown 
LT1281C S 1,A Low Power Dual RS232 XCVR with +5V to 

±9VPump 
LT1281 I S 1,0 Low Power Dual RS232 XCVR with +5V to 

±9V Pump 
LTC485C 58 1 Ultra Low Power RS485 
LTC4851 S8 1 Interface 
LTC486C S 1,A Ultra Low Power RS485 Interface Device 
LTC4861 S 1,A Ultra Low Power RS485 Interface Device 
LTC487C S I,A Ultra Low Power RS485 Interface Device 
LTC4871 S I,A Ultra Low Power RS485 Interface Device 
Analog Switches 
LTC201AC S I Micropower, Low Charge Injection, Quad CMOS 

Analog Switch 
LTC202C S 1 Micropower, Low Charge Injection, Quad CMOS 

Analog Switch 
LTC203C S I Micropower, Low Charge Injection, Quad CMOS 

Analog Switch 
LTC221C S 1 Micropower, Low Charge Injection, Quad CMOS 

Analog Switch with Data Latches 
LTC222C S 1 Micropower, Low Charge Injection, Quad CMOS 

Analog Switch with Data Latches 

Watchdog Tlmer/Mlcroprocessor Supervisory 
LTC690C 58 1 Microprocessor Supervisory Circuit 
LTC6901 58 1 Microprocessor Supervisory Circuit 
LTC691C 5 1 Microprocessor Supervisory Circuit 
LTC691I 5 1 Microprocessor Supervisory Circuit 
LTC694C 58 1 Microprocessor Supervisory Circuit 
LTC6941 58 1 Microprocessor Supervisory Circuit 
LTC695C 5 1 Microprocessor Supervisory Circuit 
LTC6951 S 1 Microprocessor Supervisory Circuit 
LTC699C S8 1 Microprocessor Supervisory Circuit 
LTC1232C S8 1 Microprocessor Supervisory Circuit 
LTCI235C S 1 Microprocessor Supervisory Circuit 

Nons: 
1. See standard data sheet for electrical specs and SO package pinout 
2. Separate data sheet exists for surface mount version of this product (includes specs and pinout). 
3. Marketing specification notice exists for this device showing electrical specs and SO pkg pinout 
4. Marketing specification notice exists for this device showing SO package pinout. 
5. Meets existing commercial specs over OOC to 10QC range. 
6. Meets existing military specs over oeC to 10QC range. 
1. Meets existing commercial specs over -.40OC to 85QC range. 
8. Meets existing military specs over -40"C to 85eC range. 
9. Meets existing industrial specs over -40OC to 85°C range. 
A. SOL (0.300 in. wide) large outline package. 
B. Non~standard pinout 
C. Pinout is identical to DIP (through~hole) package. 
D. Pinout is identical to commercial temperature surface mount package. 
~ All TO·220 voltage regulators may be surface mounted using optional "Flow 32" lead bend. 

** Data sheet for this product is In process. 
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INTRODUCTION 

Linear Technology Corporation offers a wide variety of 
precision linear IC's in die form. It is our intent to offer 
dice electrically tested to levels which can be expected to 
yield the best possible performance in hybrid circuits. 
Complicating this task is the fact that many specifications 
given for our standard packaged products cannot be 
tested at the wafer level. Further, parameters which are 
100% tested at wafer probe testing may shift during the 
die attach/assembly process. 

There is a Dice Products Catalog available that contains 
ordering information and datasheets for obtaining dice 
products. Catalogs are available from your local LTC 
Sales Rep, or from LTC Communications at (800) 637-5545. 

GENERAL INFORMATION 

Electrical Testing 

Dice are 100% tested in wafer form at 25°C to the DC lim
its shown on the dice data sheet for a given device type. 
Many LTC packaged products have multiple electrical 
grades associated with a basic die type. A cross reference 
appears on each dice data sheet indicating which die 
product grade should be ordered to optimize candidates to 
meet the specifications of the desired finished product 
grade. This information should be used as a guideline only 
since LTC does not guarantee electrical specifications af
ter assembly. Since electrical testing is done only at 25°C, 
no absolute guarantee can be made regarding perform
ance at other temperatures. Some LTC products require 
post-package trimming to overcome certain assembly re
lated parameter shifts. Details on this trimming may be 
obtained by contacting the factory. 

Visual Inspection 

Dice are 100% visually inspected in accordance with MIL
STD-883, Method 2010 Condition B. 

Chip Dimensions 

Chip dimensions are as indicated on individual dice data 
sheets. Tolerance is ± 1 mil. Chip thickness ranges from 

12 mils to 20 mils, depending on product type. Bond pad 
dimensions are 4.5 x 4.5 mils. minimum. 

Topside Passivation 

Linear Technology products are passivated with a two 
layer system: A proprietary deposited oxide gives a crack
free conformal coverage of metal and oxide steps. A 
plasma nitride overcoat protects the die from ionic con
tamination and scratches during handling, testing and 
assembly. Note that LTC uses fuse link and zener zap 
trimming techniques which require windows in the passi
vation over the trim pOints. This passivation system is a 
major contributor to the extremely high reliability demon
strated throughout millions of device-hours of accelerated 
testing of LTC devices in plastic and hermetic packages. 

Topside Metallization 

The metallization is a minimum of 11,000 A thick unless 
otherwise specified. The quality of the metallization step 
coverage is monitored via a weekly SEM inspection per 
MIL-STD-883, Method 2018. 

Backside Metal 

Most dice product backsides are coated with an alloyed 
gold layer. There are some CMOS products with no back
side metallization. In addition, some voltage regulators 
may be specially ordered with a chrome-nickle-silver 
(Cr-Ni-Ag) backside layer. Contact LTC for details on this 
type of backside layer or to inquire about availability of 
LTC products with a particular backside metallization. 

Backside Potential 

Linear Technology products are junction isolated. For 
proper operation the backside must be electrically con
nected to the most negative potential seen by the IC (for 
bipolar products) or the most positive potential (for CMOS 
products). This information is also given in the individual .,. 
dice data sheets. ~ 
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Packaging 

Dice are packaged in compartmentalized waffle packs for 
ease of handling and storage. Each waffle pack contains 
100 dice. Special packaging methods are also available by 
contacting the factory. 

Quality Levels of Dice Shipped 

Each dice lot is guaranteed to meet the following 
requirements: 
• Internal visual per MIL·STD·883, Method 2010 

Condition B: 1.0% AQL Levell!. 
• Electrical: Due to variations in assembly methods and 

packaging techniques LTC does not guarantee elec· 
trical specifications after assembly. When a determina
tion as to the finished product assembly yield is needed, 
the lot acceptance testing available at extra cost should 
be pursued. 

Reliability Assurance 

In addition to the more conventional reliability audits per
formed on finished products, LTC has innovated a unique 
periodic wafer fab reliability audit using a specially de
signed reliability structure that is stepped into all wafers. 
The test structure is optimized to accelerate the two 
primary failure mechanisms in linear circuits, namely mo
bile positive ions and surface charge-induced inversions. 
This provides a continuous monitor on the reliability per
formance of LTC's wafer fab processes and provides 
immediate feedback to wafer fab typically within one 
week. 
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Electrostatic Discharge (ESD) Precautions 

Precision linear devices, especially those with very low 
(pA) input bias current levels and low «50 microvolts) in
put offset voltages are susceptible to shifts' in electrical 
performance and ESD damage as a result of improper han
dling. LTC recommends that ESD precautions, such as 
grounded conductive work stations, grounded conductive 
wrist straps and grounded equipment, be taken to prevent 
ESDdamage. 

ORDERING INFORMATION 

Dice may be ordered by the part number defined in the 
dice data sheet. Minimum direct dice order, per delivery, is 
1000 pieces or $5,000, whichever is greater. In some cases, 
tighter parameter selections than indicated on the dice 
data sheets can be obtained by special order. Please con
tact the factory for details. 

Lot Acceptance Testing 

Lot acceptance testing (L.A.T.) based on sample assembly 
and testing is available at extra cost. Sample sizes and ac
ceptable electrical test limits vary from device to device 
and must be negotiated at the time of quoting. Contact the 
factory for details. 
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Application Notes 

AN 1 Understanding and Applying the LT1 005 Multifunction Regulator 
This application note describes the unique operating character· 
istics of the LT1005 and describes a number of useful applica· 
tions which take advantage of the regulator's ability to control 
the output with a logic control signal. 

AN2 Performance Enhancement Techniques for Herminal 
Regulators 
This application note describes a number of enhancement 
circuit techniques used with existing 3·terminal regulators 
which extend current capability, limit power dissipation, provide 
high voltage output, operate from 110VAC or 220VAC without the 
need to switch transformer windings, and many other useful 
application ideas. 

AN3 Applications for a Switched·Capacitor Instrumentation Building 
Block 
This application note describes a wide range of useful 
applications for the LTC1043 dual precision instrumentation 
switched·capacitor building block. Some of the applications 
described are ultra high performance instrumentation amplifier, 
lock·in amplifier, wide range digitally controlled variable gain 
amplifier, relative humidity sensor signal conditioner, LVDT 
signal conditioner, charge pump F to V and V to F converters, 
12·bit A to D converter and more. 

AN4 Applications for a New Power Buffer 
The LTtOl0 150~A power buffer is described in a number of use· 
ful applications such as boosted op amp, a feed·forward, wide· 
band DC stabilized buffer, a video line driver amplifier, a fast 
sample·hold with hold step compensation, an overload pro· 
tected motor speed controller, and a piezoelectric fan servo. 

AN5 Thermal Techniques In Measurement and Control Circuitry 
6 applications utilizing thermally based circuits are detailed. 
Included are a 50MHz RMS to DC converter, an anemometer, a 
liquid flowmeter and others. A general discussion of thermody· 
namic considerations involved in circuitry is also presented. 

AN6 Applications of New Precision Op Amps 
Application considerations and circuits for the LTtOOI and 
LT1002 single and dual precision amplifiers are illustrated in a 
number of circuits, including strain gauge signal conditioners, 
linearized platinum RTD circuits, an ultra precision dead zone 
circuit for motor servos and other examples. 

AN7 Some Techniques for Direct Digitization of Transducer Outputs 
Analog·to-digital conversion circuits which directly digitize low 
level transducer outputs, without DC preamplification, are 
presented. Covered are circuits which operate with thermo· 
couples, strain gauges, humidity sensors, level transducers and 
other sensors. 

AN8 Power Conditioning Techniques for Batteries 
A variety of approaches for power conditioning batteries is 
given. Switching and linear regulators and converters are shown, 
with attention to efficiency and low power operation. 14 circuits 
are presented with performance data. 

AN9 Application Considerations and Circuits for a New 
Chopper·Stabilized Op Amp 
A discussion of circuit, layout and construction considerations 
for low level DC circuits includes error analysis of solder, wire 
and connector junctions. Applications include sub·microvolt in· 
strumentation and isolation ampliliers, stabilized buffers and 
comparators and precision data converters. 

AN 10 Methods for Measuring Op Amp Settling Time 
Application Note 10 begins with a survey of methods for measur· 
ing op amp settling time. This commentary develops into circuits 
for measuring settling time to 0.0005%. Construction details and 
results are presented. Appended sections cover oscilloscope 
overload limitations and amplifier frequency compensation. 

AN 11 Designing Linear Circuits for 5V Operation 
This note covers the considerations for designing precision 
linear circuits which must operate from a single 5V supply. 
Applications include various transducer signal conditioners, 
instrumentation amplifiers, controllers and isolated data 
converters. 

AN 12 Circuit Techniques for Clock Sources 
Circuits for clock sources are presented. Special attention is 
given to crystal·based designs including TXCOs and VXCOs. 

AN 13 High Speed Comparator Techniques 
The AN13 is an extensive discussion of the causes and cures of 
problems in very high speed comparator circuits. A separate 
applications section presents circuits, including a 0.025% 
accurate 1 Hz-30MHz V to F converter, a 200ns 0.01 % sample· 
hold and a 10MHz fiber optic receiver. Five appendices covering 
related topics complete this note. 

AN14 Designs for High FrequencyVoltage·To·Frequency Converters 
A variety of high performance V to F circuits is presented. 
Included are a 1Hz to 100M Hz design, a quartz stabilized type 
and a 0.0007% linear unit. Other circuits feature 1.5V operation, 
sine wave output and non·linear transfer functions. A separate 
section examines the trade·offs and advantages of various 
approaches to V to F conversion. 

AN15 Circuitry for Single Celi Operation 
1.5V powered circuits for complex linear functions are detailed. 
Designs include a V to F converter, a 10 bit A-D, sample-hold 
ampliliers, a switching regulator and other circuits. Also 
Included is a section on component considerations for 1.5V 
powered linear circuits. 

AN16 Unique IC Buffer Enhances Op Amp Designs, Tames Fast 
Amplifiers 
This note describes some of the unique IC design techniques 
incorporated into a fast, monolithic power buffer, the LTtOl0. 
Also, some application ideas are described such as capacitive 
load driving, boosting fast op amp output current and power 
supply circuits. 

AN 17 Considerations for Successive Approximation A - D Converters 
A tutorial on SAR type A-D converters, this note contains 
detailed information on several 12·blt circuits. Comparator, 
clocking, and pre·amplifier designs are discussed. A final circuit 
gives a 12·blt conversion in 1.8~s. Appended sections explain the 
basic SAR technique and explore OAC considerations. 
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AN18 Power Gain Stages for Monolithic Amplifiers Designs detailed include flyback, isolated telecom, off·line, and 
This note presents output stage circuits which provide power others. Appended sections cover component considerations, 
gain for monolithic amplifiers. The circuits feature voltage gain, measurement techniques and steps involved in developing a 
current gain, or both. Eleven designs are shown, and perform· working circuit. 
ance is summarized. A generalized method for frequency AN26 A collection of interface applications between various micro· 
compensation appears in a separate section. 

processors/controllers and the LTC1090 family of data acquisi· 
AN19 L n070 Design Manual tion systems. The note is divided into sections specific to each 

This design manual is an extensive discussion of all standard interface. The following sections are available: 
switching configurations for the LT1070; including buck, boost, Microprocessorl 
flyback, forward, inverting and "Cuk". The manual includes Number AID Microcontrolier 
comprehensive information on the LT1070, the external compo· AN26A LTC1090 8051 
nents used with it, and complete formulas for calculating AN26B LTC1090 68HC05 
component values. AN26C LTC1090 63705 

AN20 Applications for a DC Accurate low· Pass Switched·Capacitor AN26D LTC1090 COP820 

Filter AN26E LTC1090 TMS7742 

Discusses the principles of operation of the LTC1062 and helpful AN26F LTC1090 COP402N 

hints for its application. Various application circuits are ex· AN26G LTC1091 8051 

plained in detail with focus on how to cascade two LTC1062's AN26H LTC1091 68HC05 

and how to obtain notches. Noise and distortion performance AN261 LTC1091 COP820 

are fully illustrated. AN26J LTC1091 TMS7742 
AN26K LTC1091 COP402N 

AN21 Composite Amplifiers AN26L LTC1091 HD63705VO 
Applications often require an amplifier that has extremely high AN26M LTC1090 TMS320C25 
performance in several areas. For example, high speed and DC AN26N LTC1091192 TMS320C25 
precision are often needed. If a single device cannot simultane· AN260 LTC1090 Z·80 
ously achieve the desired characteristics, a composite amplifier AN26P LTC1090 HD64180 
made up of two (or morel devices can be configured to do the AN26Q LTC1091 HD64180 
job. AN21 shows examples of composite approaches in designs AN26R LTC1094 TMS320C25 
combining speed, precision, low noise and high power. These interface notes demonstrate the ease with which the 

AN22 A Monolithic IC for 100MHz RMS·DC Conversion LTC1090 family can be interfaced to microprocessors/con-
AN22 details the theoretical and application aspects of the trollers having either parallel or serial ports. A complete 
LT1088 thermal RMS·DC converter. The basic theory behind hardware and software description of the interface is included. 
thermal RMS·DC conversion is discussed and design details of AN27A A Simple Method of Designing Multiple Order All Pole 
the LT1088 are presented. Circuitry for RMS·DC converters, Bandpass Filters by Cascading 2nd Order Sections 
wide band input buffers and heater protection is shown. Presents two methods of designing high quality Switched 

AN23 Micropower Circuits for Signal Conditioning Capacitor bandpass filters. Both methods are intended to vastly 
Low power operation of electronic apparatus has become simplify the mathematics involved in filter design by using 
increasingly desirable. AN23 describes a variety of low power tabular methods. The text assumes no filter design experience 
circuits for transducer signal conditioning. Also included are but allows high quality filters to be implemented by techniques 
designs for data converters and switching regulators. Three not presented before in the literature. The designs are 
appended sections discuss guidelines for micropower design, implemented by numerous examples USing devices from LTC's 
strobed power operation and effects of test equipment on Switched Capacitor filter family: LTC1060, LTC1061, and 
micropower circuits. lTC1064. Butterworth and Chebyshev bandpass filters are 

AN24 Unique Applications for the l TC1062lowpass Filter 
discussed. 

Highlights the LTC1062 as a low pass filter in a phase lock loop. AN28 Thermocouple Measurement 
Describes how the loop's bandwidth can be increased and the Considerations for thermocouple based temperature measure· 
VCO output jitter reduced when the LTC1062 is the loop filter. ment are discussed. A tutorial on temperature sensors summar· 
Compares it with a passive RC loop filter. izes performance of various types, establishing a perspective on 

Also discussed is the use of LTC1062 as simple bandpass and thermocouples. Thermocouples are then focused on. Included 

bandstop filter. are sections covering cold-junction compensation, amplifier 
selection, differential/isolation techniques, protection, and 

AN25 Switching Regulators for Poets linearization. Complete schematics are given for all circuits. 
Subtitled "A Gentle Guide for the Trepidatious", this is a tutorial Processor based linearization is also presented with the 
on switching regulator design. The text assumes no switching necessary software detailed. 
regulator design experience, contains no equations, and reo 
quires no inductor construction to build the circuits described. 
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AN29 Some Thoughts on DC·DC Converters 
This note examines a wide range of DC-DC converter applica· 
tions. Single inductor, transformer, and switched capacitor 
converter designs are shown. Special topicS like low nOise, high 
efficiency, low quiescent current, high voltage, and wide·input 
voltage range converters are covered. Appended sections 
explain some fundamental properties of different types of 
converters. 

AN30 Switching Regulator Circuit Collection 
Switching regulators are of universal interest. Linear Technology 
has made a major effort to address this topic. A catalog of cir· 
cuits has been compiled so that a design engineer can swiftly 
determine which converter type is best. This catalog serves as a 
visual index to be browsed through for a specific or general 
interest. 

AN 31 Linear Circuits for Digital Systems 
Subtitled "Some Affable Analogs for Digital Devotees," 
discusses a number of analog circuits useful in predominantly 
digital systems. Vpp generators for flash memories receive 
extensive treatment. Other examples include a current loop 
transmitter, dropout detectors, power management circuits, and 
clocks. 

AN32 High Efficiency Linear Regulators 
Presents circuit techniques permitting high efficiency to be 
obtained with linear regulation. Particular attention is given to 
the problem of maintaining high efficiency with widely varying 
inputs, outputs and loading. Appendix sections review com· 
ponent characteristics and measurement methods. 

AN33 Converting light to Digits: l TC1099 Half Flash 8·Bit AID 
Converter Digitizes Photodiode Array 
This application note describes a Linear Technology "Half 
Flash" A/D converter, the LTC1099, being connected to a 256 
element line scan photodiode array. This technology adapts 
itself to hand held (i.e. low power) bar code readers, as well as 
high resolution automated machine inspection applications. 

AN34 lTC1099 Enables PC Based Data Acquisition Board to 
Operate DC·2OkHz 
A complete design for a data acquisition card for the IBM PC is 
detailed in this application note. Additionally, C language code 
is provided to allow sampling of data at speeds of more than 
20kHz. The speed limitation is strictly based on the execution 
speed of the "c" data acquisition loop. A "Turbo" Xl can 
acquire data at speeds greater than 20kHz. Machines with 80286 
and 80386 processors can go faster than 20kHz. The computer 
that was used as a test bed in this application was an XT running 
at 4.77MHz and therefore all system timing and acquisition time 
measurements are based on that the 4.77MHz clock speed. 

AN35 Step Down Switching Regulators 
Discusses the LTt074, an easily applied step down regulator IC. 
Basic concepts and circuits are described along with more 
sophisticated applications. Six appended sections cover LTt074 
circuitry detail, inductor and discrete component selection, 
current measuring techniques, efficiency considerations and 
other topics. 

AN36 

AN37 

AN38 

AN39 

AN40 

AN 41 

AN 42 
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A collection of interface applications between various micro· 
processors/controllers and the LTC1290 family of data acquisi· 
tion systems. The note is divided into sections specific to each 
interface. The following sections are available: 

Number 
AN36A 
AN36B 
AN36C 
AN36D 
AN36E 
AN36F 
AN360 
AN36P 

AID 
LTCt290 
LTC1290 

LTCt290/LTC1090 
LTCt290 
LTCt290 
LTCt290 
LTCt290 
LTCt290 

Microprocessor/ 
Microcontroller 

805t 
MC68HC05 

TMS370 
COP820C 
TMS7742 
COP402N 

Z·80 
HD64180 

These interface notes demonstrate the ease with which the 
LTCt290 can be interlaced to microprocessors/controllers 
having either parallel or serial ports. A complete hardware and 
software description of the interface is included. 

Fast Charge Circuits For NiCad Batteries 
Sale, fast·charging of NiCad batteries is attractive in many 
applications. This note details simple, thermally·based fast 
charge circuitry for NiCads. Performance data is summarized 
and compared to other charging methods. 

FilterCAD User's Manual, Version 1.00 
This note is the manual for FCAD, a computer·aided design 
program for designing filters with LTC's switched capacitor filter 
family. FCAD helps users design good filters with a minimum 
amount of effort. The experienced filter designer can use the 
program to achieve belter results by providing the ability to play 
"what if" with the values and configuration of various 
components. 

Parasitic Capacitance Effects in Step·Up Transformer Design 
This note explores the causes of the large resonating current 
spikes on the leading edge of the switch current waveform. 
These anomalies are exacerbated in very high voltage designs. 

Take the Mystery Out of the Switched Capacitor Filler: 
The System Designer's Filter Compendium 
This note presents guidelines for circuits utilizing LTC's 
switched capacitor filters. The discussion focuses on how to 
optimize filter performance by optimizing the printed wiring 
board, the power supply, and the output buffering of the filter. 
Many additional topics are discussed such as how to select the 
proper filter response for the application and how to character· 
ize a filter's lH.D. for DSP applications. 

Questions and Answers on the SPICE Macromodellibrary 
This note provides answers to some of the more common ques
tions concerning LTC's Macromodel Library. Topics include hard· 
ware and software requirements, model characteristics, and limi
tations and interpretation of results. 

Voltage Reference Circuit Collection 
A wide variety of voltage reference circuits are detailed in this 
extensive guidebook of circuits. The detailed schematiCS cover 
simple and precision approaches at a variety of power levels. 
Included are 2 and 3 terminal devices in series and shunt modes 
for positive and negative polarities. Appended sections cover 
resistor and capacitor selection and trimming techniques. 
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AN 43 Bridge Circuits 
Subtitled "Marrying Gain and Balance", this note covers signal 
conditioning circuits for various types of bridges. Included are 
transducer bridges, AC bridges, Wien bridge oscillators, Schottky 
bridges, and others. Special attention is given to amplifier selec
tion criteria. Appended sections cover strain gage transducers, 
understanding distortion measurements, and historical perspec
tives on bridge readout mechanisms and Wein bridge oscillators. 

AN 44 LT1074/LT1076 Design Manual 
This note discusses the use of the LT1074 and LT1076 high 
efficiency switching regulators. These regulators are specifically 
designed for ease of use. This Application Note is intended to 
eliminate the most common errors that customers make when 
using switching regulators as well as offering insight into the inner 
workings of switching designs. There is an entirely new treatment 
of inductor design based upon simple mathematical formulas that 
yield direct results. There are extensive tutorial sections devoted 
tothe care and feeding of the Positive Step-Down (Buck) Converter, 
the Tapped Inductor Buck Converter, the Positive to Negative 
Converter and the Negative Boost Converter. Additionally, many 
trouble-shooting hints are included as well as oscilloscope 
techniques, soft start architectures, and micropower shutdown 
and EMI suppression methods. 

AN 45 Measurement and Control Circuit Collection 
A variety of measurement and control circuits are included in this 
application note. Eighteen circuits, including ultra-low noise am
plifiers, current sources, transducer signal conditioners, oscilla
tors, data converters and power supplies are presented. The 

Design Notes 
DESIGN NOTE 1 
New Data Acquisition Systems Communicate With Microprocessors Over 
Four Wires 

DESIGN NOTE 2 
Sampling Of Signals For Digital Filtering And Gate Measurements 

DESIGN NOTE 3 
Operational Amplifier Selection Guide For Optimum Noise Performance 

DESIGN NOTE 4 
New Developments In RS232 Interfaces 

DESIGN NOTE 5 
Temperature Measurement Using The LTC1090/91/92 Series Of Data Acqui
sition Systems 

DESIGN NOTE 6 
Operational Amplifier Selection Guide For Optimum Noise Performance 

DESIGN NOTE 7 
DC Accurate Filter Eases PLL Design 

DESIGN NOTE 8 
Inductor Selection For L Tf 070 Switching Regulators 

DESIGN NOTE 9 
Chopper Amplifiers Complement A DC Accurate Lowpass Filter 

DESIGN NOTE 10 
Electrically Isolating Data Acquisition Systems 

15-68 

circuits emphasize precision speCifications with relatively simple 
configurations. Available July, 1991. 

AN 46 EHiciency Characteristics 01 Switching Regulator Circuits 
EHiciencyvaries for different DC to DC converters. This application 
note compares the efficiency characteristics of some of the more 
popular types. Step-up, step-down, flyback, negative to positive, 
and positive to negative are shown. Appended sections discuss 
how to select the proper aluminum electrolytic capacitor and 
explain power switch and output diode loss calculations. 

AN 47 High Speed Amplifier Techniques 
This application note, subtitled "A Designer's Companion lor 
Wideband Circuitry," is intended asa reference source for design
ing with fast amplifiers. Approximately 150 pages and 300figures 
cover frequently encountered problems and their possible causes. 
Circuits include a wide range of amplifiers, filters, oscillators, data 
converters and signal conditioners. Eleven appended sections 
discuss related topics including oscilloscopes, probe selection, 
measurement and equipment considerations, and breadboarding 
techniques. Available August, 1991. 

AN 48 Using the LTC Op Amp Macromodels 
LTC's op amp macromodels are described In detail, along with the 
theory behind each model and complete schematics of each 
topology. Extended modeling topics are discussed, such as phaseJ 
frequency response modifications and asymmetric slew rate for 
JFET op amp models. LTC's macro models are optimized for 
accuracy and fast simulation times. Simulation times can be 
further reduced by using streamlining techniques found through
outAN48. 

DESIGN NOTE 11 
Achieving Microamp Quiescent Current In Switching Regulators 

DESIGN NOTE 12 
An LTf013 And LT1014 Op Amp SPICE MacroModel 

DESIGN NOTE 13 
Closed Loop Control With The L TCI 090 Series Of Data Acquisition Systems 

DESIGN NOTE 14 
Extending The Applications Of 5V Powered RS232 Transceivers 

DESIGN NOTE 15 
Noise Calculations In Op Amp Circuits 

DESIGN NOTE 16 
Switched-Capacitor Lowpass Filters For Anti-Aliasing Applications 

DESIGN NOTE 17 
Programming Pulse Generators For Flash EPROMs 

DESIGN NOTE 18 
A Battery Powered Lap Top Computer Power Supply 

DESIGN NOTE 19 
A Two-Wire Isolated And Powered 1 O-Bit Data Acquisition System 

DESIGN NOTE 20 
Hex Level Shift Shrinks Board Space 

DESIGN NOTE 21 
Floating Input Extends Regulator Capabilities 



DESIGN NOTE 22 
New 12-Bit Data Acquisition Systems Communicate With Microprocessors 
Over Four Wires 

DESIGN NOTE 23 
Micropower, Single Supply Applications: 
(1) A Self-Biased, Buffered Reference 
(2) Megaohm Input Impedance Difference Amplifier 

DESIGN NOTE 24 
Complex Data Acquisition System Uses Few Components 

DESIGN NOTE 25 
A Single Amplifier, Precision High Voltage Instrument Amp 

DESIGN NOTE 26 
Auto-Zeroing AID Offset Voltage 

DESIGN NOTE 27 
Design Considerations For RS232 Interfaces 

DESIGN NOTE 28 
A SPICE Op Amp Macromodel For The L T1 012 

DESIGN NOTE 29 
A Single Supply RS232 Interface For Bipolar A To D Converters 

DESIGN NOTE 3D 
RS232 Transceiver With Automatic Power Shutdown Control 

DESIGN NDTE 31 
Isolated Power Supplies For Local Area Networks 

DESIGN NDTE 32 
A Simple Ultra-Low Dropout Regulator 

DESIGN NOTE 33 
Powering 3.3V Digital Systems 

DESIGN NOTE 34 
Active Termination For SCSI-2 Bus 

DESIGN NDTE 35 
12 Bit 8 Channel Data Acquisition System Interface To IBM PC Serial Port 

DESIGN NOTE 36 
Ultra Low Noise Op Amp Combines Chopper And Bipolar Dp Amps 

DESIGN NDTE 37 
High Dynamic Range Bandpass Filters For Communication 

DESIGN NOTE 38 
Applications For A New Micropower, Low Charge Injection Analog Switch 

DESIGN NOTE 39 
Low Power CMOS RS485 Transceiver 

DESIGN NOTE 40 
Designing With A New Family Of Instrumentation Amplifiers 

DESIGN TOOLS 

DESIGN NOTE 41 
Switching Regulator Allows Akalines To Replace NiCads 

DESIGN NOTE 42 
Chopper vs Bipolar Op Amps - An Unbiased Comparision 

DESIGN NOTE 43 
LT1056 Improved JFET Op Amp Macromodel Slews Asymmetrically 

DESIGN NOTE 44 
A Single Ultra-Low Dropout Regulator 

DESIGN NOTE 45 
Signal Conditioning For Platinum Temperature Transducers 

DESIGN NOTE 46 
Current Feedback Amplifier "Do's and Don't's" 

DESIGN NOTE 47 
Switching Regulator Generates Both Positive and Negative Supply with a 
Single Inductor 

DESIGN NOTE 48 
No Design Switching Regulator 5V, 5A Buck (Step Down) Regulator 

DESIGN NOTE 49 
No Design Switching Regulator 5V Buck-Boost (Positive to Negative) 
Regulator 

DESIGN NOTE 50 
High Frequency Amplifier Evaluation Board 

DESIGN NOTE 51 
Gain Trimming in Instrumentation Amplifier Based Systems 

DESIGN NOTE 52 
DC-DC Converters for Portable Computers 

DESIGN NOTE 53 
High Performance FrequencyCompensation Gives DC-to-DC Converter 7511S 
Response With High Stability 

DESIGN NOTE 54 
A 4-Cell Ni-Cad Regulator/Charger for Notebook Computers 

DESIGN NOTE 55 
New Low Cost Differential Input Video Amplifiers Simplify Designs and 
Improve Performance 

DESIGN NOTE 56 
3V Operation of Linear Technology Op Amps 

DESIGN NOTE 57 
Video Circuits Collection 

DESIGN NOTE 58 
A Simple, Surface Mount Flash Memory Vpp Generator 
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Applications on Disk 
NDiSE DISK 
This IBM-PC (or compatible) program allows the user to calculate circuit 
noise using LTC op amps, determine the best LTC op amp for a low noise 
application, display the noise data for LTC op amps, calculate resistor noise, 
and calculate noise using specs for any op amp. 

SPICE MACRO MODEL DISK 
This IBM-PC (or compatible) high density diskette contains the library of LTC 
op amp SPICE macromodels. The models can be used with any version of 
SPICE for general analog circuit simulations. The diskette also contains 
working circuit examples using the models, and a demonstration copy of 
PSPICETM by MicroSim. 

SWITCHERCAD DISK 
SwitcherCad is a powerful design tool that significantly eases the task of 
selecting topologies, calculating operating points, and specifying component 
values and part numbers for DC-to-DC converters. It can cut days off of the 
deSign cycle by eliminating the process of wading through multiple data 
sheets, application notes, and magazine "cookbook" articles searching for 
answers in a field where the user may have little familiarity. SwitcherCad runs 
on IBM-PCs and compatibles. 
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FILTER CAD DISK 
FilterCAD is a menu-driven filter design aid program which runs on IBM-PCs 
(or compatibles). This collection of design tools will assist in the selection, 
design, and implementation olthe right switched capacitorfiltercircuitforthe 
application at hand. Standard classical filter responses (Butterworth, Cauer, 
Chebyshev, etc.) are available, along with a CUSTOM mode for more esoteric 
filter responses. SAVE and LOAD utilities are used to allow quick performance 
comparisons of competing design solutions. GRAPH mode, with a ZOOM 
function, shows overall or fine detail filter response. Optimization routines 
adapt filter designs for best noise performance or lowest distortion. A design 
time clock even helps keep track of on-line hours. 
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.L7lJD~ TECHNICAL BOOKS ORDER FORM 

$10.00 

$20.00 

$40.00 

Free 

L7lJD~ 

Linear Databook - This 
1,600 page collection of data 
sheets covers op amps, 
voltage regulators, references, 
comparators, filters, PWMs, 
data conversion and interface 
products (bipolar and CMOS), 
in both commercial and military 
grades. The catalog features 
well over 300 devices. 
$10.00 

Linear Applications 
Handbook - 928 pages chock 
full of application ideas covered 
in-depth through 40 Application 
Notes and 33 Design Notes. 
This catalog covers a broad 
range of "real world" linear 
circuitry. In addition to detailed, 
systems-oriented circuits, this 
handbook contains broad 
tutorial content together with 
liberal use of schematics and 
scope photography. A special 
feature in this edition includes a 
22-page section on SPICE 
macro models. 
$20.00 

Monolithic Filter Handbook 
- This 232 page book comes 
with a disk which runs on PCs. 
Together, the book and disk 
assist in the selection, design 
and implementation of the right 
switched capacitor filter circuit. 
The disk contains standard 
filter responses as well as a 
custom mode. The handbook 
contains over 20 data sheets, 
Design Notes and Application 
Notes. 
$40.00 

Reliability Assurance 
Program Brochure - A 16 
page brochure accompanied by 
a Reliability Data Pack. The 
brochure describes L Te's 
approach to reliability planning, 
manufacturing process control 
and reliability assessment. The 
data pack contains actual test 
results and failure rate 
calculations for all device 
families and package types. 
Free 

Please send me ___ copies of your Linear Databook at $10.00 per copy. 

Please send me __ copies of your Linear Applications Handbook 
a1 $20.00 per copy. 

Please send me ___ copies of your Monolithic Filter Handbook at $40.00 per copy. 

Please send me __ copies of your Reliability Assurance Program Brochure 
free of charge. 

Enclosed is my check/money order for $ ______ to cover costs and mailing. 

Please return a copy of this completed order form, together with your check or money 
order to: 

Linear Technology Corporation 
1630 McCarthy Boulevard 
Milpitas, CA 95035-7487 

Please bill my VISNMasterCard: 

VISA MasterCard 

Account Number: ______________________ _ 

Expiration Date: _____________________ _ 

Signature: ________________________ _ 

Requests by mail require 6 to 8 weeks to process. 

Mailing Address: 

Name ___________ _ Titie __________ _ 

Company _________________ MIS ____ _ 

Address ________________________ _ 

City _____________ State ____ Zip _____ _ 

To save time, call us with your VISA or MasterCard number
(800) 637·5545. 
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